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Abstract

EU agriculture is currently in transition from conventional crop protection to integrated pest management (IPM). Because
biocontrol is a key component of IPM, many European countries recently have intensified their national efforts on biocontrol
research and innovation (R&I), although such initiatives are often fragmented. The operational outputs of national efforts
would benefit from closer collaboration among stakeholders via transnationally coordinated approaches, as most economically
important pests are similar across Europe. This paper proposes a common European framework on biocontrol R&I. It identifies
generic R&I bottlenecks and needs as well as priorities for three crop types (arable, vegetable and perennial crops). The existing
gap between the market offers of biocontrol solutions and the demand of growers, the lengthy and expensive registration
process for biocontrol solutions and their varying effectiveness due to variable climatic conditions and site-specific factors
across Europe are key obstacles hindering the development and adoption of biocontrol solutions in Europe. Considering arable,
vegetable and perennial crops, a dozen common target pests are identified for each type of crop and ranked by order of
importance at European level. Such a ranked list indicates numerous topics on which future joint transnational efforts would
be justified.
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1 INTRODUCTION
European agriculture is currently in transition from conventional
crop protection, based on chemical pesticides, to integrated pest
management (IPM) owing to changes in the European legisla-
tion which aims to protect human health and the environment.1

The transition process requires increased knowledge and inno-
vation to be generated and adapted to specific contexts, and
new solutions to be effectively adopted by all actors involved
in the crop protection sector. These needs have led to specific
interest in the learning and training processes, with a focus on
co-innovation dynamics involving a wide range of actors in the
construction of innovations through strategic choices. Unlike the
traditional crop protection model, where innovations were sup-
plied as ‘ready-to-use’ tools, IPM is a dynamic system constantly
modulated by end-users. To make any IPM system successful there
is a need to put in place alternatives to conventional pesticides and
plant protection measures that allow an effective management of
crop pests (animal pests, pathogens and weeds). Biocontrol has
the potential to become one of the main pillars of IPM systems
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and thus represents a key lever for a reduced reliance on conven-
tional pesticides. Its principle is based on managing the balance
of pest populations rather than eradicating them (pest manage-
ment rather than pest control). In this paper, for biocontrol we refer
to all methods/tools/measures/agents of plant protection that rely
on the use of beneficial organisms2 as well as their natural mech-
anisms and interactions which govern the relationship between
biological species in the natural environment. Thus, this includes
augmentative control, conservation biocontrol, but also the use of
biopesticides, semiochemicals and plant defence stimulators.

Recent developments in the regulation of pesticides at Euro-
pean level – notably Regulation 1107/2009/EC3 – have created
favourable conditions for biocontrol R&I in Europe. This legal
requirement on the authorisation and use of plant protection
products has potential to promote biocontrol R&I in Europe. In
particular, the classification of active ingredients into four groups
(basic, low-risk and standard substances and candidates for sub-
stitution) would make it possible to place biocontrol agents
within the low-risk category, making their registration easier and
less expensive. Also, natural products of plant origin represent
an important group of candidates to be included within the
low-risk substances.4 The EU has recently approved a first list
of low-risk substances [e.g. Isaria fumosorosea (syn. Paecilomyces
fumosoroseus), Pepino mosaic virus]. The need to have a fast
approval process for low-risk substances and harmonisation of the
assessment procedure within the EU member states was recently
discussed in an international stakeholder meeting.5 Data require-
ments for the approval of active substances and plant protection
products needed at EU level are mainly adapted to conventional
pesticides, and there is not yet a different approval and registration
procedure for biocontrol solutions,6 nor any registration procedure
for biostimulants.7 There are similar constraints when dealing with
pesticide residue issues that are required to fulfil the European
Regulation (EC) No. 1107/2009.8,9

Biocontrol R&I has become increasingly dynamic and involves a
wide range of stakeholders from a variety of public institutions and
companies (cooperatives and private companies). However, bio-
control R&I efforts are often carried out within national initiatives
and in a fragmented fashion. Therefore, their operational outputs
would benefit from closer collaboration between academia, the
industry and the agricultural sectors on the one hand and from
transnational cooperation on the other. In addition, a greater level
of collaboration/knowledge-sharing is required to address key bio-
control needs and to pool biocontrol R&I efforts nationally and
internationally on common pest priorities for a better biocontrol
service provision.

Taking into account the particularly favourable current environ-
ment to address biocontrol R&I challenges in Europe, three net-
works concerned by biocontrol research organised a ‘Joint Inter-
national Workshop on Biocontrol’ in Paris, France, on 27 and 28
January 2016. These networks are the French National Action Plan
‘Ecophyto’,10 the European Research Area Network of Integrated
Pest Management in Europe11 and the West Palearctic Regional
Section of the International Organisation for Biological and Inte-
grated Control.12 Fifty-three experts from 16 countries – including

i INRA, Univ. Nice Sophia Antipolis, CNRS, UMR 1355-7254 Institut Sophia Agro-
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scientists, governmental officials, policy makers, company repre-
sentatives and agricultural advisors – met, discussed and ranked
the most important and common pest problems in arable, veg-
etable (both indoor and outdoor) and perennial (orchards and
vineyards) crops in Europe.

This paper aims to present the major outcomes of the workshop
obtained by a questionnaire survey and a face-to-face group
discussion. The questionnaire was designed and circulated in
advance to all invited participants to receive their feedback on
the most relevant biocontrol R&I issues in Europe. Additional
responses were also received from experts who did not attend
the workshop. The questionnaire included seven queries with
multiple-choice answers and also provided the possibility for the
respondents to express alternative opinions (Table 1; supporting
information). The face-to-face group discussion was held during
the workshop for each of the three crop groups mentioned above,
and mainly focused on the sorting and ranking of the major
pest problems and biological control priorities shared between
European countries.

2 STATISTICS ON THE QUESTIONNAIRE
SURVEY ON MAJOR BIOCONTROL RESEARCH
AND IMPLEMENTATION BOTTLENECKS
Overall, 63 biocontrol experts from over 20 countries provided the
completed questionnaire. The responses were analysed and the
figures are presented in Table 1.

None of the respondents considered biocontrol as an indepen-
dent approach to IPM. Because the efficacy of biocontrol methods
is often considered as too limited to be relied upon singly for pest
control, most participants emphasised that integrating biocontrol
into IPM strategies, through the combination of different methods
with partial effects, is particularly relevant to reduce reliance on
conventional pesticides.

The opinions were divided concerning factors hindering the
development of biocontrol in Europe. While for almost one-third
of the respondents the main obstacle was the absence of a suffi-
ciently large array of biocontrol solutions to enable the build-up of
pest management strategies, others stated that the lack of projects
aiming at integrating biocontrol solutions with other measures
and limited funding for biocontrol research were the main imped-
iments to biocontrol development. Some respondents provided
other responses, including insufficient communication between
research organisations in Europe, leading to an overlap of activ-
ities, insufficient biocontrol research demand owing to the avail-
ability of conventional pesticides, the lack of long-term funding
schemes or the lack of multidisciplinary biocontrol research aiming
at integrating biocontrol products with other measures (support-
ing information).

There was not a clear consensus on the potential factors hinder-
ing the implementation of biocontrol in Europe. The lack of com-
mercially available biopesticides was the most frequent answer,
followed by the lengthy and expensive registration process for
biopesticides. Concerning the latter, the EU is supposed to come
up with a proposal for a simplified dossier for the authorisation of
low-risk substances. Such a new scenario will result in a reduced
legislative burden, thereby favouring market availability of bio-
control solutions in Europe. Other responses included the vary-
ing effectiveness of biocontrol products/agents owing to very
diverse and variable climatic conditions and site-specific factors
across Europe, the reluctance of growers to take risks with methods

wileyonlinelibrary.com/journal/ps © 2016 Society of Chemical Industry Pest Manag Sci (2016)
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Table 1. Relevant questions and multiple answers related to biocontrol R&I asked through the questionnaire. The same respondent could provide
more than one answer to the same question. In total, 63 experts responded to the questionnaire

Question Multiple responses provided Percentage

1. What is your opinion on biocontrol as a crop
protection measure?

Biocontrol is an independent approach for crop
protection

0

Biocontrol is part of IPM 78
Both 16
Other (specify)a 5
No response 0

2. What hinders the development of biocontrol
measures in Europe?

Limited funding for biocontrol research (A) 10
Lack of projects aiming at integrating

biocontrol products to other measures (B)
6

Insufficient range of biocontrol solutions to
build up strategies (C)

14

A+ B 8
B+C 16
C+A 6
All of them 16
Other (specify)a 17
No response 6

3. What hinders the development and
implementation of biocontrol in Europe?

Lengthy and expensive registration process for
biopesticides (A)

14

Lack of commercially available biopesticides (B) 16
Low effectiveness of biopesticides owing to

very diverse climatic conditions (C)
3

A+ B 14
B+C 6
C+A 13
All of them 11
Other (specify)a 17
No response 5

4. What biocontrol research should focus on in
Europe?

On the development of new biocontrol
products

19

On the optimisation of the effects of the
biocontrol products

19

Both 44
Other (specify)a 17
No response 0

5. What is/are the main factor/s to be
considered while implementing biocontrol
measures?

Tritrophic interactions (biocontrol agent/tool
biotic and abiotic factors)

62

The interactions between biocontrol–plant
genetics

5

Both 17
Other (specify)a 16
No response 0

6. What biocontrol solutions should focus on? Single pest target 22
Multiple pest target 32
Both 24
Other (specify)a 22
No response 0

7. Which measure/s can enhance biocontrol
during its application?

Strengthening the effectiveness of biocontrol
by partial resistance

16

Strengthening the effectiveness of biocontrol
by other agronomic practices/DSS/strategies

65

Other (specify)a 14
No response 5

a Other responses that were different to those reported in the questionnaire are listed in the supporting information.
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whose performances are perceived as uncertain, difficulty in eval-
uating the performance and impact of biocontrol methods posing
particular problems linked to their partial effects, variable efficacy
of biocontrol tools/measures compared with chemical solutions
and growers’ expectations that biocontrol solutions should be as
quick and effective as conventional pesticides, constraints linked
to the organisation of work and compatibility with other agro-
nomic practices, lack of evidence showing successful strategies to
integrate biocontrol into IPM, lack of knowledge on the uninten-
tional effects of biocontrol products/agents, lack of methods to
assess the benefits of biocontrol to human health and the environ-
ment and lack of public incentives for growers to use biocontrol
(supporting information).

Opinions were equally split on whether biocontrol research
in Europe should focus on the development of new biocontrol
products, or on the optimisation of their efficacy, with a majority
advocating the consideration of both objectives together. Many
additional suggestions concerned the demonstration of efficacy
of biocontrol at field level and the integration of biocontrol with
other strategies, including conservation biocontrol, in the context
of cropping system management (supporting information).

There was almost a clear consensus among the respondents
about the major factor(s) to be considered while implementing
biocontrol measures. Most of them emphasised the need to focus
on multiple interactions, while only a few considered the interac-
tions between biocontrol and plant genetics as more important.
In addition, application techniques, formulation of the biocon-
trol products and instructions for growers or advisors were men-
tioned, as well as a number of socioeconomic factors (a biocon-
trol programme is in most cases more expensive than a chemical
protection programme) influencing the uptake of biocontrol: the
effects of market dynamics (the positioning of biocontrol products
among inputs, the positioning of agricultural products from prac-
tices using biocontrol) and the role of incentives (quality labels or
certification, financial incentives) from industries and public policy
(supporting information).

The majority of the respondents indicated that biocontrol should
focus on multiple pest targets rather than single pest species,
especially when a biocontrol programme is composed of different
biocontrol agents/products. Comments underlined the need to
balance the practical benefits of biocontrol products having a
broad range of actions with their risks in terms of unintentional
effects on non-target organisms (supporting information).

Finally, most of the respondents stated that strengthening
the effectiveness of biocontrol by other agronomic prac-
tices/strategies and decision support systems can promote
biocontrol, although a few of them mentioned that partial plant
resistance is the best way to this end. Adjustments to the ecosys-
tem, precise knowledge of the pest densities and the actual status
of the targeted stage of pests in the field to improve the timing
of the application, the use of local biocontrol agents to get the
best adaptation to the local conditions and recognition of the
importance of biocontrol at growers’ level as well as at society
level were other measures stated as factors enhancing biocontrol
during its application (supporting information).

3 RANKING OF BIOLOGICAL CONTROL
RESEARCH PRIORITIES
During the individual discussion phase, the participants from each
crop group were asked to provide the top-ten pest priorities to be
tackled in their own country. While setting up such a priority list,

participants were requested to take the following into account:
(i) the potential economic impact, in terms of yield loss and
quality implications, associated with a given pest on a given
crop; (ii) the possible lack of conventional control solutions, due
either to the withdrawal from the market of previously available
pesticides or to further restriction in their use. In some cases,
the increased risk of resistance development to conventional
pesticides was also taken into account. The overall objective was
to identify all those economically important pests for which no
or little sustainable pest management options, notably biocontrol
solutions, are available. The discussion was followed by a sorting
phase, during which common pest problems for each crop type
were grouped, based on the number of countries sharing the same
problem/s, followed by their ranking in order of importance.

3.1 Arable crops
Arable crops comprise a wide variety of crops, including cereals,
oilseed rape, peas and beans, sugar beet and potatoes. Although
a number of conventional pesticides are available to manage
most economically important pests of arable crops, growers suffer
from the lack of effective management solutions for certain pests.
Therefore, growers require more tools and consequently there is a
strong need to develop biocontrol solutions to protect these crops.

A final list of 13 common-priority pest problems, sorted and
ranked for arable crops, is reported in Table 2. Overall, it has
emerged that few biocontrol solutions are available on the market
for growers to manage these pests. Although some new biocontrol
solutions are under development, there is a need to intensify
research efforts, especially for the screening of new biocontrol
agents for arable crops.

3.2 Vegetable crops
Many vegetable crops fall under the category of ‘minor or spe-
ciality crops’ which acutely suffer from the lack of effective con-
ventional pesticides.13 Vegetable crops in Europe are characterised
by a large diversity of species (more than 60), with marked differ-
ences in terms of the cultivated hectares for each crop (from less
than 100 ha to several thousands). Further, for each crop there is
an important diversity of production techniques adopted to sup-
ply products to the market all year round. Even when conventional
pesticides are available, market acceptability driven by residues in
food products is an issue for a number of vegetables as they are
consumed fresh. Finally, the resistance of several important pests
to pesticides and the sensitivity of pollinators to these products
(e.g. bumblebees) call for an important adaptation of pest man-
agement methods. Therefore, biocontrol, along with other alter-
native measures to conventional pesticides, has an important role
to play to protect this crop group. Another concern is that, while
biocontrol in vegetable crops is widely practised in protected envi-
ronments such as greenhouses,14,15 its use under field conditions
is still limited. This requires the biocontrol measures that are avail-
able and used in greenhouses to be adapted to field conditions,
although this is not always feasible given that interacting factors
in outdoor conditions are different to those in indoor conditions.

Table 3 presents a list of 12 common pest problems sorted
and ranked in terms of immediate need for biocontrol solutions.
Unlike the case of arable crops, there are many ongoing efforts
in the development of biocontrol solutions for major vegetable
crops, with a number of products already available on the market.
Therefore, besides the need to develop new products, research
should also address the issues of optimising, integrating and
implementing already available products/measures.

wileyonlinelibrary.com/journal/ps © 2016 Society of Chemical Industry Pest Manag Sci (2016)
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3.3 Perennial crops
The perennial crops considered covered grapevine and different
fruit crops, most of which are ‘minor crops’. Consequently, the
requirement of biocontrol R&I for this crop group is important
for the same reason as described above. Although biocontrol is
increasingly applied in perennial crops,16,17 there are still a number
of important pest problems for which no biocontrol solution is
available or even under development.

This is illustrated by Table 4 which lists 12 common pest prob-
lems on perennial crops that urgently require biocontrol solutions.
Consequently, a wide range of needed research actions is advo-
cated, firstly in the screening of new agents but also in integrating
and adopting new biocontrol solutions.

4 CONCLUSIONS AND PERSPECTIVES
This survey highlights the considerable gap between the current
offer in biocontrol solutions and what growers would need to
manage important pest problems. The primary requirement of R&I
is to enlarge the range of biocontrol solutions through screening
for new biocontrol agents suitable for commercial use18 and
engineering new methods.

Contributors to the survey have further identified diverse factors
currently impeding the development of biocontrol and suggested
research approaches to help raise these constraints. These sug-
gestions can be summarised in the following recommendations:
(1) invest in the appropriate assessment of biocontrol methods,
including both the consideration of their potential unintentional
effects and the identification of the contextual factors that deter-
mine their performance, in order to improve growers’ guidance
on the proper use of biocontrol; (2) devise strategies combining
biocontrol methods with other pest management tactics, in the
context of IPM or even cropping system management, to help
growers integrate biocontrol into their practices; (3) enlarge the
scope of biocontrol research to the socioeconomic factors influ-
encing biocontrol adoption, which calls for the development of
multidisciplinary projects involving diverse actors throughout the
value chain of agriculture.

Compared to fruit or vegetables, arable crops are in a markedly
different situation: a lower input/cost per hectare and lower con-
sumer concern about pesticide residues reduce the incentive to
introduce biocontrol. Additional efforts are needed to raise aware-
ness about the positive environmental effects expected from
biocontrol in arable crops because of their huge acreages. Conser-
vation biocontrol could be an interesting approach in this context,
which might be fostered by recent EU agri-environmental funding
schemes aimed at promoting farmland.19

These recommendations issued by a large panel of experts rep-
resent a valuable contribution to the definition of priorities in
biocontrol research and attractive opportunities for joint transna-
tional initiatives.
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