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EU microbial pest control: A revolution
in waiting
Florența-Elena Helepciuca† and Arpad Todorb†*

Abstract

Recent evaluations of themicrobial biological control sector indicate that implementingmicrobial control of pests is still slow in the
EU. The top causal factors are the lengthy, expensive, and cumbersome two-stage procedure for approval of biological agents as
active substances at the EU level and authorization of formulated products at the national level, limited funding, lack of EU level
integrated approaches, and slow implementation of integrated pest management. This article contributes to a better understand-
ing of the factors that limitmicrobial control of pests in EU agriculture by providing the first evaluation of the evolution ofmicrobial
biological control agent (MBCA) EU-level approval combinedwith that ofmicrobial biological control product (MBCP) national-level
authorization, discusses recent trends in research andoffers somepolicy recommendations. By 2020, the EUhad caught upwith the
USA regarding research output, approvedMBCAs, andMBCAapproval procedures (first stage). Despite improvements from2014 to
2019, the number of authorized MBCPs (second stage) has progressed slowly and unevenly across the EU. Significant progress is
concentrated in countries with more extensive agricultural land and higher research intensity. The EUʼs focus on promoting more
sustainable agriculture by increasing the availability of low-risk pesticides of biological origin as alternatives to conventional chem-
ical pesticides has gained traction in recent years. Nevertheless, more efforts to improve the capacity and expertise of laggard EU
Member States to contribute to the approval of MBCA, authorization ofMBCP, and stimulatingmarket availability are needed. Fur-
thermore, we recommend introducing more concrete measures to promote the adoption of the microbial control of pests in the
National Action Plans for the sustainable use of pesticides.
© 2021 Society of Chemical Industry.

Supporting information may be found in the online version of this article.
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1 INTRODUCTION
Since the beginning of this century, alternative approaches to the
intensive use of conventional chemical pesticides have gained
political and public support worldwide. The most promising alter-
natives are organic farming, integrated pest management (IPM),
and biocontrol. The latter was hailed as a potential approach that
would generate a revolution in pest management and achieve the
long-term sustainability of agriculture.1,2 A recent survey of bio-
control specialists in Europe reveals that the community considers
it an integral part of IPM.3(p16) Controlling pests using low-risk
plant protection products (PPPs) implies using microbial biologi-
cal control agents (MBCAs) (such as fungi, bacteria, protozoans,
viruses, and viroids) and extracts from different organisms or
semiochemicals as active ingredients in biological control prod-
ucts (BCP).4 While MBCA refers to the active ‘substance’ (which
can be either a microorganism or a metabolite from microorgan-
isms) to be used in pest control, they have to bemultiplied (for liv-
ing organisms), extracted or filtrated (for metabolites), and
formulated, usually, in liquid or solid forms, as microbial biological
control products (MBCPs). Production processes need to ensure
the maintenance of efficacy in the field, ease of application, and
extended shelf-life. Producing MBCPs using MBCAs is not a
straightforward process as laboratory or greenhouse tests and
field efficiency can vary dramatically.

Notwithstanding the industryʼs fast growth in the past decade,
a 2016 report5 evaluated the worldwide biocontrol market
(including MBCP and invertebrates) at US$1.5 billion, only 2% of
the chemical pesticide market, and projected to reach US$3.67
billion by 2022. North America had the highest market share. By
2020, the biocontrol market had increased to 800 million euros
in the European Union (EU).6 Despite the EUʼs aim to be a leader
in this transition, the biocontrol revolution has failed so far to
take off.
We build on recent efforts to assess the effectiveness of the EUʼs

peculiar legislative framework, where MBCA approval takes place
at EU level while MBCP authorization is dealt with at national level.
We focus especially on those studies by Lamichhane et al.3 Balog
et al.,7 Matyjaszczyk,8 Frederiks and Wesseler,9 Robin and
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Marchand,10 and Sundh and Eilenberg.4 Providing the first
dynamic country-level analysis of MBCP authorization in the EU
Member States (MSs) from 2014 to 2019 and comparative data
on research intensity, we found marked improvements under
the EUʼs 2009 regulatory framework. On the one hand, the EU
closed the gap with the USA on the number of approved strains
and procedures, and research intensity in microbial biocontrol
has overtaken that in the USA. On the other hand, as EU MSs are
responsible for MBCP authorization, this process remains hetero-
geneous across the EU. We conclude that despite positive results
in MBCA approval, national-level MBCP authorization is uneven.
Unlike most recommendations in the recent literature that priori-
tize the need for legislative improvements, we stress a need to pri-
oritize the capacity and expertise of laggard EU MSs to speed up
MBCP authorization. Also, we recommend changing the incen-
tives for researchers, companies, and farmers, especially through
the National Action Plans (NAPs) on the sustainable use of pesti-
cides and promoting IPM not just to accelerate MBCP develop-
ment and authorization, but to also increase product availability
and thus the market penetration of MBCP.
The article is structured as follows. First, we comparatively ana-

lyze the evolution of the legislative framework that regulates
MBCA approval andMBCP authorization, and review the literature
on the factors that explain the suboptimal outcomes in the
EU. Second, in Materials and Methods, we present the data
sources and methodology. Third, we present and discuss compar-
ative data on the cumulative MBCA approval procedures and the
number of approved strains between 2001 and 2019 in the EU,
the USA, Canada, New Zealand, and Australia. Fourth, we compare
the country-level situation of MBCP authorization in the EU in
2014 and 2019, discuss the trends, and present comparative data
on the evolution of research in microbial biocontrol. We also cor-
relate country-level authorization data with research intensity
evolution and the percentage of agricultural area. In conclusion,
we discuss the recommendations that stem from our findings
on improving the usage of MBCPs in pest control and how they
differ from the recommendations from other recent articles.
While using invertebrate biological control agents (IBCAs) is

loosely regulated,11(p4) usage of microorganisms in pest control
is codified into details in most developed countries, especially
the EU.7 Across the globe, the rules on MBCAs are fused within
the framework used for conventional chemical pesticides, a situa-
tion that explains the two-stage procedure of active agent
approval and formulated products authorization in the EU. The
EUʼs first attempt to regulate the sector, Directive 91/414/EEC,12

has proved to be a sensible obstacle. It has imposed complex pro-
cedures comparable to those required for chemical pesticides on
an industry for which risks, costs, and potential commercial bene-
fits are significantly smaller.
Since 2009, with the adoption of the ‘pesticide package’, the EU

has become more active in promoting environmentally friendly
agriculture by increasing standards for approving chemical pesti-
cides and their use, and promoting IPM and biocontrol solutions.
The pesticide package consists of four legal acts dealing with var-
ious aspects of this process. Regulation (EC) No 1107/200913 reg-
ulated the placing of PPPs and required the EU MS National
Action Program for the sustainable use of pesticides (NAP) to
improve by 2014 the application of IPM, which would become
the compulsory crop protection approach. While Regulation
(EC) No 1185/200914 updated the collection and dissemination
of statistics on pesticides, Directive 2009/127/EC15 updated
requirements on machinery for pesticide application. Directive

2009/128/EC16 (also called the Sustainable Use Directive or SUD)
established a framework to achieve sustainable pesticide use,
adoption of IPM, and low-risk approaches to chemical pesticides.
Even with Regulation (EC) No 1107/2009, approval of MBCAs at

the EU level and MBCP authorization at the national level remains
a two-stage procedure. The approval stage has three phases. In
the first phase, a Rapporteur Member State (RMS) performs an
assessment lasting 1 year, with the possibility of a 6-month exten-
sion (RMS phase). This first phase requires verification of the dos-
sier, evaluation, and distribution of the Draft Assessment Report
to other MSs. The second phase involves assessing risk manage-
ment by the European Food Safety Authority (EFSA) (within
8 months). In the last phase, the European Commission
Directorate-General for Health and Food Safety (DG SANTE) puts
the procedure to a qualified majority vote in the Standing Com-
mittee on Plants, Animals, Food and Feed (PAFF Committee), pub-
lishing the dossier that updates the ‘list of approved active
‘substances’ (within 6–12 months). The authorization is valid for
10 years for normal substances and 15 years for low-risk sub-
stances. Active substances may be defined as low risk if it ‘may
be expected that plant protection products containing that sub-
stance will pose only a low risk to human and animal health and
the environment’ (Article 22).13 Furthermore, Regulation (EC) No
1107/2009 introduced detailed stipulations on the procedures
and deadlines of Zonal evaluations (Articles 33–39) and the pro-
cess of mutual recognition and authorization (Articles 40–42) of
MBCPs, which, if properly implemented, would speed up and
increase the predictability of the procedures. Article 40 stipulates
that the holder of an authorization granted in one EU MS could
ask for mutual recognition if the product is used in comparable
agricultural practices in EUMSs from the same zone, other agricul-
tural zones (with some limitations), and all the zones for MBCPs
used in greenhouses, for post-harvest treatment, treatment of
empty rooms and containers used for storing plants or plant prod-
ucts, or for seed treatment (Article 40.1.c).
In 2011 EFSA published guidance on submitting scientific

peer-reviewed open literature for substance approval,17 and in
2013, two Regulations18,19 updating data requirements for
MBCA approval and MBCP authorization were published. Ana-
lyzing Annex Parts A and B of Regulation (EU) No 283/2013,18

which set out the data requirements for active substances
under Regulation (EC) No 1107/2009, reveals a less burdensome
procedure for low-risk substances. While the dossier for
approval of chemical substances has 207 subsections, the low-
risk substances dossier has only 74. The starkest differences
come in the sections regarding data on Residues (27 as opposed
to five subsections), Fate and behavior in the environment
(44 as opposed to five subsections), and Ecotoxicological stud-
ies (53 as opposed to 11 subsections). Overall, the data require-
ments for the dossier are significantly lower and quite distinct,
and many requirements are waived.
Nevertheless, these data requirements and principles of uni-

form evaluation are judged to have limited relevance, containing
some requirements impossible to assess, according to Sundh and
Eilenberg.4 While authors stress the limited potential risks on envi-
ronmental and human health posed by MBCPs when compared
with chemical pesticides,20–22 their efficiency averages 40–50%
compared to 80% for chemical pesticides.10(p956) Even so, the
price for approving an MBCA (one or several strains) as an ‘active
substance’ and MBCP authorization was close to 1 million euros in
2014,8(p1206) costs evaluated as too high for the potential market
size and host specificity of most MCBAs.
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The MBCP authorization stage is organized in three climatic
evaluation zones (Northern, Central, and Southern). A Zonal Rap-
porteur Member State (ZRMS) assesses the productʼs efficiency
(both for authorization and reauthorization) valid for all MSs from
the zone unless an MSʼs specific circumstances allow it to refuse
authorization (over 12 months with a possible extra 6 months if
further data is required).9(pp88–89) Currently, the EU legislation cat-
egorizes MBCPs as either PPPs or biocides.4(p1271) Analyzing
Annex Parts A and B of Regulation (EU) No 284/201319 shows that
while the dossier for approval of chemical substances has 150 sub-
sections, the low-risk substances dossier has only 82. The starkest
differences come in the sections regarding data on Fate and
behavior in the environment (22 as opposed to one subsection)
and Toxicological studies (21 as opposed to 12 subsections).
Although no EU-level guidelines on environmental risk assess-
ment exist, countries with developed evaluation capacities, such
as the Netherlands, have created detailedmanuals for the process
of authorization of MBCPs.23 Risk assessment concerns potential
unwanted multiplication and infections, and the production of
toxic metabolites that could affect nontarget organisms.23(p21)

Evaluating the risks of an MBCP on the environment considers
its mode of action, survival, dispersal, ecological niche, how the
microorganisms function in its indigenous environment, and
studies on its toxicity, pathogenicity, or infectivity.
The EUʼs urgency to develop alternatives to pest control based

on chemical pesticides was further strengthened by the European
Parliamentʼs Resolution of 15 February 2017 on low-risk biological
origin pesticides [2016/2903(RSP)]. It called on EU MSs to ‘acceler-
ate the evaluation, authorization, registration, and monitoring of
the use of low-risk plant protection products of biological origin
while maintaining risk assessment at a high level’ and to stimulate
approval and cooperation at the level of EU MSs.24

Unfortunately, the EUʼs 2020 ‘Farm to Fork’ strategy25 goals stress
the limited progress achieved toward the goals of the pesticide
package, especially in expanding the availability and usage of
MBCPs. A series of recent evaluations has proposed various explana-
tions for the persisting gap between the EU and the USA and other
countries. Frederiks and Wesseler9 revealed that while the average
period for strain approval and product authorization in the EU
decreased from1845 days under Directive 91/414/EEC to 1369 days
under Regulation (EC) 1107/2009, it is still much longer than the
average 781 days in the USA. While the EU-level phases accelerated
(second and third phases), the EU-RMS phase lagged and became
themain procedural obstacle in acceleratingMBCA approval. Sundh
and Eilenberg explain the lengthy MBCA approval, saying that the
knowledge, expertise, and scientific concepts have not been applied
in the safety assessment used during the approval process, offering
no legal predictability, proportionality, or nondiscrimination.4 Fur-
thermore, the MBCP authorization averaged 629 days, exceeding
the procedural deadlines in four out of five cases.
Lamichhane et al.3 identified limited funding and a lack of pro-

jects integrating biocontrol products with other measures as the
most critical factors hindering the development of biological pest
control. Balog et al. showed that by 2017 only 68 biopesticide-
active substances were approved and commercially available in
the EU, compared with 400 in the USA and 1000 in India.7(p2204)

This was because of the complexity of the regulations: 14 laws
in the EU vs four in the USA and two in China. Furthermore, the
mutual recognition of MBCP exceeds procedural deadlines by
years, and the division of EU MS into climatic zones generates
unnecessary and expensive procedures, usually required for
chemical pesticides.7(p2207)

Some authors stress that the interpretation of the guidelines for
the authorization of MBCPs has varied among countries. Inade-
quate understanding of the procedure among MS-level authori-
ties and small and medium-sized enterprises, the lack of
attractiveness of investment for venture capital, and the number
of required product authorization procedures slowed develop-
ment, considering its vast potential.11(p9) Matyjaszczyk also shows
that the legislation and costs of authorization of MBCP as biosti-
mulants vary among EU MSs. Denmark and the Czech Republic
have a simple procedure with a fee of around 200 euros. In
Belgium, Germany, and Poland, costs are under 10 000 euros
(with a procedure taking under a year), whereas in Hungary,
Italy, and France, costs increase to 20 000–30 000 euros, and the
procedure lasts over a year.8(p1205)

Strasser and Kirchmair assert that faster market penetration of
MBCPs is limited given that they are mainly produced by small
enterprises that cannot afford the investment in registering niche
products with a limited market and high specificity.22 Even with
the reduced requirements for MBCP, the ‘cost of registration
(tests, toxicity experiments, field trials, development, and fees) in
comparison with the market size targeted by a biocontrol sub-
stance’ are high.10 However, according to Kvakkestad et al.,26

the market size explanation has a limited explanatory capacity.
They compare MBCP authorization in Norway with that in
Sweden and Denmark, and argue that, despite similar require-
ments, the smaller market size in Norway could not explain the
longer procedures. Rather, the authorities' restrictive approach
to mitigating environmental and human health risks caused the
delays.

2 MATERIALS AND METHODS
For this article, we have updated and extended the first systema-
tization of approved MBCAs for Australia (AUS), Canada (CA), the
European Union (EU), Japan (J), New Zealand (NZ), and the
United States of America (USA) (by van Lenternen et al.27). We
have updated the overview of approved active substances in
the EU and USA within the period 2000–2017 (by Frederiks and
Wesseler, Appendices A and B9(pp100–103)) up to 31 August 2019.
We have verified all the entries (strains) from the EU Pesticides
Database,28 the US Environmental Protection Agency Pesticide
Chemical Search,29 Canadaʼs Pesticides Database,30 and
New Zealandʼs Agricultural Compounds and Veterinary Medi-
cines (ACVM).31 Furthermore, for compiling the EU MS-level
authorized MBCPs, we have built on the systematization for
2014 realized by Matyjaszczyk8(p1204) and used the EU Pesticides
Database.

3 RESULTS AND DISCUSSION
We start by assuming that by 2019, considering the longer aver-
age time of the EUʼs MBCA approval and MBCP authorization pro-
cedure, the effects of Regulation (EC) 1107/2009 could be initially
evaluated. Data in Figs 1 and 2 show that, until 2008, the EU was
significantly behind the USA in terms of approval procedures
and approved MBCA strains. Since some approval procedures
include several strains, data on the total number of procedures
indicate the EUʼs administrative capacity. The situation has
greatly improved in the EU since 2008, leading to a lower lag with
the USA in terms of cumulative approval procedures. As some of
the approval procedures have included several related strains,
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the EU had overtaken the USA regarding the total number of
approved MCBA strains by 2008.
Despite considerable improvements in MBCA approval, success

in creating the conditions for microbial pest control is also a func-
tion of country-level MBCP authorization, the crucial stage ensur-
ing their availability and supporting market penetration. Table 1
shows for each approved MBCA the number of countries with
authorized MBCPs in 2014 and 2019. The situation in 2014 was

bleak as approved MBCAs led to an average of only 23% autho-
rized MBCPs, covering only 28% of the agricultural land of EU
MSs. By 2019, the situation had improved as MBCP authorization
increased to 38%. Very positively, the coverage of EU agricultural
land had risen to 50% by 2019. The most widely approved MBCP
in 2014 used four Bacillus thuringiensis strains (EG 2348, SA-11,
SA-12, ssp. kurstaki PB 54), species on which most MBCPs are
based. Among the strains already available in 2014 and widely

Figure 1. The cumulative evolution of microbial biological control agent approval procedures by country/region between 2001 and 2019 (2020 pending
approval) in the EU, the USA, Canada, New Zealand, and Australia.

Figure 2. The cumulative evolution of approved microbial biological control agent strains by country/region between 2001 and 2019 (2020 pending
approval) in the EU, the USA, Canada, New Zealand, and Australia.
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authorized in MBCPs at the EU MS level were two other Bacillus
thuringiensis (ssp. kurstaki and ssp. aizawai GC-91), Pseudomonas
sp. DSMZ 13134, Pythium oligandrum M1, and two strains of Tri-
choderma harzianum (KRL-AG2 and ITEM 908). Encouragingly, all
MBCAs increased their authorization percentage in MBCPs with
just three exceptions, indicating the limited failures to produce
marketable MBCPs. However, there have been few authorized
MBCPs based on MBCA approved since 2014. Only Pseudomonas
sp. DSMZ 13134 (19 countries) and Pepino mosaic virus CH2 isolate
1906 (15 countries) were present in MBCPs authorized in more
than half of the EU MSs.
The country-level situation of authorized MBCPs in the EU in

2014 and 2019 (Table 2) shows considerable variations. In 2014,
the countries with the most authorized MBCPs were Italy (67%),
France (51%), the UK (37%), and Belgium (37%). By 2019, the
authorization rate in France had increased to 81%, followed by
Spain (77%), Italy (72%), and the UK (66%). Countries with the
most significant progress between 2014 and 2019 were Spain
(45% increase) and Poland (38% increase), both with significant
agricultural sectors. Not unexpectedly, both in 2014 and 2019,
all the post-communist EU MSs except Poland had the lowest
number of approved strains and the lowest improvement rate
between 2014 and 2019. Malta is the only country that had fewer

authorized MBCPs in 2019 than in 2014, possibly caused by the
elimination of some MBCPs whose MBCA approval had expired.
To verify whether the authorization of MBCPs is indeed more

prevalent in countries with more agricultural land, we have corre-
lated the percentage of each EU MS approved MCBP (of the total
available MCBAs) in 2014, 2019 and the change from 2014 to
2019, with the percentage of the countryʼs agricultural land of
the entire EU arable land. We used two-tailed Pierson bivariate
correlations [**indicates a correlation significant at >0.01 level
(two-tailed); *indicates a correlation significant at >0.05 level
(two-tailed)]. The percentage of arable land a country has of the
total of EU arable land is positively correlated with MBCP authori-
zation both in 2014 (0.44**) and in 2019 (0.557**) (full data in
Table S3).32 Furthermore, this positive correlation holds even for
the progress between 2014 and 2019 in the percentage of autho-
rized MBCPs. As the correlations use data on the entire population
of interest, all the EU MSs, the analysis indicates a consistent asso-
ciation between larger agricultural sectors and more authorized
MBCPs. It is worth stressing that correlation is not causation and
that the exact causal mechanism remains to be tested using mul-
tivariate analysis and, if it holds, to be investigatedwith qualitative
techniques. Given that companies are the main actors in MBCP
authorization, choosing the MS to which to submit a dossier, an

Table 2. Authorized microbial biological control products (MBCPs) as a percentage of approved microbial biological control agents (MBCAs) in EU
Member States in 2014 and 2019 (based on Tables S1 and S2) arranged by evolution 2014–2019

% evolution between 2014
and 2019

Authorized MBCP
in 2014

% of approved MBCA
in 2014

Authorized MBCP
in 2019

% of approved MBCA
in 2019

Average/
country

+15 23 38

Spain 45 14 33 41 77
Poland 38 9 21 31 58
Portugal 33 10 23 30 57
Netherlands 30 13 30 32 60
France 30 22 51 43 81
UK 29 16 37 35 66
Greece 26 14 33 31 58
Ireland 26 2 5 16 30
Germany 24 9 21 24 45
Sweden 20 10 23 23 43
Croatia 19 0 0 10 19
Denmark 18 10 23 22 42
Belgium 18 16 37 29 55
Austria 17 12 28 24 45
Luxemburg 13 8 19 17 32
Cyprus 10 11 26 19 36
Hungary 9 10 23 17 32
Bulgaria 9 2 5 7 13
Slovenia 5 10 23 15 28
Czech
Republic

4 7 16 11 21

Lithuania 4 7 16 11 21
Italy 4 29 67 38 72
Latvia 3 1 2 3 6
Romania 3 6 14 9 17
Estonia 3 2 5 4 8
Slovakia 2 12 28 16 30
Finland 0 4 9 5 9
Malta −14 6 14 0 0
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in-depth investigation should evaluate their structure of
incentives.
One of the key factors that influences the evolution of MBCA

approval and MBCP authorization is the level of investment in
research programs, which is reflected in research output. While
interest in funding relevant biological control research programs
has improved, it is still evaluated at only 1% of research invest-
ment in chemical pesticides.1(pp15–20) The biocontrol community
survey by Lamichhane et al.3 identified the limited funding for
biocontrol research as one of themain hindrances to the develop-
ment of biocontrol in Europe. To comparatively assess the EUʼs
position on the global stage, we extracted the number of articles
in the field ofmicrobial biocontrol in each EUMS in each year from
2005 to 2018 (the latest year available), using Clarivate Analytics
Web of Science (WoS) (all subcollections), a precise database,
allowing complex search syntaxes to discriminate research rele-
vant to MBCA. While analyzing all biopesticide research published
in WoS, Balog et al.7(p2208) assessed that the EU was behind the
USA, China, and India. Instead, our research, focusing onmicrobial
biocontrol research (Fig. 3), revealed that the EU is, along with
China, a global leader in the number of research articles and that
the total number of articles has constantly increased up to and
including 2018.
In a further step, we have tested the correlation between

country-level MBCP authorization and country-level research in
the field of microbial biocontrol. The number of research articles
on microbial biocontrol (published by 2014) correlates with prod-
uct approval in 2014 at 0.70** and in 2019 at 0.78**. Also, the
change in approved strains in EU MSs is positively correlated
(0.47**) with the research articles on microbial biocontrol, indicat-
ing that countries more prone to fund research in MBCAs also
improved access to MBCPs between 2014 and 2019. Although this
data does not test the direct link between research on specific
MBCAs and authorization of MBCPs at the country level, it indi-
cates that research efforts are not randomly distributed across

EU MSs but correlated with country-level MBCP authorization.
While the exactmechanisms remain to be investigated, data show
that most research efforts are concentrated in a limited number of
EU MSs, a factor that contributes to the fragmentation of efforts
identified by Lamichhane et al.3

4 CONCLUSION
This article contributes to the literature, explaining the factors that
hinder a faster development of the EU microbial pest control sec-
tor and identifyingmeasures to ameliorate this process. Instead of
concentrating on the limitations of the MBCA approval process,
we have focused on understanding how MBCA approval trans-
lates into country-level MBCP authorization and how this process
correlates with the importance of agriculture and the degree of
research intensity in microbial biocontrol.
Despite the inefficiencies identified by Balog et al.,7

Matyjaszczyk,8 Frederiks and Wesseler,9 and Sundh and
Eilenberg,4 we show that the EUʼs legislative framework allowed
it to catch up in terms of MBCA approval and even slightly over-
take the USA for approved MBCA strains. Also, Robin and March-
and10 show MBCA approval increased most after Regulation
(EC) No. 1107/2009 compared with natural substances, semio-
chemicals, or chemical pesticides. By providing the first dynamic
evaluation of MBCP authorization, we show that the situation is
less than satisfactory, although the trend is positive. Most MBCPs
are submitted for approval in just a few countries, mostly with
larger agricultural areas and higher research intensity. We show
that between 2014 and 2019, some visible improvements have
been achieved in many EU countries, except for most post-
communist new EU MSs (with the notable exception of Poland)
and most smaller states. Nevertheless, with a few exceptions, all
MBCAs had increasedMS-level availability, indicating that compa-
nies are able to identify potential profitable national markets.

Figure 3. Evolution of articles per year on research inmicrobial biological control agents indexed in Clarivate Analytics Web of Science by country/region
between 2005 and 2018 in the EU, the USA, Canada, China, India, Japan, and Australia.
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While improving MBCP availability depends on private compa-
nies' investment in the approval process and product develop-
ment, the differences between EU MSs’ interest in promoting
microbial pest control affect the market penetration of these
products. The lack of commitment from EUMSs is still a major lim-
itational factor in developing the biocontrol industry, as adoption
of IPM is still not enforced in the EU. In a recent article33 evaluating
the NAPs required by the SUD Directive of eight EU MSs
[Denmark, Germany, the Netherlands, France, the UK (a member
of the EU until 31 January 2020), Romania, Hungary, and
Poland], we have shown that despite promoting low-risk alterna-
tives as one of the SUD goals, relevant measures are present only
in the NAPs of two MSs (Denmark and France). In the rest of the
NAPs, the issue was discussed, but no concrete measures, timeta-
ble, or indicators to promote the use of low-risk alternatives
(mostly MBCPs) were present.
We agree with the recurrent recommendation stemming from

the literature that further improvements to the EUʼs regulatory
framework are necessary. However, we stress prioritizing efforts
into the national-level MBCA approval and MBCP authorization
stage, and changing the structure of incentives for researchers,
companies, and farmers to increase their availability. Based on
the recommendations of the EU initiative REBECA (Regulation of
Biological Control Agents), Balog et al. recommend improving
the implementation of regulations, accelerating risk assessments
of MBCPs, and accelerating MBCA approval.7 We stress that any
modification of the ‘pesticide package’ would be highly conten-
tious, would require much effort from the EU institutions and
MSs, and would shift the focus from what we consider the main
priority, given our current findings: improving the application of
the current ‘pesticide package’ at the EU MS level so as to fit
within the procedural deadlines during both MBCA approval
and MBCP authorization. As only four EU MSs performed the
RMS phase, and more than 50% of RMSs exceeded procedural
deadlines between 2009 and 2016, Frederiks and Wesseler con-
sider the EUMS level to be themain bottleneck. They recommend
involving only RMSs with proven capacity and even having RMSs
specializing in specific types of evaluation and better exchanges
of good practice from the successful RMSs like Belgium, France,
and the Netherlands or EFSA. They also stress that the unequal
expertise of RMSs also leads to exceeding procedural deadlines
in MBCP authorization in 80% of cases.9 Kvakkestad et al.'s expla-
nation for MBCP authorization delays in Norway is less likely to be
relevant for poorer countries, with a much lower research inten-
sity and lower institutional capacity.26 Thus, our analysis also indi-
cates the scientific assessment procedures by EU MSs in both the
approval and authorization stages, and not the political decision
procedure, to be the cause of limited progress.
Frederiks and Wesselerʼs recommendation indicates an

implicit centralization of the approval of MBCAs and authoriza-
tion of MBCPs, leading to the concentration of MBCP authoriza-
tion in wealthier countries with larger agricultural areas.
Centralization could speed up the authorization of MBCPs in
the short term but would prevent adequate dissemination of
expertise to the rest of the EU MSs and thus would not guaran-
tee a higher market penetration of MBCPs. However, MBCP
authorization is not the last of the major hurdles, as employing
MBCPs is much more knowledge-intensive and depends on
implementing IPM. We consider that this expertise is fundamen-
tal to all EU MSs for the sustainable development of microbial
pest control. Market penetration of MBCPs fundamentally
depends on making the transition to IPM, which in turn depends

on changing the structure of incentives for farmers and increas-
ing the level of expertise on using more knowledge-intensive
crop protection measures.
While the recommendation adopted by the International Bio-

control Manufacturers Association in 2018, explicitly presented
by Sundh and Eilenberg,4(p2177) regarding a unique centralized
procedure involving MSs and a unique biocontrol-specific body
was opposed by the European Commission (EC), less radical
changes could be feasible.34 The EC could emphasize upgrading
the capacity of EU MS competent authorities (especially in terms
of microbiological expertise and risk assessment) and systemati-
zation in terms of costs and paperwork. Also, as the mutual recog-
nition process tends to exceed procedural deadlines, more robust
procedures should be required, including a tacit mutual recogni-
tion. Efforts by the EC35 to develop guidance for zonal evaluations
and mutual recognition are important, but more efforts to enact
these requirements are needed.
Given their higher costs, limited availability, effectiveness, and

high specificity, MBCPs can substantially increase their market
penetration only if IPM becomes the dominant approach to agri-
culture in the EU. Furthermore, to improve the incentives for com-
panies and researchers, additional efforts to promote low-risk
alternatives and IPM in the EU MSs NAPs are crucial, as also stated
in a recent report by the European Parliament.33 As the ‘Farm to
Fork’ strategy25 is a core component of the ‘European Green
Deal,’ current developments represent an important window of
opportunity. Nevertheless, the ECʼs push for the EU MSs to
address more seriously the aims of the SUD36 can be achieved
only with a significant boost to the availability and use of MBCPs.
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