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ABSTRACT
Microorganisms can be used as active substances as part of biological control, and therefore are referred to as
Microbial Pest Control Agents (MPCAs). MPCAs which are authorised for use are listed in Regulation (EU) No
540/2011 in accordance with EU legislation. This study focused on authorised MPCAs and also those for which
a decision on completeness has been taken in accordance with Article 6(3) of Directive 91/414 EEC. In this
report we provide an extensive review of the scientific literature relevant for the evaluation of the environmental
hazards and risks posed by MPCAs based on knowledge on their effects on the environment. Six topics were
investigated in detail, including: MPCA genetic stability and transfer, interference with the system for drinking
water quality control, fate and behaviour in the environment, ability to produce metabolites and potential toxic
effects on non-target organisms, host specificity and potential effect on non-target organisms and, finally, the
appropriateness of existing test guidelines for risk assessment. The effects of biotic and abiotic factors on
growth, survival and pathogenicity of MPCAs have also been evaluated, as well as the potential of extrapolation
– or read across- between species/strain/isolates not used as MPCAs. A systematic literature search was run on
five search engines and more than 2123 publications were retrieved which were considered relevant for the
analysis. The distribution of the literature per topic was heterogeneous, ranging from 2 to 447, showing that there
is a clear need of further research in particular areas, most notably on the capacity of MPCAS to interfere with
drinking water quality control systems. The retrieved material was exported and classified into a dedicated
database which facilitated subsequent analysis. This report details the methods used in the study and presents the
results in the form of six mini-reviews, one for each of the topics mentioned above.
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SUMMARY
A growing demand for more environmentally-friendly methods to control plant pests and diseases has
resulted in increased use of Microbial Pest3 Control Agents. Microbial Pest Control Agents (also
called microbial Biological Control Agent (BCAs), microbial plant protection products or microbial
pesticides) consist of bacteria, fungi or viruses (and sometimes include the metabolites that bacteria or
fungi produce) used as active substances to control different kinds of plant or crop pests. MPCAs are
subjected to risk assessments before their market authorisation, in a similar way to chemical
pesticides. The European Regulation (EC) No 1107/2009 provides rules for the placing on the market
of plant protection products, based on a risk assessment. The Regulation (EC) No 540/2011 provides a
list of approved microorganisms for biocontrol use in Europe. However, the risk assessment
methodologies used at the present time are not fully adapted to the very complex task of evaluating the
safety and risks of such living substances. As a consequence, a guidance on how to conduct risk
assessment of MPCAs is needed.
The preparation of this guidance requires first the collection of specific and scientific data and
information, and then the evaluation of relevant information that will help the development of accurate
risk assessment methodologies. In order to support this work, EFSA contracted the BIO IS Team with
a study to collect and evaluate scientific data with regards to environmental risks characterisation of
MPCAs.
In order to gather the maximum relevant information about the risks and hazards linked to
microorganisms used as MPCAs, the study was carried out in the form of a systematic literature search
(SLS) on 6 different topics:
-

Topic 1: Risks and hazards linked to genetic instability of microorganisms used as MPCAs (or
related species).

-

Topic 2: Risks and hazards linked to interferences of microorganisms used as MPCAs (or
related species) in the system of drinking water quality control.

-

Topic 3: Risks and hazards linked to the fate and behaviour of microorganisms used as
MPCAs (or related species) in the environment.

-

Topic 4: Risks and hazards linked to the production of metabolites and toxins by
microorganisms used as MPCAs (or related species) toward non-target organisms.

-

Topic 5: Risks and hazards linked to pathogenicity or infectivity toward non-target organisms.

-

Topic 6: Appropriatness of existing test guidelines for effect assessment on non-target
organisms.

The literature search resulted in more than 5830 scientific articles or reports (grey literature) retrieved,
of which 2142 were evaluated as ―in scope‖ after preliminary quality assessment. A more advanced
quality evaluation was performed to select and extract all the relevant information from gathered
literature. In addition to the 900 publications dealing mainly with general biocontrol application (test
of a microorganism as a potential MPCA), many articles were found dealing specifically with the 6

3

Here, ‗pest‘ includes ‗pest insects and other animals, plant and animal diseases, and weeds.
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above-mentioned topics. An analysis of such relevant and specific scientific data was carried out and
led to reliable and scientifically sound reviews of existing information about each topic.
For Topic 1 (Genetic instability and transfer of genetic material) – 99 relevant publications were
found. No evidence was found for genetic transfers from viruses used as MPCAs to any other
organisms (although the contrary is possible). The only evidence of genetic transfer from fungi to
another organism concerned genetic recombination between different fungal MPCAs (B. bassiana, P.
fumosoroseus or M. anisopliae) used during inundative biocontrol applications. Only B.subtilis among
bacteria used as MPCAs has been proven to uptake extracellular DNA. Indeed, the bacterial strains
that have been proved to be able to uptake extracellular DNA in field conditions are not exactly the
strains used as BPCAs but related strains or species. Horizontal gene transfer (conjugation) has been
reported between BPCAs and other bacteria (Bacillus species, Agrobacterium species, etc.). Genetic
transfer from BPCA to non-bacterial organisms has not been demonstrated but related species have
been shown to transfer genetic material to fungi and plants.
For Topic 2 (Interference with drinking water quality control system) – 2 relevant publications were
found. They dealt with the interference of Pseudomonas chlororaphis strain MA342 and
Pseudomonas sp. strain DSMZ 13134 when detecting and monitoring Pseudomonas aeruginosa, but
not in the context of drinking water quality control.
For Topic 3 (Fate and behaviour in the environment)– 462 relevant publications were found . Most of
the studies published on the environmental fate of MPCAs that were identified from the literature
search concern MPCA topics such as the effect of conventional chemical pesticides on MPCA growth
and survival (most of these are laboratory based studies), surveys of the natural occurrence of MPCA
species in soil, and the development of molecular-based methods for detection of MPCAs in the field.
Relatively few studies were retrieved fromthe literature search on the persistence and movement of
MPCAs applied for crop protection in the field. A microorganism frequently used as an MPCA is the
insect pathogenic bacterium Bacillus thuringiensis (Bt spores and δ endotoxin). Bt δ endotoxin has
short half-lives in soil (< 30 days) but residual bioactivity has been reported to last for six months or
more, and Bt cells persist for longer in soil. However, they are considered to have a low mobility in
the environment after application (dispersal from application site less than 10 m). Another bacterial
MPCA, Bacillus subtilis, persists less than 15 days in soil. For fungi all entomopathogenic fungi
investigated to date show a decline in persistence following application to soil, with rate of decline in
soil varying according to the species of fungus: decline to natural background levels within 0.5 – 1.5
year for Beauveria bassiana, 1 year for Trichoderma atroviride, for 4 years for Beauveria
brongniartii, or more than 10 years for Metarhizium anisopliae. Dissemination of fungal MPCAs from
the point of release is considered to be low (about 3-4 m from application point). Occlusion bodies of
baculoviruses are able to persist for many years in soil.
For Topic 4 (Production of toxins and metabolites) – 400 relevant publications were found.The
production of secondary metabolites such as antibiotics and toxins is common for the majority of
bacteria and fungus used as biocontrol agents. Among species used as MPCAs, some are well studied,
such as Bacillus species producing lipopeptides (iturins, surfactin, fengycin) crystal proteins or
chitinases, Beauveria species producing vivotoxins, oosporein and beauvericin, and Trichoderma
species producing peptaibiotics, trichotoxins and chitinases; while data is insufficient or lacking for
other species. The production of such substances (structure of the substance, mode of production) and
their bioactivity against target pests (target range, inhibitory or lethal concentrations) is well
documented, but the behaviour of the substances in the environment (concentration and persistence in
field) and non-target effects (especially toxicity to non-target organisms) are still poorly studied and
reported in the available literature. However, peptaibiotics and trichotoxins from Trichoderma species
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are known to be highly toxic to Artemia, Crassostrea and Daphnia species. In the same way,
metabolites and toxins from Beauveria species exhibit toxicity against several non-target organisms
(mammals, birds, crustaceans, bees, worms, etc.). Crystal proteins and vegetative insecticidal proteins
from Bacillus thuringiensis also have non-target effects on predators or parasites of lepidopteran pests.
However, the occurrence of such metabolites does not necessarily imply that there are environmental
problems associated with them. There is no production of toxins and metabolites by viruses.
For Topic 5 (Pathogenicity and effects on non-target organisms) – 418 relevant publications were
retrieved . It appears that overall, MPCA effective host range and non-target effects under field
conditions have not been shown to cause any detrimental impacts of concern but rather, any observed
effects have been transient and minor (no population-level impacts). For example, there have not been
any reports of adverse effects on the environment arising from the widespread use of Bt in the last five
decades. In a same way, Bacillus amyloliquefaciens has been shown to cause a minor impact on
rhizosphere and soil microbial communities; and Bacillus sphaericus exhibited no effects on nontarget organisms during a 3-year program. For entomopathogenic fungi such as Beauveria bassiana, B.
brongniartii and Metarhizum anisopliae, no unacceptable effects on non-target organisms have been
observed. Baculoviruses are generally recognised as safe, with no harm to non-target species.
Baculoviruses do not produce any metabolites or toxins, and cannot reproduce outside the host. This is
a major difference when compared to bacteria and fungi.
For Topic 6 (Existing test guidelines) – 123 relevant publications were found.The OECD Guidance to
the Environmental Safety Evaluation of Microbial Biocontrol Agents (OECD, 2012) is currently the
most comprehensive guidance document available in Europe concerning the environmental safety of
MPCA. Risk assessment for the environmental release of an MPCA is performed in a tiered sequence,
which includes evaluation of exposure effects on non-target organisms. A significant improvement
over the previous procedures involves the question of "data waivers". The data waivers are proposed
to the policy makers in order to simplify and shorten the authorisation procedures for new MPCA.
Concerning guidance for refined non-target risk assessment, further improvements in the guidance
should include comparative risk assessments. This involves assessing the persistence, spread, host
range, and direct and indirect non-target effects at the population level at different time-scales
(transient vs. permanent).
The information obtained in this review was also used to evaluate the appropriatness of extrapolating
knowledge about MPCAs authorised for use in the EU to unauthorised, candidate MCPA and read
across between species. If sufficient knowledge is available on a particular group of MPCAs (i.e.
species), then it may be possible to extrapolate to some extent to risk assessment for new microbial
species/strains/isolates where data is lacking. The degree of confidence in extrapolating from one
MPCA strain to another is dependent on the level of understanding of microbial phylogenetic
relationships and the genetic basis of traits associated with risk assessment. Tools such as a risk
decision tree based on information on MPCA identity, emission, exposure, and effects on non-target
organisms, could be valuable in informing risk assessors about whether some data can be waived or
not, although this would require greater reliance on expert judgement than is possibly the case at
present. Cross reading must be used with increasing caution when distant phylogeny between
microorganisms. If the performance of a MPCA or a pathogen cannot be predicted even within the
same species or between different strains, it will be questionable to extrapolate across species.
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BACKGROUND AS PROVIDED BY EFSA
In EFSA, the Pesticides Unit and the Panel on Plant Protection Products and their Residues (PPR) are
responsible for the risk assessment of pesticides. The activities of the Pesticides Unit are related to: (i)
the risk assessment of pesticides, including the development of risk assessment methodologies; (ii)
peer review of the safety of active substances used in plant protection products in the EU; (iii) risk
assessment in the framework of setting Maximum Residue Levels (MRLs), the permitted upper legal
levels of pesticide residues in food and/or feed at the EU level; (iv) compilation and analysis of the
monitoring information on pesticide residues generated in EU Member States (including some EFTA
countries), assessment of the actual consumer exposure to pesticide residues and recommendations for
future pesticide monitoring activities at the European level.
A microorganism used as an active substance in plant protection products (PPPs) is specifically
defined as a microbiological entity, cellular or non-cellular, capable of replication and/or of
transferring genetic material. Methods applied for assessing risks from microbial pesticides under
Regulation 1107/2009 are essentially the same as those for chemical pesticides but in contrast to the
latter no specific EU Guidance Documents (GDs) on risk assessment for microorganisms exist
although microbial pesticides fundamentally differ in their nature from chemical pesticides.
Experience gained up to now during the peer review of active substances used in plant protection
products (PPPs) has shown that risk assessment for microorganisms is indeed a complex task and
differs from assessment of chemical pesticides. Guidance on their assessment is necessary to ensure
also their consistent evaluation. Development of such guidance has also been identified as a priority by
the Pesticide Steering Committee (PSC).
Risk assessment of microbial pesticides under Regulation (EC) No 1107/2009 requires consideration
of specific data and information for such active substances (Regulation (EC) 544/20113). Collection
and evaluation of relevant information is needed to support the preparation of a guidance on how to
conduct risk assessments for microbial pesticides within the frame of EU peer review of active
substances in pesticides also with a view to gauge the extent of uncertainties associated with the use of
such pesticides which will be important in regard to potential precautionary elements to be introduced
in a future guidance. It will also help to curtail actual risks invoked by the use of individual pesticides
and therefore in many cases reduce the need for stringent measures.
The data collection and analysis will be useful in view of developing a future guidance on risk
assessment of microbial PPPs. Moreover it will lead to more scientifically sound and accurate risk
assessment and risk management elements to be proposed in a future guidance.

TERMS OF REFERENCE AS PROVIDED BY EFSA
EFSA launches this open call for tenders, to support the PPR Panel in developing a future guidance on
risk assessment of microorganisms used as active substances in plant protection products, focussing on
topics, such as methodologies for the extrapolation or read across among data from a strain to another,
waiving for experimental data on non-target organisms, review of the test guidelines.
OBJECTIVES FOR ALL LOTS:
The objectives of the contract(s) EFSA may sign as a result of this Call for Tenders are as follows:
To perform a systematic literature search and review all available relevant scientific information for
each area as specified below.
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To present the scientific information in a complete, systematic, clear and concise report written in
English. To include in the search not only all the publicly available (peer-reviewed) literature, but also
grey literature (guidelines and government reports) and other relevant information. In the data
collection, literature from outside Europe should be included. To include peer-reviewed publications
in English, and government reports in English and languages other than English, if relevant.
The search should focus on all the microorganisms used or to be used as active substances in plant
protection products in the EU (listed in regulation 540/2011, or for which a decision on completeness
has been taken in accordance with Article 6(3) of the Directive 91/414 EEC. Note in this context that
although the retrieved information should be of relevance for microorganisms used as active
substances, publications containing information on extrapolation between species/strain/isolates not
used as pesticides might be very well relevant for this task.
The call is divided into two lots, one for the systematic literature search, review and data collection
covering environmental risk characterisation (ecotoxicology, fate and behaviour) and the other lot for
the systematic literature search, review and data collection covering the toxicological area.
LOT 1 – ENVIRONMENTAL RISK CHARACTERISATION
According to the current data requirements (Regulation 544/2011) for the approval of pesticides active
substances under Regulation 1107/2009 and to the uniform principles for the evaluation and
authorisation of plant protection products (Regulation 546/20116) in order to identify and assess on a
scientific basis potential adverse effects on wild non-target organisms in the environment, a review of
the publicly available literature and a data collection should be performed to investigate:
Information on transfer of genetic material from the microorganism to other microorganisms that may
lead to unacceptable effects on the environment The potential interference with the analytical system
for the control of the quality of drinking water as provided for in Council Directive 98/83/EC7
Colonisation, mobility and persistence in different environmental compartments compared to the
natural background level The mechanisms of toxin/metabolite production, conditions for the stability
outside the microorganism and related study designs Different abiotic and biotic factors/parameters
relevant for the evaluation of pathogenicity, infectivity of microorganisms and toxicity of
toxins/metabolites to non-target organisms, including specificity of the host. This will support the
evaluation of:
Whether or not extrapolation or read across between data obtained for one
species/strain/isolate to another species/strain/isolate in regard to infectivity, pathogenicity and
the different ecotoxicological endpoints/adverse effects (as described in Regulation 544/2011)
is possible or scientifically valid for microorganisms used or intended for use in the EU as
active substances in PPPs
Whether and which conditions could be set for waiving experimental data on non-target
organisms The appropriateness of existing test guidelines for the effect assessment on non
target organisms.
This contract was awarded by EFSA to:
BIO Intelligence Service in collaboration with University of Warwick and University of Helsinki
Contract title: Scientific support, literature review and data collection and analysis for risk assessment
on microbial organisms used as active substance in plant protection products
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INTRODUCTION
BIO Intelligence Service (―BIO‖) in partnership with the University of Warwick and the University of
Helsinki has been commissioned by EFSA to undertake the study: ―Scientific support, literature
review and data collection and analysis for risk assessment on microbial organisms used as active
substance in plant protection products – Lot1-Environmental Risk characterisation‖.
This final report provides the results and details the methodological aspects for the performed work.
The report is structured as follows:
Chapter 1 is an introductory chapter recalling key aspects of the context of the project as well
as its objectives;
Chapter 2 presents the general approach followed and the detailed methodology for the
systematic and non-systematic literature search;
Chapter 3 presents the results of the literature search;
Chapters 4 to 12 presents and discusses the available evidence for each of the topics specified
in the Terms of References.
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1.
1.1.

BACKGROUND AND OBJECTIVES
Context of the project

Plant protection products (PPPs) are used to help preserve crops from harmful pest organisms
including invertebrates (insects, mites, molluscs, nematodes, etc.), plant pathogens and weeds.
Without the use of plant protection products, crop yields would be greatly reduced (possibly up to
50%)4. Currently, most farmers and growers are heavily reliant on the use of synthetic chemical
pesticides for crop protection. All chemical pesticides are subject to a strict authorisation process and
their use is heavily regulated in order to protect human safety and environmental health. However,
despite this, the injudicious use of synthetic chemical pesticides can be a source of environmental
harm or can result in control failures, for example through the evolution of resistance in target pest
populations.
Growers and farmers are under considerable pressure from retailers, consumer groups, and
governments to reduce their reliance on conventional chemical pesticides. The availability of
conventional chemical pesticides on the market is decreasing as a result of new, more stringent
regulations on health and environmental protection5.
Many experts promote Integrated Pest Management (IPM) as the way forward. IPM is a system in
which different crop protection methods are used together in complementary ways, underpinned by
monitoring of pest population levels. The aim is to reduce pest populations below economic action
thresholds in ways that do not harm the environment or human health. In order to have IPM working
effectively, a range of crop protection methods are needed, including biological control using natural
enemies to the pests. The European Union has placed IPM centrally within the new Directive on
sustainable use of pesticides6. Biological control forms a key part of IPM and has been given specific
emphasis within the Directive.
Microorganisms, or products of microbial origin, can be used as active substances as part of biological
control and may (compared to synthetic chemical biocides or pesticides) better comply with the
demands for more sustainable agricultural practices. However, they may also have certain
disadvantages and – as with any crop protection agent – there may be potential for adverse effects on
the environment.

4

Consultation document on the implementation of Directive 2009/128/EC Establishing a framework for a community action to achieve the
Sustainable Use of Pesticides 22nd July 2011 The Department of Agriculture, Fisheries and Food (DAFF) Ireland
Pesticides Safety Directorate. 2008a. Assessment of the impact on crop protection in the UK of the ‗cut-off criteria‘ and substitution
provisions in the proposed Regulation of the European Parliament and of the Council concerning the placing of plant protection products in
the market. Pesticides Safety Directorate, York, UK.
5

6

Directive 2009/128/EC of the European Parliament and of the Council of 21 October 2009 establishing a framework for Community action
to achieve the sustainable use of pesticides
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1.1.1.

Microbial pesticides

Microbial pesticides, also called Microbial Pest Control Agents (MPCAs) belong to the broader
category of biopesticides7.
A microorganism used as an active substance in plant protection products is specifically defined under
regulation (EC) No 1107/20098 as a microbiological entity, including lower fungi and viruses, cellular
or non-cellular, capable of replication or of transferring genetic material. Being living material,
MPCAs fundamentally differ in their nature from chemical pesticides.
Microorganisms authorised as active substances in plant protection products in the EU are listed in
regulation (EU) No 540/20119.
1.1.2.

Advantages and disadvantages in using microbial pesticides

MPCAs are used across the world and adverse effects on human health and the environment have not
been reported. For this reason, microbial pesticides are often considered to pose a low risk to the
environment when compared to chemical pesticides10. It has also been reported that they generate little
or no toxic residue. Many of them are accepted in organic farming. Microbial pesticides can also have
a high level of selectivity as well as lower development costs compared to conventional pesticides.
However, lack of evidence of negative effects does not mean that microbial products should be exempt
from safety testing. When it comes to risk assessment of possible negative effects, the evaluation is
hindered by the complexity of microbial ecological interactions and the general lack of meta-analyses
in the scientific literature regarding the long-term impact of these agents. One of the issues of concern
most commonly discussed is the potential effects on non-target organisms in the environment.
Moreover, MPCAs are a living material, which can vary somewhat in composition (e.g. variation
between strains).
Indeed, a large number of unknowns remain with regard to the use of microbial pesticides, and this
influences considerations on the risk.

Apart from microbial pesticides, the term ‗biopesticides‘ can in the EU context include biochemicals, such as plant extracts, and
semiochemicals, which are chemicals emitted by an organism provoking a response in other organisms (including pheromones).
7

8

Regulation (EC) No 1107/2009 of the European Parliament and of the Council of 21 October 2009 concerning the placing of plant
protection products on the market and repealing Council Directives 79/117/EEC and 91/414/EEC
9

Regulations Commission implementing Regulation (EU) No 540/2011 of 25 May 2011 implementing Regulation (EC) No 1107/2009 of the
European Parliament and of the Council as regards the list of approved active substances
10

"Science for Environment Policy": European Commission DG Environment News Alert Service, European Commission DG ENV News
Alert Issue 95 February 2008 edited by SCU, The University of the West of England, Bristol. Chemical pesticides on their way out?
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1.1.3.

EU framework on pesticide risk assessment

A number of different pieces of legislation frame the use of pesticides in the EU. Regulations notably
involve requirements for placing pesticides on the market, rules for sustainable use11, maximum levels
of residues in food and feed12, statistics13, machinery14, classification, labelling and packaging
requirements15.
More specifically, the Regulation (EC) No 1107/2009 describes the market authorisation procedure
that must be followed in order to gain approval for the placing of plant protection products on the
market. In particular, Commission Regulation 546/2011 (Part II) implementing Regulation 1107 /2009
is of interest for MPCAs.
Regarding environmental impacts, it is stated (Article 4) that the substance shall have no unacceptable
effects on the environment, especially regarding (i) contamination of surface waters, groundwater, air
and soil (ii) impact on non-target species, (iii) impact on biodiversity and the ecosystem. Methods
applied for assessing risks from microbial pesticides under the Regulation 1107/2009 are essentially
the same as those for chemical pesticides but, in contrast to the latter, no specific EU Guidance
Documents (GDs) on risk assessment for microorganisms exist although microbial pesticides are
intrinsically unlike chemical pesticides.
1.2.

EFSA needs and objectives of the study

In the European Regulation (EC) No 1107/2009, concerning the placing of plant protection products
on the market, the risk assessment of microbial pesticides necessary for the dossier of authorisation is
a task different and more complex than the risk assessment of chemical pesticides and requires
collecting specific data and information. The regulation 1107/2009 requires data collection also in the
case of the chemicals. The issue is complex because there is uncertainty on the behaviour of
microorganisms which are living organisms compared to chemicals (the behaviour of which is easier
to predict). In this context, the Article 77 of the Regulation stipulates that “the Commission may
adopt or amend technical and other guidance documents such as explanatory notes or guidance
documents on the content of the application concerning micro-organisms [...]”. EFSA‘s Pesticide
Steering Comitee has therefore identified the development of guidance documents on how to conduct
these risk assessments for microbial pesticides as a priority.
1.2.1.

Objectives

In order to gather the scientific elements that could be presented in a future guidance document, EFSA
needed a review of the scientific information relevant for the risk assessment of microorganisms used
as plant protection products.
The specific objectives of this study were as follows:
To perform an exhaustive literature search (systematic literature search completed with nonsytsematic literature search) in order to gather all the information related to the environmental
risk of the MPCAs as described in the objective of the contract. This search should include
peer reviewed literature and grey-literature, both at European and international level.
11

Directive 2009/128/EC of the European Parliament and of the Council of 21 October 2009 establishing a framework for Community action
to achieve the sustainable use of pesticides
12

Regulation 396/2005/EC of the European Parliament and of the Council of 23 February 2005 on maximum residue levels of pesticides in
or on food and feed of plant and animal origin and amending Council Directive 91/414/EEC
13

Regulation 1185/2009/EC of the European Parliament and of the Council of 25 November 2009 concerning statistics on pesticides

14

Directive 2009/127/EC EC of the European Parliament and of the Council of 21 October 2009 amending Directive 2006/42/EC with
regard to machinery for pesticide application
15

Directive 1999/45/EC of the European Parliament and of the Council of 31 May 1999 concerning the approximation of the laws,
regulations and administrative provisions of the Member States relating to the classification, packaging and labelling of dangerous
preparations
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To assess the quality of the retrieved information and to describe the selection process of the
relevant and reliable literature, and
To analyse the information from the relevant publications, in order to prepare a concise review
for EFSA, including the relevant references.

1.2.2.

Scope of the study

The project focussed on 1) the microorganisms strains listed in Regulation 540/2011 i.e. approved for
use as active substances in PPPs in the EU, 2) the microorganisms strains for which the Commission
has recognised in principle the completeness of the dossier submitted to get market authorisation, and
3) related strains/species/isolates of these MPCAs (either used or not used as pesticides) for read
across possibilities (extrapolation of information).
A review of existing guidance documents (test guidelines for risk assessment on non-target organisms)
is also provided to EFSA.
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2.

METHODOLOGY

2.1.

Task structure

The project has been carried out in three tasks as presented in Figure 1

 Task 1/ Preparation of
systematic review strategy on
microbial pesticides

• Identifying and refining the research questions
• Evaluating the feasibility and the scope of the systematic review
• Developing the review protocol

 Task 2/ Literature searching

• Searching from a range of sources
• Reporting and documenting the search process

 Task 3/Extracting and
analysing relevant information
for the environmental risk
characterization

•
•
•
•

Selecting the studies
Building evidence database
Assessing the quality of applied methodologies and presented results
Synthesising data and conclusions

Figure 1 : Task structure

2.2.

Preparation of the systematic review strategy

This section details the methodology for the first task. This methodology was discussed and validated
during a meeting at EFSA‘s premises on December 11th 2012 and following several discussions
between the Team16 and EFSA through the course of the project.
2.2.1.

Topics included in the review

The topics that have been investigated during this review cover all the strains of microorganisms with
―approved‖ status at EU level and the ones with ―pending‖ status17 (see list in Appendix A)
correspond to the ones listed in the Term of References.
2.2.1.1. Topic 1 – Genetic stability and transfer
There are potential environmental risks related to genetic instability of the microorganisms (e.g.
mutation rate of genes related to the mode of action; uptake of exogenous genetic material, etc.) or to
the transfer of genetic material from MPCAs18 to other microorganisms as well as to other higher
16

‗Team‘ refers in this entire document to the partnership between BIO Intelligence Service and the experts from the University of Warwick
and the University of Helsinki.
17
The Commission has recognised in principle the completeness of the dossier submitted to get market authorization for all MPCAs with
―pending‖ status.
18
The genomes of microorganisms generally have a higher plasticity than the genomes of more evolved life forms. Microorganisms are
indeed more prone to genetic change. For instance, various mechanisms of horizontal gene transfer can be seen in bacteria. Further, mobile
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organisms. Such phenomena could lead to the appearance of new phenotypes in the environment,
which may have the potential to cause detrimental impacts.
2.2.1.2. Topic 2 – Interference with the system for drinking water quality control
Potential interference due to the presence of MPCAs within water sampling and their influence on the
analytical system for the testing of the quality of drinking water, as provided for in Directive
98/83/EC19.
2.2.1.3. Topic 3 – Fate and behaviour in the environment
MPCAs‘ colonisation ability, possible dispersal routes as well as their multiplication rate, mobility and
persistence in all environmental compartments (air, water, and soil) compared to the natural
background levels.
Topic 4 – Production of metabolites (especially toxins) and potential toxic effect on non-target
organisms
Conditions and mechanisms for production of toxins/metabolites, its fate and behaviour after
production, its stability outside the MPCA, and the resulting potential toxicity for non-target
organisms (NTOs).
2.2.1.4. Topic 5 – Host specificity range and potential effect of the MPCA on non-target organisms
Pathogenicity, infectivity and abiotic and biotic factors influencing them as well as related potential
effects on non-target organisms.
2.2.1.5. Topic 6 – Existing test guidelines
The appropriateness of existing test guidelines for the effect assessment on non-target organisms.
A systematic approach will be followed to review all topics except Topic 6 (existing guidance
documents). Indeed, a non systematic approach has been preferred for gathering guidance documents
because such documents are not always properly referenced by a majority of peer-reviewed scientific
search engines. The search engine Google Scholar enables using a systematic approach.
2.2.2.

Definition of the review questions

A number of research questions were defined for Topics 1 to 5 mentioned in section 2.2.1 and
presented in Table 1 to Table 5. These questions were the first round of ―general questions‖ in the
sense that they were formulated to be applicable to all MPCAs under study (see Appendix A).
However, MPCAs under study are different in their nature (some being bacteria and other viruses or
fungi) and thus have diverse biological properties (in terms of natural occurrence and background
populations, life cycle, mode of action towards target organism, interaction with other organisms,
production of metabolites, etc.). In addition, they may be used in different control approaches (e.g.
classical control or augmentation control / inundative release) and different use patterns (indoor or
outdoor application).

genetic elements (e.g. transposons, plasmids, prophages) are actively involved in reorganization of the genetic material of bacteria, and this
may result in new phenotypic properties, gene inactivation, destabilisation of the integrity of the genetic material, and gene loss. Genomes of
certain fungi are also prone to undergoing rearrangements. Genetic change can also be due to a high mutation rate. FAO WHO, 2001. Safety
assessment of foods derived from genetically modified microorganisms - Expert Consultation on Foods Derived from Biotechnology
19
Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human consumption
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For these reasons, second-round questions were also prepared for each MPCA based on its relevant
biological characteristics. Indeed, it is clear that some specific questions that are relevant for bacteria
might not be applicable to viruses (e.g. search related to plasmid exchanges). Such second-round
questions were used to look for additional details (if required) and to counter-check the search results
obtained with first-round questions (in order to ensure that no relevant paper has been missed). The
second-round questions could be specific to a MPCA type (e.g. virus) or specific to a species (e.g.
Trichoderma asperellum) or even specific to a strain if the strain has particular features that need to be
reviewed. Some possible second-round questions are presented in the following tables for illustrative
purpose.
Table 1 : Research questions on genetic stability and transfer
Topic 1 – Genetic stability and transfer
Scoping the topic
What is the genetic stability status of the MPCA under study (i.e. considered stable or unstable)?
Can transfer of genetic material between MPCA under study and other microorganism occur?
Can transfer of genetic material between MPCA under study and other higher organism occur?
If so, can it lead to unacceptable effects on the environment?
Research questions (1st round)
What are the main aspects characterising the MPCA genetic stability and transfer?
If genetic instability and transfer can be observed/demonstrated
Of which kind is it? (e.g. mutation, conjugation, transformation)
Transferred to which targets?
Genetic stability
Instability/transfer at which frequency/efficiency?
and transfer
What are the biotic/abiotic factors controlling transfer/ instability?
Under which specific conditions (e.g. in vitro or in field)?
On which part of the genome (e.g. which genes)?
How does this transfer/instability affect the environment?
Under field condition, does Bacillus thuringiensis have the ability to transfer
nd
Example of 2
through plasmid exchange the gene for its insecticidal protein to other
round question
microorganism?

Table 2: Research questions on the interference with the system for drinking water quality control
Topic 2 – System for drinking water quality control
Scoping the topic
Can the MPCA under study be present in drinking water?
Is the MPCA under study detected?
If so, what are the consequences as regards water quality standards?
Research questions (1st round)
Is the organism detectable in all its forms?
What is the optimal sampling strategy (in line with the requirements of the
Directive)?
Presence of MPCAs
Is the microorganism culturable after sampling in the natural environment?
Can the presence of the microorganism interfere with the determination of other
quality standards (i.e. the measurement of other contaminants)?
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Table 3: Research questions on fate and behaviour in the environment
Topic 3 – Fate and behaviour in the environment
Scoping the topic
What are the environmental compartments (air, soil, water) concerned by the presence of the MPCA under
study? Are the MPCAs present in a given compartment as a natural background population or consequently to
an application as a PPP?
In which form is the MPCA present in the different compartments?
What are the dispersal routes and colonisation rate of the MPCA under study?
What is the persistence of the MPCA under study in the environmental compartments of relevance?
What is its multiplication rate?
Do any of these aspects lead to unacceptable effects on the environment?
Research questions (1st round)
If dispersal/spread can be observed/demonstrated
What are the specific dispersal routes? (e.g. active or passive dispersal such as
leaching, etc.)
Does the application method promote dispersal/ colonisation?
At which spatial scale (transport range)?
From and to which environmental compartment?
Are there conditions favouring/limiting the dispersion?
Dispersal and
What are the observed effects? Does the dispersal affect the environment? If yes,
colonisation
how?
If colonisation can be observed/demonstrated
In which environmental compartments?
Under which conditions?
What are the influencing factors (e.g. natural competitors) having impacts on
population dynamics and colonisation?
Is colonisation measurable and compared to natural background levels? What is the
level of uncertainty of applied methods?
Does Bacillus thuringiensis have the ability to spread away from the crop on which
it has been applied? How (e.g. because of movements of host insect)? How far does
Example of 2nd
it spread, and what is the rate of decline of the released Bacillus thuringiensis
round question
population from the point of release?
What is the nature of the spread of Bacillus thuringiensis applied in an inundative
strategy in comparison to the natural spread of background populations?
For how long the MPCA under study can remain in the considered environmental
compartments?
Specific reasons for persistence? (e.g. MPCA is ubiquitous, is an autochthonous
inhabitant of the considered compartment, can produce spores, etc.)
Persistence and
Is range of viable/optimal conditions broad or narrow?
multiplication
Is there any potential for multiplication/reproduction? If yes:
What are the optimal conditions for multiplication? Could these conditions be
altered by the application and use of MPCAs?
Example of 2nd
round question
Relevance of
extrapolation and
waiving

For how long Bacillus thuringiensis subsp. Kurstaki spores can persist in the soil
under field conditions?
Scientific validity/relevance of extrapolation of information available for
species/strain/isolate (either used or not used as MPCA) to another one being a
MPCA. What are the conditions under which for waiving experimental data on
non-target organisms would be possible?
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Table 4: Research questions on production of toxic metabolites
Topic 4 – Production of toxic metabolites
Scoping the topic
Is the MPCA under study capable of producing toxic metabolites?
What are the toxic effects of such metabolites/toxins?
Can non-target organisms be exposed to these metabolites/toxins?
Can such exposure lead to impacts on the environment?
Research questions (1st round)
Does the MPCA produce a toxin or toxic metabolite?
If production can be observed/demonstrated:
Under which specific conditions (e.g. stress triggering toxin production)?
What are the amounts of toxic metabolites produced?
Is the toxin/metabolite production variable in time (i.e. seasonal variations)?
Is the toxic effect independent of the presence of the MPCA?
How the persistence of the compound can be analysed/ studied? For which
organisms it can be toxic? Under which type of exposure? Is it likely to be a shortToxic metabolites
long term exposure?
What are the fate and behaviour of such metabolites/toxins in the environment?
Is this compound stable outside the microorganism?
Is this toxin detectable in water/soil/sediments? At which concentrations?
What is the natural level in the environment from the background microbial
population?
Are there environmental impacts already associated to the exposure to such class of
compounds
What is the toxicity of crystalline proteins (endotoxins) produced by Bacillus
Example of 2nd
thuringiensis subsp. Kurstaki for mammals?
round question
Can mammals be exposed to toxic metabolites produced by Bacillus thuringiensis
subsp. Kurstaki through ingestion of infected insects? What level of exposure?
Scientific validity/relevance of extrapolation of information available for
Relevance of
species/strain/isolate (either used or not used as MPCA) to another one being a
extrapolation and
MPCA. What are the conditions under which for waiving experimental data on
waiving
non-target organisms would be possible?

Table 5: Research questions on host specific range and potentials effects on non-target organisms
Topic 5 – Host specificity range and potential effects on NTOs
Scoping the topic
What is the host range of the MPCA? Is it broad or narrow? Is the range variable under specific conditions?
What is the pathogenicity of the MPCA?
Do the host range and pathogenicity of the MPCA raise concerns for non-target organisms?
Research questions (1st round)
What is the level of selectivity of the MPCA in terms of infectivity (e.g. broad or
narrow host range)?
A modification of the host range has already been observed? If yes, under specific
conditions?
Host range, infectivity
What are the abiotic (temperature, sunlight, pH, humidity/rain, salinity, extreme
events, mechanic induction) and biotic (quality and quantity of biological
interactions, i.e.; competition, symbiosis, internalisation, etc.) factors which can
influence the infectivity (including the specificity of the host) of the
microorganisms under study?
Pathogenicity
What is the level of pathogenicity of the MPCA for the target organisms?
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Relevance of
extrapolation and
waiving

2.2.3.

Has a modification of the pathogenicity (this is reflected by the incidence) already
been observed? If yes, under specific conditions?
What are the abiotic (temperature, sunlight, pH, humidity/rain, salinity, extreme
events, mechanic induction) and biotic (quality and quantity of biological
interactions, i.e.; competition, symbiosis, internalisation, etc.) f actors which can
influence the pathogenicity (including the specificity of the host) of the
microorganisms under study?
Scientific validity/relevance of extrapolation of information available for
species/strain/isolate (either used or not used as MPCA) to another one being a
MPCA. What are the conditions under which for waiving experimental data on
non-target organisms would be possible?

Evaluating the feasibility and the scope of the systematic review

2.2.3.1. Feasibility
Although a question may be suitable for systematic review, it does not necessarily follow that a
systematic review will be worthwhile or practically feasible to answer to this particular question.
It appeared in preliminary non-systematic researches that most of the topics, to a certain extent,
overlap. Relevant studies for a given question were found when searching answers for another
question. Given that there are about 40 MPCAs in the scope of the study, there are potentially
hundreds of derived research questions for systematic review.
Most of the key studies were found when addressing only the broader first-round questions and it was
often not necessary to carry on with all possible more specific second-round questions since it led to
find again studies that have already been identified (see for an illustration of this).
Thus, the absence of need to perform systematic review on second-round questions for a given MPCA
was qualitatively evaluated by the project Team and justified.
2.2.3.2. Scope
The main challenge of the literature review was to retrieve sufficient information and efficiently target
the most appropriate literature in order to provide a comprehensive survey and to be able to identify
possible knowledge gaps, accordingly to the established framework.
2.2.4.

Systematic literature search protocol

The objective of defining a review protocol was to allow the research process to be indefinitely
reproducible regardless of its broad scope including both peer-reviewed and grey literature. Indeed,
respecting such a procedure limits or reduces bias in the identification of research studies.
The protocol was set up in coherence with the review questions. Key steps of the protocol are
presented below with the example of first-round questions that were applied to all topics.
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2.2.4.1. Select search terms and search categories
In order to achieve collection of relevant information on the research topics and related questions,
appropriate combinations of key words must be used to target the search. It was agreed with EFSA to
perform the systematic review with five different search engines (description and relative subscription
in section 2.3.1) for each single topic putting in the same string:
The names of the microorganisms (including former names of microorganisms, if applicable);
The pesticides-related terms (pesticide, plant protection product, fungicide, insecticide,
herbicide, etc.) and;
The terms related to each of the five topics.
As suggested by EFSA, as many synonyms as possible were included in the search. Combinations of
key words used for first-round questions under topic 1 to 5 are presented in Table 6. The detailed
keywords and the structure queries used in the systematic search are listed in the next section.
Table 6: Keywords associated to 1st round questions for each topic
Topics

Associated keywords

Topic 1 - Genetic
stability and transfer

((genetic OR gene OR plasmid or DNA) AND (stability OR transfer OR uptake OR
exchange)) OR ―natural competence 20‖ OR mutation OR conjugation OR
transduction

Topic 2 - Interference
with the system for
drinking water quality
control

("drinking water" OR ―potable water‖ OR freshwater OR ―mineral water‖) AND
(quality OR control OR analysis OR ―analytical system‖)

Topic 3 - Fate and
behaviour in the
environment

(fate OR behaviour OR proliferation OR ―background level‖ OR stability OR
displacement OR leaching OR mobility OR persistence OR interaction OR
colonization OR dispersal OR dispersion OR multiplication OR spread OR survival
OR ecophysiology) AND (environment OR ―surface water‖ OR ground OR
groundwater OR pond OR ditch OR stream OR air OR water OR "aquatic
environment" OR soil OR rhizosphere OR field OR crop OR plant)

Topic 4 - Production
of metabolites
(especially toxins) and
potential toxic effect
on non-target
organisms
Topic 5 - Host
specificity range and
potential effect of the
MPCA on non-target
organisms

metabolite OR toxin OR toxic OR "non target organism"

specificity OR ―host specificity‖ OR ―adverse effect‖ OR susceptibility OR pathogen
OR parasite OR parasitism OR competition OR antibiosis OR inhibition OR host OR
pathogenicity OR pathogenic OR infectivity OR virulence OR lethality

Block # 1 – Names of microorganisms
The first block of the query is made with the names of the microorganisms (see Appendix A). The
structure of the block#1 is as follows:
“name of microorganism 1” OR “name of microorganism 2” or “name of micro organism 3” etc.
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Natural competence is the ability of certain microbes to take up exogenous DNA from the environment and
integrate it in their genome
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This block covers all microorganisms with an ―approved‖ status in Regulation 540/2011 or a
―approved‖, ―pending‖ or even ―not approved‖ status in the EU pesticide database21 under Regulation
(EC) No 1107/2009.
The query translation for block #1 is as follows:
(("Adoxophyes orana" AND virus) OR "Ampelomyces quisqualis" OR "Bacillus subtilis" OR
("Bacillus thuringiensis" AND (Aizawai OR Israelensis OR Kurstaki OR Tenebrionis)) OR "Beauveria
bassiana" OR "Coniothyrium minitans" OR ("Cydia pomonella" AND virus) OR "Gliocladium
catenulatum" OR "Lecanicillium muscarium" OR "Verticillium lecanii" OR "Metarhizium anisopliae"
OR (Paecilomyces AND ((fumosoroseus AND Apopka) OR "lilacinus")) OR "Phlebiopsis gigantea"
OR "Pseudomonas chlororaphis" OR "Pythium oligandrum" OR ("Spodoptera exigua" AND virus)
OR (Streptomyces AND K61) OR "griseoviridis" OR (Trichoderma AND (asperellum OR harzianum
OR atroviride OR gamsii OR viride OR polysporum)) OR (Verticillium AND ("albo-atrum" OR
"Verticillium dahliae")) OR "Aureobasidium pullulans" OR "Bacillus amyloliquefaciens" OR
"Bacillus firmus" OR "Bacillus pumilus" OR "Candida oleophila" OR ("Helicoverpa armigera" AND
virus) OR "Paecilomyces fumosoroseus" OR (Pseudomonas AND 13134) OR "Pseudozyma
flocculosa" OR ("Spodoptera littoralis" AND virus) OR "Streptomyces lydicus" OR "Trichoderma
asperellum" OR "Trichoderma atroviride" OR "mosaic virus" OR "Agrobacterium radiobacter" OR
("Agrotis segetum" AND "granulosis virus") OR "Aschersonia aleyrodis" OR "Bacillus sphaericus"
OR Baculovirus OR "Beauveria brongniartii" OR ("Mamestra brassicae" AND virus) OR
("Neodiprion sertifer" AND virus))
Block #2 – Use of microorganism as plant protection products
The second block of the query is made to narrow down the research to microorganisms used for plant
protection. The structure of the query as two sub-parts as shown below:
Sub part 2-1
biological control OR microbial control OR other similar key words
Sub part 2-2
pesticide OR plant protection product OR other similar key words
The query translation for block #2 is as follows:
(("microbial control" OR "biological control" OR biocontrol OR ((bacterial OR fungal OR viral) AND
biocontrol)) AND (agent OR pesticide OR insecticide OR fungicide OR bactericide OR nematicide OR
"plant protection product" OR "plant health" OR phytosanitary OR entomopathogen OR repellent OR
agrochemical OR “PPP” OR “plant growth regulator”))
Block #3 – Topics
The third block of the query is made to cover all research topics mentioned above. The structure of the
query is as follows:
Several general keywords for topic 1 OR Several general keywords for topic 2 OR Several general
keywords for topic 3 OR etc.
The query translation for block #3 is as follows:
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(((environment OR ecology) AND (risk OR safety) AND assessment) OR ((genetic OR gene OR
plasmid OR DNA OR genome) AND (stability OR transfer OR exchange OR uptake)) OR ("natural
competence" OR "mutation" OR “conjugation” OR “transduction”) OR (("drinking water" OR
“mineral water” OR “potable water”) AND (quality OR control OR analysis OR “analytical
system”)) OR ((fate OR behaviour OR mobility OR persistence OR interaction OR colonization OR
dispersal OR dispersion OR multiplication OR spread OR survival OR ecophysiology OR proliferation
OR “background level” OR stability OR displacement OR leaching) OR (environment OR air OR
water OR freshwater OR "aquatic environment" OR ground OR “surface water” OR groundwater OR
pond OR ditch OR stream OR soil OR rhizosphere OR field OR crop OR plant)) OR (metabolite OR
toxin OR toxic OR "non target organism") OR (specificity OR “host specificity” OR pathogenicity OR
pathogenic OR “adverse effect” OR susceptibility OR pathogen OR parasite OR parasitism OR
competition OR antibiosis OR inhibition OR host OR infectivity OR virulence OR lethality))
2.2.4.2. Eligibility assessment of publications
The eligibility criteria were based on the scope relevance to avoid being to selective at the first step of
the selection and dismissing too early non-obviously relevant publications. The eligibility criteria were
applied to the abstract and title of each publication. If there was a doubt whether the study was in the
scope on the basis of title and abstract assessment, the publication has been retained for a further depth
analysis of the full text. The quality of the eligible publications was assessed in a second step. The
proposed criteria were:
The papers are within the scope of the study / of the topic / of the research questions;
o Papers out of the scope of the study (will be scored 0).
o Papers in the scope of the study (will have a score > 0).
The results are presented in peer-reviewed papers/abstracts or in grey literature. In this case,
grey literature refers to reports from governemental or non-governemental organisations, or
reports from research projects, networks or working groups. General public publications,
academic courses, positions papers, etc. were excluded.
A paper was considered in scope if the answer was YES to one of the following questions:
Does the abstract or title mention a microorganism present in the list (approved
microorganism, with pending status, or not approved under Regulation (EC) No 1107/2009) or
a related species?
Does the abstract or title describe the behaviour of microorganism in the environment and the
non-target impacts on the ecosystem (as described in topics 1 to 5)?
Does the abstract or title describe the risk assessment procedures or elements useful for the
elaboration of a guidance (as described in topics 6)?

2.2.4.3. Non systematic literature searches
Non-systematic searches were performed in addition to systematic searches when necessary (for
example, for ―cross-reading‖ issues where no article was found with the systematic search). Using
relevant keywords association (for example ―non-target effects of microbial pest control agents‖ or
―genetic stability of microbial pest control agents‖ for Topic 5 and 1 respectively) in wider search
engines like Google Scholar and Google, we collected additional relevant publications. We also
enlarged our search using ―citing and related articles‖ links provided in bibliographic information of
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each articles. We also checked websites of governmental organisations of interest (OECD, US EPA,
EPPO, etc.) looking for official guidelines.
2.3. Running the literature search
The literature search was conducted following the protocol previously developed (section 2.2.4) in
order to identify and collect as many relevant studies as possible.
Identifying research evidence involved two steps: 1/ identifying and retrieving the information sources
and 2/ managing the references and the documents retrieved for efficient organisation and reporting of
search results.
Note that in addition to the systematic search process, references cited in review articles and
guidelines were used for counter-checking the results obtained in the systematic search in order to
make sure that no relevant papers have been missed.
2.3.1.

Search engines and databases

Information was gathered from a list of search engines and dedicated sources, including:
For systematic search:
PubMed: www.ncbi.nlm.nih.gov/pubmed
Web of Knowledge: www.isiknowledge.com including notably Web of Science and other 3
multidisciplinary databases (Chinese Science citation database, Current Contents connect,
Derwent innovation index).
Science Direct: www.sciencedirect.com
RefDoc (formerly Cat. inist): www.refdoc.fr
Agricola: agricola.nal.usda.gov/
For non-systematic search:
Google scholar
Google
Web of Knowledge was absent of the first set of sources listed in the proposal (only Web of Science
instead) and it was added at the request of EFSA.
2.3.2.

Running systematic literature search

Systematic literature searches were conducted in the six search engines: PubMed, Web of Knowledge,
Web of Science, Agricola, Science Direct and RefDoc (formerly cat. Inist). The search string was built
with the addition of the three blocks. Block#1 AND Block#2 AND Block#3. The different keyword
blocks are presented in the section 2.2.4.
The structure of the query was then as follows:
Block #1 AND Block #2 AND Block #3
(("Adoxophyes orana" AND virus) OR "Ampelomyces quisqualis" OR "Bacillus subtilis" OR
("Bacillus thuringiensis" AND (Aizawai OR Israelensis OR Kurstaki OR Tenebrionis)) OR "Beauveria
bassiana" OR "Coniothyrium minitans" OR ("Cydia pomonella" AND virus) OR "Gliocladium
catenulatum" OR "Lecanicillium muscarium" OR "Verticillium lecanii" OR "Metarhizium anisopliae"
OR (Paecilomyces AND ((fumosoroseus AND Apopka) OR "lilacinus")) OR "Phlebiopsis gigantea"
OR "Pseudomonas chlororaphis" OR "Pythium oligandrum" OR ("Spodoptera exigua" AND virus)
OR (Streptomyces AND (K61 OR griseoviridis)) OR (Trichoderma AND (asperellum OR harzianum
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OR atroviride OR gamsii OR viride OR polysporum)) OR (Verticillium AND ("albo-atrum" OR
"Verticillium dahliae")) OR "Aureobasidium pullulans" OR "Bacillus amyloliquefaciens" OR
"Bacillus firmus" OR "Bacillus pumilus" OR "Candida oleophila" OR ("Helicoverpa armigera" AND
virus) OR "Paecilomyces fumosoroseus" OR (Pseudomonas AND 13134) OR "Pseudozyma
flocculosa" OR ("Spodoptera littoralis" AND virus) OR "Streptomyces lydicus" OR "Trichoderma
asperellum" OR "Trichoderma atroviride" OR "mosaic virus" OR ("Agrobacterium radiobacter" AND
K84) OR ("Agrotis segetum" AND "granulosis virus") OR "Aschersonia aleyrodis" OR "Bacillus
sphaericus" OR Baculovirus OR "Beauveria brongniartii" OR ("Mamestra brassicae" AND virus) OR
("Neodiprion sertifer" AND virus)) AND (("microbial control" OR "biological control" OR biocontrol
OR ((bacterial OR fungal OR viral) AND biocontrol)) AND (agent OR pesticide OR insecticide OR
fungicide OR bactericide OR nematicide OR "plant protection product" OR "plant health" OR
phytosanitary OR entomopathogen OR repellent OR agrochemical OR “PPP” OR “plant growth
regulator”)) AND (((environment OR ecology) AND (risk OR safety) AND assessment) OR ((genetic
OR gene OR plasmid OR DNA OR genome) AND (stability OR transfer OR exchange OR uptake)) OR
("natural competence" OR "mutation" OR “conjugation” OR “transduction”) OR (("drinking water"
OR “mineral water” OR “potable water”) AND (quality OR control OR analysis OR “analytical
system”)) OR ((fate OR behaviour OR mobility OR persistence OR interaction OR colonization OR
dispersal OR dispersion OR multiplication OR spread OR survival OR ecophysiology OR proliferation
OR “background level” OR stability OR displacement OR leaching) OR (environment OR air OR
water OR freshwater OR "aquatic environment" OR ground OR “surface water” OR groundwater OR
pond OR ditch OR stream OR soil OR rhizosphere OR field OR crop OR plant)) OR (metabolite OR
toxin OR toxic OR "non target organism") OR (specificity OR “host specificity” OR pathogenicity OR
pathogenic OR “adverse effect” OR susceptibility OR pathogen OR parasite OR parasitism OR
competition OR antibiosis OR inhibition OR host OR infectivity OR virulence OR lethality))
It must be noted that the structure query has been modified for RefDoc and Agricola (a maximum of 6
keywords query) to have an equivalent sum of different queries. See Appendix B for the different
queries.
2.4. Reporting the search process
2.4.1.

EndNote libraries

For the sake of transparency, all articles collected via systematic searches were gathered in a first
EndNote library called ―raw database‖. The EndNote software allows the easy management of
references. General information is provided (title, authors, year of publication, journal, keynotes, etc.)
for each article, and those last can be organised through selection or matching according to their data.
Those EndNote databases are provided along with this document. The articles found by nonsystematic search were not added to the Endnote library called ‗raw database‘.
2.4.2.

Exporting data in the reporting file

The database gathered in the EndNote library was exported in an Excel file via .xml format file. The
main data for each publication (title, authors, year, journal, abstract, etc.) were directly exported in the
Excel file. The publications are listed in lines in the Excel database, and their characteristics in
columns. This reporting file contained the raw database, including non-eligible publications. This
reporting file also contains the articles found by non-systematic seach that were manually added.

Supporting publications 2013:EN-518

27

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Evaluating the environmental risk of microbial pesticides

2.4.3.

Excel evidence database

The evidence database includes articles found by systematic and non-systematic literature search. In
addition to general information about the publication, the evidence database provides additional
information, including notably the research topics. The database structure is provided in Table 7.
The excel file proposed for the evidence database is organised in columns for a quick visualisation of
main characteristics of each articles (presented in line): authors, title, year, type and journal of
publication, along with some data about its content: studied MPCAs (each MPCA is presented in
columns), abstract, model or experimental data. For a more practical use, each article is related to a
specific main Topic (1-6), and one or several extra Topic (1-6) for multi-topic studies. Those columns
are filterable or classifiable. A filter on studied MPCAs is also available.
The last set of columns (quality criteria) are added-value data, based on the quality assessment (see
following section 2.5.1) which is performed on the selected articles independently by our Team that
includes experts. The quality criteria are detailed in Table 8. The ―level of interest‖ column provides
the score attributed to each publication based on the quality assessment.
The ―quality criteria‖ is presented through categorisation for an easier management of data. Following
the type of the study (review or scientific article or guidance document) and the topic, different
representative ―quality criteria‖ are organised in sub-columns. The detail of those statements,
determined according to the methodological quality assessment criteria, is provided in section 2.5.1).
A cross represents the fulfilment of each quality statement. The score attributed in the column ―level
of interest‖ is calculated based on those crosses (see calculation method in section 2.5.2). Indeed, the
eligibility criteria decided previously are only based on the scope relevance. Non-eligible studies (i.e.
out of scope) appeared in the reporting format but were scored 0 and didn‘t go through quality
assessment.
Independent assessment was conducted by group of two reviewers (at all stages of the selection
process) to reduce the introduction of errors and personal biases. In cases of different opinions
between the two reviewers on the selection of a study, a third reviewer has helped to resolve the
problem.
The documents studied were separated into two samples, one for each reviewer. For the first sample,
the first reviewer, randomly selected, analysed the relevance of each study through the process
described above. If the study was accepted, the first reviewer transmitted it to the second reviewer who
performed the same protocol. Then the two reviewers exchanged their role for the second sample (the
first reviewer became the second and vice versa). Thus, a study was included or excluded when both
reviewers decided it.
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Table 7: Evidence database template
Topic

MPCA
Authors

1

2

3

4

5

6

Name
1

Name
2

Name
3

Name
xx

Title

Year

Journal

Type

Model /
experimental

Quality criteria for
articles

x

y

Quality criteria for
review and books

z

x

y

z

Paper
1
Paper
2
Paper
3
Paper
4
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2.5. Assessing the quality of the collected information
2.5.1.

Methodological quality assessment criteria

Assessment of methodological quality implies identifying those aspects of study design, execution, or
analysis that induce a possible risk of bias or uncertainty. It is important to distinguish between the
quality of a study and the quality of reporting the study, although both may be correlated. In this step,
the Team evaluates the strengths and the weaknesses of the selected publications in terms of:
Pertinence of the study‘s scope (see 2.2.4.2);
Pertinence of the MPCA accordingly to the list
Other criteria specific to the topics 1-6 (Table 8).
The Team assessed the overall quality of studies identified as relevant in order to prioritise the
collected information on each topic. Based on the fulfilment of the different quality statements
mentioned in the evidence database (Table 7), representing the methodological quality criteria, a score
was given to each article (represented by the ―level of interest‖ score).
Depending on the typology of study, the quality criteria were different. Those statements are different
according to the type of publication: reviews/reports/ books; scientific articles; and guidance
documents as shown in Table 8.
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Table 8: Matrix of quality criteria adapted for each topic and type of publication (scientific articles or
reviews/books/ reports)
Scientific articles

Reviews /books/reports/guidance

General

-Topic -related pertinence of the study‘s scope: Does
the publication deal with the topic scope?
-Pertinence of the MPCAs: Does the publication deal
with the species of interest (i.e. MPCAs listed in the
Regulation (EC) No 1107/2009)?
- Justification of conclusions: Are the conclusions or
extrapolations justified by experimental data?
- Discussion: Are the obtained results compared with
other studies and discussed?
- Characterisation of the studied MPCA: Is the studied
MPCA accurately characterised (specie, subspecies,
strain, spore form or not, etc.)?

Topic 1

- Field conditions: Is the intervention realised in field
conditions?
- Characterisation of genetic instability: Is the genetic
stability/instability of the MPCA accurately
characterised (i.e. type: mutation or horizontal gene
transfer: transduction, conjugation, transformation;
frequency, impacted organism)?
- Influencing factors and conditions: Are the factors
and conditions influencing the genetic
instability/stability of the MPCA characterised?
- Extrapolation (For no in-field study): Are the
conditions of genetic instability relevant for in field
extrapolation (biotic and abiotic factor, impacted
organism, etc.)?
- Assessment of negative outcomes: Are the potential
non target outcomes of the genetic instability/stability
of the MPCA assessed (drug resistance, spread of
virulence factors, etc.)?
- Experimental conditions: Is the intervention realised
in used drinking quality control systems?
- Characterisation of the interference: Is the
interference of the MPCA with the water quality
system accurately characterised (i.e. type:
contamination, detection artefact, etc.)?
- Influencing factors and conditions: Are the factors
and conditions influencing the interference
characterised?
- Extrapolation (for no in-use system or other
organism): Are the interferences observed relevant for
MPCA and in use water quality system extrapolation?
- Assessment of negative outcomes: Are the potential
non target outcomes of the interference assessed
(health impacts, etc.)?
- Measure of the MPCA concentration in the
environment: Is the concentration of the MPCA in the
environment measured and compared in relation to the
natural background?
- MPCA detection and measure method: Does the
applied method trigger artefacts? Is the level of
uncertainty of the measure assessed?
- Field conditions: Is the intervention realised in field
conditions?
- Characterisation of dispersal/colonisation routes: Are

-Topic-related pertinence of the study‘s scope: Does
the publication deal with the topic scope?
- Pertinence of the MPCAs: Does the publication deal
with the species of interest (i.e. MPCAs listed in the
Regulation (EC) No 1107/2009)?
- Quality of discussion: Are the selected papers
properly compared with each other and discussed?
- Impartiality: Does the intervention realise a critical
and impartial analysis of the subject?
- Justification of conclusions: Are the conclusions or
extrapolations justified by discussed results?
- Updated results: Is the intervention recent enough to
discuss only up to date results?
- Characterisation of genetic instability: Does the
intervention present and discuss the different genetic
stability/instability among MPCAs?
- Influencing factors and conditions: Does the
intervention take into account the factors and
conditions influencing the genetic stability/instability
of the MPCA?
- Assessment of negative outcomes: Does the
intervention take into account the potential non target
outcomes of the genetic stability/instability of the
MPCA?

Topic 2

Topic 3
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- Characterisation of the interference: Does the
intervention present and discuss the different types of
interference of the MPCA with the water quality
system?
- Influencing factors and conditions: Does the
intervention take into account the factors and
conditions influencing the interference of MPCAs in
water quality system?
- Assessment of negative outcomes: Does the
intervention take into account the potential non target
outcomes of this interference?

- Characterisation of dispersal/colonisation routes:
Does the intervention present and discuss the different
dispersal routes among MPCAs?
- Influencing factors and conditions: Does the
intervention take into account the factors and
conditions influencing the
dispersal/colonisation/persistence/multiplication of the
MPCA?
- Assessment of negative outcomes: Does the
intervention take into account the potential non target
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Topic 4

Topic 5

Scientific articles

Reviews /books/reports/guidance

the dispersal routes accurately characterised (nature,
spatial range, destination, rate, associated organism,
etc.)?
- Influencing factors and conditions: Are the factors
and conditions influencing the
dispersal/colonisation/persistence/multiplication of the
MPCA characterised?
- Temporal scale: Is the temporal scale of the
dispersal/colonisation/persistence/multiplication
monitoring consistent with the biocontrol strategy?
- Assessment of negative outcomes: Are the potential
non target outcomes of the
dispersal/colonisation/persistence/multiplication of the
MPCA assessed?
- Field conditions: Is the intervention realised in field
conditions?
- Characterisation of toxin/metabolite production: Is
the toxin/toxic metabolite production accurately
characterised (nature of the substance, amount
produced, frequency of the production, etc.)?
- Conditions of toxin/metabolite production: Are the
conditions and the factors influencing the toxin/toxic
metabolite production by MPCAs characterised?
- Toxicity of toxin/metabolite: Is the toxicity of
toxin/metabolite characterised (selectivity, efficacy,
target organisms, effect concentration, etc.)?
- Assessment of negative outcomes: Are the potential
non target outcomes of the toxin/toxic metabolite
production by the MPCA assessed?
- Field conditions: Is the intervention realised in field
conditions?
- In-host MPCA detection and measure method: Does
the applied method tag and monitor the fate of the
MPCA in the host trigger artefacts?
- Conditions of pathogenicity/infectivity: Are the
conditions and the factors influencing the
pathogenicity/infectivity/host range specificity
characterised?
- Concentration of non-target effects (for no in-field
study): Is the concentration of non-target effect
compared with the concentration used in biocontrol?
- Non-target organisms (for no in-field study): Are the
tested non-target organisms relevant for in field
extrapolation, notably in view of risk assessment
procedures?
- Non-target organisms (for in-field study): Does the
intervention assess the potential non-target effects on
non-target organism?
- Temporal scale: Is the temporal scale of the nontarget effects monitoring consistent with the biocontrol
strategy?

outcomes of the
dispersal/colonisation/persistence/multiplication of the
MPCA?

Topic 6
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- Characterisation of toxin/metabolite production:
Does the intervention present and discuss the different
toxin/toxic metabolite production among MPCAs?
- Influencing factors and conditions: Does the
intervention take into account the factors and
conditions influencing the toxin/toxic metabolite
production by the MPCA?
- Assessment of negative outcomes: Does the
intervention take into account the potential non target
outcomes of the toxin/toxic metabolite production by
the MPCA?

- Characterisation of pathogenicity/infectivity: Does
the intervention present and discuss the different
pathogenicity/infectivity/host range specificity among
MPCAs?
- Influencing factors and conditions: Does the
intervention take into account the factors and
conditions influencing the
pathogenicity/infectivity/host range specificity of the
MPCAs?
- Assessment of non target effects: Does the
intervention compare and discuss the different nontarget effects of MPCAs and their influencing factors?

- Topic-related pertinence of the study‘s scope: Does
the test guideline focus on the environmental impact
assessment?
- Pertinence of the MPCAs: Does the test guideline
indicate that the guidance document deals with the
species of interest (i.e. MPCAs listed in the Regulation
(EC) No 1107/2009)?
- Quality of instructions: Are the guidelines clear and
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Scientific articles

Reviews /books/reports/guidance
precise?
- Targeted guidance: Is the guidance written and
adapted for a specific public?
- Guideline perimeter: Is the conditions at which the
decisions/test guidance apply well described (when it
has to be applied)?
- Appropriateness of the test guideline: Is the test
guideline appropriate/can be extrapolated to assess the
effects of MPCAs on non-target organisms?

2.5.2.

Score attribution for the publication quality

Each publication was scored based on the fulfilment of the quality criteria corresponding to its
typology (scientific articles, review/books/reports, and guidance documents) and its related topic(s). A
partial score was attributed to each quality criteria, depending on its importance in the whole quality of
the publication. Indeed, each quality criterion was assessed as very high/high/medium or low
importance for the global quality of the publication (see Table 9), and the partial scores associated
were proportional to this importance. The detail of the partial scores is provided in
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Table 10. The final score (from 0.1 - for very low quality publication-, to 5 – for very high quality
publication) was obtained through the addition of the partial scores. Non-eligible studies (out of scope)
were automatically scored 0.

Supporting publications 2013:EN-518

34

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Evaluating the environmental risk of microbial pesticides

Table 9: Matrix of relative importance of each quality criteria for the overall quality of a publication
(red = very high importance, orange = high importance, green = medium importance, blue = low
importance), following the typology of the publication (scientific articles, review/book/report,
guidance document) and its related topic
General

Scientific articles
-Topic -related pertinence of the study‘s scope:
- Pertinence of the MPCAs
- Justification of conclusions
- Discussion:
- Characterisation of the studied MPCA

Topic 1

- Field conditions
- Characterisation of genetic instability
- Influencing factors and conditions
- Extrapolation
- Assessment of negative outcomes:

Topic 2

- Experimental conditions:
- Characterisation of the interference
- Influencing factors and conditions
- Extrapolation
- Assessment of negative outcomes
- Measure of the MPCA concentration in the environment
- MPCA detection and measure method
- Field conditions
- Characterisation of dispersal/colonisation routes
- Influencing factors and conditions
- Temporal scale
- Assessment of negative outcomes
- Field conditions
- Characterisation of toxin/metabolite production
- Conditions of toxin/metabolite production
- Toxicity of toxin/metabolite
- Assessment of negative outcomes
- Fate of toxin/metabolic in the environment
- Field conditions
- In-host MPCA detection and measure method
- Conditions of pathogenicity/infectivity
- Concentration of non-target effects
- Non-target organisms
- Non-target organisms
- Temporal scale

Topic 3

Topic 4

Topic 5

Topic 6
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Reviews /books/report/guidance
- Topic-related pertinence of the study‘s scope
- Pertinence of the MPCAs
- Quality of discussion
- Impartiality
- Justification of conclusions
- Updated results
- Charactersation of genetic instability
- Influencing factors and conditions
- Assessment of negative outcomes

- Characterisation of the interference:
- Influencing factors and conditions:
- Assessment of negative outcomes:

- Characterisation of dispersal/colonization routes:
- Influencing factors and conditions
- Assessment of negative outcomes

- Characterisation of toxin/metabolite production:
- Influencing factors and conditions
- Assessment of negative outcomes

- Characterisation of pathogenicity/infectivity
- Influencing factors and conditions:
- Assessment of non target effects

- Topic-related pertinence of the study‘s scope
- Pertinence of the MPCAs
- Quality of instructions
- Targeted guidance
- Guideline perimeter
- Appropriateness of the test guideline
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Table 10: Matrix of the partial score attributed to quality criteria according to their relative importance
(red = very high importance, orange = high importance, green = medium importance, blue = low
importance), depending on the typology of the publication (scientific articles, review/book/report,
guidance document) and its related topic
Topics

Scientific
articles

Reviews/reports

1
X = 0.8.
X= 0.6
X=0.4
X= 0.2
X = 0.8
X = 0.7
X =0.5
X = 0.15

2
X = 0.85
X = 0.6
X =0.35
X = 0.1
X = 0.8
X = 0.7
X =0.5
X = 0.15

3
X = 0.8
X = 0.5
X =0.3
X = 0.15
X = 0.8
X = 0.65
X =0.5
X = 0.15

5
X = 0.8
X = 0.55
X =0.3
X = 0.1
X = 0.8
X = 0.6
X =0.45
X = 0.1

6

X = 1.3
X=1
X =0.7
X = 0.35

Guidelines

2.6.

4
X = 0.75
X = 0.6
X =0.3
X = 0.1
X = 0.8
X = 0.7
X =0.5
X = 0.15

Counterchecking of the search strategy

In a second time, after the building of our evidence database and in order to verify if the literature
search protocol was efficient and able to retrieve exhaustively all relevant papers in the scope of the
study, we counterchecked our results database with the studies cited in relevant reviews (highly scored
in our evidence database according to our quality criteria) and additional key reviews selected by
experts. We used the list of references of the highly relevant set of reviews to counter check the
database and completed it whenever necessary.
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3.

RESULTS AND DISCUSSION

In this chapter, we present the results obtained through the running of the systematic and nonsystematic literature searches based on the methodology previously presented. The detailed results of
the systematic search are collected in the Endnote library which is delivered separately from this
report as .enl files. They are exported in an Excel file and pooled with the results of the non-systematic
search to form the final database.
3.1.

Results of the systematic search

Number of hits for Block #1 AND Block #2 AND Block #3 (Search on title/abstract fields):
PubMed: 524
Web of Science: 2853
Web of Knowledge: 3032
Agricola: 1944
Science Direct: 7527
RefDoc: 295
From this search, a raw database of 5542 scientific articles was collected after removal of 10540
duplicates (65% duplication) in one single EndNote library and exported to the excel database,
provided along with this document in two separate files.
There was a large number of publications, almost half of them, out of scope: either treating biological
control not related to microorganisms, either non-related to any topics of interest. Articles related to
the description of MPCAs (n=829) as biopesticides not mentioning the environmental impacts or any
topic-related information, were indeed considered in scope, but a score of 0.5 was automatically
attributed. Those publications were kept in the evidence database but they did not fuel the minireviews.
An explanation of the low number of the in scope articles is probably the general lack of knowledge
on MPCAs used as biopesticides coupled to the fact that the presence of Block 2, which excludes the
articles not explicitly citing the use of microorganism as biopesticides. This limit has been
counterbalanced by performing a non-systematic literature search as described below.
3.2.

Results of non systematic literature search

A total of 290 articles were found relevant through non-systematic search and included in the
Evidence database. The final Excel evidence database contains 5832 publications gathered both
through systematic and non-systematic search.
3.2.1.

Non systematic search on Topics 1-5

The list of key reviews for the counter-check was the following:
Mensink BJWG, Scheepmaker JWA. 2006. How to evaluate the environmental safety of
microbial pest control products. Bilthoven, The Netherlands: RIVM. Report no. 10030A00. 62
pp.
OECD. 2011. Report of the Second OECD Biopesticides Steering Group Seminar on the Fate
in The Environment of Microbial Control Agents and Their Effects on Non-Target Organisms
Series on Pesticides No. 64
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Brodeur J. 2012. Host specificity in biological control: insights from opportunistic
pathogens. Evol Appl. 2012 July; 5(5): 470–480.
The results of the non-systematic search have been included in the Excel Evidence Database. For all
the publications that have been added to the database from non systematic search, the acronym ―NS‖
was added in column A.
After duplicate removal, the non-systematic search of peer-reviewed articles related to Topic 1 to 5
described in section 2.2.4.3 has allowed to collect additional relevant articles non-retrieved by
systematic search.
3.2.2.

Non systematic search on Topic 6

Many of the documents related to Topic 6 have been identified thanks to non systematic search. The
results of the non-systematic search have been included in the Evidence Database. For all the
publications that have been added to the database from non systematic search, the acronym ―NS‖ was
added in column A.
Some relevant grey literature has been identified thanks to inputs from the kick off meeting and nonsystematic research. Searches for additional grey literature performed using Google scholar allowed us
to collect about 100 documents relevant to topic 6. Examples of the most relevant documents retrieved
are presented below, including, in particular, OECD and US EPA guidelines.
3.2.2.1. OECD publications on biopesticides
OECD provides on its website a number of publications on pesticides22 covering various themes such
as registration, residues, risk reduction, testing, etc. A set of publications are specifically dealing with
microbial pesticides23 and are thus relevant for this study, including for instance:
OECD. 2003. Guidance for Registration Requirements for Microbial Pesticides. Series on
Pesticides No. 18.
OECD. 2004. Guidance for Country Data Review Reports on Microbial Pest Control Products
and their Microbial Pest Control Agents (Monograph Guidance for Microbials). Series on
Pesticides No. 22.
OECD. 2004. Guidance for Industry Data Submissions for Microbial Pest Control Product and
their Microbial Pest Control Agents (Dossier Guidance for Microbials). Series on Pesticides
No. 23.
OECD. 2008. Working Document on the Evaluation of Microbials for Pest Control. Series on
Pesticides No. 43.
OECD. 2009. Report of Workshop on the Regulation of Biopesticides: Registration and
Communication Issues Series on Pesticides. Series on Pesticides No. 44.
OECD. 2011a. Guidance to the Environmental Safety Evaluation of Microbial Biocontrol
Series on Pesticides. Series on Pesticides No. 65.
OECD. 2011b. Issue Paper on Microbial Contaminant Limits for Microbial Pest Control
Products. Series on Pesticides No. 67.
3.2.2.2. US EPA Test Guidelines
Part B of the Regulation EU 544/201124 specifies the data requirements for the approval of microbial
pesticides. This regulation indicates that ―pending the acceptance of specific guidelines at international
22

www.oecd.org/env/chemicalsafetyandbiosafety/agriculturalpesticidesandbiocides/seriesonpesticides.htm
Publications available at:
www.oecd.org/env/chemicalsafetyandbiosafety/agriculturalpesticidesandbiocides/publicationsonbiopesticides.htm
23
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level, the information required shall be generated using available test guidelines‖ and gives the
example of US EPA guidelines. Indeed, US EPA provides on its website a series of guidelines that
have been developed by the Office of Chemical Safety and Pollution Prevention (OCSPP) for use in
the testing of pesticides and toxic substances, including notably the Harmonised Test Guidelines of
series 885 which are specific for microbial pesticides (US EPA. OCSPP Harmonised Test Guidelines
Series 885 - Microbial Pesticide Test Guideline).
3.2.2.3. European and Mediterranean Plant Protection Organisation
The European and Mediterranean Plant Protection Organization (EPPO) promotes the harmonisation
of phytosanitary regulations and the use of modern, safe, and effective pest controls in the European
and Mediterranean region. EPPO has different technical bodies that develop international Standards in
the fields of plant protection products and phytosanitary measures. EPPO standards are available
through an online database25. It is noteworthy to mention that a new standard on microbial pesticides
has been recently developed.
3.2.2.4. REBECA project
The REBECA project was an EU policy support action to review possible risks of biocontrol
agents, compare regulation in the EU and the USA and propose more efficient regulation
procedures. This project was carried on in 2006-2007. General outcomes of this project are
presented in following references:
Ehlers, R.-U. (Ed.). (2011). Regulation of Biological Control Agents (p. 417).
REBECA Regulation of Biological Control Agents - Specific Support Action Sustainable
management of Europe‘s natural resources - Final Activity Report. (2006).
More specifically, this project produced a set of deliverables focusing on Microbial Pest Control
Agents:
Interim report on relevant risks and tools to determine risks of microbial BCAs - REBECA
project deliverable 9. (2006).
Proposals for improved regulatory procedures for microbial BCAs - REBECA project
deliverable 10. (2006).
List of defining knowledge gaps for microbial BCAs - REBECA project deliverable 11.
(2006).
Positive list of ―low risk‖ candidates - REBECA project deliverable 12. (2006).
3.3.

Evidence database and quality analysis

In total, 3690 publications scored 0 corresponding to non-eligible studies (out of scope) and were not
taken into account for the quality analysis. The 2142 eligible (in scope) publications were classified
according to their related topic (1 to 6) or in the ‗general biocontrol‘ topic. It should be noted that one
publication can be classified in several topics. The amount of in scope publications greatly varies
between the topics, showing that in some areas we clearly lack evidence:

24

Commission Regulation (EU) No 544/2011 of 10 June 2011 implementing Regulation (EC) No 1107/2009 of the European Parliament and
of the Council as regards the data requirements for active substances
25
http://pp1.eppo.int/list.php

Supporting publications 2013:EN-518

39

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Evaluating the environmental risk of microbial pesticides

Topic 1: 99 publications;
Topic 2: 2 publications;
Topic 3: 462 publications;
Topic 4: 400 publications;
Topic 5: 418 publications; and
Topic 6: 123 publications.
Eligible publications were scored from 0.1 to 5 depending on their scientific quality. Some
publications were related to more than one topic; in this case, they were scored based on the quality
criteria of the most relevant topic. There were almost no articles related to topic 2, few to topic 1 and
6, and around 1/3 of the publications related to topic 3, 4 and 5.
A large number of the publications focus on: fungi (mainly Beauveria, Metharizium and
Trichoderma), and bacteria (mainly Bacillus). A smaller number of publications report studies on
viruses (mainly Baculovirus GV), and studies on yeast are almost absent.
The lack of publications on certain topics and microorganisms indicates a need for further research in
these knowledge fields.
3.4.

Preparation of the mini-reviews

The most relevant documents retrieved in both systematic and non-systematic search were used to
prepare 6 mini reviews, one per topic. Documents not included in the database, since only indirectly
related to the topics, have been also quoted whenever considered relevant while writing the minireviews (i.e. original papers on the characterisation of certain metabolites, etc.).
The mini-reviews and two sections dealing with the influence of biotic and abiotic factors on the
MPCAs survival and pathogenicity, and with the read across potential between strains or species to aid
risk assessment are presented in the following Chapters (4 to 12).
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4.

GENETIC STABILITY AND TRANSFER - Potential environmental risks related to
genetic instability of the microorganisms (e.g. mutation rate of genes related to the mode of
action; uptake of exogenous genetic material, etc.) or to the transfer of genetic material
from mpcas to other microorganisms as well as to other higher organisms (TOPIC 1)

A key advantage of microbial pest control agents is their potential to replicate and persist in the
environment, offering continued suppression of pest populations. Exploiting this advantage, however,
is commensurate with the need to determine the risks to non-target organisms of mass releasing these
MPCAs, and especially non-target effects due to the genetic instability of those microorganisms.
One important area of risk assessment concerns the horizontal transfer of DNA and associated genetic
traits between MCPAS and other organisms. The need for information in this area has prompted a
range of studies of plasmid-mediated gene transfer between bacteria in natural habitats. Reviews about
the horizontal gene transfer in the environment from bacteria to other organisms detailed the three
different mechanisms of gene transfer used by bacteria (Dröge et al., 1999; Nielsen et al., 2001;
Davison, 1999). The horizontal gene transfer thus facilitates the acquisition of new traits, including
undesired traits such as antibiotic resistance, symbiosis, and virulence, which can lead to non-target
effects (development of virulence of target or non-target organisms, or detrimental effects to nontarget organisms).
4.1.

Genetic stability and transfer in bacteria

Transfer of genetic information in bacterial populations occurs vertically through clonal division. Such
vertical transfer implies that bacterial adaptation to changing environments takes place through
mutations. However, independently from reproduction, bacteria can also transfer minor portions of a
donor genome horizontally into their population. This latter transfer of DNA between individuals or
species is unidirectional and is called lateral or horizontal gene transfer (HGT). Three mechanisms can
occur for horizontal gene transfer: conjugation (where genetic material is transferred by contact
between two bacteria), transduction (where genetic material is transferred from one bacteria to another
one via a bacteriophage), and natural transformation (where the microorganism with natural
competence integrates extracellular (released) genetic material) into its genome.
Literature about the genetic instability and the gene transfer from Agrobacterium, Bacillus,
Pseudomonas and Streptomyces species was substantial, but only few studies (reported in this review)
focused on the strains precisely used as bacterial MPCAs (or BPCAs).
4.1.1.

Mutation

The bacterial average of mutation frequencies is about 1 mutation per 300 bacterial cells (3.10-3) per
generation (Drake et al., 1998). However, several Agrobacterium tumefaciens strains gained resistance
to agrocin 84 through spontaneous mutations, of which rate was evaluated between 2.10-4 and 4. 10-4
(Cooksey et al., 1982). Agrocin 84 is the antibiotic produced by Agrobacterium radiobacter K84 to
biocontrol the virulent strains of Agrobacterium tumefaciens causing crown gall disease in plants.
Therefore, such a mutation rate can promote the apparition of antibiotic resistance in pest bacteria.
4.1.2.

Natural transformation among bacteria

The active release of plasmid and chromosomal DNA by living bacteria is common in nature (Lorenz
et al., 1994; Nielsen et al., 2007). Such extracellular DNA can attain concentrations that could result in
horizontal gene transfer (HGT) by transformation. Numerous bacterial species, and particularly
BPCAs, have been reported to be capable of natural transformation and of release of DNA (Lorenz et
al., 1994; Heuer et al., 2007). Natural transformation is a mechanism of gene transfer that facilitates
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the uptake of extracellular released DNA. The bacteria express a physiologically regulated state called
competence which determines its efficiency of DNA uptake. Some reviews about the natural
competence of bacteria are available (Paget et al., 1994; Lorenz et al., 1994). The transformation of
exogenous genetic material could lead to detrimental effects if the uptake genes encode for toxin or if
they change their host range, but this effect has not been reported yet in the available literature.
The presence of very low concentrations of extracellular DNA (0.1 µg /mL) has been reported in
supernatants from exponential and early stationary phase cultures of the laboratory strain Bacillus
subtilis 168 and between 2.4 and 6 µg /mL for an undomesticated strain of Bacillus subtilis (Zafra et
al., 2012). Higher concentrations of released DNA were reported for Bacillus subtilis with up to 30
µg/mL of DNA accumulated during stationary and death phase (Lorenz et al., 2001).
Both studies demonstrated that the released DNA is able to transfer genetic information by
transformation process in competent gram positive and gram negative soil bacteria. This release of
DNA can thus have non-target effects through the uptake of this exogenous genetic material by
indigenous non-target organisms. The extent to which indigenous bacterial communities will be
exposed to DNA from BPCAs depends on the concentration of the agent over time, and on the release
and availability of the chromosomal DNA from the agent in the environment. The BPCA volume
applied defines the initial exposure, whereas its ecology will determine the time that exogenous DNA
may be available to microbial communities (Nielsen et al., 2001).
The availability to indigenous bacteria of biologically functional DNA released from BPCAs is only
partially understood. Most of the bacterial DNA released in soils, sediments and water is likely to be
fragmented and degraded within few days (Paget et al., 1998; Gebhard et al., 1999). However, DNA
binding on surface-active soil particles (clays and humic substances for example) protects it from
enzymatic degradation, and does not prevent transformation (Donnarumma et al., 2010). Such
protected particle-adsorbed genes will be transferred to susceptible host that comes into contact with
soil particle-DNA complexes (Nielson et al., 2007). For example, Romanowski et al. (1993) showed
that extracellular DNA adsorbed on minerals contained in natural groundwater, soil or sediment
environments was highly resistant against enzymatic degradation and was able to transform competent
cells of Bacillus subtilis .The long-term stability and bacterial DNA in soil (up to 2 months or even
years after introduction), however, has not been directly linked with the accessibility of DNA to
bacteria in soil that remains limited to a few hours, according to tests in biological assays (Nielsen et
al., 2001).
The ability to undergo natural transformation has been detected in many eubacterial divisions;
however, most studies have been performed in vitro. For example, the strains Streptomyces coelicolor
and Streptomyces lividans, belonging to the same family of the BPCA Streptomyces griseoviridis, are
able to release DNA that is uptake and transformed by Mycobacterium smegmatis in laboratory
conditions (Bhatt et al., 2002). Bacilllus subtilis is known to have a high natural transformability i.e. a
high ability to incorporate external DNA and to undergo homologous recombination between
chromosomal and incoming single-stranded DNA (Solomon et al., 1996; Dubnau, 1991). Up to 20%
of all Bacillus subtilis cells can become competent at the onset of the stationary phase (Kidane et al.,
2009). In addition, Bacillus subtilis can be transformed by extracellular DNA adsorbed on mineral
clays and organic matter of soil and sediment environments (Romanowski et al., 1993). The
percentage of transformation of extracellular DNA in Bacillus subtilis was assessed at 1.7x10-5 in
laboratory conditions (Zafra et al., 2012).
Species related to the BPCA Pseudomonas chlororaphis, Pseudomonas stutzeri and Pseudomonas
fluorescens are naturally competent bacteria that are able to incorporate chromosomal DNA very
efficiently (Carlson et al., 1983; Demanèche et al., 2001).
Supporting publications 2013:EN-518

42

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Evaluating the environmental risk of microbial pesticides

4.1.3.

Conjugation in bacteria and BPCAs

Bacterial conjugation is a process of horizontal gene transfer during which the two cells are either in
direct contact or are connected by a bridge-like structure. During conjugation, genetic material
(usually a plasmid or a transposon) moves in only one direction from the donor bacteria to the
recipient bacteria. The genetic information transferred during conjugation transforms the behaviour of
the recipient organism: it may confer antibiotic resistance, tolerance to chemicals, or the ability to use
new metabolites. In some cases, the transferred information may be harmful to the recipient organism
if the new plasmid is a bacterial parasite spread by the process of conjugation. Though, the
consequences of genetic transfer by conjugation from BPCA must be taken into account when
assessing impacts of such agents on the indigenous bacterial populations.
Gene transfers can occur between bacteria of the same genus, for example the mosquitocidal crystal
toxins encoding plasmid can be transferred by conjugation from Bacillus thuringiensis israelensis to
another strain of Bacillus thuringiensis (Ankarloo et al., 2000; Gonzales et al., 1982). Another study
showed the ability of Bacillus thuringiensis, Bacillus cereus and Bacillus anthracis to transfer
plasmids to each other with a high transfer frequency through a conjugation-like process in laboratory
conditions (Battisti et al., 1985). Under field conditions, the transfer of genes between the BCA
Bacillus thuringiensis subsp. kurstaki to indigenous Bacillus species has been established
(Donnarumma et al., 2010). This transfer has also been observed between Bacillus thuringiensis
subsp. kurstaki and other Bacillus thuringiensis strains in soil (conjugation frequency between 8.10-8
and 2.7x10-5) and in susceptible lepidopteran cadavers Lacanobia oleracea and Anticarsia gemmatalis
(conjugation frequency between 1.10-1 and 8.4x10-1), or dipteran larvae cadavers (transfer ratio of 103
), but not in non-susceptible coleopteran insects Phaedon chocleriae (Thomas et al., 2000; Thomas et
al., 2001; Vilas-Boas et al., 1998). As a result, the target killed insects can support the crystalencoding plasmids transfer from B. thuringiensis to other suitable recipients through conjugation, such
as B. cereus group strains, that enables those bacteria to acquire new characteristics and also perform
genetic exchange among them (Yuan et al., 2007). The conjugational transfer ratios varied between
2.9 and 5.8x10-6, and all transconjugants gained the ability to produce the insecticidal crystal. The
transfer frequency in vivo (insect cadavers) was 10–100 times lower than that in broth culture, and the
stability of the conjugant obtained in vitro and in vivo were similar. These results support the potential
risk of non-target effects from B. thuringiensis gene transfer to indigenous species after a long-time
and large-scale application as a microbial agent in the environment (Yuan et al., 2007).
In addition to insect cadavers, plant surfaces are hot spots for conjugation and transfer of plasmid, and
also rhizosphere, phyllosphere, and spermosphere (van Elsas et al., 2003). Plasmid transfer in plantassociated bacteria has long been known to happen (Lacy and Leary, 1975), and has been observed to
take place from donor bacteria to indigenous plant-associated populations (Molbak et al., 2003).
Studies in situ have shown that HGT occurs primarily in niches characterised by high bacterial
densities such as on plant roots (Sørensen et al., 2005).The conjugal transfer from BPCAs also occurs
in aquatic environment. The transfer of several plasmids of Bacillus thuringiensis subsp. Israelensis
was assessed very low (transfer ratio of 10-2) or null in river water (Thomas et al., 2001). However,
Furlaneto et al. (2000) examined the extent of conjugal transfer between B. thuringiensis strains in
liquid broth, tap water, lake water, and sewage water in both laboratory and field conditions and
showed that the conjugation frequencies yielded 10-5 after 24h. So, genetic transfer can also occur in
aquatic environment, both under laboratory and field conditions.
Another example of plasmid transfer under field conditions from a BPCA to an indigenous strain is the
transfer of the plasmid conferring production of agrocin 84 from Agrobacterium radiobacter K84 to
an indigenous pest strain of Agrobacterium tumefaciens (the agent of plant Crown gall disease)
(Stockwell et al., 1996; Farrand, 1993), even if the transfer frequency was moderate (approximately
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10-4). Such HGT from A. radiobacter K84 to A. tumefaciens triggers adverse effects because it is one
of the mechanisms by which agrocin 84-insensitive pathogen can develop (in addition to spontaneaous
mutations). This results in failure of the biocontrol strategy by a reduced efficiency of the biocontrol
of A. tumefaciens by A. radiobacter K84 and also in a non-target production of A. tumefaciens bacteria
that are both pathogenic and virulent but producer and immune to agrocin 84 (Stockwell et al., 1996).
Although the incidence of plasmid transfer observed in these field studies was low, transconjugants
produced were virulent and persistent in the environment, leading to a reflection about the use of A.
radiobacter K1026 as a safer BPCA instead of A. radiobacter K84 to minimise this transfer (Vicedo et
al., 1993).
Although HGT among bacteria has been demonstrated in soil microcosms, limited information is
available about such transfer from BPCAs deliberately released to the environment to the indigenous
microbiota in soil in situ, in particular the frequency of the genetic transfer. Those data could be
obtained via field experiments that must be performed more systematically to evaluate the ecological
risks and benefits associated with the release to the environment of biological control agents.
4.1.4.

Genetic transfer from bacteria to other organisms (fungi, insects and/or plants)

The horizontal transfer of bacterial genes is not restricted to other bacteria; they can also transfer
genetic material to other organisms, such as fungi (Marcet-Houben et al., 2010; Syvanen, 2012) or
plants, either by conjugation, transduction or transformation of released bacterial DNA.
No studies dealing with genetic transfer from BCAs to other organisms were found in the literature.
Nevertheless, some recent works have shown that other bacteria can transfer genes to fungi used as
biological control agents for example. The genetic instability of some Agrobacterium strains related to
the BCA Agrobacterium radiobacter K84 can have adverse effects on plants (Zupa et al., 2000) and on
other organisms like fungi (Duarte et al., 2007; dos Reis et al., 2004; Knight et al., 2010; Lima et al.,
2006). For example, Agrobacterium tumefaciens is a phytopathogenic bacterium that induces the
‗crown gall‘ disease in plants by transfer and integration of a segment of its tumor-inducing (Ti)
plasmid DNA into the genome of numerous plant species that represent most of the higher plant
families (Lacroix et al, 2006). Recently, it has been shown that, under laboratory conditions, the host
range of Agrobacterium tumefaciens can be extended to non-plant eukaryotic organisms. These
include yeast, filamentous fungi, cultivated mushrooms and human cultured cells (Lacroix et al, 2006).
In line with this, recent studies have shown the ability of Agrobacterium tumefaciens to transfer
genetic material via transformation process in fungi such as Metarhizium anisopliae (with a
transformation efficiency of 5.10-4) (Duarte et al., 2007), Beauveria bassiana (dos Reis et al., 2004),
Paecilomyces fumosoroseus (Lima et al., 2006) and Verticillium Albo-Atrum (Knight et al., 2010).
Three of those species are fungal MPCAs and the recombination of exogenous genetic material can
lead to detrimental host range shift or toxic metabolite production, but none of those effects have been
reported yet under field condition for biocontrol.
4.2.

Genetic stability and transfer in fungi

Compared to bacteria, fungi possess low genome plasticity due to the narrower scope of mechanisms
available to eukaryotic cells for the incorporation of DNA (Coehlo et al., 2013). In line with this, HGT
is still considered to be anecdotal in fungi (Rosewich et al., 2000), although several well-supported
events of acquisition of genes from bacteria by conjugation and transformation (Marcet-Houben et al.,
2010; Syvanen, 2012) and transfers among fungal species have been reported and are contributing to
change this view (Slot et al., 2011; Novo et al., 2009; Khaldi et al., 2008). Nevertheless, those
evidences of HGT between fungi did not concern species used as biocontrol agents.
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For example, Khaldi et al.(2008) and Slot et al.(2011) respectively described the horizontal transfer of
secondary metabolite gene clusters between several fungi - Magnaporthe grisea, Chaetomium
globosum, Stagonospora nodorum, Aspergillus clavatus and Aspergillus nidulans - but none of them
are used as fungal biocontrol agents. In the same manner, Novo et al. (2009) provides evidence that
gene transfer may occur between Saccharomyces and non-Saccharomyces species.
Genetic recombination in asexual fungi can occur through the parasexual cycle, during which
vegetatively compatible hyphae fuse to form heterokaryons and exchange genetic material (Castrillo et
al., 2004). Parasexuality has been demonstrated in numerous fungi under laboratory conditions, but its
occurrence in nature is difficult to detect. While studies on asexual fungi have revealed that nearly all
fungi examined exhibit recombining population structures in addition to clonal reproduction, current
available tests cannot determine how recombination occurs or how often (Taylor et al., 1999).
Under field conditions in which endemic infections of a pest controlled by a fungal MPCA occur,
inundative application of another strain makes co-infections possible or even likely. However, little
information is available either on the potential for genetic recombination between strains of fungal
MPCAs in agricultural fields and on whether this recombination could result in altered virulence and
host range. For example, the frequency of genetic recombination between co-infecting strains of B.
bassiana strains in a susceptible insect host, the Colorado potato beetle, Leptinotarsa decemlineata
was assessed in agricultural fields and was evaluated as 5-17% for compatible strains and 0% for non
compatible strains (Castrillo et al., 2004). This frequency of recombination of exogenous DNA was
higher than the frequency 10-3–10-7 estimated by Caten (1981) based on in vitro data, but lower than
those reported (90%) in co-inoculation studies with Paecilomyces fumosoroseus (Riba et al, 1984).
Co-inoculations studies conducted by Leal-Bertioli et al. (2000) and Wang et al. (2002) reported
recombination frequency of 10–33% in M. anisopliae and 43% in B. bassiana, respectively, using wild
type strains.
4.3.

Genetic stability and transfer in viruses

Horizontal gene transfer commonly occurs from cells to viruses but rarely occurs from viruses to their
host cells, with the exception of retroviruses and some DNA viruses (Liu et al., 2010). Transduction is
a way for bacteria to exchange genetic material using a virus that takes up a piece of DNA from its
bacterial host and incorporates it into its own viral genome. After the virus has multiplied, many
copies of the virus erupt from the infected cell. Depending on the kind of transduction, some or all of
the daughter viruses take copies of parts of the bacterial DNA with them. When one of them infects a
new cell, it inserts the stolen DNA into the new cell, where the stolen piece becomes integrated into
the new cell's DNA. Transduction by viruses works in eukaryotic organisms as well.
Baculoviruses have the ability to efficiently transduce non-insect cells with: baculovirus-mediated in
vitro and ex vivo gene delivery into dormant and dividing vertebrate cells of diverse origin (human,
monkey, pig, rabbit, rat, feline, mouse, fish, avian, frog, etc.) has been described convincingly by
many authors (Airenne et al., 2000; Condreay et al., 1999; Hu, 2008; Cheng et al., 2004; Airenne et
al., 2013). The most widely studied baculovirus, Autographa californica, a multiple polyhedrovirus, is
able to penetrate and deliver genes into non-target cells (Airenne et al., 2010), but in the non-target
cells, the virus is incapable for replication or proper viral gene expression and is thus nontoxic for the
vertebrate cells.
However, no information has been found on the potential transfer of genetic material to other
organisms from viruses used as biocontrol agents. Sun et al. (2005) showed that Helicoverpa armigera
nucleopolyhedrovirus cannot transfer a foreign gene to organisms in the same ecological niche (the
fungus Verticillium dahliae Lleb and the ladybeetle Propylaea japonica Thunberg). However, a study
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showed that horizontal transfer of gene exists from the insects hosts Cydia pomonella and
Cryptophlebia leucotreta to the Cydia pomonella granulovirus that infected them (Arends et al.,
2005), and also that baculoviruses acquired the chitinase gene from the bacterium Serratia marcescens
(Kang et al., 1998). In the same manner, Lauzon et al. (2006) showed that Neodiprion sertifer nuclear
polyhedrosis virus have acquired genes by HGT from their insect hosts, as well as Baculovirus GV
(Rohrmann, 2011).
4.4.

Conclusions

Bacteria are more prone to have genetic instability such as releaase of extracellular DNA, uptake and
transformation of extracellular DNA, conjugation or mutation than fungi and viruses. More precisely,
no evidence was found that genetic transfers occurs from viruses used as MPCAs to any other
organisms (but the contrary is possible), and for fungi used as MPCAs, the only evidences of genetic
transfer from the fungi to an other organism is the genetic recombination existing between the
different fungal MPCAs (B. bassiana, P. fumosoroseus or M. anisopliae) used during inundative
biocontrol applications (co-inocculation).
Concerning bacteria used as MPCAs (or BPCAs), all of them are susceptible (like all bacteria) to
release extracellular DNA in the environment (B. subtilis was shown to be able to) that can be uptake
and integrated in the genome of competent indigenous microorganisms by transformation. Except
B.subtilis, the bacterial strains that have been proved to be competent (able to uptake extracellular
DNA) in field conditions are not exactly the strains used as BPCAs but related strains or species.
However, possibilities of read across between those related strains or species can suggest that some
BPCAs would be able to uptake and transform the DNA released by other BPCAs during coinocculating inundative biocontrol applications for example. Another mechanism of horizontal gene
transfer, conjugation, is extremely frequent between bacteria and BPCAs. Bacillus thuringiensis can
exchange genetic material with related species Bacillus cereus and Bacillus anthracis (that are not
BPCAs); and Agrobacterium radiobacter K84 can transfer plasmid to the pest Agrobacterium
tumefaciens. Genetic transfer from BPCA to non-bacterial organisms has not been evidenced yet but
related species, such as Agrobacterium tumefaciens, have been shown to transfer genetic material in
fungi (M. anisopliae, B. bassiana, P. fumosoroseus and V. Albo-Atrum) and also in plants.
Read across possibilities do not exclude such behaviour (i.e transfer of plasmid to non-bacterial
organisms) for some BPCAs.
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5.

INTERFERENCE WITH THE SYSTEM FOR DRINKING WATER QUALITY
CONTROL - Potential interference due to the presence of mpcas within water sampling
and their influence on the analytical system for the testing of the quality of drinking water,
as provided for in directive 98/83/ec (TOPIC 2)

Drinking water quality control is an issue strongly related to human health and MPCAs are suspected
to interfere with the system of quality control of drinking water. A systematic literature search was
then performed on this topic as described Chapter 2, but no relevant article was found.
A non-systematic search was then performed, using different relevant keywords, in Science Direct and
Web of Knowledge databases, but very few relevant articles were found. Evidence exists notably on
the health effects of Bacillus thuringiensis israelensis for example, when used as control agent for
mosquitoes acting as malaria‘s vectors, e.g. World Health Organisation (2009).
In the European Drinking Water Directive (98/83/EC), there is a list of microorganism dangerous to
human health, which has to be monitored in drinking water, including: Escherichia coli (E. coli),
Enterococci, Clostridium perfringens, Pseudomonas aeruginosa, Coliform bacteria. The detection of
these microorganisms in water can be influenced by several factors, possibly including the presence of
similar microorganisms that can be detected as one of these. The question which was then raised was
to determine if one of the MPCA of the list of the Regulation on Plant Protection Products (EC) No
1107/2009 could interfere with the system of detection of microorganisms of the same genus in water.
For example there could be an inference of the microbial pesticides Pseudomonas chlororaphis strain
MA342 or Pseudomonas sp. Strain DSMZ 13134 when detecting and monitoring Pseudomonas
aeruginosa. Such cases of interference of microorganisms with water quality systems have been
reported in the literature, but were not specifically about an MPCA included in our list A. Rompré et al
(2002) reports the lack of specificity of immunological assays used for pathogenic microorganism‘s
detection in water, due to cross reactivity to non-target species including Bacillus spp. This could then
be the case for Bacillus thuringiensis, even if no specific evidence was retrieved in our search. A more
detailed understanding of the interference potential of MPCAs with analytic system for the quality of
drinking water is therefore lacking and could be the object of dedicated research in the future.
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Methods, 49, 31–54.
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6.

FATE AND BEHAVIOUR IN THE ENVIRONMENT - MPCAs colonisation ability and
possible dispersal routes as well as their multiplication rate, mobility and persistence in all
environmental compartments (air, water, and soil) compared to the natural background
level (TOPIC 3)

Understanding the fate and behaviour of MPCAs applied to the environment is an important part of
risk assessment. Unlike chemical pesticides, MPCAs are capable of growing and reproducing in the
environment. Some MPCAs produce motile spore stages which move over small scales (< 1cm) in
suitable environments, such as water films around soil particles. Longer range dispersal could occur
passively through transport of microbial cells in air and water, or by phoretic dispersal on animals or
seeds. This creates a potential risk that the MPCA will spread outside the area of use, and persist
longer than is desirable within and outside the area of use. If the MPCA has unacceptable effects (e.g.
on non-target organisms) then it may be problematic if the MPCA is difficult to contain and eradicate
after it has been released. It is worth noting that this risk applies equally also to biocontrol agents
based on ―macro‖ organisms such as nematodes and arthropod natural enemies (predators and
parasitoids).
There are no reports of adverse effects on the environment for the MPCAs approved for use in the EU.
However, there are relatively few publications on MPCA environmental fate and behaviour in the
scientific literature, and this may be acting as a barrier to the regulation and use of MPCAs and could
affect public confidence in new MPCA technologies. Risk assessment is required for new MPCA
products, since there is no guarantee yet that their behaviour in the environment can be predicted from
studies with other organisms (although some general principles are emerging, see below). As the use
of MPCAs becomes more commonplace within the EU (which is likely if the aims of the Sustainable
Use Directive on pesticides are realised), then the amount of microbial biomass applied to the
environment is likely to increase significantly, and this could alter the pattern of persistence, dispersal
and interaction with non-target organisms. A more detailed understanding of the ecology of MPCAs is
warranted, therefore.
6.1.

Strategies for using MPCAs are based on ecological theory on the fate and behaviour of
biocontrol agents in the environment

MPCAs are used according to three strategies, each of which is based on exploiting the environmental
behaviour of the MPCA. These strategies were developed originally using knowledge of the ecology
of ―macro‖ biocontrol agents.
Augmentation uses a species of biocontrol agent that lives naturally in the country or region of use,
but which is absent or occurs at low levels in the crop environment and therefore does not give
economically acceptable levels of control. The biocontrol agent is applied without the expectation
that it will establish permanently or give autonomous regulation of the pest. After it has been
applied, the biocontrol agent population falls back to the natural carrying capacity of the
environment over time. The augmentation is appropriate for annual crops and for most agricultural
situations in Europe where pests and diseases are essentially transient, i.e. they are not
permanently present in outbreak levels. There are two different methods of augmentation,
inundation and inoculation.
o Inundation is defined as ‗the use of living organisms to control pests when control is
achieved exclusively by the organisms themselves that have been released‘ (Eilenberg et
al., 2001). In this case, the agent is applied in large numbers into the close vicinity of the
target pest. The intention is to achieve rapid pest control, and the control agent does not
reproduce within the environment. Therefore, persistence is short, and the agent has to be
reapplied frequently to maintain its effectiveness in the crop environment. Thus any
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disturbance to the environment is expected to be short lived and confined to the area of
use. Inundation is based on a hypothesis that natural factors which limit the persistence
and spread of the biological control agent can be overcome temporarily by repeated
applications of large numbers of the control agent (Hallett, 2005). In this respect, the
inundation method is the same as using a conventional chemical pesticide.
o Inoculation is defined as ‗the intentional release of a living organism as a biological
control agent with the expectation that it will multiply and control the pest for an extended
period, but not that it will do so permanently‘ (Eilenberg et al., 2001). The period over
which the control agent maintains itself above the background level varies according to
the type of agent, the pest and the environment, and may be from a few months to several
years.
o In reality, some biocontrol agents applied as inundative agents may have a small amount
of localised reproduction within the environment which contributes to pest / disease
control; whereas for some agents applied as an inoculum, a significant part of the
biocontrol may also result from the organisms that have been applied rather than from
their progeny (Hajek, 2004).
o Most of the MPCAs used for arthropod pest control in the EU are applied as inundative
agents, i.e. applications need to be made repeatedly in order to maintain the MPCA in the
crop environment. In contrast some of the MPCAs used for plant disease control rely on
an inoculative strategy, although persistence is thought to be confined to the vicinity of the
plant to which the agent has been applied.
Classical biological control is ‗the intentional introduction of an exotic biological control agent
for the permanent establishment and long-term pest control‘ (Eilenberg et al., 2001). This strategy
is based on the release of a non-indigenous control agent and is used to control a non-indigenous,
invasive pest species. The control agent is sourced from the home range of the invasive pest. It is
based on the ―natural enemy release hypothesis‖ in which a non-native species persists and
spreads in its introduced range in part because it has escaped from the natural enemies that keep its
populations in check in its home range. Application of a natural enemy from the home range is
done to help restore the pest-natural enemy balance. The biocontrol agent is released in low levels
at a small number of locations and is then expected to spread. Invasive alien weeds and insects
cause very significant amounts of ecological damage and classical biological control maybe the
only realistic option available in many cases. None of the authorised MPCAs in the EU are used as
classical control agents, although classical MPCAs do fall within European PPP legislation
(Sheppard et al., 2006). The primary concern with classical control is that the control agent may
have non-target effects that cannot be controlled following its release. Stringent and wellestablished systems for host range testing are used that are based on the FAO code of conduct on
the import and release of biological control agents (FAO, 1996). However, there have been calls
for improvements to the long-term monitoring of classical control programmes (Thomas and
Read, 2007).
Conservation biological control is defined as the ‗modification of the environment or existing
practices to protect and enhance specific natural enemies or other organisms to reduce the effect of
pests‘ (Eilenberg et al., 2001). Biological control agents are naturally widespread in the
environment, but their populations within crops are often too small to keep plant pests and
diseases below the economic injury level. Conservation methods may increase these populations
by the provision of more suitable habitats or by stopping using broad spectrum pesticides that kill
natural enemies. The elevation in the population of the control agent will last as long as the
conservation measure is in place. Conservation using microbial natural enemies is not widely
used, but examples include exploitation of microorganisms that antagonise plant pathogens in
disease suppressive soils, and elimination of fungicide sprays that inhibit the entomopathogenic
fungus Neozygites floridana, which is a natural regulator of the twospotted mite, Tetranychus
Supporting publications 2013:EN-518

53

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Evaluating the environmental risk of microbial pesticides

urticae, in some field crops in the USA (Smitley et al., 1986; Dick et al., 1992). Conservation
biological control does not fall within PPP legislation (although conservation measures are
encouraged under the Sustainable Use Directive) but we include it here for two reasons: (1) it is
worth noting that, because microbial pest control agents occur naturally in the environment, then
conservation and augmentation biocontrol methods could be using the same organisms; and (2) it
illustrates that farm management practices can affect the population size of microbial pest control
agents, which is relevant to risk assessment for MPCAs applied for augmentation biocontrol.
6.2.

Environmental fate and behaviour of MPCAs used for augmentation biocontrol in soil
or foliage

The primary safety concern with MPCAs is that they have unacceptable effects through their
biological activity (for example pathogenesis of non-target organisms, or competitive displacement of
non-target microbes), or by causing harm through allergic reaction or toxicity. These effects could
occur within the area of use (i.e. exposure of farmworkers when applying an MPCA in the field or
effects on non-target organisms in close proximity to crop plants) or could occur more widely if the
MPCA is able to persist, multiply and spread, and thereby maintain itself above the natural
background level. As stated previously, MPCAs authorised in the EU are applied according to the
augmentation strategy, using species that already occur naturally. Biocontrol theory predicts that
MPCAs used in this way will decline to background levels after application, and any effects of the
MPCA should last only as long as the MCPA remains above the background level. For this reason, it
has been stated that ‗there is nothing inherent in the strategy itself (inoculative, augmentative, or
inundative) that raises a safety issue‘ (Cook et al., 1996). The temporal and spatial scales at which an
MPCA reproduces and persists before it starts to decline depends on the suitability of the environment
to support reproduction, persistence and movement. It also depends on inherent features of the MPCA
itself, as well as on the motility of the organism to which the MPCA is applied, i.e. whether it is selfmotile, can grow and colonise regions outside the area of application, or can be dispersed by wind or
water or carried by another organism. Some MPCAs of soil-borne plant diseases, such as Trichoderma
species, work partly because of their ability to grow within the rhizosphere and out-compete plant
pathogens for space or other resources, in which case the MPCA is applied as an inoculum to the soil
and reproduction of the MPCA is thought to be localised to the area around the crop plant (Whipps,
2001). MPCAs used for inoculation against insect pests persist for a period within the insect
population and are spread by infected individuals away from the point of application; because some
insects are very mobile then this could be a relatively large area. This strategy has been used
successfully with baculoviruses to control non-indigenous sawfly pests of forestry in North America,
with the virus inoculum spreading through the pest population and persisting for up to five years.
The period of time over which the MPCA persists above background levels is influenced strongly by
the environmental compartment (soil, foliage or water) in which it is used and also on agricultural
practice. Hence, MPCAs used in protected crops, where the environment is regulated and maintained
under optimal conditions for plant growth, persist for longer than in a comparable situation (same
crop, same environmental compartment) outdoors (see below). Persistence of MPCAs also looks to be
greater in the soil environment than on foliage (see below for details), probably because the soil
provide a buffer to some extent against extremes of temperature and the damaging effects of solar
radiation.
The requirements for environmental risk assessment are more stringent in the EU compared to the
USA. For example, the EU requires a risk assessment of the effects of MPCAs on non-target microbial
populations on the basis of potential risks of interference by MPCAs with soil carbon and nitrogen
mineralisation. In contrast, the US EPA does not require this, on the grounds that soil microbial
populations are considered to have high resilience and high recovery potential following MPCA
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application (EPA, 2007: discussed in Scheepmaker & Kassteele, 2011). A key part of EU risk
assessment, contained within the Uniform Principles, is that authorisation of an MPCA will not be
given if the MPCA persists in the environment ―in concentrations considerable higher than natural
background levels, taking into account repeated application over the years, unless a robust risk
assessment indicates that the risks from accumulated plateau concentrations are acceptable‖ (Uniform
Principles of Annex VI, discussed in detail by Scheepmaker & Butt, 2010). The Uniform Principles do
not state the time period for decline to the natural background concentration. While papers published
on practical experience with agents such as entomopathogenic fungi used for augmentation biological
control report no detectable detrimental environmental impact (Goettel et al., 2001; Vestergaard et al.,
2003), the evidence from controlled experiments on the ecological fate and behaviour of MPCAs
available in the public literature is limited, including studies on persistence and impact on non-target
microbial populations. This means that, in most cases, biocontrol companies seeking authorisation of
an MPCA in the EU will have to generate and submit their own data on environmental fate and
behaviour, which for commercial reasons stays in the private domain. Most of the studies published on
the environmental fate of MPCAs that were identified from the literature search in this project concern
topics such as the effect of conventional chemical pesticides on MPCA growth and survival (most of
these are laboratory based studies), surveys of the natural occurrence of MPCA species in soil, and the
development of molecular-based methods for detection of MPCAs in the field. Relatively few studies
were identified in the literature search on the persistence and movement of MPCAs when applied in
the field. This may well be holding back the development and regulation of MPCAs in Europe as
better information in the public domain could be used to inform and guide risk assessment procedures.
A comparable situation exists for assessment of the risks associated with the effects of MPCAs on non
target soil microbial populations, where the small number of high quality studies available meant that
meta-analysis cannot yet be carried out on individual species of control agent (Scheepmaker &
Kassteele, 2011). Therefore, a larger number of publically funded, controlled experiments on
environmental fate and behaviour of MPCAs would appear to be needed to corroborate the reports of
practical experience of using MPCAs by farmers and growers. It may be worth bearing in mind that
the theory used to design the strategies by which MPCAs are used (augmentation, classical,
conservation) is based predominantly on studies done with ―macro‖ natural enemies, and there is a
need to confirm that microorganisms operate in exactly the same way. Conducting a larger number of
studies of the fate and behaviour of MPCAs would allow the development of a general framework for
risk assessment based on a detailed understanding of MPCA ecology. This would include improved
understanding of the following: (1) long term studies on the persistence of MPCAs in the environment
following single and repeated applications; (2) the ecological mechanisms by which MPCAs interact
with target organisms and other living components of the agroecosystem to affect their abundance and
distribution (e.g. non-target organisms, rhizosphere and phylloplane colonisation, interactions with
other natural enemies); (3) the population dynamics of natural populations of MPCAs; (4) the physical
factors that affect the size and distribution of MPCA populations after their application; (5) the
biogeography of MPCAs, in particular the difficult question of what constitutes an indigenous /
endemic entity. The last point is particularly important for risk assessment. Recent studies using
molecular biology techniques have shown that a microbial ‗species‘, as determined by traditional
taxonomic (e.g. morphological) methods, may consist of an assemblage of genetically distinct cryptic
species with different characteristics and geographical distributions (Desprez-Loustau et al., 2007).
6.2.1.

Bacteria

The insect pathogenic bacterium Bacillus thuringiensis is the most widely used MPCA. It has been
used for over 50 years and it has been reported to have an excellent safety record (Siegel, 2001). Most
of the literature identified in the database search concerning the environmental fate and behaviour of
Bt was grouped in two areas: (i) the fate and behaviour the Bt δ endotoxin (which is responsible for
the insecticidal activity of microbial Bt), predominantly in respect to endotoxin in GM crops entering
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the soil in root fragments or decomposing crop residues (note that the risk evaluation of GM crops is
not within the scope of this study); (ii) the fate of Bt δ endotoxin and microbial Bt in aquatic systems
when applied for the control of mosquitoes and blackflies for improved human health. Although Bt is
considered to be an indigenous soil microorganism it does not persist as well as other bacilli in soil
and therefore is thought to be less well adapted to soil environments than other species (Joung & Cote,
2000). Bt cells persist for longer in soil than the Bt δ endotoxin (i.e. insecticidal activity has a shorter
persistence than that of the living Bt microorganism), while Bt spores persist in soil for longer than
vegetative cells (Joung & Cote, 2000). There appears to be little movement of Bt cells away from the
site of application. For example vertical movement in soil has been reported to be restricted to 6 cm
while horizontal dispersal was less than 10 m (Martin & Reichelderfer, 1989). The presence of
microorganisms able to degrade Bt is an important factor in determining persistence. For example
while Bt declines rapidly in unsterilised soils it can increase in sterilised soils (Akiba et al., 1977),
while the lethal concentration of Bt was found to decrease faster in polluted water than in tap water
(Silapanuntakul et al. 1983). Sunlight can also accelerate the degradation of Bt in water (Araújoa et al.,
2007) while rainfall also provides a diluting effect (Mulla et al., 1997). The presence of macroorganisms in aquatic environments may also need to be taken into account: for example the rate of
decline of Bt israelensis in water microcosms was found to slow down in the presence of non-host
macroinvertebrates foraging in the water column, stirring the water and keeping Bt suspended at the
water surface (Fry-O‘Brien et al., 1996). There is also evidence, from Bt israelensis (used for
mosquito control) that microbial Bt can recycle in aquatic habitats within insect breeding sites, giving
prolonged persistence in areas where the strain had not been applied before (Melo-Santos et al., 2009;
Tetreau et al., 2012). Because Bt has a narrow host range then this should not cause a particular risk to
the environment and rather the concern is that prolonged exposure of the target organism to Bt may
increase the development of resistance.
The literature on the fate and behaviour of bacteria used to control plant pathogens, identified in this
study, is sparse. A strain of Bacillus subtilis (BacB), investigated as a control agent of Cercospora
beticola (the causative agent of sugarbeet leaf spot), was applied as a spore formulation to sugar beet
leaves and declined from 10,000 colony forming units (CFU) per cm2 to 0.5-100 CFU per cm2 after 14
days (Collins et al., 2003). A strain of Bacillus subtilis (B246) registered as an MPCA in South Africa
was applied to avocado flowers for management of pre-harvest diseases (Demoz & Korsten, 2006).
The MPCA was found to increase for the first two days after application and then declined by the third
day to levels recorded eight hours after application (3.2x107 CFU/mL of Bacillus colonies recovered
from avocado flowers, whereas no colonies were recovered from non-inocculated control flowers)
(Demoz & Korsten, 2006). It is possible that studies on the fate and behaviour of bacterial MPCAs
have been held back by a lack of reliable methods for detection of MPCA strains in the environment.
However this is likely to change. For example Felici et al. (2008) have developed a sequencecharacterised amplified region (SCAR) marker based system for the detection of a specific strain for
B. subtilis in soil which allows reliable detection of a specific strain. The fate and behaviour of
Pseudomonas brassicacearum applied as a seed coat was studied using SCAR markers in a field trial
with winter wheat (Holmberg et al., 2012). The MPCA colonised plant roots and persisted for at least
seven months but declined from 109 cells applied per seed to 106 – 107 per plant.
6.2.2.
Fungi
The information on the environmental fate of fungal MPCAs available in the database predominantly
concerned abundance, persistence or mobility in soil or on plant surfaces. Very little information if
any was available on fate and behaviour in air or water (see following sections). Published studies on
the environmental behaviour of entomopathogenic fungi applied to soil indicate that levels of the
MPCA decline over time to background levels. A meta-analysis by Scheepmaker and Butt (2010)
showed that all entomopathogenic fungi investigated to date show a decline in persistence following
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application to soil, although there may be an initial increase caused by reproduction of the fungal
MPCA on the insects that it has killed. The rate of decline in soil varies according to the species of
fungus: it was estimated that the concentration of Beauveria bassiana s.l. declines to natural
background levels within 0.5 – 1.5 years, Beauveria brongniartii declines to background in c. 4 years,
whereas Metarhizium anisopliae s.l. can take > 10 years to decline to background (Scheepmaker and
Butt, 2010). The rate of decline is thought to depend on: (1) intrinsic features of the MPCA, including
species and strain; (2) cultural conditions, harvest, storage method and formulation of the MPCA; (3)
physical attributes of the environment (temperature, exposure to sunlight, soil conditions, water
availability); (4) the presence and action of organisms that feed on fungi (nematodes, protozoa, mites,
collembolans, enchytraeds, and macrofauna such as earthworms and molluscs); (5) agricultural
practice, including tillage (which causes a marked reduction in MPCA levels) and use of chemical
pesticides (Scheepmaker & Butt, 2010). Natural densities of the species Metarhizium anisopliae,
Beauveria bassiana and Beauveria brongniartii were considered to be relatively low, with a general
level of about 1000 colony forming units per g of soil (Scheepmaker & Butt, 2010).
The persistence of entomopathogenic fungi on foliage is significantly shorter compared to persistence
in the soil. The exact rate of decline varies according to the agricultural setting (crop, location,
environmental conditions etc.), although in general survival is in the order of weeks rather than
months. Fungi applied to protected crops persist for longer than those applied to outdoor crops. For
example, spores of B. bassiana applied to greenhouse grown beans, cucumber, eggplant, maize and
tomato showed about an 80% reduction three weeks after application (Gatarayiha et al., 2010),
whereas B. bassiana applied to foliage of field grown strawberries persisted for only six days (Sabbahi
et al., 2008), while spores of M. anisopliae persisted for no longer than three days on maize leaves
(Pilz et al., 2011) and seven days on Amaranthus (Guerrero-Guerra et al., 2013). A number of factors
combine to reduce the concentration of fungal spores applied to foliage, including adverse
temperatures, rainfall, sunlight, antimicrobial compounds on plant surfaces, the action of phylloplane
microrganisms that are antagonistic to entomopathogenic fungi, as well as the effects of pesticides (see
review by Jaronski, 2010). In general, the phylloplane would appear to be a relatively hostile
environment for survival of spores of entomopathogenic fungi. The half-life of fungal conidia expose
to natural sunlight is reported to be only 3 – 4 h (Roberts & Campbell, 1977; Braga et al., 2001).
Rainfall has a substantial impact, with 90% removal of B. bassiana spores from leaves after 15
minutes moderate rainfall in a simulator (Inglis et al., 2000). Plant type also appears to be an important
factor, for example B. bassiana persisted for significantly longer on lettuce that on celery in field
experiments (Kouassi et al., 2003).
Some fungal MPCAs used to control soil borne plant diseases, such as Trichoderma species, work by
growing within the root zone and colonising plant tissue. Hence successful disease control relies on
these MPCAs persisting within the root zone at levels greater than background, although levels in the
bulk soil (i.e. away from the root zone where the fungus is not functioning) are likely to be lower. One
of the challenges in monitoring the persistence and behaviour of Trichoderma and other fungal inocula
in soil is that the methods used traditionally to quantify the inoculum concentration, such as isolation
onto selective media (and counting of colony forming units), often do not distinguish between the
strain of fungus applied as the MPCA from strains constituting the mixed background population
naturally resident in the soil. In some cases this may not be an issue if it can be assumed reasonably
that higher concentrations of colony forming units in treated plots compared to controls are caused by
the presence of the MPCA. However lack of a precise monitoring method may explain why there are
few studies in the literature on the persistence of fate and behaviour of Trichoderma and other antifungal MPCAs. Recently, molecular-based detection systems have started to be developed which
should make environmental behaviour more tractable to study (e.g. Feng et al., 2011). An organismspecific quantitative real-time PCR method was used to investigate the environmental fate of
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Trichoderma atroviride after soil application in a vineyard (Savazzini et al., 2009). The fungus was
applied on a rice-based substrate that enabled the fungus to grow and reproduce in soil on the
substrate. The research found that the fungus spread up to 4 m from the point of introduction,
colonised the rhizosphere and could be recovered in treated areas one year after application, where it
was at the same concentration as background populations of Trichoderma (Longa et al., 2009). No
phytotoxic effects were observed. This confirms earlier studies indicating that Trichoderma is able to
persist for months within the soil. For example, two formulations of Trichoderma harzianum (a
granular formulation and one based on peat), tested for the ability to control Rhizoctonia, Pythium and
Sclerotinia, persisted at elevated levels (at least an order of magnitiude greater than untreated control
plots) for at least eight months in soil core samples (Lo et al., 1996), while Trichoderma harzianum s.l.
applied to soil survived for at least 130 days depending on the fungal strain (Papavizas, 1981). The
persistence and concentration of inoculum can also be affected by the presence of organic amendments
to soil, microbial competition, and by fungal-consuming organisms present in the rhizosphere (Bae &
Knudsen, 2001; 2005; Bin, 1991). Bae et al. (2011) observed that different strains of endophytic
trichoderma MPCAs were effective at colonising the roots of pepper plants but were inefficient at
colonising plant stems, indicating that the fungus is likely to remain confined to the root zone. The use
of molecular methods should also provide a more detailed understanding of the mechanisms
determining the fate and behaviour of Trichoderma in the future. For example, results have already
been published on the identification of genes that are involved in growth and reproduction in the root
zone, which will contribute to increased mechanistic understanding of the behaviour of Trichoderma
in the soil environment (Carreras-Villaseñor et al., 2012)
Trichoderma has also been investigated for use as an MPCA above ground. Dodd et al. (2004)
reported that a strain of Trichoderma atroviride with biological control activity against the kiwifruit
stem-end rot pathogen Botrytis cinerea, was able to survive on leaves, flowers and fruit of kiwi in an
orchard and a shade-house for four months. This fungal strain was also detected on uninoculated
plants 3 m away from the site of application, which was thought to be caused by plant feeding insects
dispersing the fungus to new plants. Little information is available on other fungal MPCAs used in
soil. The mycoparasitic fungus Coniothyrium minitans persisted at the concentration at which it was
applied in sterilised, pasteurised and non-sterile soils for at least 30 days (Bennett et al., 2003). A long
term study in China showed that C. minitans survived for 750 days in non-irrigated soil, declining
from 7 x 105 CFU per g soil to 4 x 104 CFU per g over this period (Yang et al., 2010). Spores of C.
minitans can be disseminated by water through soil, with a vertical movement of up to - 20 cm and
horizontal movement of up to 10 cm, and with a greater dispersion in sand than other soil types (Yang
et al., 2009).

6.2.3.

Viruses

Baculoviruses are highly adapted to infect a narrow group of pests (granuloviruses (GV) are usually
confined to an individual host species within the Lepidoptera, while nucleopolyhedrovurises (NPV)
are normally restricted to small number of species in a genus). They are reported to pose minimal risk
to the environment because of this narrow host range (Groner, 1990). In nature, they have a relatively
slow speed of kill, and they are maintained within the host insect population as overt or cryptic
infections, exhibiting delayed host-density dependence. They can also be more expensive to produce
than other MPCAs as they can only be cultured in vivo (i.e. by artificial infections in individual insects
of the host species). For these reasons, they have been less successful when used as inundation
biocontrol agents, and more successful when used in inoculation or classical control against pests with
a high economic action threshold, which enables the released virus population to be maintained within
the insect population in the environment. In nature, occlusion bodies are able to persist for many years
in soil, and it is likely that soil is utilised as a reservoir to initiate natural infections, with virus
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particles being transported to plants from soil by splash drop dispersal during rainfall (Fuxa & Richter,
2006). Soil persistence is reported to be better in undisturbed habitats such as forests rather than
annual field crops (reviewed by Fuxa, 2004). Baculoviruses can also persist as a non-lethal, covert
infection in insect populations, which is thought to enable long term persistence (Burden et al., 2003).
Persistence on plant surfaces outside of the host is poor, as occlusion bodies are degraded rapidly by
solar radiation (Villamizar et al., 2009). For example the codling moth Cydia pomonella granulovirus
(CpGV), was found to remain effective on apple fruit surfaces for 72 h, with activity remaining up to
14 days, which was attributed to survival of the virus in locations on the fruit protected from UVdamage (Arthurs & Lacey, 2004).
6.3.

Fate and behaviour of MPCAs in indoor uses

Bacteria, fungi and viruses are also used for biocontrol in indoor environments, such as greenhouses to
control pests of greenhouse vegetables or flowers, both in soil or foliage applications. For example,
Autographa californica multicapsid nucleopolyhedrovirus (AcMNPV) and Spodoptera exigua MNPV
(SeMNPV) are used against S. exigua larvae in greenhouse chrysanthemum (Bianchi et al., 2000); the
entomopathogenic fungus Verticillium lecanii can control the greenhouse culture pest Trialeurodes
vaporariorum (Bouhous et al., 2012); and Beauveria bassiana vectored by Bombus impatiens is used
to biocontrol Lygus lineolaris and Frankliniella occidentalis in greenhouse sweet pepper (Al-azra‘awi
et al., 2006). However, if a significant number of studies can be found on their biocontrol ability, very
few deal with their dispersal, fate, persistence and behaviour in such indoor environments. Johansen
and co-workers (2005) showed that the populations of Pseudomonas fluorescens and Clonostachys
rosea MPCAs, introduced by seed and soil inoculation in greenhouses, declined by a factor of 106 and
20 respectively after 193 days.
6.4.

Environmental fate and behaviour of MPCAs in other environmental compartments

In comparison with the foliage and the soil, relatively few studies deal with the fate and persistence of
MPCAs in other environmental compartments such as air and water. Nevertheless, aircraft
applications for example, will release the microorganisms in the air, which will then deposit on the
ground as well as on the water surfaces.

6.4.1.

Water compartment

The MPCAs can also be applied directly in aquatic environments in order to control pests having a
life-cycle step in this compartment such as locusts, mosquitoes and black flies. For example,
Metarhizium anisopliae is applied in aquatic ecosystems to control locusts. Milner and coworkers
(2002) have tested the fate of this fungus in water both in laboratory and field conditions. After 24h of
spraying as an aqueous spray on artificial water, a very high dose of the fungus (about 80–130 conidia
ml−1) remained at 15cm depth. However, the conidia rapidly settled out and were absent from the top
15cm layer of water after about 50h. A similar experiment using the oil formulation resulted in a 2- to
20-fold lower level of conidia in the water. Finally, in field conditions, there was a very low level of
contamination of the natural water, with a maximum mean level of 29 conidia ml−1 in the first 24h
after treatment. Thus, the authors concluded that the level of conidia likely to enter water during
control campaigns was a small fraction of that has been applied which furthermore declines in time.
In the same way, Bacillus sphaericus is used as larvicide and insecticide against Culex tarsalis and
Anopheles franciscanus mosquito larvae in aquatic environments (Davidson et al., 1984; Lacey et al.,
2003). The authors showed that B. sphaericus spores settled rapidly from upper water layers and
accumulated in bottom mud. However, at least 100 spores/mL remain in the upper water layer two
days after the treatment (resulting in 0.2 kg/ha). B. sphaericus was shown to recycle in dead larvae,
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producing an increase of 100- to 1,000-fold in spore numbers, but no significant spore persistence was
evidenced upon reflooding of ponds after a very hot, dry period. Another study (Yousten et al., 1992)
focused on the fate of Bacillus sphaericus and Bacillus thuringiensis in the aquatic environment
(freshwater and seawater under various conditions of temperature, pH and salinity). Spore settling rate
was related to the nature of particulate material in the water column but the persistence of both strains
was different as the authors showed that the spores of Bti had a greater tendency to adhere to and settle
with suspended sediment and fine particulates than B. sphaericus ones. Moreover, they concluded that
laboratory studies may overestimate spore longevity in the environment as spores suspended in
dialysis bags submerged in a freshwater pond or in flowing seawater underwent a more rapid drop in
heat resistant spore counts than did spores held in bottles. However, these conditions did not show the
influence of the aquatic microbial environment. B. thuringiensis strains inoculated in water of different
origins presented a constant kinetics in spore formation and persistence. In another study (Menon and
al., 1985), a higher percentage of survival of B. thuringiensis in lake water than in tap and distilled
water was shown. The authors observed a 40% decrease in viable cells in the three waters in the 10
days of experiment, and they remained relatively stable until the 70th day. Furlaneto and coworkers
(2000) also conducted field and laboratory studies to assess the survival of cells and spores and
plasmid transfer between Bacillus thuringienis strains in aquatic environment. Their results indicated
that cells and spores of B. thuringiensis can survive for 10 days in water, without altering their
number. The sporulation process began after 12-15 hours of inoculation of water. Moreover, they
found that B. thuringiensis was able to transfer conjugative plasmids in the aquatic environment.
Pseudomonas aeruginosa (related to the MPCAs Pseudomonas flocculosa or Pseudomonas
chlororaphis) has also been shown to be able to transfer plasmids in freshwater environments such as
lakes (O‘Morchoe et al., 1988).
6.4.2.

Air compartment

Very few studies were found on the characterisation of the aerial fate and dispersal of MPCAs after
aerial treatment. A study investigated the fate and persistence in air of B. bassiana applied to control
Monochamus alternatus (Shimazu et al., 2002). The density of B. bassiana was measured in the air (4
cm and 100 cm height) of pine forests with and without the artificial introduction of the fungus, and
for a broadleaf forest where wild B. bassiana has been known to naturally exist. Despite the great
fluctuations in the density dynamics of the fungus and no clear tendency across space or season, the
average aerial densities of B. bassiana at the treatment sites were found to be higher (when close to the
application source) than those at the non-treated sites. The authors concluded that even fungal conidia
were dispersed by the air; the density of the fungus in the air at more than 50 m from the source did
not differ from its natural density (about 1-7.102 CFU/m²/day).

6.5.

Conclusions

Relatively few studies were identified in the literature database on the fate and behaviour of MPCAs in
the environment (see Table 11), which means that a meta-analysis of individual species / isolates of
MPCAs cannot be done yet with real confidence. Overall, however, the evidence suggests that
MPCAs applied to soil or foliage, and used according to the augmentation strategy, decline to
background levels over time. There may be an initial increase in the amount of MPCA after it has been
applied, caused by reproduction on the target pest or growth within or on crop plants, before a decline
to background levels. The rate of decline depends on a range of factors including intrinsic properties
of the MPCA, its method of application and formulation, physical characteristics of the environment,
the action of organisms that may consume the MPCA, and agricultural practice. Persistence of MPCAs
appears to be greater in soil than on foliage. Spread of MPCAs looks to be confined to the area in or
close to the site of application, although there is also evidence that some insects can passivley
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transport MPCAs which may provide a form of longer range dispersal. There is very little information
available on the fate and behaviour of MPCAs in water or air environments.
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Table 11 : Overview of publications on the fate and behaviour of MPCAs in the environment identified in the database
Microbe
investigated

Environmental
compartment
(soil, water, air,
foliage)

Adoxophyes orana
GV

-

Agrobacterium
radiobacter K84
Agrotis segetum
granulosis virus
Ampelomyces
quisqualis
Aschersonia
aleyrodis
Aureobasidium
pullulans
Bacillus
amyloliquefaciens
Bacillus firmus
Bacillus pumilus
QST 2808
Bacillus sphaericus

soil

Bacillus subtilis

foliage,soil

Aim of study
(persistence,
abundance,
mobility,
competitiveness)
-

result

Publication

-

-

-

Persistence,
mobility
-

foliage

persistence

Overwinter survival of fungal pycnidia or resting hyphae reported (review article)

Kiss et al., 2004

foliage

mobility

Limited transmission observed of MCPA by parasitoid wasps to greenhouse whitefly

fruit

persistence

Persists for at least 6 weeks on apples stored at 3°C

Fransen & van lenteren,
1993
Lima et al., 2003

-

water

Mobility,
competitiveness
persistence
Persistence,
competitiveness

Persists up to 2 years as a rhizosphere inhabitant in field soil. Persists for 16 weeks in
fallow soil. Lateral movement up to 40cm.
-

-

-

-

Lipopeptides are involved in cell motility and colonisation of new habitats

Raaijmakers et al., 2010

Effectiveness reduced at low temperatures.
Non target midge larvae have potential to transport spores beyond application area.
Persists at high levels for up to 10 d on leaves of pear, but not detected after 150 days.
Antibiotic production associated with aiding survival in soil.
Bacterium forms biofilms when colonising plant roots.

Wraight et al., 1981
Yousten et al., 1991
Bazzi & Lameria 2002
Asaki et al., 1996.
Bais et al., 2004; Chen
et al., 2013
Bennett et al., 2003
Berger et al., 1996
Broggini et al, 2005;
Dedej et al., 2004.
Maccagnani et al., 2009.
Broggini et al, 2005

Spore survival in soil is reduced in nonsterile soils.
Plant type affects the survival of spores in the rhizosphere.
Bacterial dissemination by honeybees to target crop using a ―flying doctor‖ strategy.

Spray application to apple flowers in an orchard gave good primary colonisation but
dissemination to other flowers was erratic.
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Microbe
investigated

Environmental
compartment
(soil, water, air,
foliage)

Aim of study
(persistence,
abundance,
mobility,
competitiveness)

result

Publication

Significant decline on sugarbeet leaves over 14 days.
Populations decline rapidly in soil within 14 days of application, survival favoured by
high temperature, high moisture and high pH.
Colonisation of sugarbeet seedlings in soil not affected by temperature but was slightly
reduced by lower matric potentials.
Decline in populations by up to 2.5 log units on soybean leaves in the filed over 15 days.

Collins et al., 2003
Reddy & Rahe, 1989.
Schmidt et al., 2004
Zhang & Xue, 2010

Bacillus
thuringiensis subsp
Aizawai
Bacillus
thuringiensis subsp
Israelensis

foliage

persistence

Microencapsualtion fo Bt spores in alginate pellets help protect against damage by uv
radiation

Garcia-Gutiérrez et al.,
2011

water

persistence

B.t.i. declines rapidly in water systems, but can cycle within mosquito larvae populations
Persistence of effectiveness affected by sunlight
Bt spores can adsorb to bodies of Gammarus water shrimps and persist for >30 days,
which could increase the spread of Bt in the water.
Effect of Bti against blackfly larvae persisted for 3 days in a river system (decline
probably due to water movement).
Presence of foraging tadpole shrimp slowed decline in B.t.i. activity by keeping more
spores in water suspension.

Zaritsky et al., 1986.
Tetreau et al., 2012.
Becker et al., 1992
Brazner & Anderson,
1986
DeMoor & Carr, 1986
Fry-O‘Brien et al., 1996

Bacillus
thuringiensis subsp
Kurstaki
Bacillus
thuringiensis subsp
Tenebrionis
Beauveria bassiana

foliage

Dissipation half-life values for Bt sprayed onto a pecan orchard was 18h on foliage and
14 h on nutlets.

Sundaram et al., 1997

-

-

-

Soil, foliage
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Persistence,
mobility,
abundance

Endophytic strains of B. bassiana can persist for at least 15 weeks in roots of banana
plants
Endophytic strain of B. bassiana colonised jute (stems and leaves and persisted for at
least 120 days
Fungal dissemination to crop using bees as a ―flying doctor‖ strategy.

Akello et al., 2008
Biswas et al., 2012
Al-Mazra'awi et al.,
2006, 2007
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Microbe
investigated

Environmental
compartment
(soil, water, air,
foliage)

Aim of study
(persistence,
abundance,
mobility,
competitiveness)

result

Conidia applied to insect cuticle persisted for only 2 days, most transferred to soil
Fungus detected in soil of pine tree plantation 4 months after application as an endophyte
Rainfall influences dispersal of B. bassiana from soil to surface of maize plants.
Evidence of transfer of spores from soil to lower surface of tree trunks by rain splash or
air current
Significant decline of B. bassiana on leaves of ash trees within 1 week of application, but
activity persisted for at least 14 days.
Polythene greenhouse coverings improved persistence of spores by protecting against uv
radiation damage.
Collembola species can carry viable spores on the cuticle and in the gut.
B. bassiana strains vary in their tolerance of UV radiation.
Spores can be disseminated from infected diamondback moth larvae to adult males in
experiments.
Spores can be transmitted between adult mosquitoes
Spores can be transmitted between adult banana weevils
Spores can be transmitted between adult stem borers, Busseola fusca
Natural abundance and distribution recorded of B. bassiana in field soil – helps to set
background levels.

Beauveria
brongniartii

soil
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Persistence,
abundance

B. bassiana survived in soil for 3 months with no significant decline in population size.
Overview of background levels of B. bassiana and other entomopathogenic fungi
B. bassiana strains persisted for up to 23 weeks in sandy loam soil. Rainfall was
hypothesised to move spores deeper into soil, conferring protection agasint high surface
temperatures and UV radiation.
UV-A and UV-B damaging to spore survival (laboratory experiments).
Spores persisted for up to a year in soils in Finland (characterised by snow cover in
winter) dependent upon soil type and depth.
Persistence in soil monitored over 24 months.
Collembola species can carry viable spores on the cuticle and in the gut.
Applied fungal strain was detectable 14 yers after application, and could coexist with
indigenous strains in the same habitat.

Publication

Boyle et al., 2012
Brownbridge et al 2012
Bruck & Lewis, 2002.
Castrillo et al., 2010
Castrillo et al., 2010
Costa et al., 2001
Dromph, 2001
Fernandez et al., 2007.
Huang & Feng, 2009
Furlong & Pell, 2001

Garcia-Munguia et al.,
2009
Lopes et al., 2011
Maniania et al., 2011
Meyling & Eilenberg,
2006; Meyling et al.,
2009, 2011
O'Callaghan et al., 2001
Scheepmaker & Butt,
2010
Thompson et al., 2006
Yao et al 2010
Vanninen et al., 2000
Dolci et al., 2006
Dromph, 2001
Enkerli et al., 2004
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Microbe
investigated

Candida oleophila
Coniothyrium
minitans

Cydia pomonella
granulovirus
(CpGV)
Gliocladium
catenulatum
Helicoverpa
armigera
nucleopolyhedrovir
us (HearNPV)
Lecanicillium
muscarium
(formerly
Verticillium
lecanii)
Mamestra
brassicae nuclear
polyhedrosis virus

Environmental
compartment
(soil, water, air,
foliage)

foliage
Soil,foliage

Foliage (fruit)

Aim of study
(persistence,
abundance,
mobility,
competitiveness)

persistence
Persistence,
mobility

persistence

result

Publication

Fungus declined by 90% in soil over 16 months in absence of its insect host. Suruvival
was longer where the host insect (Melolontha melolontha) was present.
Soil temperatures between 20 and 25°C, and high clay content, had positive effect on
occurrence of B. brongniartii
Overview of background levels of B. brongniartii and other entomopathogenic fungi.

Kessler et al., 2004

UV radiation had negative effect on survival
Fungus survived for at least 30 d in nonsterile soil in laboratory experiment
Survival of fungus for at least 6 months on host sclerotia
Fungus was able to survive in soil over winter in Canada.
Spores were disseminated with water and spread in soil or sand for up to 20 cm vertically
and 10 cm horizontally.
Fungus survived for 750 days in non-irrigated soil. Survival was <1 day in soil at 45°C.
Survived for up to 5 days on flowers of oilseed rape under field conditions in China.

Lahlali et al., 2011
• Bennett et al., 2003
Bennett et al, 2006
Huang et al., 2002
Yang et al., 2009

Significant activity detected for up to 14 days in UV-protected locations on apple fruit.

Arthurs & Lacey, 2004

Kessler et al., 2003
Scheepmaker & Butt,
2010

Yang et al., 2010
Yang et al., 2007

-

-

-

-

-

-

-

-

Soil, foliage

Soil, foliage
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Persistence,
mobility

Addition of organic substances to soil can enhance spore survival
Predatory bug treated with fungus could be used to transport it to pest aphids (small scale
plant trial).

Beyer et al., 1997
Down et al., 2009

Can survive as a persistent, non-lethal baculovirus infection in laboratory cultures of host
insect.
Virus can be transported by wind and rain from soil to cotton plants for initiation of

Burden et al., 2003
Fuxa & Richter, 2006
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Microbe
investigated

Environmental
compartment
(soil, water, air,
foliage)

Aim of study
(persistence,
abundance,
mobility,
competitiveness)

result

Publication

epizootics, although only a very small proportion of the amount of virus in soil is moved
in this way.
Metarhizium
anisopliae s.l.

Neodiprion sertifer
nuclear
polyhedrosis virus

Soil, foliage

-
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Persistence,
mobility,
abundance

-

Exposure to simulated solar radiation delays spore germination.
Cadavers of grasshoppers treated with fungus remained infective for >30 d (field
experiment in Sahel, Africa)
Different genetic groups of natural populations of Metarhizium have distinct habitat
preferences.
Natural occurrence of Metarhizium in soils on nurseries in Pacific NW USA – provides
information on natural background levels of fungus.
Fungus applied as a granule formulation perssitsted in soilless potting medium for at least
2 growing seasons under field conditions in Pacific NW USA.
Honeybees transported fungal spores to pest insects of brassica plants in field cage
experiments.
Collembola species can carry viable spores on the cuticle and in the gut.
Significant reduction of fungal survival in wet soil (-0.0035 MPa) at 25 and 30 °C.
Spores can be transmitted between adult stem borers, Busseola fusca
Natural abundance and distribution recorded of M. anisopliae in field soil – helps to set
background levels.
Vertical movement of spores in soil is affected by soil type (maximum movement 20 cm)
Overview of background levels of M. anisopliae and other entomopathogenic fungi
Metarhizium strain persisted up to 60 days in soil from a sugarcane crop, maintained
under controlled conditions in containers in a greenhouse, and did not disturb tegh
composition of the indigenous soil fungal community.
UV-A and UV-B (simulated solar radiation) is harmful to spore survival
Fungus persisted for up to 7.5 years in pasture soils
Spores persisted for up to 3 years in soils in Finland (characterised by snow cover in
winter) dependent upon soil type and depth.
-

Alves et al, 1998
Arthurs et al., 2001.
Bidochka et al., 2001
Bruck et al., 2004
Bruck et al., 2007
Carreck et al., 2007
Dromph, 2001
Ekesi et al., 2003
Maniania et al., 2001
Meyling & Eilenberg,
2006; Meyling et al.,
2009, 2011
Salazar et al., 2007
Scheepmaker & Butt,
2010
Tiago et al., 2012
Yao et al., 2010
Rath et al., 1997
Vanninen et al., 2000
-
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Microbe
investigated

Environmental
compartment
(soil, water, air,
foliage)

Paecilomyces
fumosoroseus
(Isaria
fumosorosea)
Paecilomyces
lilacinus
Phlebiopsis
gigantea

soil

Pseudomonas
chlororaphis
Pseudomonas sp.
Strain DSMZ
13134
Pseudozyma
flocculosa
Pythium
oligandrum

Spodoptera exigua
nuclear
polyhedrosis virus
Spodoptera
littoralis
nucleopolyhedrovir
us
Streptomyces K61

Aim of study
(persistence,
abundance,
mobility,
competitiveness)
abundance

soil
Soil, inside tree
stumps

mobility

result

Publication

Natural occurrence of fungus in soils on nurseries in Pacific NW USA – provides
information on natural background levels of fungus.
Natural abundance and distribution recorded in field soil – helps to set background levels

Bruck et al., 2004

Fungus persisted in soil for at least 200 days depending on soil type.

Rumbos et al., 2008
Samils et al., 2009

Meyling et al., 2006

-

-

When used in the field, the fungus remained largely restricted to the area of treatment (4
year time scale) and did not spread to adjacent areas.
Fungus persisted for at least 4 years on treated tree stumps but was not detected after 6
years,
Inoculant strain competed successfully with seed and soil-borne bacteria for the
colonisation of the root surface of barley.
Green fluorescent protein gene tagging used to observe colonisation of cereal seed.
-

-

-

-

Foley & Deacon, 1985

-

soil

competitiveness

soil

abundance

-

-

Presence of P. oligandrum quantified on samples of soil and other material from
horticultural, grassland, arable, woodland, moorland, fresh-water and coastal sites.
Provides information on natural background levels.
Detectable for 6 months in rhizosphere of greenhouse grown tomato plants used PCR
based method.
Addition of organic amendments to soil could enhance persistence of P. oligandrum.
-

-

-

-

air
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mobility

Streptomyces griseoviridis was applied to greenhouse tomato plants using drip irrigation.

Vasiliauskas et al., 2005
Buddrus-Schiemann et
al., 2010
Tomboloni et al., 1999.
-

Le Floch et al., 2007
Mulligan et al., 1995
-

Hansen et al., 2010
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Microbe
investigated

(formerly
Streptomyces
griseoviridis)
Streptomyces
lydicus
Tomato mosaic
virus
Trichoderma
asperellum
(formerly T.
harzianum)
Trichoderma
atroviride
(formerlly T.
harzianum)

Trichoderma
gamsii (formerly T.

Environmental
compartment
(soil, water, air,
foliage)

Aim of study
(persistence,
abundance,
mobility,
competitiveness)

result

Publication

Sampling for airborne microorganisms (to assess bioaerosol exposure of farmworkers)
could not detect this MCA.
-

-

-

-

-

-

-

-

soil

soil

soil
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persistence

Persistence,
mobility

abundance

Presence of fungus feeding nematode can reduce trichoderma abundance in experiments.
Abundance and diversity of native populations of Trichoderma evaluated in soils
associated with apple orchards in Wisconsin USA. Provides information on background
levels

Bae & Knusden, 2001

Presence of fungus feeding nematode can reduce trichoderma abundance in experiments.
Isolate of T. atroviride could survive on leaves, flowers and fruit of kiwi in an orchard for
4 months and was able to spread to trees 3 m away.
Honeybees able to disperse Trichoderma to target crops (sunflower) over 6 weeks as a
MPCA delivery strategy.
Development of a T. atroviride population measured in an experimental microcosm was
similar to that observed under field conditions over 18 weeks: therefore could be useful
risk evaluation method.
Fungus survived on strawberry leaves under greenhouse conditions and grew in sterilised
soil at 23°C for 45d.
T. atroviride applied to a vineyard was detected at high (= application level)
concentrations in the root zone at 18 weeks after application, showed a horizontal
movement of up to 4 m, and could still be detected after 1 year.
Abundance and diversity of native populations of Trichoderma evaluated in soils
associated with apple orchards in Wisconsin USA. Provides information on background
levels
When applied to field soil growing maize, soybean or squash, numbers of fungal
propagules increased 600 fold from time f planting to harvest.
Abundance and diversity of native populations of Trichoderma evaluated in soils
associated with apple orchards in Wisconsin USA. Provides information on background

Bae & Knusden, 2001

Roiger et al., 1991

Dodd et al., 2004
Escande et al., 2002
Longa & Pertot, 2009

Longa et al., 2008
Longa et al., 2009

Roiger et al., 1991

Ruppel et al., 1983
Roiger et al., 1991
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Microbe
investigated

viride)
Trichoderma
polysporum
Verticillium alboatrum (formerly
Verticillium
dahliae)
Zucchini Yellow
Mosaic Virus, weak
strain and ZYMV
mild strain

Environmental
compartment
(soil, water, air,
foliage)

Aim of study
(persistence,
abundance,
mobility,
competitiveness)

result

Publication

-

-

-

-

-

-

-

-

--

-

-

-

levels
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7.

PRODUCTION OF METABOLITES (ESPECIALLY TOXINS) AND POTENTIAL
TOXIC EFFECT ON NON-TARGET ORGANISMS - Conditions and mechanisms for
production of toxins/metabolites, its fate and behaviour after production, its stability
outside the MPCA, and the resulting potential toxicity for non-target organisms (NTOS)
(TOPIC 4)

Like all other microorganisms, the microorganisms used as MPCAs (fungi, bacteria, viruses), live in a
world of chemical signals. They use small molecular weight compounds (< 2,500 amu or atomic mass
unit), known as metabolites, to regulate their own growth and development, to facilitate the presence
or the growth of other beneficial organisms, control and inhibit competitive and harmful ones. They
control competitors, reduce predation by larger organisms, and inhibit pathogens by producing
secondary metabolites such as antibiotics (antimicrobial, antifungal, antiviral or antiprotozoan
bioactive metabolites), lytic enzymes, nematocides and insecticides. This ability can be used for the
direct biological control of pests and pathogens in agriculture. The effects of these substances on the
targeted pest are well known but their range of action might not be limited to the targeted species.
Indeed, once secreted by the MPCAs in the environment, the chemical substances can interact with a
broad range of other non-target - organisms (NTOs) depending on their fate, and behaviour in the
environment.
This section presents the main classes of metabolites including toxins and enzymes produced by the
different types of MPCA (bacteria, fungi and viruses) and illustrates some examples of production
mechanisms and regulating factors (see sections 7.1.1.1and 7.1.2.1). Behaviour in the environment and
non-target effects are also discussed (see sections 7.1.1.2 and 7.1.2.2).
7.1.1.

Bacteria

7.1.1.1. Metabolites, enzymes and toxins produced by bacteria used as MPCAs
Bacterial control agents (BCAs) use a variety of suppressive and inhibitory mechanisms including:
• Competitive advantage for resources (e.g. iron), physical space, or nutrients,
• Production of antibiotics (e.g. 2,4-diacetylphloroglucinol (DAPG), iturin, zwittermicin A,
phenazine-1-carboxylic acid- PCA) or other toxic substances (e.g. cyanide or crystal proteins),
• Degradation of pathogen‘s virulence factors,
• Production of enzymes that degrade fungal cellular components (e.g. chitinolytic and cellulolytic
enzymes), and
• Induction of resistance to pathogens in target plants.
Each of these mechanisms is linked to the production of specific chemical substances which might be
useful for pest control.
Antibiotics
Bacteria can produce antifungal and/or antibacterial metabolites. These molecules generally interfere
with cell wall synthesis, cell membrane integrity, protein synthesis, DNA replication DNA repair,
transcription and intermediate metabolism. For instance, antibiotics may affect protein synthesis and
impair the ribosomal subunits and lead to production of toxic and altered proteins. Other compounds
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interfere with cell membrane integrity trough the disorganisation of the membrane structure or inhibit
the function of bacterial membranes.
Among the bacterial species used as MPCAs, Streptomyces, Bacillus and Pseudomonas species are the
major producers of substances with antimicrobial or antibacterial or antifungal action, synthesising
respectively a total of 7630, 860 and 795 bioactive compounds (Berdy, 2005). As a consequence a
substantial amount of literature is available for these species, while for other is rather sparse or lacking
(i.e. Agrobacterium radiobacter).
Antifungal antibiotics
Antifungal antibiotics are mainly produced by the Bacillus species. The antifungal lipo-peptides
produces by Bacillus thuringiensis, Bacillus amyloliquefaciens, Bacillus subtilis or Bacillus pumilus
belongs to several families: the iturin family, the surfactin family and the fengycin family (Athukorala
et al., 2009). The iturin family (e.g. Iturin A, Bacillomycin D or mycosubtilin) includes small cyclic
peptidolipids with a β-amino fatty acid (Arrebola et al., 2010). Iturins exert an antifungal activity by
affecting membrane surface tension, causing pore formation and resulting in a leakage of K + and other
vital ions, finally leading to fungal cell death (De Lucca et al., 1999). Fengycin and surfactin act also
on cell membrane and cellular organs and inhibit DNA synthesis (Tao et al., 2011). Iturin A, fengycin
and surfactin are secreted by Bacillus amyloliquefaciens to control the fungi Sclerotinia sclerotiorum
(Alvarez et al., 2012), Aspergillus spp. (Benitez et al., 2010), Fusarium spp. (Benitez et al., 2010;
Dunlap et al., 2013; Ramarathnam et al., 2007), Botrytis cinerea (Arrebola et al., 2010), Penicillium
expansum (Arrebola et al., 2010), Bipolaris sorokiniana (Benitez et al., 2010) and Rhizopus stolonifer
(Arrebola et al., 2010).
Bacillus subtilis produces the same three antifungal lipopeptides, iturin, fengycin and surfactin, active
against Podosphaera fusca (Romero et al., 2007), Xanthomonas campestris (Wulff et al., 2002), the
arbuscular mycorrhizal fungus Glomus mosseae and Fusarium oxysporum (Citernesi et al., 1994). The
minimum inhibitory concentration (MIC) of iturin A on S. cerevisiae has been measured at 22 µg/mL
(De Lucca et al., 1999). This substance acts by membrane destabilisation and lysis, similarly to
Bacillimycin F, also produced by Bacillus subtilis, which has been reported to have a MIC of 40 µg/ml
in vitro in Aspergillus niger (De Lucca et al., 1999). A study measured the concentration of surfactin
and iturin A in the rhizosphere and reported increasing concentration after application of Bacillus
subtilis of both antibiotics in roots with plant age: concentrations increased in 30 days from 9 to 30
mg/g and 7 to 180 mg/g for respectively surfactin and iturin (Kinsella et al., 2009).
Bacillus species can also have an antifungal action by secreting lytic enzymes that degrade fungal
structural polymers, like chitins and glucans (Casals et al., 2012). The chitinolytic enzymes, such as
chitinase ChiS and ChiL, catalyze the cleavage between the C1 and C4 bonds of two consecutive Nacetyl-ß-D-glucosamine units of the chitin polymer and act against fungi such as Rhizoctonia solani,
Verticillium sp., Nigrospora sp., Stemphyllium botryosum and Bipolaris sp. (Ghasemi et al., 2010).
Glucanases, such as β-1, 3-glucanase, hydrolyse the other major component of the fungal cell wall
(laminarin or β-1, 3-glucan) (Casals et al., 2012). Finally, Bacillus species can also secrete
siderophores substances having antifungal properties (Gacitua et al., 2009), such as bacillibactin, used
to control Fusarium spp. (Dunlap et al., 2013; Arguelles et al., 2009).
The strain Pseudomonas sp. strain DSMZ 13134 used as BCAs has not been shown to produce
antibiotics but some other related strains of Pseudomonas species, such as Pseudomonas fluorescens
which is a MPCA under test, are able to produce aromatic components (i.e. phloroglucinols active
against Pythium ultimum), hydrogen cyanide (Russo et al., 1996; Ramette et al., 2003), and cyclic
Supporting publications 2013:EN-518

76

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Evaluating the environmental risk of microbial pesticides

lipopeptides forming ion-channels in the fungal membrane (e.g. viscosinamide) (Thrane et al., 2000)
used to fight against plant pathogens such as Pythium ultimum and Rhizoctonia solani (Nielsen et al.,
1999).
The strain Streptomyces sp. MSU-2110 secretes coronamycin, an antibiotic substance that is active
against Pythium ultimum, Phytophthora cinnamomi and Aphanomyces cochlioides with respective
MIC of 2, 16 and 4 µg/mL (Ezra et al., 2004). The strains of Streptomyces used as BCAs, such as
Streptomyces griseoviridis K61 or Streptomyces lydicus do not secrete antibiotics that are exclusively
antifungal.
Antibacterial antibiotics
Bacterial MPCAs can also produce metabolites toxic for other bacteria. For example, the antibacterial
polyketides difficidin, macrolactin, and bacilysin are secreted by Bacillus amyloliquefaciens and are
active against Erwinia amylovora (Chen et al., 2009). Difficidin and oxydifficidin, secreted by
Bacillus subtilis (Zweerink et al., 1987), are active against bacteria such as Staphylococcus aureus
(MIC = 8 and 32 µg/mL respectively), Escherichia coli (MIC = 8 and 16 µg/mL respectively),
Klebsiella pneumonia (MIC = 8 and 8 µg/mL respectively), Pseudomonas aeruginosa (MIC = 8 and
32 µg/mL respectively) and Serratia martescens (MIC = 4 and 16 µg/mL respectively) (Zimmerman
et al., 1986). Difficidin inhibits the protein synthesis (Zweerink et al., 1987), while bacylisin inhibits
the glucosamide synthetase (Kenig et al., 1976).
Bacillus thuringiensis produces Entomocin 110, a bactericin active against Gram-positive bacteria
including Listeria monocytogenes, Paenibacillus larvae and other Bacillus species (Cherif et al.,
2008). This substance causes massive cell wall degradation and cell lysis of growing bacterial cells.
Streptomyces griseoviridis produces griseoviridin and viridogrisein (also referred to as etamycin),
belonging to the streptogramin family, which have a broad-spectrum antibacterial activity (Xie et al.,
2012) by blocking interaction between ribosome and tRNA (Barbacid et al., 1975). The other species
of Streptomyces used as a MPCA is Streptomyces lydicus that has been shown to produce the
antibacterial metabolite chandramycin active against several gram-positive (such as Bacillus subtilis
with a Growth inhibitory concentration of 0.1-0.25 µg/mL) and a few gram-negative species of
bacteria (Singh et al., 1984). This substance showed a strong activity against anaerobic
microorganisms too, but exhibited a low toxicity to fungi and mammalians (oral and intraperitonial
doses of 465 mg/kg showed no observable toxicity).
Antifungal and antibacterial antibiotics
Antibiotics produced by BCAs can also have both antifungal and antibacterial activities. For instance,
Streptomyces griseoviridis secretes the prodiginines (e.g. prodigiosin R1, roseophilin and
deschlororoseophilin) (Kawasaki et al., 2009; Kawasaki et al., 2008; Hayakawa et al., 2009) which
facilitate oxidative double-strand DNA cleavage in the presence of copper (Manderville et al., 2001).
Those substances are active against Bacillus subtilis, Escherichia coli, Salmonella serovar
Typhimurium, Staphylococcus aureus, and Candida albicans (Gulani et al., 2012; Lee et al., 2011).
Streptomyces griseoviridis also produces the actinobolin, having a broad antibacterial spectrum of
action through protein and RNA synthesis inhibition (Smithers et al., 1969; Hunt et al., 1966). A
similar strain, Streptomyces melanosporofaciens, is able to produce an ansamycin antibiotic,
geldanamycin, which displays antagonistic activity towards several Gram-positive bacteria and fungi
(Clermont et al., 2010) with the same mode of action than actinobolin. In the same manner,
Streptomyces lydicus secretes an antibiotic called natamycin that is active against bacteria
(Staphylococcus aureus, Bacillus subtilis, Bacillus pumilus, Micrococcus luteus, Klebsiella
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pneumonia, and Pseudomonas aeruginosa) and fungi (S. cerevisiae, Candida albicans, Aspergillus
flavus, Aspergillus niger, Fusarium oxysporum, and Rhizoctonia solani) (Atta et al., 2012).
Several strains of the Bacillus species are able to produce Zwittermicin A, an antibacterial and
antifungal linear aminopolyol (Emmert et al., 2004; Athukorala et al., 2009) acting against, grampositive, gram-negative, and eukaryotic microorganisms (Silo-Suh et al., 1998) inhibiting transcription
and DNA replication (Stabb et al., 1998). Zwittermicin A strongly inhibited fungi such as Botrytis
cinerea, Candida utilus, Fusarium solani, Rhizoctonia solani and Sclerotinia sclerotiorum at 200
μg/mL, and the MIC was 40 µg/mL for Agrobacterium tumefaciens and Erwinia carotovora, 100
µg/mL for Rhizobium tropici and Bacillus megaterium, and 400 µg/mL for Streptomyces griseus (SiloSuh et al., 1998). Zwittermicin A also potentiates the insecticidal activity of the protein toxin produced
by Bacillus thuringiensis, increasing mortality of insects that are typically recalcitrant to killing, such
as gypsy moths reared on willow leaves (Broderick et al., 2000).
Valinomycin is an antibiotic substance secreted by Bacillus amyloliquefaciens, Bacillus subtilis and
Bacillus pumilus (Wulff et al., 2002) which triggers an increase in the ion (potassium ions)
permeability of fungal and bacterial cell membranes (Tosteson et al., 1967). Conversely, Amphomycin
is a lipopeptide antibiotic that does not act by affecting general membrane permeability but inhibiting
bacterial peptidoglycan synthesis (Rubinchik et al., 2011; Tanaka et al., 1979). Plantazolicin A is a
peptide antibiotic from Bacillus amyloliquefaciens (Dunlap et al., 2013) that inhibits growth of Grampositive bacteria and fungi (plantazolicin B has no antibiotic activity), whose mode of action is
different: disruption of cell walls and lysis of cells.
Nematicidal and insecticidal metabolites
Bacillus thuringiensis produces a variety of toxins, with the major group being the crystal proteins
(delta-endotoxin) that are prevalent and active on at least three orders of insects (Cooper, 1994;
English et al., 1992; Aronson et al., 2001): Diptera, Lepidoptera, and Coleoptera. For example, Cry2A
and Cry1C are active against the diamondback moth Plutella xylostella. While there are many steps in
the mode of action of these toxins, they ultimately interact with the insect midgut epithelium causing a
disruption in membrane integrity (pore formation), osmotic cell shock and ultimately leading to insect
death (Cooper, 1994). Perez et al. evaluated the LC50 of Cry1A by bioassays against A. aegypti larvae
at about 12.3 ng/ mL (Perez et al., 2005).
Vegetative insecticidal protein (Vip) is another class of insecticidal proteins produced by many
Bacillus thuringiensis strains during their vegetative growth stage (Abdelkefi-Mesrati et al., 2009).
The Vip3A extracellular insecticidal toxin is active against several lepidopteran pests of crops (Singh
et al., 2010). Irrespective of the site of accumulation of insecticidal proteins, their ingestion by
susceptible insect larvae leads to disruption and lysis of epithelial tissue from the midgut, resulting in
larval death. The LC50 of VIP3A to target insect pests, Spodoptera litura (fall army worm), Agrotis
ipsilon (black cut worm), Plutella xylostella (diamondback moth), Chilo partellus (spotted stalk borer),
and Phthorimea opercullela (potato tuber moth) were measured at, respectively, 5-2-36-8 and 370
ng/cm² (Selvapandiyan et al., 2001). The toxicity at the cellular level to Spodoptera litura was
evaluated at 500 ng/mL with 80% of cell lysis (Singh et al., 2010).
Thuringiensin is a soluble, heat-stable beta-exotoxin produced by Bacillus thuringiensis during the
vegetative growth stage of the bacteria that possesses an insecticidal activity against a wide range of
insects (Cooper et al., 1994; Liu et al., 2010). The toxin inhibits RNA synthesis, and its insecticidal
and/or nematicidal activity is associated with increased levels of physiological activity between stages
of the life cycle, e.g., molting, pupation, and metamorphosis (Noel et al., 1990). The LC50 values of
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thuringiensin against the larvae of H. armigera, P. xylostella, M. domestica, and M. incognita were
measured at 19.3, 0.9, 47.7, and 25.5 μg/mL (Liu et al., 2010),
Table 12 summarises the metabolites/toxins produced by bacterial MPCAs or closed species (for
cross-reading), their target species and mode of action.
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Table 12: Characteristics of metabolites/enzymes produced by BCAs or closely related bacteria*

BCAs

Metabolite (toxin, siderophores) or
enzyme

Target

Mode of action

iturin A
bacillomycin D
mycosubtilin
surfactin
fengycin
entomocin 110
zwittermicin
crystal proteins
vegetative insecticidal protein
turingiensin
β-1,3-glucanase
chitinase ChiS, ChiL
iturin
bacillomycin
mycosubtilin
surfactin
fengycin
chlorotetaine
difficidin
bacilysin
bacillaene
macrolactin
plantazolicin

Fungi
Fungi
Fungi
Fungi
Fungi
Bacteria
Bacteria + Fungi
Insect
Insect
Insect+ Nematode
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Bacteria
Bacteria
Bacteria
Bacteria
Bacteria + Fungi

Membrane destabilisation, ionic leakage
Membrane destabilisation, ionic leakage
Membrane destabilisation, ionic leakage
Inhibition DNA synthesis
Inhibition DNA synthesis
Cell lysis
Inhibition DNA synthesis
Membrane destabilisation, ionic leakage
Membrane destabilisation, ionic leakage
Inhibition RNA synthesis
Cell wall lysis
Cell wall lysis
Membrane destabilisation, ionic leakage
Membrane destabilisation, ionic leakage
Membrane destabilisation, ionic leakage
Inhibition DNA synthesis
Inhibition DNA synthesis
Inhibition DNA synthesis
Inhibition protein synthesis
Inhibition protein synthesis
Inhibition protein synthesis
Cell wall lysis

Bacillus

Bacillus thuringiensis

Bacillus amyloliquefaciens
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Bacillus subtilis

Bacillus pumilus

Bacillus cereus

zwittermicin
valinomycin
amphomycin
azalomycin
bacillibactin
arthrobactin
iturin
bacillomycin
mycosubtilin
surfactin
fengycin
difficidin
zwittermicin
valinomycin
amphomycin
azalomycin
arthrobactin
Chitinase ChiS, ChiL
β-1,3-glucanase
iturin
bacillomycin
Surfactin
valinomycin
amphomycin
azalomycin
arthrobactin
Chitinase ChiS, ChiL
bacillomycin
fengycin
zwittermicin

Bacteria + Fungi
Bacteria + Fungi
Bacteria + Fungi
Bacteria + Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Bacteria
Bacteria + Fungi
Bacteria + Fungi
Bacteria + Fungi
Bacteria + Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Fungi
Bacteria + Fungi
Bacteria + Fungi
Bacteria + Fungi
Fungi
Fungi
Fungi
Fungi
Bacteria + Fungi

Inhibition DNA synthesis
Membrane destabilisation, ionic leakage
Inhibition cell wall synthesis
Membrane destabilisation, ionic leakage
Metal competition
Metal competition
Membrane destabilisation, ionic leakage
Membrane destabilisation, ionic leakage
Membrane destabilisation, ionic leakage
Inhibition DNA synthesis
Inhibition DNA synthesis
Inhibition protein synthesis
Inhibition DNA synthesis
Membrane destabilisation, ionic leakage
Inhibition cell wall synthesis
Membrane destabilisation, ionic leakage
Metal competition
Cell wall lysis
Cell wall lysis
Membrane destabilisation, ionic leakage
Membrane destabilisation, ionic leakage
Inhibition DNA synthesis
Membrane destabilisation, ionic leakage
Inhibition cell wall synthesis
Membrane destabilisation, ionic leakage
Metal competition
Cell wall lysis
Membrane destabilisation, ionic leakage
Inhibition DNA synthesis
Inhibition DNA synthesis

Coronamycin
griseoviridin

Fungi
Bacteria

Inhibition RNA synthesis

Streptomyces
Streptomyces griseoviridis
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Strepromyces
melanosprofaciens*
Pseudomonas
Pseudomonas fluorescens*
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viridogrisein
dechlororoseophilin
prodigiosin
roseophilin
actinobolin

Bacteria
Bacteria + Fungi
Bacteria + Fungi
Bacteria + Fungi
Bacteria + Fungi

Inhibition RNA synthesis
DNA alteration
DNA alteration
DNA alteration
Inhibition RNA and protein synthesis

geldanamycin

Bacteria + Fungi

Inhibition RNA and protein synthesis

Phloroglucinols
viscosinamide

Fungi
Fungi

Membrane destabilisation, ionic leakage
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7.1.1.2. Fate in the environment and non-target toxicity of metabolites, enzymes and toxins produced
by bacteria used as MPCAs
One of the most important concerns associated with the use of BCAs in plant production is the
possible undesired effect of disruption of microbial processes that are essential to general soil
ecosystem functioning. This includes impact on the abundance and the community structure of
microorganisms (bacteria, fungi and viruses) and other trophic levels such as protozoa, nematodes and
plants; and effects on carbon, nitrogen and phosphorus cycling, as well as general impacts on soil
ecosystem functioning. However, observed non-target effects are often small and transient, and only a
few are shown to persist beyond the growth season (Winding et al., 2004).
The antimicrobial lipopeptide viscosinamide, produced by Pseudomonas fluorescens to control
Pythium ultimum and Rhizoctonia solani (Thrane et al., 2000) has been shown to have non-target
effects on soil protozoa, Hartmanella vermiformis and Acanthamoeba sp. by inhibiting their growth
from 1.9 ng/mL (Andersen et al., 2004). The author concluded that the magnitude of this impact on the
abundance of protozoans in the rhizosphere is expected to be small, but important to consider for
environmental risk assessment of BCAs.
Geldanamycin, produced by several Streptomyces species, is known to have genotoxic, mutagenic and
carcinogenic properties. This compound acts as nonspecific alkylating agent and therefore has the
potential to act as either acute or long-felt stressor (mutagen, carcinogen/ teratogen/ embryotoxin) in
any organism. For this reason, concerns are warranted for its potential effect in the environment,
notably its ability to induce subtle genetic changes, the cumulative impact of which over time can lead
to more profound ecologic change. This substance is also known to have a high persistence in soil and
water and a high mobility. Moreover, a number of known toxic and nausea effects on mammals have
been observed26 and could indicate that similar effects might be expected in non-target mammals, or
other classes of organisms.
Prodigiosin, produced by Streptomyces griseoviridis, is toxic against marine bacteria like Alteromonas
sp. and Gallionella sp. (Priya et al., 2013). The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of prodigiosin was about 6.75 and 12.5 µg/mL
respectively against Alteromonas sp. Prodigiosin is also toxic to artemia with a LD50 of about 50
µg/mL.
Concerning lipopeptides (iturin, surfactin and fengycin families) produced by Bacillus species, their
ability to be embedded to any lipid structures present on the surface of target and non-target organisms
(Raaijmakers et al., 2010) can potentially lead to deleterious effects on non-target organisms
coexisting in the same niche of the targeted fungi, by destabilising their cell membrane and increasing
the intracellular ionic influx. In contrast, crystal proteins (delta-endotoxins) from Bacillus
thuringiensis are considered harmless to non-target insects (Zhou et al., 2011; Hoss et al., 2013)
because of their high specificity for the membrane receptor of gut epithelial cells. However, Flexner et
al. (1986) reviewed all tests performed to assess the toxicity of Bacillus toxins to non-target insects
(predators or parasites of the lepidopteran pests), such as Apis mellifera that shows a mortality of
100% when in contact by ingestion of biocontrol dosage of Bacillus thuringiensis or Bacillus
sphaericus (i.e. 1-30.108 spores/g). In the same manner, Bracon brevicornis, Diadegma armillata,
Trichogramma sp., Coccinella septempunctata and Rogas lymantriae that show mortalities between
80 and 100% when in contact by ingestion of biocontrol dosage of Bacillus thuringiensis (3.1010
spores/mL). Miller (1990) reported that the total number of individual non-target Quercus garryana
26

Information retrieved from Ecotoxicological section of the Safety Data Sheet of geldanamycin (available at : http://datasheets.scbt.com/sc200617.pdf)
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Lepidoptera was significantly reduced in treated plots during the first 2 years of field treatment with
Bacillus thuringiensis kursraki (Miller, 1990). The mortality of all these non-target organisms was
attributed to the lethal effects of the endotoxins produced by Bacillus thuringiensis. But except those
cases, the majority of non-target insects tested were not affected by the crystal proteins of Bacillus
species. Moreover, being proteins, they are readily biodegraded (Xavier et al., 2007) and thus
considered to present a ―negligible risk to non-target organisms‖ when used in the field. Similar
arguments and conclusions are given for the vegetative insecticidal protein of Bacillus thuringiensis
(Raybould et al., 2011).
Indeed, Bt spores and the δ endotoxin are reported to persist for only a short time on foliage, and
persistence is affected by a range of environmental variables including temperature, humidity and
sunlight (Leong et al., 1980). Ultraviolet radiation in sunlight causes rapid degradation of Bt spores,
with a half-life of c. 30 minutes (Krieg, 1975, reviewed by Joung & Cote, 2000), while insecticidal
activity of δ endotoxin persists for longer, with a half-life of 1 – 3 days although longer persistence has
been reported in some cases (Joung & Cote, 2000). A half-life of <24h was reported on pecan
(Sundaram et al., 1997), while on potato activity was reported to be greatest over the first 24 h after
application and then decreased steadily over 10 days (Arthurs et al., 2008). In soil, Bt δ endotoxin
declines according to first order kinetics, with a period of rapid degradation followed by a slower rate
of decline. Most studies have reported short half-lives for Bt δ endotoxin in soil (< 30 days) but
residual bioactivity has been reported to last for six months of more (reviewed by Clark et al., 2005).
This is partly caused by adsorption of toxin molecules onto soil constituents, which makes them more
resistant to microbial degradation, with the amount of adsorption being influenced by factors such as
soil pH and mineral content (Pagel-Wieder et al., 2007).
The majority of the published works analysing non-target effects of BCAs is based on the assumption
that antibiotics produced in situ are the main molecules which can cause the non-target effects.
However, this assumption could lead to overlooking other parameters notably the production of other
compounds with antifungal activities, such as lytic enzymes, siderophores and cyanide, which may be
equally important in triggering undesired effects.
Table 13 summarises the behaviour in the environment and the non-target effects reported in the
available literature of metabolites/toxins produced by bacterial MPCAs.

Supporting publications 2013:EN-518

84

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Evaluating the environmental risk of microbial pesticides

Table 13: In field concentration and non-target effects observed for metabolites/toxins produced by BCAs or closely related bacteria*
Metabolite
(toxin,
siderophores) or enzyme
iturin A
surfactin
fengycin
bacillomycin

mycosubtilin

zwittermicin

crystal proteins
vegetative
insecticidal
protein turingiensin
entomocin 110

difficidin
amphomycin

BCAs
Bacillus thuringiensis
Bacillus
amyloliquefaciens
Bacillus subtilis
Bacillus pumilus
Bacillus cereus
Bacillus thuringiensis
Bacillus
amyloliquefaciens
Bacillus subtilis
Bacillus thuringiensis
Bacillus
amyloliquefaciens
Bacillus subtilis
Bacillus cereus

Bacillus thuringiensis

Bacillus
amyloliquefaciens
Bacillus subtilis
Bacillus
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In field concentration/
behaviour
in
the
environment

Known non –target organism

Adsorption on any lipid
structures

non-target organisms coexisting
in the same niche of the target
fungi

-

-

-

-

-

-

1-30.108 spores/g or 3.1010
spores/mL

predators
/parasites
lepidopteran pests
Apis mellifera
Bracon brevicornis,
Diadegma armillata,
Trichogramma sp.,
Coccinella septempunctata
Rogas lymantriae
Quercus garryana

-

-

-

-

-

-

of

Observed non-target effect /dose

100% mortality for 1-30.108 spores/g
80 and 100% mortality for 3.1010
spores/mL
Id.
Id.
Id.
Id.
Id.
-
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Metabolite
(toxin,
siderophores) or enzyme
azalomycin
arthrobactin
valinomycin
bacillibactin
plantazolicin
macrolactin
bacillaene
bacilysin
chlorotetaine
Chitinase ChiS, ChiL
β-1,3-glucanase

BCAs

Bacillus
amyloliquefaciens

Bacillus thuringiensis
Bacillus subtilis
Bacillus pumilus
Bacillus thuringiensis
Bacillus subtilis

Streptomyces
griseoviridis

griseoviridin

Streptomyces
griseoviridis

geldanamycin

Strepromyces
melanosprofaciens*

viscosinamide

Known non –target organism

Observed non-target effect /dose

-

-

-

-

-

-

-

-

-

-

-

-

Alteromonas sp.
Gallionella sp.
artemia

MIC = 6.75 µg/mL, MBC = 12.5 µg/mL
LD50 = 50 µg/mL.
genotoxic, mutagenic and carcinogenic
properties
toxic and nausea effects

amyloliquefaciens
Bacillus subtilis
Bacillus pumilus

viridogrisein
dechlororoseophilin
prodigiosin
actinobolin
roseophilin
coronamycin

Phloroglucinols

In field concentration/
behaviour
in
the
environment

Pseudomonas
fluorescens*
Pseudomonas
fluorescens*
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persistence in soil and
water
high mobility

mammals

-

-

-

-

Hartmanella vermiformis
H. vermiformis

Growth inhibition at 1.9 ng/mL
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7.1.2.

Fungi

7.1.2.1. Metabolites, enzymes and toxins produced by fungi used as MPCAs
Among the fungal MPCAs, the Trichoderma species are the major producers of substances with
antimicrobial action. Literature about the production of antibiotics by the different Trichoderma and
Beauveria species is extensive, whereas only few studies focused on the other fungi used as MPCAs
such as Paecilomyces species, Metarhizium species, Aureobasidium species, Candida species or
Pseudozyma species. No metabolite production is reported for Lecanicillium muscarium and Pythium
oligandrum.
Antibiotics (antifungal and antibacterial metabolites)
Antibiotic metabolites produced by fungi can be divided into different families: peptide-based
antibiotics (peptaibiotics, depsipeptides, etc.), lytic enzymes, fatty acid-based antibiotics or aromaticbased antibiotics.
Peptaibiotics, also called peptaibols, are polypeptide antibiotics produced by fungal species.
Trichoderma species are the most abundant sources of peptaibiotics and produce half of the known
molecules (Degenkolb et al., 2008). For instance a category of peptabiols, the trichostromaticins are
used to control the cacao pathogen Moniliophthora perniciosa and are highly active against against the
causal agents of Eutypa dieback, Eutypa lata, and the one of Esca disease, Phaeomoniella
chlamydospora, and Phaeoacremonium aleophilum. Trichoderma asperellum also produces
trichotoxin peptaibols with antifungal and antibacterial activity that inhibits B. stearothermophilus
growth from 40 µg in plate assay (Chutrakul et al., 2008). Peptaibiotics notably act destroying the cellwall structure of plant pathogens or inhibiting the protein and DNA synthesis in the cells of the
pathogens thus blocking their growth. Other peptide-based antibiotics are aureobasidins, antifungal
cyclic depsipeptide antibiotics produced by Aureobasidium pullulans (Yoshikawa et al., 1993). This
group includes 18 active substances which act by disrupting the cell membranes.
Trichoderma species, and especially Trichoderma harzianum, are also able to produce volatile organic
compounds 6-pentyl-2H-pyran-2-one (6PP) (Rubio et al., 2009; Vinale et al., 2008) and 6-pentylalpha-pyrone (6PAP) active against fungi, i.e. Fusarium oxysporum with a 350 mg/mL concentration
inhibiting 74% mycelia growth and 80% conidia germination (Chen et al., 2012). However, their mode
of action is still not well understood.
Antifungal fatty acids, such as butanoic acid, pentanoic acid, hexanoic acid, up to decanoic acid, are
produced by Trichoderma viride and kill fungi by disrupting the fungal cytoplasmic membrane and
releasing intracellular ions and proteins (Pohl et al., 2011). cis-9-Heptadecenoic acid (CHDA) is an
antifungal fatty acid produced by the biocontrol agent Pseudozyma flocculosa, which shows inhibiting
effects on growth and/or spore germination in fungi (Avis et al., 2001; Avis et al., 2002). It acts
disrupting properties and functions of the fungal cytoplasmic membrane and causing the release of
intracellular ions and proteins.
Viridiofungin A, a member of amino alkyl citrate antibiotics from Trichoderma viride (Morokuma,
2005) and Trichoderma harzianum (El-Hasan et al., 2009), has a broad spectrum fungicidal activity by
inhibiting fungal growth through the inhibition of squalene synthase (Onishi et al., 1997); but lacks
antibacterial activity. This substance is bioactive against fungal pathogens Fusarium oxysporum (90%
inhibition with 250 µg/mL of viridiofungin A), Cladosporium spp., Phytophthora infestans (100%
inhibition with 150 µg/mL viridiofungin A) and Sclerotinia sclerotiorum (100% inhibition with 150
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µg/mL viridiofungin A) (El-Hasan et al., 2009). Gliocladium species produce viridian and glioviridin
active against a broad spectrum of fungi and bacteria (Vey et al., 2001).
Oosporein is a quinone-type antifungal and antibacterial metabolite produced by Beauveria
brongniartii (Abendstein et al., 2000) that exhibits a significant growth-inhibitory effect on
Phytophthora infestans in comparison with other phytopathogenic fungi (Nagaoka et al., 2004).
Oosporein is considered to react with proteins and amino acids through redox reactions which results
in enzyme malfunction (Wilson et al., 1971). Oosporein, like tenellin and bassianin, inhibits
erythrocyte membrane ATPase activity as a consequence of membrane disruption (Strasser, 2000).
Oosporein is an effective antibiotic against gram-positive bacteria, but has little effect on gramnegative bacteria. Beauveria species, along with Paecilomyces species, also produce beauvericin that
shows antibiotic activity against several bacteria like Bacillus subtilis, Escherichia coli,
Mycobacterium phlei, Sarcinea lutea, Staphylococcus aureus and Streptococcus faecalis in addition to
moderate insecticidal properties (Strasser et al., 2000). This molecule is known to have a channelforming activity and causes the increase of membrane permeability to ions (Kouri et al., 2003).
Beauveria brongniartii produces between 30 and 300 mg/L of ooporein depending on the strain;
between 80 and 150 mg/L of bassianin and Beauveria bassiana produces 310 mg/L of tenellin
(Strasser et al., 2000).
The major metabolite of Coniothyrium minitan is the macrosphelide A, antifungal macrolide and an
inhibitor of cell-cell adhesion molecule (McQuilken, 2003).
Ampelomyces quisqualis was reported to produce several secondary metabolites with antibacterial
activity against the Gram-positive pathogens, Staphylococcus aureus, S. epidermidis and Enterococcus
faecalis (Aly et al., 2008) but neither the different structures nor their mode of action were
characterised. Similarly, the antifungal activity of a metabolite from Aschersonia aleyrodis was
studied but the molecule was not fully characterised. However, its mode of action against Fusarium
oxysporum was investigated, revealing considerable morphological alterations, including degradation,
blistering and necrosis (Pan et al., 2007).
Trichoderma species produce a various range of lytic enzymes, such as chitinases, glucanases,
proteases and cellulases (Sanz et al., 2004; Vitterbo et al., 2002). Trichoderma harzianum,
Trichoderma (atro)viride and Trichoderma asperellum are able to secrete those cell-wall degrading
enzyme for fungal biocontrol (Gajera et al., 2012; Sanz et al., 2004). Chitinases secreted by
Trichoderma species are classified into three principal classes: chitobiases, endochitinases and
exochitinases depending on the location of the cleavage they perform on the chitin polymer (Vitterbo
et al., 2002). For example, Trichoderma harzianum secretes endochitinase against Rhizoctonia solani
(dal Soglio et al., 1998; Sharma et al., 2011). In addition, Trichoderma species also produce enzymes
that cut the other major components of fungal cell walls along with chitin: laminarin β-1,3-glucan
(hydrolyzed by β-1,3-glucanases) and cellulose 1,4-β-D-glucan (hydrolyzed by cellulases). Under
specific conditions, Trichoderma can produce β-1,6-glucanases that hydrolyze the minor structural
polymers of the cell wall, β-1,6-glucans. The cell wall degrading enzyme exo-β-1,3-glucanase was
isolated from Trichoderma asperellum and the antifungal glucan 1,3-β-glucosidase was isolated from
Trichoderma atroviride (Sharma et al., 2011). Along with chitinases and glucanases, cellulase and
xylanase are the major type of enzymes that involve in the cell wall degradation of the pathogens.
The yeast Candida oleophila is also able to produce exo-beta-1,3-glucanase, chitinase and protease
against the fungus Penicillium digitatum (Bar-Shimon et al., 2004).
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Nematicidal and insecticidal metabolites
In addition to microorganisms, fungal MPCAs can produce metabolites or enzymes toxic against
higher predators such as insects or nematodes. Those molecules act through cell membrane
destabilisation (leading to ionic leakage) or inhibition of major cell component synthesis.
The chitinolytic enzymes (chitinase, endochitinase) produced by the Trichoderma species are
bioactive against all chitin-containing organisms, including insects and nematode eggs (Gortari et al.,
2008). Trichoderma species, and especially Trichoderma harzianum, produce other nematicidal
metabolites, such as the volatile organic compounds 6-pentyl-2H-pyran-2-one (6PP).
Paecilomyces lilacinus and Trichoderma asperellum exhibit also nematotoxic activity through the
production of acetic acid that can pass through the cuticle of nematodes (Dijan et al., 1991), cause the
rapid dissolution of cell membrane integrity resulting in the cell death. Paecilomyces fumosoroseus is
able to produce an insecticidal substance, the dipicolinic acid (DPA), which is bioactive against the
whiteflies Bemisia tabaci and B. argentifolii by doubling the mortality when sprayed with 41 mg/mL
of DPA (Asaf et al., 2005). The mode of action suggested for DPA is the enzymatic inhibition by
removing essential ions from metalloenzymes of insects. The dose-response mortality of A. salina to
DPA revealed a LD50 of 44.5 mg/L.
Beauveria bassiana secrete vivotoxins, such as beauvericin and bassianolide (Safavi et al., 2013;
Strasser et al., 2000; Wang et al., 2012) that have insecticidal, melanising, and cytotoxic effects
against insects (Fuguet et al., 2004). A vivotoxin is defined as a substance produced in the infected
host by the pathogen and/or its host, which functions in the production of disease but is not itself the
initial inciting agent of disease. Vivotoxins can act by any mechanism by which other poisons affect
cells. Toxins can act physically by altering cellular permeability and by occluding the conducting
elements of the vascular system. Polysaccharides commonly are a cause of the latter. The modes of
chemical action are more varied. The vivotoxins, such as fusaric acid, lycomarasmin and piricularin,
are nonspecific.
Destruxins are insecticidal cyclic peptides produced by Metarhizium anisopliae in amounts varying
from 40 to 920 mg/L depending on the strain (Wang et al., 2004; Strasser et al., 2000). More than 35
different structurally related destruxins have been isolated from cultures of M. anisopliae (Sharif et al.,
2010). For example destruxin A, B and E are efficient for the biocontrol of the insect pests Spodoptera
litura (Sree et al., 2008) or Phyllocnistis citrella (Sharif et al., 2010). The mode of action of destruxins
in insects works through the opening of the calcium channels as a result of membrane depolarisation,
leading to tetanic paralysis and death. For example, insects injected with low doses exhibit tetanus
within 3 min (Vey et al., 2001). In addition to membrane alteration, destruxins also have a powerful
inhibitory effect on the synthesis of DNA, RNA and proteins even at low doses (Strasser et al., 2000).
Destruxin E has several effects on invertebrate cells including: aggregation of chromatin, deformation
of nuclei, degradation of mitochondria and rough endoplasmic reticulum, and impaired functioning of
the ribosomes. The median lethal dose (LD50) of destruxin A and B to silkworm was 15-30 µg/g but
these compounds were ten- to 30-fold less active in wax moth (Galleria) larvae (Vey et al., 2001).
Destruxins A and E appear to be the most toxic molecules and destruxin D the least toxic for Galleria
larvae (Strasser et al., 2000). Similarly, house fly maggots appear to be more sensitive to destruxin E
(LC50 = 40 ppm) than destruxin A (LC50 = 123 ppm) or destruxin B (LC50 = 116.9 ppm).
Metarhizium anisopliae also produces cytochalasin C, a metabolite that has the ability to bind to actin
filaments and block polymerisation and the elongation of actin. As a result of the inhibition of actin
polymerisation, cytochalasins can change cellular morphology, inhibit cellular processes such as cell
division, and cause cells to undergo apoptosis. Cytochalasins have the ability to permeate cell
membranes, prevent cellular translocation and cause cells to enucleate (Brown et al., 1981).
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Aschersonia aleyrodis is also able to produce insecticidal metabolites (Pan et al., 2007) to control
Brevicoryne brassicae, Trialeurodes vaporariorum and Helicoverpa armigera but neither their
structure nor their mode of action was characterised.
Table 14 summarises the metabolites/toxins produced by fungal MPCAs, their target species and mode
of action.
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Table 14: Production of metabolites/enzymes/toxins by fungal MPCAs
Fungal MPCAs

Metabolite (toxin, siderophores) or
enzyme

Target

Mode of action

6-pentyl-2H-pyran-2-one (6PP)
6-pentyl-alpha-pyrone (6PAP)
viridiofungin A
peptaibiotics
trichostromaticins A,B,C,D,E
trichothecene mycotoxins
trichodermin A
alamethicin
endochitinases
chitinases
beta-1,3-glucanase
beta-1,6- glucanase
endoglucanase
6-pentyl-2H-pyran-2-one (6PP)
viridiofungin A
peptaibiotics
trichostromaticins A,B,C,D,E
trichothecene mycotoxins
trichodermin A
alamethicin
butanoic up to decanoic acid
chitinases
beta-1,3-glucanase
beta-1,6- glucanase
acid and neutral trichotoxin
acetic acid

Fungi + nematodes
Fungi
Fungi
Fungi + bacteria
Fungi + bacteria
Fungi + bacteria
Fungi + bacteria + insects
Fungi + bacteria
Fungi + Insects
Fungi + Insects
Fungi
Fungi
Fungi
Fungi + nematodes
Fungi
Fungi + bacteria
Fungi + bacteria
Fungi + bacteria
Fungi + bacteria + insects
Fungi + bacteria
Fungi
Fungi
Fungi
Fungi
Fungi + bacteria + insects
Nematodes

Inhibition of squalene synthase
Cell wall degradation
Cell wall de gradation
Inhibition of protein and DNA synthesis
Inhibition of protein and DNA synthesis
RNA cleavage
Cell wall lysis
Cell wall lysis
Cell wall lysis
Cell wall lysis
Cell wall lysis
Inhibition of squalene synthase
Cell wall de gradation
Cell wall de gradation
Inhibition of protein and DNA synthesis
Inhibition of protein and DNA synthesis
RNA cleavage
Membrane destabilisation, ionic leakage
Cell wall lysis
Cell wall lysis
Cell wall lysis
Inhibition of protein and DNA synthesis
Cell wall dissolution

destruxins A, B, E, and E diol

Insects

Membrane depolarisation, paralysis, inhibition of DNA and

Trichoderma

Trichoderma harzianum

Trichoderma atroviride

Trichoderma asperellum
Metarhizium
Metarhizium anisopliae
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Fungal MPCAs

Paecilomyces
Paecilomyces
fumosoroseus
Paecilomyces lilacinus

Metabolite (toxin, siderophores) or
enzyme

Target

Mode of action

cytochalasin C
lipases

Insects
Insects

RNA synthesis
Inhibition of actin polymerisation
Cell wall lysis

dipicolinic acid
beauvericin
acetic acid

Insects
Fungi + bacteria + insects
Nematodes

Inhibition of enzymes
Membrane destabilisation, ionic leakage
Cell wall dissolution

vivotoxins
beauvericin
bassianin
tenellin
bassianolide
ooosporein
beauvericin
bassianin
tenellin

Insects
Fungi + bacteria + insects
Insects
Insects
Insects
Fungi + bacteria + insects
Fungi + bacteria + insects
Insects
Insects

Cell membrane lysis
Membrane destabilisation, ionic leakage
Cell membrane lysis
Cell membrane lysis
Cell membrane lysis
Cell membrane lysis
Inhibition of enzymes or organelles
Inhibition of enzyme synthesis, paralysis
Inhibition of enzyme synthesis, paralysis

cis-9-Heptadecenoic acid (CHDA)

Fungi

Membrane destabilisation, ionic leakage

Chitinases
Exo-β-1,3-glucanase

Fungi
Fungi

Cell wall lysis
Cell wall lysis

macrosphelide A

Fungi

Inhibition of cell-cell adhesion

aureobasidin A, B, C, E, S2b, S3, S4

Fungi

Cell membrane lysis

Beauveria

Beauveria bassiana

Beauveria brongniartii
Pseudozyma
Pseudozyma flocculosa
Candida
Candida oleophila
Coniothyrium
Coniothyrium minitans
Aureobasidium
Aureobasidium pullulans
Ampelomyces
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Fungal MPCAs

Metabolite (toxin, siderophores) or
enzyme

Target

Mode of action

Ampelomyces quisqualis

Uncharacterised metabolites

Bacteria

-

Uncharacterised metabolites

Fungi + Insects

Cell degradation and necrosis

Aschersonia
Aschersonia aleyrodis
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7.1.2.2. Fate in the environment and non-target toxicity of metabolites, enzymes and toxins produced
by fungi used as MPCAs
The use of fungal MPCAs can lead to non-target effects that can be either toxic effects on non-target
organisms or the development of resistance in target organisms.
The use of peptaibols/peptaibiotics in biological control has raised some concerns about their potential
toxicity to non-target organisms (Degenkolb et al., 2008). Species identified as biological control
agents, including T. harzianum, T. viride and other Trichoderma strains, are reported to produce
trichothecene-type mycotoxins (trichodermin, harzianum A). Harzianum A and this group of
trichothecene toxins have been proven to be highly toxic to the invertebrate Artemia salina
(Degenkolb et al., 2008) and exhibits acute toxicity to mice (LD50= 80 mg/kg) (Favilla et al., 2006).
Moreover, it has been reported that the peptaibols alamethicin, paracelsin and trichobrachins were
highly toxic in three in vitro invertebrate models, viz. Crassostrea gigas, Artemia salina, and Daphnia
magna (Poirier et al., 2007; Favilla et al., 2006). The LC50 of paracelsin and alamethicin in A. salina
were respectively about 40 and 10 µg/mL, and 14.8 and 2.3 µg/mL in D.magna. (Favilla et al., 2006).
The acute toxicity of alamethicin and peptaibols to the oyster Crassostrea gigas was also relatively
high (EC50 ranging from 10 to 64 nM) (Poirier et al., 2007). In contrast, oral administration of
antiamoebin, trichotoxin A, aibellin, ampullosporin, and trichofumin revealed a very low toxicity to
rodents and ruminants (Degenkolb et al., 2008).
The phytotoxic potential of Beauveria brongniartii and its main secondary metabolite oosporein has
essentially been assessed on avian species and has been classified as a nephrotoxin, leading to poultry
mortality (LC50 = 1 500 µg/g) via dehydration, swollen organs (kidney, liver), necrosis, etc (Pegram et
al, 1982; Pegram et al, 1981). Oosporein is also greatly toxic against the brine shrimp Artemia salina
(LC50 = 1.0 µg/mL) (Mao et al., 2010), D. magna (LC50=68 µg/mL) (Favilla et al., 2006). In mice and
hamsters, oosporein has a LD50 of 0.5 mg/kg intraperitoneally but a daily oral administration of 7
mg/kg to mice over 50 days was not lethal (Vey et al., 2001). Importantly, both in vitro and in vivo
studies on the distribution of oosporein revealed negligible amount in the environment, suggesting that
Beauveria brongniartii poses no risk to animals. In batch experiment, the maximum of oosporein
produced by Beauveria brongniartii is 270 mg/L in 4 days and between 2 and 3.2 mg/kg on sterilised
baley kernels. In the field, the maximum amount of oosporein detected in cockchafer (Melolontha
melolontha) larvae infected with Beauveria brongniartii was 0.23 mg/larvae (Vey et al., 2001). Based
on the results of laboratory and field experiment, a theoretical oosporein concentration of 4.8-6.4
mg/m² can be expected to be detected in the soil (Vey et al., 2001). Moreover, a study showed that
Beauveria brongniartii applied at 30-50 kg/ha resulted in the absence of accumulation of oosporein in
the soil (< 0.02 mg/m2) and no negative effects on humans and non-target organisms have been
reported for over a decade (Strasser, 2000).
As oosporein, Beauvericin from Beauveria species is also toxic to brine shrimp Artemia salina
(LD50=2.8 µg/mL), and Mysidopsis bahia (LD50= 0.56 mg/L) The toxicity of beauvericin persists in
sterile seawater for at least 3 but not 8 weeks. Beauvericin has also an acute toxicity for mice (Strasser,
2000). Bassianolide is lethal to silkworm larvae at 13 ppm (Vey et al., 2001). Toxins from Beauveria
bassiana can also reduce bee longevity or have detrimental effects on Diadegma semiclausum coccon
production (Khan et al., 2012); toxins from Beauveria brongniartii also show bioactivity against the
non-target coleopteran Poecilus versicolor (Traugott et al., 2005). The toxicity to animals and plants
of the majority of the toxins produced by the Beauveria species, such as bassianolide, beauveriolides,
bassianin and tenellin, are still largely unknown (Strasser, 2000). However, the majorities of primary
studies listed in the Khan et al. review identified Beauveria species as presenting a minimal risk (only
3.4% of the 1670 non target specimen tested were infected (Back et al., 1988 [experimental study in
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German]) or 1.1% of the 10165 insects and spiders collected (Baltensweiler et al., 1986 [experimental
study in German]) or 2.8% of the 3615 invertebrates tested (Parker et al., 1997).
Destruxins A and B (produced by M. anisopliae) are toxic to small mammals. The LD50 of destruxins
A and B in mice is about 1mg / kg and 13.2mg/kg respectively (Kodaira et al,, 1961). In contrast,
destruxins are less toxic to fish and amphibians (Debeaupuis & Lafont, 1985). The acute toxicity for
the amphibians Xenopus laevis Daudin and Rana temporaria L. is low (Fargues et al, 1986. On the
contrary, destruxin A exhibits a high acute toxicity to Artemia salina with a LC50 of 20 µg/mL and
D.magna (LC50=0.2 µg/mL) (Favilla et al., 2006). There is some evidence that destruxin E is systemic
in plants because the crucifer pest, Brevicoryne brassicae is repelled by cabbage leaves soaked in a 8.8
ppm solution of destruxin E. Myzus persicae is also susceptible to destruxin E (LD50 = 0.4 g/cm²) but
not to the same degree as B. brassicae. In contrast, the cereal aphid Rhopalosiphum padi continued to
feed on cereal leaves treated with destruxin E even at relatively high doses (e.g. 6.6 mg/cm² (Strasser
et al., 2000)).
Acetic acid, produced byTrichoderma asperellum and Paecilomyces lilacinus, is not a selective
herbicide and therefore might present a hazard of non-target effects. The mechanism of action of
acetic acid is similar to that of paraquat in that acetic acid causes the rapid dissolution of cell
membrane integrity resulting in the dessication of foliar tissues, and ultimately plant death. Acetic acid
is non-selective, and may damage any plant part contacted by the material (Owen, 2002).
Concerning the development of resistance of pest insects to fungal BCAs, Kraaijeveld et al.(2012)
explored the evolution of resistance to B. bassiana in Drosophila melanogaster and found no evidence
of resistance after fifteen generations of selection. In another study, exposure of D. melanogaster over
twenty six generations to an antagonistic fungus Aspergillus nidulans resulted in selected lines with no
increase in resistance but a reduced sensitivity to sterigmatocystin, a toxin produced by this fungus.
Dudovskiy et al. (2013) reported that under constant selective pressure from the insect pathogenic
fungus Beauveria bassiana, 25th generation larvae of Galleria mellonella exhibited significantly
enhanced resistance, which was specific to this pathogen and not to another insect pathogenic fungus
Metarhizium anisopliae.
Table 15 summarises the behaviour in the environment and the non-target effects reported in the
available literature of metabolites/toxins produced by fungal MPCAs.
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Table 15: In field concentration and non-target effects observed for metabolites/toxins produced by fungal MPCAs
Metabolite
(toxin,
siderophores) or enzyme
6-pentyl-2H-pyran-2-one (6PP)
6-pentyl-alpha-pyrone (6PAP)
viridiofungin A

Fungal MPCA
Trichoderma harzianum
Trichoderma atroviride
Trichoderma harzianum
Trichoderma harzianum
Trichoderma atroviride

In
concentration
behaviour

field
or

Non –target organism

Non-target effect and concentration of
non-target effect

-

-

-

-

-

-

-

-

-

Artemia salina
Crassostrea gigas
Daphnia magna
mice

High toxicity LC50=10-40 µg/mL
High toxicity EC50 = 10 to 64 nM
High toxicity LC50=2-15µg/mL
Acute toxicity (LD50= 80 mg/kg)

peptaibiotics
alamethicin
paracelsin
trichostromaticins A,B,C,D,E
trichothecene mycotoxins
trichodermin A

Trichoderma harzianum
Trichoderma atroviride
Trichoderma asperellum

chitinases
beta-1,3-glucanase
beta-1,6- glucanase

Trichoderma harzianum
Trichoderma atroviride
Candida oleophila

-

-

-

Endochitinases
endoglucanase

Trichoderma harzianum

-

-

-

-

plant

-

-

avian species
Artemia salina
D. Magna
mice and hamsters
Artemia salina
Mysidopsis bahia

LC50 = 1 500 µg/g
LC50 = 1.0 µg/mL
LC50=68 µg/mL
LD50 = 0.5 mg/kg
LD50=2.8 µg/mL
LD50= 0.56 mg/L

butanoic up to decanoic acid

Trichoderma asperellum
Paecilomyces lilacinus
Trichoderma atroviride

ooosporein

Beauveria brongniartii

0.23 mg/larvae
4.8-6.4 mg/m²

vivotoxins
beauvericin

Beauveria bassiana
Beauveria brongniartii

Persist 3 weeks in
water

acetic acid
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Metabolite
(toxin,
siderophores) or enzyme

Fungal MPCA

In
concentration
behaviour

field
or

Non –target organism

Non-target effect and concentration of
non-target effect

mice
Poecilus versicolor
bee
Diadegma semiclausum
silkworm larvae
Mice
Artemia salina
D.magna
Brevicoryne brassicae
Myzus persicae

Acute toxicity
Acute toxicity
Reduced longevity
Reduction cocoon production
13 ppm
LD50= 1-13 mg/kg
LC50 = 20 µg/mL
LC50= 0.2 µg/Ml
8.8 ppm
LD50 = 0.4 g/cm²

bassianin
bassianolide
tenellin

Paecilomyces
fumosoroseus

destruxins A, B, E, and E diol

Metarhizium anisopliae

-

cytochalasin C
lipases

Metarhizium anisopliae

-

-

-

dipicolinic acid

Paecilomyces
fumosoroseus

-

-

-

Pseudozyma flocculosa

-

-

-

Coniothyrium minitans

-

-

-

Aureobasidium pullulans

-

-

-

cis-9-Heptadecenoic
acid
(CHDA)
macrosphelide A
aureobasidin A, B, C, E, S2b,
S3, S4
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7.1.3.

Viruses

There is no production of toxin and metabolite by viruses. As they use the machinery and metabolism
of a host cell to replicate inside it, it would be counter-productive to kill the host cell that will prevent
this replication.
7.1.4.

Conclusions

Production of secondary metabolites such as antibiotics and toxins is common for the majority of
bacteria and fungus used as biocontrol agents. Among species used as MPCAs, some are well studied,
such as Bacillus species for BCAs and Beauveria or Trichoderma for fungus, while data is insufficient
or lacking for other species. The production of such substances (structure of the substance, mode of
production) and their bioactivity against target pest (target range, inhibitory or lethal concentrations) is
well documented, but the behaviour of the substances in the environment (concentration and
persistence in field) and non-target effects (especially toxicity to non-target organisms) are still poorly
studied and reported in the available literature.
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8.

HOST SPECIFICITY RANGE AND POTENTIAL EFFECT OF THE MPCA ON NONTARGET ORGANISMS - PATHOGENICITY, INFECTIVITY AND AS WELL AS RELATED
POTENTIAL EFFECTS ON NON-TARGET ORGANISMS (TOPIC 5)

Our literature search identified 376 publications addressing some aspects of the MPCA host specificity
range and/or effects on non-target organisms in the target ecosystem. These include numerous
excellent reviews and papers of non-target effects of specific types of MPCA, and several general
overviews on the topic. Actual studies - in particular field studies - on specific MPCA species or
strains, however, are rather limited and focus on a low number of organisms. The most studied MPCA
in this respect are Trichoderma spp (64 publications in total, with 21 specifically on T. harzianum, and
7 on T. asperellum), Beauveria bassiana (56 publications), Metarhizium anisopliae (60 publications),
and Bacillus thuringiensis (51 publications) (see Table 16).
Table 16: Number of publications addressing host range and/or effects on non-target organisms of the
MPCA examined in this survey
Organism
Trichoderma spp
Metarhizium anisopliae
Beauveria bassiana
Bacillus thuringiensis
Insect viruses
Bacillus subtilis
Pseudomonas spp
Lecanicillium muscarium
Paecilomyces spp
Bacillus sphaericus
Pythium oligandrum
Beauveria brongniartii
Streptomyces spp
Bacillus amyloliquefaciens
Gliocladium catenulatum
Bacillus pumilus
Verticillium albo-atrum
Candida oleophila
Ampelomyces quiscalis
Coniothyrium minitans
Agrobacterium radiobacter

8.1.

Number of papers
64
60
56
51
47
27
18
13
11
10
9
8
8
7
6
6
5
4
2
2
1

General considerations

The main challenge in developing risk assessment methodologies relating ecological issues is to
estimate the probabilities of attack on non-target organisms, and the dispersal and establishment
capacities of the biological control agent. Few natural enemies are strictly monophagous, but many are
oligophagous and thus have a restricted host/prey choice. Sometimes the biological control industry
favours the release of polyphagous natural enemies in order to be able to apply them for the control of
various taxonomically unrelated pest species. These natural enemies in particular have the potential to
cause non-target effects.
A general framework developed for an ecological assessment (van Lenteren et al., 2006) identifies 7 basic
steps. These consider different aspects of natural enemy biology and the environment of the system into
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which the natural enemy will be introduced, in order to evaluate the potential impacts on non-target
species and ecological risks:
1.
2.
3.
4.
5.
6.
7.

Defining ecological context and the selection of appropriate non-target species
Host specificity testing
Natural enemy dispersal capability
Potential for natural enemy establishment
Direct effects on non targets
Indirect effects on non targets
Risk assessment

8.1.1.

Host specificity range

Testing for host specificity of a biological control agent will form the focal point of ecological risk
assessment. If a natural enemy is very specific – attacking only one (monophagous) or a few related
(oligophagous) hosts, then determination of direct and indirect effects on non-target species can be
limited. Also, establishment and dispersal are not considered negative, if the natural enemy is host
specific. Many insect viruses (GV, NPV) are highly species specific. In general, however, determining
the ‗host specificity‘ or ‗host range‘ for micro-organisms requires a different approach than is usual
for insect parasitoids and predators. Many insect pathogens are generalists in the sense that under
favourable conditions (e.g., in the laboratory) they are able to infect and multiply on a wide variety of
hosts. This often requires the simultaneous occurrence of large amounts of pathogen inocula, and a
susceptible host under conducive environmental conditions, seldom encountered naturally. Usually a
mere presence of biocontrol micro-organisms in an ecosystem at low densities will not result in
epidemics, and will not have an impact on non-target populations. Therefore an important aspect of a
risk assessment study with MPCA includes the determination of dose-response dynamics between the
pathogen and the non-target organism (i.e., virulence) (Hokkanen et al., 2003).
Thomas & Lynch (2003) examined some general features of host range and potential impacts on nontarget organisms of MPCAs. They emphasise that the key to understand impact of a pathogen on a
host is the transmission term, which determines the relationship between the densities of hosts and
pathogen in the environment and infection. The standard way of representing this relationship is with
the term for pathogen transmission, which assumes that the infection increases with agent abundance.
However, for many hosts - in particular non-target hosts which will often be less susceptible than the
targets - there is likely to exist a pathogen threshold, below which infection is unlikely. Indeed, for
agents such as entomopathogenic fungi, the majority of hosts show some level of susceptibility
threshold such that a certain number of spores is required before infection, and even highly resistant
hosts may become infected given sufficient disease challenge (Inglis et al., 2001). Therefore, more
generally, instantaneous infection rate of some hosts can be expected to be zero at low densities of
agent in the field, but rise after a critical point is reached. This is particularly relevant in terms of
inundative biocontrol, since high doses may be present in the field for transient periods following
application, and then fall below threshold levels.
One of the key findings of Thomas & Lynch (2003) was identifying the need to fully understand the
form of the transmission function: non-target impact depends not only on how target and non-target
differ in dose response, but also in the threshold level of pathogen required to initiate an infection. A
standard approach in evaluating impact of a microbial agent is to examine dose response and derive
measures such as LD50‘s. However, the minimum dose for infection and how this might vary under
different environmental conditions (e.g. temperature has been shown to play a critical role in
mediating the outcome of infection in a range of host-pathogen systems) may be just as important, but
is much less widely examined. Moreover, understanding the link between exposure and transmission
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in the field is important for exploring how ‗realised‘ non-target impact may differ from ‗potential‘
non-target impact.
8.1.2.

Direct effects of MPCA on other organisms in the ecosystem

The applied MPCA may affect the abundance of non-target species in natural or semi-natural
ecosystems; therefore knowledge of host specificity is essential for any inquiry into potential direct
effects. However, even when the MPCA has an influence on a non-target species, it does not have to
affect its abundance significantly. Attack rates or population densities under field conditions may be
relatively low. Different mortality factors on a population usually interact dynamically in such a way
that if one factor increases its effect temporarily, another factor will have less impact. Therefore a nontarget population may already be limited by other factors (such as resource availability or other natural
enemies) that will be relaxed when attack rates by the MPCA increase, and this decrease in normally
occurring mortality could partly or fully compensate for the impact of the MPCA. In such a case the
overall mortality is not increased. Even when the biological control agent somehow affects the
abundance of a non-target organism, it seldom if ever has been shown to lead to (local) extinction.
Further, hosts have mechanisms of escaping their natural enemies in space and time, which reduce the
chances of the host going extinct. Finally, asynchrony between local dynamics allow for large-scale
persistence even when local extinctions occur (metapopulation dynamics, Hanski and Singer 2001).
Pests or non-targets insects have, consequently, seldom if ever been exterminated during the more than
100 years of biological control. Rather, a low population level of both pest and natural enemy often
develop, like in natural ecosystems (Hokkanen et al., 2003). As an example, a meta-analysis of the
effects of MPCAs on non-target soil microbial populations, intended to inform EU risk assessment
(Scheepmaker & Kassteele, 2011) indicated that effects of MPCAs on soil microorganisms and soil
processes were short term and therefore likely to have little adverse impact.
8.1.3.

Indirect effects of MPCA applications

Depending on the trophic position of the directly affected species in the ecosystem, several indirect
effects may be expected. These include competition, enrichment (apparent competition), hybridisation,
and other indirect effects. Few if any of such effects have been documented following MPCA use.
8.2.

Overview of some specific taxa

8.2.1.

Bacteria

The safety of entomopathogenic spore-forming bacteria has been documented in numerous
publications and reviews. Their majority refers to Bt species, subspecies and strains and, in general,
these organisms pose little risk to human and animal health (Glare and O‘Callaghan, 2000; Ali, 1981;
Lacey and Siegel, 2000; Libman and MacIntosh, 2000; Siegel, 2001; Federici and Siegel, 2007) and to
the environment (Meadows, 1993; Klier, 2000; Glare and O‘Callaghan, 2003; Jackson, 2003; Lacey
and Merritt, 2003; Caquet et al., 2011). Moreover, there have not been any reports of adverse effects
on humans and the environment arising from the widespread use of Bt‘s in the last five decades (Otvos
et al., 2005). For example, the highest dose of 2.5 ppm, or 10 kg/ha of wettable powder formulation of
Bacillus thuringiensis serovar. israelensis in experimental ponds had been shown to have no adverse
effects on rotifers, Cyclops spp., Daphnia sp., ostracods, Baetis sp., corixids and notonectids, and
Coleoptera (Ali, 1981). The non-target invertebrates in the golf pond also remained unaffected. The
approval of transgenic Bt crops in many countries and the wide-scale planting of these crops and the
use of products from these crops in food and feed further suggest the safety of Bt to human and animal
health and to the environment (Federici and Siegel, 2007). A review of Bale et al. (2008) indicated that
Bt crops do not lead to any direct adverse effects on parasitoids and predators.
Supporting publications 2013:EN-518

108

The present document has been produced and adopted by the bodies identified above as author(s). This task has been carried out exclusively
by the author(s) in the context of a contract between the European Food Safety Authority and the author(s), awarded following a tender
procedure. The present document is published complying with the transparency principle to which the Authority is subject. It may not be
considered as an output adopted by the Authority. The European Food Safety Authority reserves its rights, view and position as regards the
issues addressed and the conclusions reached in the present document, without prejudice to the rights of the authors.

Evaluating the environmental risk of microbial pesticides

A study (Caquet et al., 2011) on effects of repeated field applications of two formulations of Bacillus
thuringiensis var. israelensis on non-target saltmarsh invertebrates in Atlantic coastal wetlands
concluded that land-based treatments of saltmarsh pools for larval mosquito control with Bti, used
either as VectoBac® 12AS or VectoBac® WG, did not adversely impact non-target aquatic
invertebrate communities.
Another Bacillus specie, Bacillus amyloliquefaciens BNM122, has been shown to cause a minor
impact on rhizosphere and soil microbial communities (Correa et al., 2009). In a same way, Bacillus
sphaericus exhibits non effects on non-target organisms during a 3-year mosquito-control program
(Merritt et al., 2005).
Scherwinski et al. (2007) showed for soil rhizobacterial communities, following applications of
several biological control agents S. plymuthica HRO-C48,Streptomyces sp. HRO-71, Pseudomonas
trivialis 3Re2-7, P. fluorescens L13-6-12, S. plymuthica 3Re4-18 and the fungal antagonists
Trichoderma reesei G1/8 and T. viride G3/2 on the rhizosphere community of the Verticillium host
plant strawberry or R. solani host plant potato in field trials at two different sites in Germany, that the
abundances of culturable rhizobacteria on R2A medium as well as the proportion of in vitro
Verticillium antagonists did not differ significantly. Additionally, no treatment specific differences
were obtained in the composition of species of the non-target antagonistic bacteria in the rhizospheres.
The culture-independent analysis revealed only transient differences between the bacterial
communities not due to the treatments rather than to the plant growth stage. Fungal and bacterial
community fingerprints showed the development of a microbiota, specific for a field site. However, no
sustainable impact of the bacterial treatments on the indigenous microbial communities was found
using culture-dependent and -independent methods
Previously, Winding et al. (2004) reviewed the non-target effects of bacterial biological control agents
suppressing root pathogenic fungi. They found that significant non-target effects of BCAs have indeed
been observed, but these are generally small in scale and limited to a growth season, and have not been
proven to affect soil health. However, the majority of the non-target studies in their review contained a
number of concerns related to the experimental design, especially with the controls used in the
experiments. For environmental risk analysis appropriate controls are needed for evaluation of
observed non-target effects of the BCAs. Such controls include tests of BCAs functioning in soil,
target suppression, and production of important antimicrobial compounds. Furthermore, non-target
effects should be compared to controls with microbial inocula without biocontrol activity, to
agricultural practices including the chemical counterpart of the BCA, and to environmental variability.
These requirements are not always met.
8.2.2.

Fungi

Excellent reviews on safety of Beauveria bassiana, B. brongniartii and Metarhizum anisopliae to
vertebrates and to the environment have recently been published by Zimmermann (2007a, b). Various
aspects of the safety of M. anisopliae and other microbial pest control agents to man, other vertebrates,
beneficial and non-target organisms and also to crops were published by many authors (Goettel et al.,
2001; Laird et al., 1990; Saik et al., 1990; Zimmermann, 1993; Cook et al., 1996; Goettel & Jaronski,
1997; Vestergaard et al., 2003).The main concerns with fungi relate to toxicology: pathogenicity and
the production of metabolites, to allergenicity, and to environmental effects (host range). Many
authors have addressed the safety to non-target organisms with entomopathogenic fungi. In general,
there are no unacceptable effects on non-target organisms (Strasser et al., 2000; Lynch and Thomas,
2000; Goettel and Hajek, 2001a; Goettel et al., 2001b; Vestergaard et al., 2003; Jaronski et al., 2003;
Zimmermann, 2007a, b). The impact on earthworms and Collembola was reviewed by Brownbridge
and Glare (2007) and they concluded that applications of fungal products do not pose a significant risk
to those non-target organisms. Traugott et al. (2005) showed that Beauveria brongniartii had no
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negative effects on the non-target coleopteran Poecilus versicolor. The effects of the application of M.
anisopliae on soil microbiota (Kirchmair et al., 2008; Garrido-Jurado et al., 2011) and on the
microbial community populations in growing media (Shah et al., 2009) was also minor and transient.
The fungus also shows no effect on collembolans (Reinecke et al., 1990) and arthropods (GarridoJurado et al., 2011). So far, no phytopathogenic or phytotoxic effects of M. anisopliae, either on leaves
or plant roots, are known. For example, no reaction of the plants was noticed after treatment of
strawberry plants or root sensitive azalea with a high conidial suspension of M. anisopliae
(Zimmermann, 1981). Furthermore, no negative effects on the root development and plant growth
were observed after application of the former M. anisopliae product BIO 1020 to the soil of various
ornamental or nursery plants (Stenzel, 1992).In a review on persistence data of applied
entomopathogenic fungi Scheepmaker and Butt (2010) reported that levels of these released fungi
decline over time to natural background levels, and thus do not pose a major risk to soil biota. Parker
et al. (1997) concluded that Beauveria bassiana can be applied to forest soil without a significant
negative impact on the forest-dwelling invertebrate population because, on a total of 3615
invertebrates collected, 2.8% were infected with B. bassiana in treated plots versus 2.5% in control
plots. However, a study showed that B. bassiana induced mortality of the eggs, larvae, and adults of
the coleopteran Neochetina bruchi, the biological control agent of water hyacinth (Chikwenhere et al.,
2001).
A field study by Savazzini et al. (2009) with the fungus Trichoderma atroviride showed that the native
communities of bacteria and fungi in the soil of vineyards were affected during the first two weeks
following inoculation. However, at later dates, environmental conditions had a higher influence on the
surveyed communities than the BCA application, confirmed through the use of the Shannon index of
biodiversity.
Brimner and Boland (2003) reviewed the non-target effects of fungi used to biologically control plant
diseases. They found that non-target effects including mycoparasitism of mycorrhizae, reduction in
plant root colonisation by mycorrhizal fungi, disorders in commercial mushrooms and nodulation by
Rhizobium spp., and changes in plant growth have been associated with fungal biological control
agents, such as Trichoderma spp. Biological control agents such as Pythium oligandrum, Talaromyces
flavus, Coniothyrium minitans and Ampelomyces quisqualis have modes of action which may pose
risks to non-target fungi, bacteria, plants and animals. They conclude that there is need for future
research into ecological impacts associated with the release of any biological agent and methods of
determining possible non-target effects.
The only study found, concerning non-target effects of using Phlebiopsis gigantea treatments on
fungal community structure in freshly cut Picea abies stumps (Vasiliauskas et al., 2004) found no
long-term impacts, as in 6-year-old both treated and control stumps, P. gigantea was seldom detected
and no fruitbodies were observed. Here, the occurrence of other fungi increased, e.g. Resinicium
bicolor, Sistotrema brinkmannii, and Hypholoma capnoides. The target pathogen, Heterobasidion
spp., was the only basidiomycete with a significantly reduced incidence in Rotstop-treated stumps.
8.2.3.

Baculoviruses

The safety of baculoviruses to human and animal health and to the environment has been thoroughly
studied, and baculoviruses are generally recognised as safe (Burges et al., 1980a; Groner, 1986, 1990;
Cory, 2003; Lacey, 2008). For example, Arthurs et al. (2007) showed that Cydia pomonella L.
Granulovirus did not harm non-target species. Nevertheless, some non target effects of viruses used as
MPCAs can be observed on non-target insects, notably the predators and parasites of lepidopterous
pests. Thus 80-100% mortality of Chelonus insularis was reported after exposure to HGV; 96% of
mortality of Campoletis sonorensis was reported after exposure to NPV (4.106 pib/mL) and 80-100%
mortality of Trichogramma cacoeciae was reported after exposure to NPV at biocontrol dose (Flexner
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et al., 1986). However, all these observed impacts are related to the altered mortality rate of the
lepidopteran pest that is either the host or the prey of the above-mentioned non-target organisms.
The OECD published a consensus document on information used in the environmental risk assessment
of baculoviruses (OECD, 2002). Baculoviruses do not produce any metabolites or toxins, and cannot
reproduce outside the host. This is a major difference when compared to bacteria and fungi.
8.3.

Conclusions

It appears that overall, MPCA effective host range and non-target effects under field conditions have
not been shown to cause any detrimental impacts of concern but rather, any observed effects have
been short-term (transient) and minor (no population-level impacts). For ecological risk assessment
much more emphasis could be placed on comparative risk assessments, where the existing control
methods (e.g., chemical pesticides) and their non-target impacts are evaluated parallel to those of the
candidate MPCA, and then a risk assessment weighing all the alternatives could be made (Lacey et al.
1999; Langele and Strasser, 2010).
Concerning adequate reference background levels for MPCA in the target ecosystems it should be
noticed that current agroecosystems are heavily disturbed and do not represent a natural situation for
background levels (overevaluation of the natural background level). Indeed, even after full treatment
with most MPCA in a field, there are less of these organisms in this environment than under natural
conditions. The non-target is agricultural systems would be less exposed to these than under natural
conditions. For example, the CFU concentrations of Beauveria bassiana and Metarhizium anisopliae
in field soils in Europe are several orders of magnitude lower than their concentrations in the natural
habitat (forest) from which the fields originally have been cleared (Zec-Vojinovic et al., 2006).
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9.

INFLUENCE OF ABIOTIC AND BIOTIC PARAMETERS ON MPCAS SURVIVAL,
GROWTH AND PATHOGENICITY

This chapter provides an overview of the effects of abiotic and biotic factors on the efficacy of
MPCAs in both foliar and soil applications. Sunlight, humidity, temperature, soil texture-moisture
interactions, pH and presence of other microorganisms can affect both immediate efficacy and
persistence on plants.
9.1.

Factors that affect fungal microbial pest control agents

9.1.1.

Factors affecting fungi used as MPCAs in soil

Primary abiotic factors affecting the efficacy of fungal entomopathogens are soil texture (pore size
distribution), temperature, and moisture. Other physical factors in soil—pH, cation exchange capacity
and inorganic salts—do not seem to have any important impact on fungal entomopathogen infectivity
or persistence (Jaronski, 2010).
9.1.1.1. Soil texture, moisture and pH
Soil texture, particularly the size distribution of pore spaces, affects the infectivity of spores. For
example, the LC50 of B. bassiana for the southern corn rootworm ranged from 9.0 x 104 to 2.25 x 106
CFU/g of soil in ten different soils (Jaronski, 2007). There was neither correlation between soil type
and efficiency nor between soil type and conidial viabilities. Similarly, Kabaluk et al. (2007) observed
that efficacy of M. anisopliae for wireworms differed significantly among sand, clay, and organic soils
at the same moisture level. In another study, B. bassiana killed more ants in silt (70:15:15, silt:
sand:clay) and in sandy soil (15:70:15) than in clay (15:15:70, as in the control) (Fuxa et al., 2004).
Soil pH has been shown to influence the germination rates of germination of several fungal MPCAs,
such as Beauveria bassina – whose in vitro highest germination rates occur at pH 4 to 10 but are
inhibited at pH < 1.32 and > 11-12 (Perfetti et al., 2007), or Coniothyrium minitans – whose
germination and growth occurs only between pH 3-8, with an optimum at pH4-6 (McQuilken et al.,
1997). Trichoderma species, exhibiting an optimal growth between pH 4.5 and 6.5, are also affected
by soil pH in terms of virulence of Trichoderma harzianum (Kredics et al., 2003) but not in terms of
conidial development of Trichoderma atroviride (Schubert et al., 2009).
Presence of salts can also affect the germination rates of fungi, such as NaCl that inhibits Beauveria
bassina germination above 7% w/w (Perfetti et al., 2007).
9.1.1.2. Temperature
The temperature of the soil affects both the speed of germination and the speed of growth of fungal
MPCAs, as well as their biocontrol efficiency. Different fungal species, strains and isolates vary in
their thermal biologies. For example, it has been reported that B. bassiana is more sensitive than M.
anisopliae to high temperature because conidia viability, vegetative growth and virulence are
negatively affected (Alexandre et al., 2006).
The temperature ranges for growth of B. bassiana, M. anisopliae, and P. farinosus have been reported
to by respectively 5-30, 5-40, and 5-30 °C, and optimum growth temperatures are 25, 30, and 20 °C,
respectively (Hallsworth et al., 1999) ), although individual strains or isolates can grow outside of
these ranges. The majority of fungal entomopathogens display slowed germination and growth at
temperatures below 15°C. For example, Paecilomyces fumosoroseus has optimal growth rates between
20 and 30°C and both low temperature (8-11°C) and high ones -30-40°C) strongly limits its growth
(Vidal et al., 1997). B. bassiana grow in general at a wide temperature range from 8 to 35°C (Fargues
et al., 1997) with fastest germination rate at 25-32°C and fastest growth rate at 25-30°C, but the
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majority of conidia are not able to germinate at extreme temperatures (6-8 and 35-40°C) (Perfetti et
al., 2007), although some isolates do exhibit some cold activity (Fernandes et al., 2008). M. anisopliae
growth rate decreases with increasing temperature (from 28 to 40°C) and is unable to survive at 40°C
(Ouedraogo et al., 1997). Soil temperature also affects Coniothyrium minitans growth and survival as
between 4 and 28°C C. minitans can survive 360 days but the survival decreased between 30 and
40°C, up to only 1 day survival at 40-45°C (Yang et al., 2010; Partridge et al., 2006). Trichoderma
harzianum and Trichoderma atroviride see their growth rates decreasing with decreasing temperature
from 25-30°C to 15-10°C (Santamarina et al., 2006; Schubert et al; 2009).
Temperature can have considerable effects on host susceptibility and/or parasite virulence. Fungus x
host x temperature relationships are generally complex and nonlinear, depending on the type of
interaction between the host and pathogen thermal sensitivity profiles. Environmetnal temperature
influences biocontrol efficacy of fungal MPCAs through the modification of host-agent interactions
(Thomas et al., 2003). The range of possible influences of temperature on host–parasite interactions is
large, from effects on latent periods of infection, expression of latent disease, to host recovery and
parasite mortality, as well as effects on parasite virulence and/or host resistance (Thomas et al., 2003).
For example, the mycoparasitic activity of C. minitans is high (98% sclerotia infected) at temperatures
ranging from 14 to 22°C, but decreases at temperatures above 28°C (Partridge et al., 2006). In the
same manner, the colonisation rate of A. carbonarius on grape berries by Aureobasidium pullulans is
higher at 20-25°C than at 30°C (De Curtis et al., 2012). Fungal isolates of B. bassiana and M.
anisopliae have been shown to be more virulent at 25, 30 and 35° C than at 20° C (Alexandre et al.,
2006). The lethal time to 50% mortality (LT50) and lethal time to 90% mortality (LT90) values
decreased with increased temperature up to the optimum temperature for infection (Bugeme et al.,
2009). However, the speed of kill and overall mortality caused by these two agents can vary greatly
with changes of temperature. For example, fungal infections in locusts and grasshoppers were
observed to appear either very virulent with extensive and rapid mortality in 5-10 days, or virtually
benign with the same hosts surviving for weeks or even months depending on the pattern of
environmental temperature change (Thomas et al., 2003). This variability has been attributed to the
effect on pathogen virulence of host body temperature and how this fluctuates with external
environmental conditions. Paecilomyces fumosoroseus exhibits virulence against Galleria mellonella
between 13 and 35°C, with an optimum at 20-25°C (Fargues et al., 2004). Low soil temperatures often
prolong the time period before mortality from mycosis is achieved (Kabaluk et al., 2007). For
example, the LT50 (lethal time to 50% mortality) values of M. anisopliae toward the pasture scarab
beetle increases from 36 to 189 days when the treated beetles are incubated at 15°C versus 5°C (Rath
et al., 1995). Also, the longevities of Plutella xylostella larvae infected by B. bassiana are prolonged
as temperature decreased (Masuda, 2000).
9.1.1.3. Presence of pesticides
Agricultural inputs (fertiliser, pH modifiers and pesticides) and practices can have major impacts on
fungal MPCAs applied in soils (Klingen et al., 2006). For example, Trichoderma harzianum survival
is promoted by 3-3.8% NPK soil fertilisation (Elad et al., 1993) whereas the presence of pesticides
affects its virulence (Kredics et al., 2003). Agrochemicals, especially fungicides, can have direct
effects on fungal persistence but there is a lack of realistic, in situ studies that examine potential
interference of agrochemicals in fungal efficacy (Jaronski, 2010; Kredics et al., 2003). One of them
reports that the presence of several pesticides affects the growth and survival of Coniothyrium
minitans in the soil, as well as its virulence (Partridge et al., 2006). In this study, in vitro mycelial
growth and conidia germination of C. minitans have been shown to be sensitive to azoxystrobin,
chlorothalonil, fluazinam, pyraclostrobin, tebuconazole, and diclosulam. Mycoparasitic activity
against sclerotia of S. minor was reduced in the presence of the above-mentionned pesticides, in
addition to flumioxazin, pendimethalin and pyraclostrobin, but remains the same in the presence of Smetolachlor. Generally, conidia in soil remain ungerminated in presence of pesticides, but germination
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on an insect‘s cuticle may be isolated from the effects of a soil pesticide; and, once inside an insect,
the fungus may well be insulated from adverse effects of a pesticide in the soil.
9.1.1.4. Biotic factors
Biotic factors, primarily soil microbiota, are important particularly with regards to persistence of
fungi. In general, most natural soils exhibit a fungistasis for fungal entomopathogen conidia as well as
other fungi, which seems to originate more from nutritional factors than antibiosis (Jaronski et al.,
2010). Jaronski and coworkers (2007) examined in vitro interactions between 30 sugarbeet rhizoplane
bacteria and three isolates of B. bassiana and M. anisopliae and showed that Gram negative species
inhibited conidial germination more than Gram positive species. It should be noted that in vitro
observations may not necessarily reflect in vivo interactions. An in situ study showed that
Trichoderma harzianum virulence can be affected by antagonistic bacteria in soil (Kredics et al.,
2003).
9.1.2.

Factors affecting fungi used as MPCAs on foliage

Once applied to foliage, the levels of fungal spores tend to decline rapidly because of several factors:
sunlight, rain, temperature, humidity, leaf surface chemistry, and other microorganisms on leaves.
Even during the initial infection process—spore activation, germination, initial insect cuticular
penetration— fungi are still susceptible to these environmental factors (Jaronski, 2010). These diverse
biotic and abiotic factors can limit the efficacy of the MPCAs applied, but some of them can also be
artificially manipulated to enhance efficacy.
9.1.2.1. Sunlight
UV A and B from sunlight are known to be a major mortality factor of fungal spores largely
responsible for short persistence of fungal MPCAs in the environment (Jaronski, 2010; Braga et al.,
2001a). In general, the half-life of fungal conidia under outdoor natural sunlight is 3–4 h in terms of
percent viability or viable numbers per unit area (Braga et al., 2001b). Solar radiation may also delay
the rate of spore germination (Braga et al., 2001b).
The magnitude of the effect caries with fungal species, strain and isolate (Fargues et al., 1996;
Fernandes et al., 2007). For example, conidia of Isaria fumosorosea were reported to be more
susceptible to UV radiation compared to other entomopathogenic fungi, while Metharizium acridum
were the most resistant followed by Beauveria bassiana and Metharizium anisopliae (Fargues et al.,
1996).
Fungal conidial viability is enhanced when protected from the sun, for example by a natural protection
such as the lower surface of leaf – limiting the viability decrease of B. bassiana from about -10% per
day versus -47% per day on upper leaves surfaces (Jaronski et al., 2009); or by artificial protection
such as a UV-protectant oil, formulated with an optical brightener and magnesium silicate clay, that
increases by 10% B. bassiana conidial survival (Thompson et al., 2006).
9.1.2.2. Rainfall
Rain events following application of fungal MPCAs can be highly detrimental for their biocontrol
efficacy because of both alterations in parasite survival and in parasite-host interaction.
Inglis and coworkers (1995) observed that B. bassiana conidia suffered rates of removal of 25–47%
from alfalfa and 51–56% from wheat leaflets with as little as 30 min of simulated rain.
Similarly, the susceptibility of beetle larvae to M. anisopliae on oilseed rape leaves was significantly
reduced by rain (Inyang et al., 2000) with mortality being reduced by 40-60% following exposure to 1
h simulated rain, attributed to 39-76% loss of M. anisopliae conidia from leaf surfaces.
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9.1.2.3. Temperature
Ambient temperatures can affect fungal entomopathogen field efficacy. As discussed previously,
growth rates and survival depend on air or soil temperature, as well as virulence and pathogenicity.
However, there are considerable differences in temperature tolerances among the fungal
entomopathogens, even among isolates of the same species (Fargues et al., 1996; Bugeme et al.,
2009). As the temperature of the soil is directly influenced by the temperature of the air, the
considerations of impact of temperature on fungal MPCAs in foliage are the same as that discussed in
the previous section.
9.1.2.4. Humidity
Most fungi used as MPCAs require high humidities for spore germination, growth and development.
For example, growth rates and survival of Trichoderma strains are promoted by high relative humidity
(90%) (Elad et al., 1993; Santamarina et al., 2006; Schubert et al., 2009; Begoude et al., 2007).
Colonisation rates of Aureobasidium pullulans increased with increasing humidity from 60% to 100%
(De Curtis et al., 2012), while B. bassiana efficacy against Cylas formicarius was reduced at 43%
relative humidity (Yasuda et al., 1997) and was reported to exhibit a humidity threshold of 96% for
efficacy against Rhodnius prolixus (Luz et al., 1999). Coniothyrium minitans is active between 9-24%
moisture, with a decrease in survival and virulence at high (45%) soil moisture (Yang et al., 2010;
Huang et al., 2008). For entomopathogenic fungi, insects can become infected at low ambient
humidities provided that the microclimate humidity at the infection site is sufficiently high to enable
fungal activity (Jaronski, 2010).
9.1.2.5. Biotic factors
The phylloplane is replete with a great variety of microorganisms which could, therefore, interact with
and affect the efficacy of MPCAs. However, Jaronski (2010) concluded that aerial conidia of species
such as B. bassiana and M. anisopliae, being dormant until they contact insect cuticle, are probably
unaffected by phylloplane microbiota. The author also reports that relatively few studies regarding any
interaction between fungal entomopathogen conidia and microorganisms have been reported and all
were done in vitro, creating a significant knowledge gap.
There are also few laboratory studies examining interaction of fungal entomopathogens with another
insect pathogen, or two fungal pathogens within the same host. The presence of another pathogen may
make the target insects more susceptible to a fungal entomopathogen, although competitive
interactions that reduce insect susceptibility are also possible (Jaronski, 2010).
9.2.

Factors that affect bacterial microbial pest control agents

9.2.1.

Temperature

Bacillus subtilis is able to sustain growth in laboratory conditions between 11°C and 52°C (mesophilic
temperature range) with an optimal growth temperature between 25 and 35 °C (Budde et al., 2006).
This bacterium frequently encounters reductions in temperature in its natural habitats and has
developed an adaptational response to low temperature that enables it to continue to growth at 15°C
(Budde et al., 2006). The survival of Pseudomonas fluorescens in soil is affected by increasing
temperature above 15°C: decline of population is much more pronounced at 20 °C than at 15 or 10 °C,
indeed inoculated bacteria are persisted for no more than 54 days at 20 °C compared to more than 100
days at 10 or 15 °C (O‘Callaghan et al., 2001).
Temperature also affects the virulence and the pathogenicity of bacteria used as MPCAs. However, the
size and direction (positive or negative) of the effect differs among and between species. For example
the pathogenicity and susceptibility of Bacillus sphaericus against mosquito decreases with decreasing
temperature (Wraight et al., 1981) whereas the biocontrol efficacy of Bacillus thuringiensis against
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mosquitoes was reported to be tenfold higher at 5°C than at 25°C (Becker et al. 1992); while the
pathogenicity of Bacillus subtilis is reported to be unaffected by temperature (Schmidt, 2004a).
Concerning Pseudomonas fluorescens, its antagonistic activity against Pythium spp. decreased with
increasing soil temperature from 7 °C to 35 °C Schmidt, 2004a).
9.2.2.

Sunlight and other soil characteristics (humidity, nature, composition, etc.)

Solar radiation has been reported to significantly reduce the effectiveness of Bacillus thuringiensis var
israelensis against mosquito (Becker et al. 1992).
Soil characteristics, such as composition, moisture or pH, are parameters that can have an effect on
bacteria used as MCPAs. For example, soil moisture impacts the survival of P. fluorescens, with
populations declining more rapidly in dry soil (13% w/w) than moist soil (23 and 30% w/w)
(O‘Callaghan et al., 2001). Schmidt and coworkers (2004b) showed that colonisation rate of the sugar
beet roots by Pseudomonas fluorescens was slightly increased in soils from Craibstone, Magdeburg,
and Uelzen in comparison with a sandy clay loam from Tymbaki. However, P. fluorescens reduced
Pythium damping-off only in three of the five soils. Co-inoculated Bacillus subtilis did not reduce
Pythium damping-off in any of the soils. In Craibstone soil, pH did not affect population density or
distribution along the root or biocontrol activity of P. fluorescens or B. subtilis.
9.2.3.

Biotic factors

Biotic factors, such as the density of the host or the presence of other microorganisms that can
compete with food and space or directly predate them, can greatly affect the survival and biocontrol
efficacy of bacterial MPCAs. For example the efficacy of Bacillus thuringiensis var israelensis against
mosquito has been shown to decrease in a linear manner with increasing larval density (Becker et al.
1992). In addition, competition in food intake by filter feeding Daphnia resulted in lower mortality of
mosquito larvae after B.t.i. applications (Becker et al. 1992).
9.3.

Factors that affect viral microbial pest control agents

The optimal temperature for granulovirus multiplication is 24°C; however, studies have shown that
temperature has minor direct effects on the number of granulovirus during an infection (Sporleder et
al., 2008). Baculovirus also have a good thermal stability (Ribeiro et al., 1994).
9.4.

Conclusions

The growth, survival and virulence/pathogenicity of bacteria and fungi can be greatly influenced and
altered by biotic and abiotic factors in the environment, bringing variability and uncertainty in their
behavior and efficiency as biocontrol agents. Different effects can be observed between studies done
under laboratory and field conditions, and in general these interactions are complex and nonlinear.
Significantly different responses to biotic and abiotic factors can occur between different species and
strains of MPCA, which can hinder the possibility to extrapolate fate and behavior in the environment
abilities or pathogenicity of a specific strain to another (see next chapter on read-across). The Table 17
provides a summary of studies investigating the effects of biotic and abiotic factors on MPCAs.
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Table 17 : Inflence of biotic and abiotic factors on MPCAs
MPCA

Effect on

Temperature

Relative
humidity

Sunlight

Soil
fertilisatio
n

Type
soil

of

salinity

pH

Rain

Density of
other
organisms

Source

Fungi

Aureobasidium
pullulans

Pathogenicity

Beauveria
bassiana

Pathogenicity

Survival

Growth

De Curtis, 2012

Higher colonisation
rate for lower T°C
(20-25°C vs 30°C)

Higher
colonisation rate
for higher
humidity (100%
vs 60%)
Virulence decrease
Virulence higher
with high temperature in wet soil than
: higher 20-25°C than dry soil; effect of
30-35°C
RH at low temp.
Majority of conidia
not able to germinate
at extreme
temperatures (6-8 and
35-40°C), except
some cold activity
Fastest germination at
25-32°C, fastest
growth at 25-30°C

Higher irrigation
maintains
viability better
than low
irrigation

UV
protectants
increased
conidial
viability

Water activity
a(w) range for
growth : 0.90.998
A(w) range for
growth : 0.90.995

Candida sake*

Growth

Growth between 497°C , Growth rates
reduced at marginal
temperatures

Coniothyrium
minitans

Pathogenicity

Optimal virulence
between 15-25°C,
decrease above 28°C

Virulence
between 9-24%
moisture,
decrease
with
high soil moisture

Survival

Increasing

Survival longer in
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Virulence
higher in
silt soil than
sandy soil
or clay
3 month
Germination
survival
inhibited at NaCl]
under most >7%
soil
conditions
Germination rates
decreased with
increasing NaCl
concentration
NaCl reduces
a(w) range 0.9950.92 and
temperature 1030°C for growth
Virulence
in natural
soils,
but
reduced by
pesticides
presence
Affected by

Alexandre, 2006 ;
Bugeme, 2009;
Fuxa, 2004;
Masuda, 2000;
Shi, 2008

Germination
inhibited at
pH < 1.32
and > 11-12

Perfetti, 2007;
Fargues, 1997;
Fernandes, 2008;
O‘Callaghan,
2001; Thompson,
2006

Germination
rates higher at
pH 4 to 10

James, 1998;
Perfetti, 2007;
Fargues, 1997;
Hallsworth, 1999

Tolerant on
pH 3-7

Texeido, 1998

Huang, 2008;
Partridge, 2006

Yang, 2010;
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MPCA

Effect on

Temperature

temperature affects
survival (4-40°C)

Metarhizium
anisopliae

Paecilomyces
fumosoroseus

non- irrigated
soils than
irrigated ones

Growth

Germination between
10-25°C, optimum at
20°C

Pathogenicity

Virulence increases at
high temperature (2535°C), but declines
after (null at 40°C)

Virulence
decreases with
increasing RH
(55-75%)

Survival

No survival at 40°C
Longevity increases
when temperature
decreases from 37°C
to 4°C

Growth

Growth between 540°C, optimum at
30°C; growth
decrease with
increasing
temperature (2840°C)
Infectivity between
13-35°C, optimum at
20-25°C
Optimal growth rates
at 20-30°C, higher
temperatures (30–
40°C) more limiting
lower (8–11°C)
conidia do not

Longevity
increases at high
RH (97%) or low
RH (0%) but
lethality at
intermediate RH
(33-75%)
Growth between
a(w) 0.9-0.998,
optimum at 0.970.99

Pathogenicity

Growth

Paecilomyces

Relative
humidity

Survival
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Sunlight

Soil
fertilisatio
n
several
pesticides,

No effect Affected by
on growth several
pesticides

Type
soil

of

salinity

pH

Rain

Density of
other
organisms

Source

Partridge, 2006

Yang, 2010;
Partridge, 2006
McQuilken, 1997

Germination
and growth
between pH
3-8, optimum
at 4-6
Rain
decreases
efficiency

Bugeme, 2009;
Alexandre, 2006;
Brooks, 2004;
Michalaki, 2006;
McCartney, 2000
Brooks, 2004;
Daoust, 1983;
Ekesi, 2003;
Ouedraogo, 1997

Hallsworth, 1999;
Brooks, 2004;
Polar, 2005;
Ouedraogo, 1997

Fargues, 2004

Vidal, 1997

Kienwick, 2006
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MPCA

Effect on

lilacinus
Growth

Paecilomyces
farinosus
Phlebiopsis
gigantea

Growth

Trichoderma
harzianum

Pathogenicity

Survival

Temperature

survive exposure to
36°C for 168 h.
Optimum growth
between 24-30°C,
optimum germination
between 28-30°C
Growth between 530°C, optimum 20°C
Optimum
germination at 30°C,
decrease at higher
temperatures
Temperature affects
virulence

Survival

Growth

Trichoderma
asperellum

Growth

Trichoderma
atroviride

Growth

Verticillium
lecanii

Pathogenicity

Relative
humidity

Type
soil

of

Growth between
a(w) 0.9-0.998

salinity

pH

Rain

Density of
other
organisms

Source

Hallsworth, 1999

Growth in KCl

Thor, 1997

Virulence
between 0.95 and
0.995 a(w)

Growth increases
with increasing
a(w), optimum at
0.995
mycelial growth
rate optimal at aw
between 0.9950.980
Growth rate decrease Growth
rate
with decreasing
decrease
with
temperature (30decreasing a(w)
10°C)
(0.998-0.892)
Optimum virulence at
25°C
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Soil
fertilisatio
n

Kienwick, 2006

Survival
promoted by high
RH (90%)

Growth decreases
when temperature
decreases from 25 to
15°C
Growth between 2030°C, optimum at
30°C

Sunlight

Presence of
pesticides
affects
virulence
Survival
promoted
by 3-3.8%
NPK soil
fertilisation

Presence of
metal ions
affects
virulence

pH affects
virulence

Antagonistic
bacteria in
soil affect
virulence

Pilar, 2006;
Kredics, 2003

Elad, 1993

Santamarina,
2006

Growth
between 4.58.5, optimum
at 4.5-6.5
No effect of
pH on
conidial
development

Begoude, 2007

Schubert, 2009;
Schubert, 2010

Cuthbertson,
2005
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MPCA

Bacteria
Bacillus
sphaericus

Effect on

Temperature

Relative
humidity

Sunlight

Soil
fertilisatio
n

Type
soil

of

salinity

pH

Rain

Density of
other
organisms

Source

Growth

Growth between 530°C, optimum at
25°C

Kope, 2008

Pathogenicity

Pathogenicity
decreases with
decreasing
temperature
not affected by
temperature

Wraight, 1981

Bacillus subtilis

Pathogenicity

Bacillus
Thuringiensis

Pathogenicity

Pseudomonas
fluorescens

Pathogenicity

Influence
on
colonisation
rate and
pathogenicity

Efficacity of Bti
higher at low
temperature (5°C)
than 25°C
Virulence decrease
with increasing
temperature,
optimum at 15°C
Decline with
increasing
temperature (1020°C), not recovered
after 54 days at 20°C

Influence
on
colonisation
rate and

Pathogenicity
Pathogenicity

Thermal stability
Minor direct effects
of temperature on
virus numbers,
optimum at 24°C

Dry soil
decreases
survival

Schmidt, 2004a
and b

Competition Becker, 1992;
with daphnia Wraight, 1981
decreases
efficacity

Sunlight
reduces the
efficacity

pathogenicity

Survival

No influence
on
colonisation
rate and
pathogenicity

No influence
on
colonisation
rate and
pathogenicity

Schmidt, 2004a
and b

O‘Callaghan,
2001

Viruses

Baculovirus
granulovirus
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10. EXTRAPOLATION OF DATA BETWEEN MPCA SPECIES OR STRAINS TO AID RISK
ASSESSMENT (READ-ACROSS)
The data required by the EU data requirements to enable MPCAs -and biopesticides in general - to be
evaluated for the purposes of risk assessment is expensive to generate, and this can be a deterrent to
the commercialisation of new MPCA products by biocontrol companies (Chandler et al., 2011). It
might be possible to reduce costs if data on the risk assessment of a particular species or strain of
MCPA that has already been approved could be extrapolated, or ―read across‖, to a candidate MPCA
based on another species / strain undergoing evaluation. It might also be possible to use public domain
data (e.g. from the peer review literature) from one species / strain of MPCA to support the
authorisation of another. For example, information about genetic transfer to non-target organisms is
available in the peer reviewed literature for Agrobacterium tumefaciens but not for the MPCA
Agrobacterium radiobacter K84; while information about toxin production is available for
Pseudomonas fluorescens but not for the MPCA Pseudomonas sp. strain DSMZ 13134.
The development of new scientific and technical guidance or procedures that speed up the risk
assessment process without compromising on safety could be a significant help in facilitating the
commercialisation of MPCAs as crop protection products (Mensink & Scheepmaker, 2007). At
present, MPCAs are evaluated on a strain-by-strain basis, i.e. each strain of MPCA is evaluated
separately, where the term ―strain‖ refers to a genetic variant of a species of MPCA. One key question
therefore is whether it is possible to ―read across‖ from data obtained for one MPCA
species/strain/isolate for the risk assessment of another species/strain/isolate. If viable, this could help
speed up risk assessment.
The possibilities of cross-reading of effects among microorganisms depend on their close relation in
terms of:
- Phylogeny
-

Phenotype
o

Physiology or morphology

o

Behaviour

o

Emission of chemical or biological substances


Class of substance



Chemical structure



Mode of action

Phylogeny has long been used to assess the relationships of bacterial species and, indirectly, to predict
the physiological characteristics of an organism (Giovannoni et al., 1987). In many cases, close
relatives are similar phenotypically and share metabolic capabilities. Therefore, the read across
potential for the assessment of infectivity, host range, pathogenicity and toxicity among organisms
with the same species, strain or isolates can be assessed based on phylogeny of the microorganisms:
the more phylogenetically closely related, the more likely phenotypically closely related (seeFigure 2).
Effects or toxicity on non-target organisms reported for a microorganism will lead by cross reading to
a high probability to observe those effects in a genetically related strain or species.
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Figure 2: Relationship between phylogeny and cross-reading, the direction of the arrow refers to
increasing likelihood
If data are available on a particular group of MPCAs, then it may well be possible to extrapolate to
some extent from existing knowledge to risk assessment for new microbial strains/isolate in terms of:
-

Infectivity and pathogenicity

-

Production of metabolites/toxins

-

Toxicity endpoints and adverse effects :
o

Type of adverse effects,

o

Type of organism threatened by the adverse effects,

o

Dose–effect relationships (including the
mechanisms underlying the adverse effects.

no-observed-adverse-effect

levels),

For example, there is extensive information on the human safety of Bt, with no evidence of
mammalian toxicity or pathogenicity, and this has led some authors to raise the issue of whether a
reduced set of toxicological studies is warranted for new Bt strains of subspecies already authorised
for use as PPPs (McClintock et al., 1995). Similarly, baculoviruses are highly specific, with infection
confined to a single host insect species or a small number of species from the same genus, and as such
they are considered to pose minimal environmental risk (Groner, 1990). This may be grounds for
relaxing the data requirements for environmental risk assessment of new baculovirus strains. A similar
argument could be applied to the mycoparasitic fungus Coniothyrium minitans, which is restricted to
causing infections in sclerotial plant pathogens (Whipps and Gerlagh, 1992). Scheepmaker & Butt
(2010) have proposed that, because the pattern of decline in soil of the insect pathogenic fungi M.
anisopliae, B. bassiana and B. brongniartii is the same regardless of strain, location, soil type or type
of experiment, then similar patterns of decline are likely for other species and strains of
entomopathogenic fungi, which could be used to inform risk assessment. Similarly,several Bacillus
species produce lipopeptide antibiotics (iturin, surfactin and fengycin namely) thus there is a good
potential to realise cross reading between Bacillus thuringiensis, Bacillus amyloliquefaciens, Bacillus
subtilis or Bacillus pumilus strains for the production of such substances. However, these arguments of
read across cannot be applied to all MPCAs or all areas of risk assessment, and in particular predicting
the physiology and ecological behaviour of microorganisms based on knowledge of their phylogenetic
relationships must be done with some caution. Physiologic or metabolic characteristics of community
members cannot be extrapolated from genetic sequence data alone because closely high sequence
similarities can also be associated with physiologically disparate organisms (Achenbach et al., 2000).
A generalist species may infect and develop successfully in hosts belonging to several taxa, while
populations or strains are highly host-specific. For example, Beauveria bassiana, an
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entomopathogenic fungus, exploits over 200 species of insects in nine orders, but some isolates show a
high degree of specificity (Feng et al. 1994).
For this reason, tools such as the risk decision tree proposed for MPCAs by Mensink & Scheepmaker
(2007), based on information on MPCA identity, emission, exposure, and effects on non-target
organisms, could be valuable in informing risk assessors about whether some data can be waived or
not, although this would require greater reliance on expert judgement than is possibly the case at
present (Mensink & Scheepmaker, 2007).
The degree of confidence in extrapolating from one MPCA strain to another is dependent on the level
of understanding of microbial phylogenetic relationships and the genetic basis of traits associated with
risk assessment. Because MPCAs that are phylogenetically related have a common evolutionary
history, they have shared inheritable characteristics that may be relevant to risk assessment. One of the
aims of modern classification is to identify natural, evolutionary groups of microorganisms, and in
particular to identify membership of clades, which are monophyletic groups containing an ancestor
and its descendants. Traditionally, microorganisms were classified according to morphological or
biochemical criteria which did not necessarily reflect their true phylogenetic relationships. Modern
classifications are based on nucleotide sequence data from individual loci or from whole genome
sequencing; the latter is becoming increasingly affordable as a way of comparing different microbial
strains. For example, a recent pangenomic evaluation of seven Bt strains (Fang et al., 2011) opens up
the possibility of identifying the genetic basis of traits relevant to Bt risk evaluation including
persistence in the environment, gene transfer etc. Because of the significantly larger genome size of
fungi, fungal pangenomics is still in its infancy (for example see Dunn et al., 2012), but should
become more commonplace with advances in high throughput sequencing and annotation. New fungal
phylogenies based on multilocus sequence data, as has been done recently for Metarhizium and
Beauveria for example (Rehner et al., 2011; Bischoff et al., 2009), are critical for identification of
clades, while genome sequencing of MPCAs – as has been done recently with Trichoderma, for
example (Kubicek et al., 2011) – is an essential prerequisite to understanding the genetic basis of key
microbial traits. There is a strong case, therefore, for sequencing the genomes of a wide range of
strains of microbial species used as MPCAs, and to conduct studies to identify the genetic basis for
traits linked to risk assessment, including ecotoxicology, fate and behaviour in the environment, host
range etc. With modern systems biology approaches this is becoming increasingly tenable and could
be a powerful tool to inform the risk assessment and use of MPCAs for improved crop protection.
No publications dealing with the effects of abiotic factors on the possibility of cross-reading between
species were found. Studies that compare the thermal profiles of different strains of the same species
of MCA exist (see previous chapter), with for example the growth at different temperatures of
different strains of Beauveria bassiana (Fargues et al., 1997). However, their focus on the influence of
biotic or abiotic factors on MPCAs is on the abiotic conditions needed for effective biocontrol and
they do not then address the possibility to read across from one strain to another in terms of
environmental risk assessment. There is then a gap in knowledge that needs to be addressed in future
work. Generally, based on Team‘s expertise, only a broad inference about the response of a particular
strain to an abiotic factor can be made based on knowledge of other strains. For example if the normal
maxima and minima for growth or survival for particular variables such as temperature are known, so
general predictions can be made. However, this information is useful as background, but it is not a
substitute for testing a candidate biocontrol strain in experiments.
To conclude, cross reading must be used with increasing caution when distant phylogeny between
microorganisms, because even a small variation in virulence of an organism can have drastic
consequences on the outcome of the interaction, as repeatedly witnessed by the ‗arms race‘ between
plant breeders and plant pathogens (Freimoser et al., 2005; Nykyri et al., 2012). If the performance of
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a MPCA or a pathogen can‘t be predicted even within the same species or between different strains, it
will be infinitely more difficult and questionable to extrapolate across species.
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11. EXISTING TEST GUIDELINES - APPROPRIATENESS OF EXISTING TEST GUIDELINES FOR
THE EFFECT ASSESSMENT ON NON-TARGET ORGANISMS (TOPIC 6)
The development of microbial pesticides and their regulation has recently been reviewed by
Ravensberg (2011). The first microbial pesticide, Bacillus popilliae, was registered in the USA in
1948, for the control of the Japanese beetle Popillia japonica. Bacillus thuringiensis was registered in
the USA in 1961, and as the first microbial pest control product in Europe in 1964 in Germany.
Interest in insect baculoviruses had been great in the USA already in the 1960s, with substantial
publically funded research on them, including on their safety. First viral insecticide was registered in
1975 by the US EPA, and only in 1987 in Europe (Switzerland), although the pine sawfly Neodiprion
sertifer NPV had been used at a large scale in Finland already since early 1970s.
Data requirements for registration evolved slowly, as approval processes were new to regulators, used
to deal with registrations for chemical pesticides. Many proposals were developed and proposed, but
most countries followed their own procedures in the beginning, usually based on requirements
designed for chemicals. In Europe, directive 91/414/EEC (EC 1991) specified formal requirements for
regulating all pesticides, but only 8 years after its implementation, a standardised set of data
requirements became available for all EU countries (2001/36/EC). Unfortunately these were
developed without consultation with the biopesticide industry, or academic experts familiar with the
properties of microbial products. The data requirements, similar to requirements for chemical
pesticides, largely suffocated the placing on the market of microbial control products.
In the meanwhile, the US EPA developed a comprehensive set of data requirements and associated
guidelines – in total 44 guidelines (Table 18). The relatively simple, clear, and uncomplicated
procedures in the USA, compared to those in place in Europe, rapidly led to the situation that in
Europe the registration of a new microbial pesticide (inclusion in Regulation EC 540/2011) took over
75 months on average, while it took in the USA only 28 months. Despite intensive R&D in Europe,
just 57 biopesticide products were on the market in 2006, versus 225 products in the USA.
Scientists and the biopesticide industry have been trying to improve the situation via numerous
conferences, workshops, and research projects, but the regulatory hurdles in Europe have remained
prohibitively difficult and expensive until today. The EU started in late 1990s to fund specific research
aimed at developing environmental risk assessment procedures for biological control products. Several
projects were funded since then, including ERBIC (Evaluating Environmental Risks of Biological
Control Introductions; Hokkanen et al., 2002), BIPESCO (Biological Pest Control; Strasser et al.,
2011), RAFBCA (Risk Assessment of Fungal Biological Control Agents, Butt et al., 2002; Strasser et
al., 2005), and REBECA (Regulation of Biological Control Agents; Ehlers et al., 2008).
ERBIC (FAIR-CT97-3489) aimed at determining the negative and positive effects of different types of
biological pest control methods for agriculture, the environment and biodiversity in Europe, and at
developing rapid and reliable methods to assess the potential risk of import and release of biocontrol
agents in Europ. The project proposed specific European guidelines to ensure that biocontrol agents
which are to be introduced are environmentally safe (Hokkanen et al., 2002).
BIPESCO (acronym for Biological Pest Control) was an EU-funded project (FAIR-98-4105) to
develop entomogenous fungi for the control of subterranean insect pests like scarabs and weevils
(Strasser et al., 2011) while RAFBCA (acronym for Risk Assessment of Fungal Biological Control
Agents, QLK1-CT-2001-01391) aimed to develop simple in vitro tests to detect and quantify fungal
metabolites in the crop or produce, to identify possible exposure routes, and to assess the risk they
pose to human and animal health.
REBECA in turn was a Specific Policy Support Action project, aiming to support the simplification
and harmonisation of the regulatory procedures for biological control agents in Europe, in particular
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concerning microbial pest control agents. Several dozen deliverables from REBECA form an
important source for improving the regulatory climate for MPCA in Europe. It became very clear
within the REBECA-project that the European requirements for MPCA regulation are inappropriate
and overly restrictive.
European and global harmonisation of regulatory oversight for microbial pest control agents has
largely been led by the OECD BioPesticides Steering Group. The OECD published the first guidance
document concerning data needed for MPCA registration in 1996, followed by several updates in
2003, 2004, and 2012. Five other, related OECD documents were published 2008-2011. Besides the
OECD, the IOBC, EPPO, WHO, FAO, and IBMA have all provided specific or more general guidance
concerning the regulation of biopesticides. For this survey, 106 guidance documents of relevance were
found, of which about 60% were rated as highly relevant to this review. Approximately half of the
guidelines target the competent authorities, and half of them industrial stakeholders. This high number
of guidelines intended for competent authorities reflect the will of harmonisation of politics and of
simplification of placing on the market regulations for MPCA (BioPesticides Steering Group of the
OCDE, REBECA (EU), ERBIC, etc).
Table 18: US EPA OCSPP Harmonised Test Guidelines: Series 885 - Microbial Pesticide Test
Guidelines 885.0001 - Overview for Microbial Pest Control Agents (February 1996)

Group A – Product Analysis Test Guidelines
885.1100 - Product Identity (February 1996)
885.1200 - Manufacturing Process (February 1996)
885.1250 - Deposition of a Sample in a Nationally Recognized Culture Collection (April 2012)
885.1300 - Discussion of Formation of Unintentional Ingredients (February 1996)
885.1400 - Analysis of Samples (February 1996)
885.1500 - Certification of Limits (February 1996)

Group B – Residues Test Guidelines
885.2000 - Background for Residue Analysis of Microbial Pest Control Agents (February 1996)
885.2100 - Chemical Identity (February 1996)
885.2200 - Nature of the Residue in Plants (February 1996)
885.2250 - Nature of the Residue in Animals (February 1996)
885.2300 - Analytical Methods--Plants (February 1996)
885.2350 - Analytical Methods--Animals (February 1996)
885.2400 - Storage Stability (February 1996)
885.2500 - Magnitude of Residues in Plants (February 1996)
885.2550 - Magnitude of Residues in Meat, Milk, Poultry, Eggs (February 1996)
885.2600 - Magnitude of Residues in Potable Water, Fish, and Irrigated Crops (Feb. 1996)

Group C – Toxicology Test Guidelines
885.3000 - Background--Mammalian Toxicity/Pathogenicity/Infectivity (February 1996)
885.3050 - Acute Oral Toxicity/Pathogenicity (February 1996)
885.3100 - Acute Dermal Toxicity/Pathology (February 1996)
885.3150 - Acute Pulmonary Toxicity/Pathogenicity (February 1996)
885.3200 - Acute Injection Toxicity/Pathogenicity (February 1996)
885.3400 - Hypersensitivity Incidents (February 1996)
885.3500 - Cell Culture (February 1996)
885.3550 - Acute Toxicology, Tier II (February 1996)
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885.3600 - Subchronic Toxicity/Pathogenicity (February 1996)
885.3650 - Reproductive/Fertility Effects (February 1996)

Group D – Nontarget Organism and Environmental Expression Test Guidelines
885.4000 - Background for Nontarget Organism Testing of Microbial Pest Control Agents (Feb. 1996)
885.4050 - Avian Oral, Tier I (February 1996)
885.4100 - Avian Inhalation Test, Tier I (February 1996)
885.4150 - Wild Mammal Testing, Tier I (February 1996)
885.4200 - Freshwater Fish Testing, Tier I (February 1996)
885.4240 - Freshwater Aquatic Invertebrate Testing, Tier I (February 1996)
885.4280 - Estuarine and Marine Animal Testing, Tier I (February 1996)
885.4300 - Nontarget Plant Studies, Tier I (February 1996)
885.4340 - Nontarget Insect Testing, Tier I (February 1996)
885.4380 - Honey Bee Testing, Tier I (February 1996)
885.4600 - Avian Chronic Pathogenicity and Reproduction Test, Tier III (February 1996)
885.4650 - Aquatic Invertebrate Range Testing, Tier III (February 1996)
885.4700 - Fish Life Cycle Studies, Tier III (February 1996)
885.4750 - Aquatic Ecosystem Test (February 1996)

Group E – Environmental Expression Test Guidelines
885.5000 - Background for Microbial Pesticides Testing (February 1996)
885.5200 - Expression in a Terrestrial Environment (February 1996)
885.5300 - Expression in a Freshwater Environment (February 1996)
885.5400 - Expression in a Marine or Estuarine Environment (February 1996)
__________________________________________________________________________________
11.1.

Current guidance document for the safety evaluation of microbial pest control products

The OECD Guidance to the Environmental Safety Evaluation of Microbial Biocontrol Agents (OECD,
2012) is currently the most comprehensive guidance document available in Europe concerning the
environmental safety of MPCA. Originally it was published on 17 February 2012, and was later
adopted as such by the EU Standing Committee on the Food Chain and Animal Health on 28
September 2012, and will apply to applications submitted from 1 July 2013 onwards
[SANCO/12117/2012 –rev. 0, September 2012].
The OECD/SANCO document was written for Member States and industry risk assessors and
scientists involved in the authorisation and approval of microbial plant protection products and their
active agents. With the aim of harmonising the environmental safety assessment of micro-organisms a
risk assessment decision scheme was developed based on the proposal by Mensink & Scheepmaker
(2005, 2007), detailed in the document. The use of micro-organisms covered by this document is
restricted to crop protection for outdoor applications. The intention of the guidance document is that
Member States, EFSA and industry start using it to gain experience, and in this way improve the
safety assessment of micro-organisms and microbial plant protection products.
Risk assessment for the environmental release of MPCA is performed in a tiered sequence, which
includes evaluation of exposure effects on non-target organisms. A significant improvement over the
previous procedures involves the question of "data waivers"; in total 18 of the documents consulted in
this survey debated the usefulness of the data requirements. The data waivers are proposed to the
policy makers in order to simplify and shorten the authorisation procedures for new MPCA.
The impact of this new guidance on the time and expense of new MPCA registration in Europe
remains to be seen. Ultimately, the availability of MPCA in the European markets should increase
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significantly in order to close the gap between the situation in the USA and Canada, vs. Europe.
Despite the improvements in guidance, much further work is needed to facilitate the increased, safe
use of MPCA in plant protection. This is being carried out e.g. by the OECD BPSG, and involves
improved guidance (as identified in an OECD/KemI/EU workshop on 17-19 June 2013) concerning
Identification, quality assurance, and contaminants
Potential production of secondary metabolites
Technical equivalence
Growth temperature for the assessments
Determining the mode(s) of action
Genetic transfer
Analytical methods concerning drinking water quality
Efficiency testing
Sensitisation testing
Exposure assessment for humans
Requirements on residues
Persistence in the environment
Effects on bees/pollinators
Natural exposure vs. PPP application
Sewage treatment
Earthworm assays
Labelling
Test methods to include alternative methods
Waivers (decision tree for determining when to use waivers)
Procedures for regulatory questions (web of experts to help, involvement of EFSA and others
in GD/pre-submission meetings, etc)

Concerning guidance for refined non-target risk assessment (Tiers 2 and 3), further improvements in
the guidance should include comparative risk assessments such as proposed by Langele & Strasser
(2010), and the principles describes in van Lenteren et al. (2006). This involves assessing the
persistence, spread, host range, and direct and indirect non-target effects at the population level at
different time-scales (transient vs. permanent).
11.2.

Data waivers

The possibility for data waivers is important to the applicant in compiling a dossier, as waivers reduce
the need of expensive experimental studies which, in vast majority of cases, are not relevant or
appropriate. A data waiver can also be argued for from published literature from which it can be
demonstrated that adverse effects are unlikely to occur. Justification for data waivers must be written
using sound scientific arguments, following EFSA‘s recent Guidance Document ―Submission of
scientific peer-reviewed open literature for the approval of pesticide active substances under
Regulation (EC) No 1107/2009‖ (EFSA, 2011). It is recommended to discuss the possibility of
waivers during a pre-submission meeting with the regulatory authority (Ravensberg, 2011).
Waivers are usually accepted if exposure of the NTO can be excluded by the type of application. They
are also accepted, when significant information about the MPCA is available, such as in-depth
knowledge of the biology, life-cycle, mode of action, and fate and behaviour in the considered
environmental compartment (OECD, 2012). The focus lies on ecotoxicology, and on infectivity tests
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and clearance studies (elimination of the microorganism from the body of the test animal). Acceptance
of waivers is based on a case by case approach (Ravensberg, 2011). Data waivers are largely accepted
for baculoviruses. Other areas where data waivers are applicable include genotoxicity, residues,
ecotoxicology, and environmental fate and behaviour. Further suitable topics are for example efficacy,
effects on yield and on adjacent crops, succeeding crops and non-target plants (Ravensberg, 2011).
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12.

CONCLUSIONS

EU data requirements for candidate MPCAs for use as plant protection products include a range of
information necessary for the evaluation of potential risks to humans, animals and the environment.
These include MPCA genetic stability and transfer, fate and behaviour in the environment including
host specificity, their ability to produce metabolites and their potential toxic effects on non-target
organisms.
The public domain literature on the possible risk of horizontal transfer of genetic traits and / or
recombinant DNA is relatively well developed for bacterial plasmid-mediated gene transfer in natural
habitats, but significantly less information is available for fungi and viruses. Compared to bacteria,
fungi possess low genome plasticity and reports of genetic transfer were considered to be
predominantly are anecdotal. However several well-supported cases of gene acquisition from bacteria
by conjugation and transformation, and transfers among fungal species, have been reported recently,
which may change this view. The examples of gene transfer between fungi reported in the literature
did not concern species used as biocontrol agents, although some recent papers have shown that
bacteria can transfer genes to fungal species used as biological control agents. No information was
found on the potential transfer of genetic material to other organisms from viruses used as biocontrol
agents.
The literature search identified 462 publications addressing the fate and behaviour of microorganisms
introduced in environmental compartments for biocontrol motivations. The majority of studies were
foccussed on field or foliar applications, with very few dealing with the indoor, aquatic and even less
air environmental compartment. The evidence suggests that MPCAs applied to soil or foliage, and
used according to the augmentation strategy, decline to background levels over time. The rate of
decline depends on a range of factors including intrinsic properties of the MPCA, its method of
application and formulation, physical characteristics of the environment, the action of organisms that
may consume the MPCA, and agricultural practice. Persistence of MPCAs appears to be greater in soil
than on foliage. Spread of MPCAs looks to be confined to the area in or close to the site of application,
although there is also evidence that some insects can passivley transport MPCAs which may provide a
form of longer range dispersal.
Unlike chemical pesticides, MPCAs are already present and are capable of growing and reproducing
in the environment. The data requirement to address the persistence and multiplication of the
microorganism in the environment refers to ―estimated levels on the specified microorganism in a time
course after use of the product under the proposed conditions of use shall be given‖. In the Uniform
Principles, Member States are then required to take into consideration (among other issues) the natural
background level of the micro-organism in order to evaluate the possibility of exposure in the
terrestrial compartment. With respect to these data requirements for adequate reference background
levels for MPCA in target ecosystems, it should be noticed that most agro-ecosystems are heavily
disturbed and do not represent a natural situation for assessment of background levels. From our
analysis of MPCA fate and behaviour in the environment it appears that there are no reports of adverse
environmental effects for the MPCAs specifically approved for use in the EU. However, knowledge
on MPCA environmental fate and behaviour is limited. As the use of MPCAs becomes more
commonplace within the EU (which is likely if the aims of the Sustainable Use Directive on pesticides
are realised), then the amount of microbial biomass applied to the environment is likely to increase
significantly, and this could alter the pattern of persistence, dispersal and interaction with non-target
organisms. However, in the case of use of endemic biocontrol agent (augmentation or conservation
biocontrol strategies), the quantities of MPCA applied rarely approach their natural levels of
occurrence. Nevertheless, in the case of importation biocontrol strategy (classical biological control),
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the increasing introduction of microbial biomass can affect the environment and the non-target
organisms. That‘s why a more detailed understanding of the ecology of MPCAs is therefore
warranted.
Production of secondary metabolites such as antibiotics and toxins is common for the majority of
bacteria and fungi used as biocontrol agents. Among species used as MPCAs, some are well studied,
such as Bacillus, Beauveria or Trichoderma species, while data is insufficient or lacking for others.
The production of such substances and their bioactivity against target pest is well documented, but the
behaviour of the substances in the environment and non-target effects are still poorly studied and
reported in the available literature. They generally concern organisms living in the same niche or
linked to the targeted pest by predators-prey or host interactions. This latter point is particularly true
for viruses, since they do not produce any toxins or metabolites, but the observed non-target impacts
are related to the altered mortality rate of the lepidopteran pest that is either the host or the prey of the
non-target organisms.
Knowledge of host specificity is also essential for any inquiry into potential direct effects since the
applied MPCA may affect the abundance of non-target species in natural or semi-natural ecosystems
through a non-specific action. Few natural enemies are strictly monophagous, but many are
oligophagous and thus have a restricted host/prey choice. Polyphagous natural enemies are often
employed in order to be able to apply them for the control of various taxonomically unrelated pest
species. These natural enemies in particular have the potential to cause non-target effects.
The literature search identified 418 publications addressing some aspects of the MPCA host specificity
range and/or effects on non-target organisms in the target ecosystem. Actual studies - in particular
field studies - on specific MPCA species or strains, however, are rather limited and focus on a small
number of organisms. The most studied MPCA in this respect are Trichoderma spp., Beauveria
bassiana, Metarhizium anisopliae, and Bacillus thuringiensis. Overall, MPCA effective host range and
non-target effects under field conditions have not been shown to cause any detrimental impacts of
concern but rather, any observed effects have been short-term (transient) and minor (no populationlevel impacts).
In general, however, determining the ‗host specificity‘ or ‗host range‘ for micro-organisms requires a
different approach than is usual for insect biocontrol agents. Usually a mere presence of biocontrol
micro-organisms in an ecosystem at low densities will not result in epidemics, and will not have an
impact on non-target populations: instantaneous infection rate of some hosts can be expected to be
zero at low densities of agent in the field, but rise after a critical point is reached. This is particularly
relevant in terms of inundative biocontrol, since high doses may be present in the field for transient
periods following application, and then fall below threshold levels. Therefore an important aspect of a
risk assessment study with MPCA includes the determination of dose-response dynamics between the
pathogen and the non-target (i.e. virulence).
Our literature search revealed that most of the studies addressing the growth, survival and virulence of
a MPCA in field or in foliage for biocontrol applications have been carried out for only one set of
environmental conditions (i.e. temperature, humidity, type of soil, etc.). However, the growth, survival
and virulence/pathogenicity of bacteria and fungi can be greatly influenced and altered by biotic and
abiotic factors in the environment, bringing variability and uncertainty in their behavior and efficiency
as biocontrol agents. In addition, the effects can be totally opposite depending the considered species
and strain, which can hinder the possibility to extrapolate fate and behavior in the environment
abilities or pathogenicity of a specific strain to another. This is another reason why cross reading must
be used with increasing caution when distant phylogeny between microorganisms, because even a
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small variation in virulence of an organism can have drastic consequences on the outcome of the
interaction. Moreover, we note that MPCAs could potentially interfere with the system of quality
control of drinking water. This is because of a lack of specificity of tests used to identify for pathogen
microorganisms in drinking water, which results in cross reactivity to non-target species, a
phenomenon that has been reported often for other microbial species. A more detailed understanding
of the interference potential of specific MPCAs with analytic system for the quality of drinking water
is therefore lacking and could be the object of dedicated research in the future. Scientists and the
biopesticide industry have been trying to improve the situation of MPCA risk evaluation via
conferences, workshops, and research projects. European and global harmonisation of regulatory
oversight for microbial pest control agents has largely been led by the OECD BioPesticides Steering
Group. In the OECD Guidance to the Environmental Safety Evaluation of Microbial Biocontrol
Agents), which is currently the most comprehensive guidance document available in Europe
concerning the environmental safety of MPCA, risk assessment for the environmental release of
MPCA is performed in a tiered sequence, which includes evaluation of exposure effects on non-target
organisms as well as the question of "data waivers" in order to simplify and shorten the authorisation
procedures for new MPCA.
This new guidance is relevant to Europe because the availability of MPCAs in the European markets is
likely to increase significantly in future. Despite the improvements in guidance, further work is needed
to facilitate the increased, safe use of MPCA in plant protection.
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APPENDIX A: MICROORGANISMS LISTED IN THE EU PESTICIDE DATABASE
Table 19: List of approved microorganism under Regulation (EC) No 1107/2009
Substance

Type

Category

Date
of
approval

Expiration
of approval

RMS

Adoxophyes orana GV strain BV-0001

Virus

Insecticide

01/02/2013

31/01/2023

DE

Ampelomyces quisqualis strain AQ10

Fungus

Fungicide

01/04/2005

31/03/2015

FR

17.

18.

19.

16.

14.

Bacillus thuringiensis subsp.
Aizawai strains ABTS-1857 and
GC-91
Bacillus
thuringiensis
subsp.
Israeliensis (serotype H-14) strain
AM65-52

COM

Authorisation
in progress

DE, IT, SI

DK, EL, ES

13.

BG, CY, DE, EL,
ES, FR, IT, SI,
UK

NL

DE, ES, FR, IE,
IT, SI, UK

EL

BE, CY, DE, EL,
ES, FI, FR, IT,
LU, NL, PT, SE

AT

Bac
teri
um

23.

Bac
teri
um

01/05/2009

30/04/2019

IT

EFSA

24.

Bacterium

01/05/2009

30/04/2019

IT

EFSA

ES, FR, SE

01/02
/2007

31/01
/2017

D
E

20.

Authorised

15.
Bacillus subtilis str. QST 713

22.

Bacte
ricide
,
Fungi
cide

Assess.
Risk

C
21.
O
M

Bacillus thuringiensis subsp. Kurstaki
strains ABTS 351, PB 54, SA 11, SA12
and EG 2348

Bacterium

01/05/2009

30/04/2019

DK

EFSA

AT, BG, CY, CZ, DE,
DK, EL, ES, FR, HU,
IT, LT, LU, MT, NL,
PL, PT, RO, SI, SK, UK

Bacillus
thuringiensis
subsp.
Tenebrionis strain NB 176 (TM 14 1)

Bacterium

01/05/2009

30/04/2019

IT

EFSA

25.

Beauveria bassiana
74040 and GHA

Fungus

Insecticide

01/05/2009

30/04/2019

DE

EFSA

Fungus

Fungicide

01/01/2004

31/10/2016

DE

COM

strains

ATCC

Coniothyrium minitans
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AT, EL, ES, FR,
HU, IT
BE, CY, EL, ES, FR,
HU, IE, IT, NL, SE, SI,
UK
AT, BE, CZ, DE, DK,
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Cydia pomonella Granulovirus (CpGV)

Virus

Insecticide

01/05/2009

30/04/2019

DE

EFSA

Gliocladium catenulatum strain J1446
Lecanicillium muscarium (formerly
Verticillium lecanii) strain Ve6
Metarhizium anisopliae var. anisopliae
strain BIPESCO 5/F52
Paecilomyces fumosoroseus Apopka
strain 97
Paecilomyces lilacinus strain 251

Fungus

Fungicide

01/04/2005

31/03/2015

FI

COM

LU, NL, PL, SE, SK,
UK
AT, BE, BG, CY, CZ,
DE, DK, EL, FI, FR,
HU, IT, LU, MT, NL,
PL, PT, RO, SE, SI, SK,
UK
BE, DK, EE, FI, SE, UK

Fungus

Insecticide

01/05/2009

30/04/2019

NL

EFSA

EL, FI, FR, NL, UK

Fungus

Insecticide

01/05/2009

30/04/2019

NL

EFSA

BE, DK, FR, IE, LU,
NL, UK

Fungus

Fungicide

01/07/2001

31/12/2015

BE

COM

BE, FI, LU, NL, SE

Fungus

Nematocide

01/08/2008

31/07/2018

BE

EFSA

BG, IT

Phlebiopsis gigantea (several strains)

Fungus

Fungicide

01/05/2009

30/04/2019

EE

EFSA

Pseudomonas
MA342

Bacterium

Fungicide

01/10/2004

30/09/2014

SE

COM

Fungus

Fungicide

01/05/2009

30/04/2019

SE

EFSA

DK, EE, FI, LV, SE, UK
AT, BE, DE, DK, ES,
FI, FR, IT, LT, LU, NL,
SE, UK
CZ, HU, PL, SK

Virus

Insecticide

01/12/2007

30/11/2017

NL

COM

ES

Bacterium

Fungicide

01/05/2009

30/04/2019

EE

EFSA

BE, CY, EE, EL, ES, FI,
HU, IT, LT, NL, SE

Fungi

Fungicide

01/05/2009

30/04/2019

SE

EFSA

ES, FR, IT, SI

Fungi

Fungicide

01/05/2009

30/04/2019

SE

EFSA

ES, IT, SE

Fungi

Fungicide

01/05/2009

30/04/
2019

FR

EFSA

01/05/2009

30/04/2019

SE

EFSA

BE, ES, FR, NL

chlororaphis

strain

Pythium oligandrum M1
Spodoptera exigua nuclear polyhedrosis
virus
Streptomyces K61 (formerly S.
griseoviridis)
Trichoderma asperellum (formerly T.
harzianum) strains ICC012, T25 and
TV1
Trichoderma atroviride (formerly T.
harzianum) strains IMI 206040 and T11
Trichoderma gamsii (formerly T.
viride) strain ICC080
Trichoderma harzianum strains T-22
and ITEM 908
Trichoderma polysporum strain IMI
206039
Verticillium albo-atrum (formerly
Verticillium dahliae) strain WCS850
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Fungus
Fungi

Fungicide

01/05/2009

30/04/2019

SE

EFSA

ES, SE

Fungus

Fungicide

01/05/2009

30/04/2019

NL

EFSA

NL

ES, SI
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Table 20: List of microorganism with pending status27 under Regulation (EC) No 1107/2009

Substance

Type

Category

Date
of
approval

Aureobasidium pullulans

Fungus

Fungicide,
Bactericide

PENDING

AT

Bacterium

Fungicide

PENDING

DE

Bacillus
amyloliquefaciens
subsp. plantarum D747
Bacillus firmus I-1582

Expiration
of approval

RMS

Assess.
Risk

Authorised

Authorisation
in progress
AT,
HU

BE,

Bacterium

Nematocide

PENDING

FR

Bacillus pumilus QST 2808

Bacterium

Fungicide

PENDING

NL

Candida oleophila strain O
Helicoverpa
armigera
nucleopolyhedrovirus
(HearNPV
Paecilomyces fumosoroseus
strain Fe9901
Pseudomonas
sp.
Strain
DSMZ 13134
Pseudozyma flocculosa
Spodoptera
littoralis
nucleopolyhedrovirus
Spodoptera
littoralis
nucleopolyhedrovirus
Streptomyces lydicus WYEC
108
Trichoderma
asperellum
(strain T34)
Trichoderma atroviride strain
I-1237
Zucchini Yellow Mosaik
Virus, weak strain

Yeast

Fungicide

PENDING

UK

FR, UK

Virus

Insecticide

PENDING

EE

EL

Fungus

Nematocide

PENDING

BE

BE, BG, FR

PENDING

NL

NL, SE

Bacterium
Fungus

Fungicide

PENDING

NL

Virus

Insecticide

PENDING

EE

Virus

Insecticide

PENDING

EE

Bacterium

Fungicide,
Bactericide

PENDING

NL

Fungus

Fungicide

PENDING

UK

Fungus

Fungicide

PENDING

FR

FR

Virus

Fungicide

PENDING

UK

FR

FR,

27

with pending status and complete dossier
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Table 21: List of microorganism not approved under Regulation (EC) No 1107/2009
Substance
Agrobacterium
radiobacter
K84
Agrotis segetum granulosis
virus
Aschersonia aleyrodis

Type

Category

Bacterium

Date
of
approval

Expiration
of approval

RMS

Assess.
Risk

Authorised

Authorisation
in progress

N/A

N/A

FI

N/A

N/A

N/A

Virus

Insecticide

N/A

N/A

N/A

N/A

N/A

Fungus

Insecticide

N/A

N/A

N/A

N/A

N/A

Bacillus sphaericus
Bacillus subtilis strain IBE
711
Baculovirus GV

Bacterium

Insecticide

N/A

N/A

DE

N/A

N/A

N/A

Bacterium

N/A

N/A

DK

N/A

N/A

N/A

Virus

N/A

N/A

FR

N/A

N/A

N/A

Beauveria brongniartii
Mamestra brassica nuclear
polyhedrosis virus
Neodiprion sertifer nuclear
polyhedrosis virus

Fungus

N/A

N/A

DE

N/A

N/A

N/A

N/A

N/A

IT

N/A

N/A

N/A

N/A

N/A

DE

N/A

N/A

N/A

Tomato mosaic virus

Virus

Virus
inoculation

N/A

N/A

N/A

N/A

N/A

Zucchini yellow mosaic virus
(ZYMV mild strain)

Virus

Fungicide

N/A

N/A

N/A

N/A

N/A

Virus

Insecticide

Virus
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APPENDIX B: STRUCTURE QUERIES OF SPECIFIC LITERATURE SEARCHES
Systematic literature search: Queries made in RefDoc website:
- "non-target

organism" AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- indigenous AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- "risk assessment" AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- "genetic stability" AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- "gene stability" AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- "genetic transfert" AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- ("genetic transfert" OR "gene transfert") AND ("microbial pesticide" OR "biological control agent")
- ("genetic stability" OR "gene stability") AND ("microbial pesticide" OR "biological control agent")
- ("drinking water" AND (quality OR control OR analysis)) AND ("microbial pesticide" OR "biological control
agent")
- "drinking water" AND ("microbial pesticide" OR "biological control agent")
- dispersion AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- colonization AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- metabolite AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- toxin AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- «plasmid transfer» AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- "plasmid exchange" AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- Conjugation AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- transduction AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- "Analytical system" AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- Proliferation AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- ―background level‖ AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological
control agent")
- stability AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- Displacement AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- Leaching AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- Ground AND (quality OR control OR analysis)) AND ("microbial pesticide" OR "biological control agent")
- pond AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- ditch AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- stream AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- "adverse effect" AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- «susceptibility" AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control
agent")
- pathogen AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- parasite AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- parasitism AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- competition AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- antibiosis AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
- inhibition AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")
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- host AND (effect OR impact OR toxicity) AND ("microbial pesticide" OR "biological control agent")

Systematic literature search: Queries made in Agricola website:
- ("microbial pesticide" OR "biological control agent")AND ((environment OR ecology) AND (risk OR safety)
AND assessment)
- "microbial pesticide" OR "biological control agent") AND ((genetic OR gene OR plasmid OR DNA
OR genome) AND (stability OR transfer OR exchange OR uptake))
- ("microbial pesticide" OR "biological control agent") AND ( ("natural competence" OR "mutation" OR
―conjugation‖ OR ―transduction‖))
- ("microbial pesticide" OR "biological control agent") AND water AND (quality OR control OR analysis)
("microbial pesticide"
OR
"biological control agent")
AND
(environment OR air OR water
OR "aquatic environment" OR ground OR groundwater OR pond OR ditch OR stream OR soil OR rhizosphere
OR field OR crop OR plant)
- ("microbial pesticide" OR "biological control agent") AND (fate OR behaviour OR mobility OR persistence
OR interaction OR colonization? OR dispersion)
-("microbial pesticide"OR"biological control agent")AND(multiplication OR spread OR survival
OR ecophysiology OR proliferation)
-("microbial pesticide"OR"biological control agent")AND("background level"OR stability OR displacement
OR leaching)
- ("microbial pesticide" OR "biological control agent") AND (metabolite OR toxin OR toxic)
- ("microbial pesticide" OR "biological control agent") AND ("non target organism" OR specificity OR ―host
specificity‖ OR pathogenicity OR pathogenic OR ―adverse effect‖ OR susceptibility OR pathogen OR parasite
OR parasitism OR competition OR antibiosis OR inhibition OR host OR infectivity OR virulence OR lethality)
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ABBREVIATIONS
BPCA: Bacterial Pest Control Agent
BIPESCO Team Innsbruck: Biological Pest Control
Bt: Bacillus thuringiensis
BPSG: OECD BioPesticides Steering Group
CFU: Colony Forming Units
CHDA: cis-9-Heptadecenoic acid
DAPG: 2,4-diacetylphloroglucinol
DG SANCO: Health and Consumer Protection Directorate General
DNA: Deoxyribonucleic acid
DPA: dipicolinic acid
EC: European Commission
EEC: European Economic Community
EFSA: European Food Safety Authority
EFTA: European Free Trade Association
EPPO: European and Mediterranean Plant Protection Organization
ERBIC: Evaluating Environmental Risks of Biological Control Introductions
EU: European Union
FAO: Food and Agriculture Organization of the United Nations
GD: Guidance Documents
GM: Genetically modified
GV: Granulovirus
HGT: Horizontal gene transfer
HGV: Hawaiian strain of Granulosis virus
IBMA: International Biocontrol Manufacturers' Association
IPM: Integrated Pest Management
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IOBC: International Organisation for Biological Control
KEMI: Swedish Chemicals Inspectorate
MBC: Minimum bactericidal concentration
MPCA: Microbial Pest Control Agent
MIC: Minimum inhibitory concentration
MRL: Maximum Residue Levels
NPV: Nucleopolyhedrovirus
NS: Non systematic
NTO: Non-target organisms
OCSPP: American Office of Chemical Safety and Pollution Prevention
OECD: Organisation for Economic Co-operation and Development
PCA: Phenazine-1-carboxylic acid
PCR: Polymerase chain reaction
PPP: Plant Protection Product
PPR: Plant Protection Products and their Residues
PSC: Pesticide Steering Committee
RAFBCA: Risk Assessment of Fungal Biological Control Agents
REBECA: Regulation of Biological Control Agents
RIVM: Netherlands National Institute for Public Health and the Environment
RMS: Rapporteur Member State
RNA: Ribonucleic acid
US EPA: U.S. Environmental Protection Agency
WHO: World Health Organization.
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