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Team building in biocontrol

An ecosystem approach in biological pest control in
greenhouse cropping systems

Esteemed rector magnificus,

Dear colleagues, students, family and friends, ladies and gentlemen

About two years ago, we went with our research team from the Business Unit
Greenhouse Horticulture of Wageningen Research to a remote place in a wooded
area. The place was beautiful, a former monastery with a great atmosphere, high
ceilings, paintings, you could smell the history... After some drinks, good food and a
good night, we were totally relaxed and open for what the day could bring us. And
no, it did not bring us horse whispering, boxing or walking on fire to foster better
collaboration within our team. Instead, we used a very interesting methodology to
analyse the natural behavioural preferences and strengths of each team member,
which were visualised in a wheel by different colours. As good scientists, we were
rather sceptical about the methodology and started to discuss the value of it.
Interestingly, apart from the discussion about criteria and methods, the analyses
surprisingly showed a large diversity of functional traits of our team members, with
all different colours being represented. Some displayed a preference for decision
making, some were more analytical, some more supportive and others more creative.
It was an eye-opener for me that even among scientists with the same job, it is
beneficial to have such diversity within a team. The makers of this tool claim these
insights will increase the self-awareness of team members and result in better
relationships, as well as higher efficiency and resilience. Great!

Today in this inaugural address, I will talk about team building for biocontrol, and I
see a lot of parallels with building effective teams of people in companies and
research organisations. Also in biocontrol we want to increase resilience in the
cropping environment with diverse assemblages of natural enemies to achieve
effective results. Before I go into detail about team building for biocontrol, I would
like to start with giving a bit of context. What is biocontrol and how did it start? Why
is biocontrol so important for some major global challenges? And how do I plan to
contribute to biocontrol development with this position as a special professor?
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The success story of biological control in greenhouses

Biological control, or biocontrol, is the exploitation of living organisms to combat
pests, pathogens or weeds. These living biological control agents (BCAs) can
subdivided in different categories. There are predators, parasitoids,
entomopathogens (pathogens of insects) and plant pathogen antagonists [1].
Biological pest control in greenhouse horticulture started already in the 1920’s, with
the English discovery and subsequent production of the parasitoid Encarsia formosa
for the control of the greenhouse whitefly in tomato [2]. However, the enthusiasm for
using biological control quickly dropped when cheap and effective pesticides became
available after the second world war, and the success of the parasitoids E. formosa fell
into oblivion [3]. The use of pesticides has thereafter dominated pest and disease
control practices for several decades, and in many parts of the world this is still the
case. However, the overuse of pesticides promotes the development of pesticide
resistance, resulting in ineffective chemical control [4]. In addition, the removal of
naturally occurring biological control agents through the adverse effects of broad-
spectrum pesticides can in many cases result in pest resurgence [5]. In the late 1950's,
the concerns about these adverse effects of pesticides led to the introduction of
‘integrated control” defined as “applied pest control which combines and integrates
biological and chemical control’ [6]. This was further boosted by the awareness of the
destroying effects of pesticides on ecosystems, published in the famous book “Silent
Spring” by Rachel Carson in 1962 [7]. The strong adverse impact of pesticides on the
environment, food safety and the health of workers who are in direct contact with
pesticides, was further revealed in later studies, for example studies that showed the
impact of neonicotinoids on pollinators [8,9].

Biological control in greenhouses started again in the 1960” when spider mites
(Tetranychus urticae) became resistant against several pesticides [10], and when the
predatory mite Phytoseiulus persimilis was discovered as an effective spider mite
control agent [11]. Severe whitefly outbreaks in the early 1970’s led to the rediscovery
of E. formosa, and improved methods for rearing and shipping this parasitoid led to
an effective and widely accepted whitefly biological control programme [12]. In the
1980’s, the finding that many phytoseiid predatory mites could be mass-produced on
a system of bran and astigmatid prey mites was a major breakthrough, because this
enabled the mass production of these predatory mites in a cheap and massive way
[13]. Predatory mites mass-reared in this way nowadays play a major role in the
control of thrips, spider mites and whiteflies. Since the 1990’s, the development of
biological control in greenhouses strongly increased with several new species of
natural enemies being mass-produced and released in greenhouse crops (Figure 1).
In addition to specialist natural enemies, generalist predators also became more
popular because of their ability to control multiple pests species and to establish

4 | Prof.dr G.]J. Messelink Team building in biocontrol



populations in absence the pest. Right now, an estimated number of 350 arthropod
and nematode BCAs are commercially available world-wide [14]. Moreover, more
than 200 strains of microbial BCAs (fungi, bacteria and viruses) were registered for
pest and disease management, although this is probably a large underestimation of
the real number of strains used in biocontrol [14].

Figure 1. Some examples of specialist and generalist natural enemies in greenhouse crops. Left the

specialist parasitoids Aphidius ervi and Encarsia formosa and right the generalist predators Amblyseius

swirskii and Orius majusculus.

In general, control strategies have evolved from ‘prophylactic calendar spraying’ to
the use of pesticides based on the monitoring of pest and disease damage- and action
thresholds (‘threshold-based pesticide application”) towards (ecologically-based) IPM
that includes multiple non-chemical methods. In this approach, pesticides, preferably
compatible with natural enemies, are only used as a last option to reduce high pest
densities.

Customers, retailers, and governments in many countries are nowadays concerned
about the use of pesticides, resulting in the demand of pesticide residue-free
products, a reduced availability of pesticides and a strong increase of biological
control application.
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Major global problems

Because of the succes of biological control in greenhouses crops, we are now able to
produce healthy and safe vegetables and fruits. Sustainable greenhouse production
can be important for some of the major global problems. We all know, we are facing
the major threats of climate change and loss of biodiversity. Climate change seems to
accelarate and we are increasingly experiencing the consequences, such as the recent
floods in The Netherlands, Belgium, Germany and China and the incredible heat
waves in Canada, the US and Siberia. Both climate change and the loss of biodiversity
are threathening food production for the fast growing world population. In 2018, the
Food and Agricultural Organization (FAO) of the United Nations updated her
analyses of the future needs for food and agriculture to 2050 [15]. Although we know
the facts, the challenge remains enormous. The world population has strongly
increased over the last decades. Between the year I was born and now, the population
more than doubled to an estimated size of 7.8 billion people right now. According to
world population prospects of the Population Division of the Department of
Economic and Social Affairs of the United Nations Secretariat, the world population
growth is slowing down, but approaching 10 billion people in 2050 [16]. Moreover,
on top of that, there is a large shift worldwide to urbanisation (Figure 2).
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Figure 2. Global urban and rural populations: historical and projected [15]

Producing sufficient healthy food in a sustainable way for a growing world
population is thus challenging. In addition, the COVID-19 pandemic also changed
our view on food production world-wide. Food availability is one of the primary
needs and the world-wide lock-downs showed how fragile large cities are when
transport of food from outside is blocked. This awareness led to an increased wish to
be more self-supporting in the production of sustainable food [17] and may result in
an increased demand for local food production in urbanised areas.
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a new design of the greenhouse cropping systems with more diversity of plants that
support specific needs of natural enemies, for example soft plant tissue for
oviposition of predatory bugs or flower nectar for adult lacewings and syrphids. In
these studies we also include the potential effects of functional diversity in the
vegetation surrounding the greenhouses, that can support both arthropod
biodiversity around greenhouses as well as natural enemy biodiversity inside
greenhouses (Figure 6).

Figure 6. An impression of biodiversity around greenhouses that potentially can support biological pest

control.

Food web complexities

More natural enemies in biological control programmes also means more interactions
among species which can affect pest control in an infinite number of ways [13]. Not
only the diversity of natural enemies, but also the diversity of pest species and the
provision of alternative food can affect biological control in both positive and
negative ways. Evaluations of biological control systems under realistic greenhouse
conditions with multiple pests and natural enemies is thus important to include these
food web complexities. In our greenhouse studies we try to better understand these
interactions and to reduce potential negative interaction such as hyperparasitism,
intraguild predation and increase additive or synergistic effects by providing more
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diversity of (micro)habitats in cropping systems. Modelling can help to predict the
outcome of such interactions, which can afterwards be validated in greenhouse trials.

IPM

Biological control is often part of a larger system comprising of multiple methods of
pest control, also called Integrated Pest Management (IPM). For example, the use of
arthropod natural enemies can be complemented by using entomopathogenic
microorganisms [29] or inducing the defence mechanisms of the crop [30]. It is
important to consider the possible effects on biological pest control when integrating
different control methods. Ultimately, everything intertwines in greenhouse
cultivation and a holistic approach is necessary to achieve pest control solutions. In
many of our projects we try to look at the larger IPM system and we investigate the
influence of the cultivation substrate, climate, lighting, plant traits and crop
structures on biological pest control.

Curiosity and serendipity

I strongly believe there is still so much to explore and learn from nature that we can
apply in biological pest control. This all starts with an intrinsic curiosity about how
systems function, and how species interact and behave. Therefore time for field work
and observations is in my opinion essential and should be created in the busy time
schedules of project management. Curiosity driven science may also result in
serendipities, the phenomenon of finding valuable things not sought after.
Unplanned fortunate discoveries occur commonly in science, such as the discovery of
penicillin in 1928 by the Scottish researcher Sir Alexander Fleming. A famous quote

from Fleming is:

“One sometimes finds what one is not looking for. When I woke up just after dawn on Sept.
28, 1928, I certainly didn’t plan to revolutionize all medicine by discovering the world’s first
antibiotic, or bacteria killer. But I guess that was exactly what I did.”

Serendipities also played an important role in the discovery of many natural enemy
species. One of the early observations in The Netherlands goes back to the 17*
century.

Johannes Goedhaert (Figure 7) was a painter living in the 17" century who was
fascinated by the diversity of maggots, worms, caterpillars and all kinds of larvae he
found in nature. He kept them in pots and bottles and tried to feed them with their
natural food sources like plant leaves and observed some magic changes that seemed
so far to be unknown. Ugly larvae changed into beautiful butterflies and maggots
into pupae and flies. He published his observations after 25 years of work in the
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famous book “Metamorphosus Naturalis” that was released in 1670 [31], and he is
now considered to be the discoverer of the metamorphosis of insects.

Figure 7. Johannes Goedhaert (1617-1668), painted by Reinier van Persijn

Very interestingly, among the descriptions of metamorphosis, Johannes Goedhaert
also described some cases of insects preying on other insects. He observed for
example syrphid flies laying eggs in aphid colonies and the larvae predating on
aphids (Figure 8). He also described the remarkable furtive behaviour of syrphid
larvae in aphid colonies. Funnily enough, he named these insects “sluggards”
(luiaards), because most of the time these larvae appear to be dead or sleeping.
However when active, they carefully approach aphids, quickly attack and suck the
aphids empty. Nowadays we know these larvae are very important natural enemies
for aphid control and this observed furtive behaviour prevents migration in aphid
clusters. Without knowing and understanding, he also described several cases of
parasitism of caterpillars. He was very surprised that the same species of caterpillars
could result in one case in a beautiful butterfly and in another case in the emergence
of several flies (Figure 8).
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Figure 8. Syrphid larvae feeding on aphids (left) and parasitism of the larval stages of Nymphalis
polychloros (right).

Although Goedhaert already mentioned that insects are largly overlooked and
should be studied in more detail, he probably would never have realised that what
he observed, now plays an incredibly important role in sustainable food production
worldwide. Observations like these are still needed to understand species
interactions and to come up with new ideas for biological pest control.

Cooperation

Studies on team building in biocontrol also requires team building in research.
Complementarity among scientists with different fields of expertise is essential to
solve complex problems and develop innovations. Wageningen University and
Research is a great environment for this multidisciplinary approach in research,
which ranges from fundamental to very applied research. With my position as a
special professor in biological pest control at the Laboratory of Entomology, I hope to
strengthen the connection between basic and applied research. In my other position,
in the entomology group at the Business Unit Greenhouse Horticulture of
Wageningen Research, I am more involved in applied research projects in biological
control. This offers a great opportunity to connect MSc students to applied projects in
the greenhouse sector and to strengthen applied research with more fundamental
PhD-projects about biological pest control.
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The willingness to share ideas and have open and stimulating discussions among
scientists is extremely important for research and I believe that trust and friendship is
required for that. This is why physical project meetings and conference visits are so
important. I know we live in a competitive world and there can be conflicting
interests among scientists or industries, but eventually we all work on the same goal
to increase the sustainability of the agricultural sector, which connects us deeply.

A close relationship and collaboration with growers, consultants and the biological
control companies is also essential for developing biological control systems that can
be applied in reality. During my career, I have learned so much from growers and
consultants that practice biological control every day. I also have a deep respect for
all the growers that have been willing to take the risks to reduce pesticide use and try
new approaches in biocontrol, which sometimes involved huge crop losses. A close
connection with practice is of great importance to identify the knowledge gaps and
prioritise research programmes for biological control.

Education

Wageningen University is internationally well-known and ranked as the best
agricultural university world-wide. Currently, 20% of the more than 13000 students
are international, coming from more than 100 different countries. This offers great
opportunities to teach and inspire new students from all over the world about
biological pest control, knowledge they can apply afterwards in their own countries.
This is more than ever needed for producing food and flowers in a sustainable way.
New generations of students will also be important to further develop novel
approaches in biological control. With the special chair for biological control in
greenhouse production systems, I will contribute to education through courses about
biological pest control and by supervising MSc and PhD students. I hope we can
inspire students in the existing biological control courses by showing the nice
biocontrol systems that are currently applied in the greenhouse industry and by
challenging them to work on new biocontrol solutions.

Acknowledgements

Beste mensen, ik hoop dat ik jullie een inkijkje heb kunnen geven in de wereld van
biologische bestrijding van plagen in kassen en onze plannen om biologische
bestrijding verder te ontwikkelen voor de uitdagende tijden die ons te wachten staan.
De positie als buitengewoon hoogleraar bij het Laboratorium voor Entomologie biedt
een fantastische mogelijkheid om ons werk aan biologische bestrijding verder te
versterken. Graag wil ik de mensen bedanken die dit mogelijk hebben gemaakt. Dat
zijn in de eerste plaats de sponsoren van deze positie als buitengewoon hoogleraar:
Koppert Biological Systems and Stichting Stimuflori. Hartelijk dank voor het

18 | Prof.dr G.]. Messelink Team building in biocontrol



vertrouwen dat jullie mij gegeven hebben. Verder is dit mogelijk gemaakt door de
steun en het vertrouwen van het management van de Business Unit Glastuinbouw,
Rob Meijer, Caroline van der Salm, Jan-Willem de Vries en Sjaak Bakker. Ook wil ik de
rector van Wageningen Universiteit, Arthur Mol, bedanken voor het in mij gestelde
vertrouwen. En natuurlijk ook de ondersteuning vanuit het Laboratorium voor
Entomologie, in het bijzonder professor Marcel Dicke en professor Joop van Lenteren.
En uiteraard wil ik mijn grote leermeesters in het vak bedanken. Allereerst Pierre
Ramakers die we vanaf het alle begin enthousiast heeft gemaakt over biologische
bestrijding in de glastuinbouw. En natuurlijk Arne Janssen van de Universiteit van
Amsterdam, mijn begeleider tijdens mijn promotieonderzoek. Arne, geweldig dat we
nog zo nauw samenwerken en ik hoop dat we dat nog jaren verder gaan vorm geven!

Veel van ons onderzoek aan biologische bestrijding is medegefinancierd vanuit de
glastuinbouwsector. Ik ben bijzonder dankbaar voor de enorme energie en inzet van
Helma Verberkt vanuit haar werk voor Glastuinbouw Nederland om veel financiering
van ons onderzoek mogelijk te maken. Door de jaren heen heb ik met vele telers en
voorlichters samengewerkt, teveel mensen om hier persoonlijk te bedanken. Ik denk
dat dit nauwe contact met mensen uit “de praktijk” ontzettend waardevol en
belangrijk is. Allen bedankt daarvoor! Ook de intensieve samenwerking met de
onderzoekers van diverse biologische bestrijdersfirma’s is geweldig stimulerend en
waardevol. I would also like to thank all the people I collaborated with within the
International Organization for Biological and Integrated Control (IOBC). Particularly
the team members from the executive committee of the IOBC-WPRS, Philippe Nicot,
Andrea Lucchi, Sylvia Bliimel, Ilaria Pertot and Giselher Grabenweger. It was great and
inspiring to work together for such a wonderful organisation!

Verder wil ik alle collega’s en oud-collega’s binnen WUR bedanken voor alle fijne en
stimulerende samenwerking. I am also extremely happy with the nice group of
entomologist we now have in Bleiswijk, for the friendship and great fun we have
together. Ada, Angelos, Chantal, Hessel, Jesica, Kyra, Marcel, Marjolein, Marijke and
Sophie: Thanks for our team work and complementarity! With some of you I have
worked intensely for many years, which I consider as a blessing.

Tot slot wil ik mijn vrienden en mijn familie bedanken. Fijn dat jullie er allemaal zijn!

Job, Olaf, Bento en Rhodé, jullie zijn schatten! Lieve Marjolein, dank voor je steun en
stimulans om deze nieuwe stap te maken.

Esteemed Rector Magnificus,
Ik heb gezegd.

Wageningen University & Research | 19



References

1.

10.

11.

12.

Heimpel, G.E.; Mills, N.J. Biological control — ecology and applications.
Cambridge University Press: New York, 2017.

Speyer, E.R. An important parasite of the greenhouse white-fly (Trialeurodes
vaporariorum, Westwood) Bull. Entomol. Res. 1927, 17, 301-308.

Hussey, N.W.; Scopes, N. Biological pest control, the glasshouse experience.
Cornell University Press: Ithaca, New York, 1985.

Denholm, I.; Rowland, M.W. Tactics for managing pesticide resistance in
arthropods: Theory and practice Annu. Rev. Entomol. 1992, 37, 91-112.

Janssen, A.; van Rijn, P.C.J. Pesticides do not significantly reduce arthropod pest
densities in the presence of natural enemies Ecol. Lett. 2021, 24, 2010-2024.

Stern, V.M.; Smith, R.F.; van den Bosch, R.; Hagen, K.S. The integrated control
concept Hilgardia 1959, 29, 81-101.

Carson, R. Silent spring. Houghton Mifflin ; Riverside Press: Boston; Cambridge,
Mass., 1962; p 368.

EASAC. Ecosystem services, agriculture and neonicotinoids EASAC policy
report 26; EASAC - the European Academies’ Science Advisory Council: Halle,
Germany, 2015; p 61.

Casals-Casas, C.; Desvergne, B. Endocrine disruptors: from endocrine to
metabolic disruption. In Annual Review of Physiology, Vol 73, Julius, D.;
Clapham, D.E., Eds. Annual Reviews: Palo Alto, 2011; Vol. 73, pp 135-162.

Bravenboer, L. De chemische en biologische bestrijding van de spintmijt
Tetracnychus urticae Koch Wageningen University, Wageningen, 1959.

Bravenboer, L.; Dosse, G. Phytoseiulus riegeli Dosse as a predator of harmful
mites of the group of Tetranychus urticae Entomol. Exp. Appl. 1962, 5, 291-304.

Van Driesche, R.G.; Heinz, K.M. An overview of biological control in protected
culture. In Biocontrol in protected culture, Heinz, K.M.; Van Driesche, R.G,;
Parrella, M.P., Eds. Ball Publishing: Batavia, Illinois, 2004; pp 1-25.

20 | Prof.dr G.]. Messelink Team building in biocontrol



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Ramakers, P.M.].; van Lieburg, M.]. Start of commercial production and
introduction of Amblyseius mckenziei Sch. & Pr. (Acarina: Phytoseiidae) for the
control of Thrips tabaci Lind. (Thysanoptera: Thripidae) in glasshouses Med.
Fac. Landbouw. Rijksuniv. Gent 1982, 47, 541-545.

van Lenteren, ].C.; Bolckmans, K.; Kohl, J.; Ravensberg, W.J.; Urbaneja, A.
Biological control using invertebrates and microorganisms: plenty of new
opportunities BioControl 2018, 63, 39-59.

FAO. The future of food and agriculture — Alternative pathways to 2050. FAO:
Rome, 2018; p 224.

World Population Prospects 2019 by the Department of Economic and Social
Affairs Population Dynamics of the United Nations. https://population.un.org/

wpp/

Pulighe, G.; Lupia, F. Food first: COVID-19 outbreak and cities lockdown a
booster for a wider vision on urban agriculture Sustainability 2020, 12, 4.

Tsafaras, I.; Campen, J.B.; Stanghellini, C.; de Zwart, H.F.; Voogt, W.; Scheffers,
K.; Al Harbi, A.; Al Assaf, K. Intelligent greenhouse design decreases water use
for evaporative cooling in arid regions Agric. Water Manage. 2021, 250, 10.

Messelink, G.J.; Bennison, ].; Alomar, O.; Ingegno, B.L.; Tavella, L.; Shipp, L.;
Palevsky, E.; Wackers, F.L. Approaches to conserving natural enemy
populations in greenhouse crops: current methods and future prospects
BioControl 2014, 59, 377-393.

Letourneau, D.K,; Jedlicka, J.A.; Bothwell, S.G.; Moreno, C.R. Effects of natural
enemy biodiversity on the suppression of arthropod herbivores in terrestrial
ecosystems Annu. Rev. Ecol. Evol. Syst. 2009, 40, 573-592.

Messelink, G.J.; Bloemhard, C.M.].; Cortes, J.A.; Sabelis, M.W.; Janssen, A.
Hyperpredation by generalist predatory mites disrupts biological control of
aphids by the aphidophagous gall midge Aphidoletes aphidimyza Biol. Control
2011, 57, 246-252.

Rosenheim, J.A.; Kaya, H.K.; Ehler, L.E.; Marois, ].J.; Jaffee, B.A. Intraguild
predation among biological control agents: theory and evidence Biol. Control

1995, 5, 303-335-

Wageningen University & Research | 21



23.

24.

25.

26.

27.

28.

29.

30.

31.

Messelink, G.J.; Bloemhard, C.M.].; Sabelis, M.W.; Janssen, A. Biological control
of aphids in the presence of thrips and their enemies BioControl 2013, 58, 45-55.

Messelink, G.J.; Janssen, A. Increased control of thrips and aphids in
greenhouses with two species of generalist predatory bugs involved in
intraguild predation Biol. Control 2014, 79, 1-7.

Onzo, A.; Hanna, R.; Janssen, A.; Sabelis, M.W. Interactions between two
neotropical phytoseiid predators on cassava plants and consequences for
biological control of a shared spider mite prey: a screenhouse evaluation
Biocontrol Sci. Technol. 2004, 14, 63-76.

Gable, ].T.; Crowder, D.W.; Northfield, T.D.; Steffan, S.A.; Snyder, W.E. Niche
engineering reveals complementary resource use Ecology 2012, 93, 1994-2000.

Cardinale, B.].; Palmer, M.A.; Collins, S.L. Species diversity enhances ecosystem
functioning through interspecific facilitation Nature 2002, 415, 426-429.

Losey, J.E.; Denno, R.F. Positive predator-predator interactions: Enhanced
predation rates and synergistic suppression of aphid populations Ecology 1998,

79, 2143-2152.

Gonzalez, F.; Tkaczuk, C.; Dinu, M.M.; Fiedler, Z.; Vidal, S.; Zchori-Fein, E.;
Messelink, G.J. New opportunities for the integration of microorganisms into
biological pest control systems in greenhouse crops J. Pest. Sci. 2016, 89, 295-311.

Pappas, M.L.; Broekgaarden, C.; Broufas, G.D.; Kant, M.R.; Messelink, G.J.;
Steppuhn, A.; Wackers, F.; van Dam, N.M. Induced plant defences in biological
control of arthropod pests: a double-edged sword Pest. Manag. Sci 2017, 73,
1780-1788.

Goedaert, ]. Metamorphosis naturalis, ofte historische beschryvinghe vanden
oirspronk, aerd, eygenschappen ende vreemde veranderinghen der wormen,
rupsen, maeden, vliegen, witjens, byen, motten ende dierghelijcke dierkens
meer. Jacques Fierens: Middelburg, 1660.

22 | Prof.dr G.]. Messelink Team building in biocontrol



Wageningen University & Research | 23



24 | Prof.dr G.]J. Messelink Team building in biocontrol






Prof.dr G.J. Messelink

'‘Biological pest control has been applied very successfully in greenhouse
production systems for decades. However, the sector is suffering from
new invasions of exotic pest species and an increased pressure of
indigenous pests, which both disrupt current biological control strategies.
Resilient cropping systems, based on a long-term establishment of
multiple species of natural enemies, need to be developed to control the
wide range of pests. This requires team building in biocontrol, with
natural enemy species playing complementary roles. A better
understanding of the underlying mechanisms of the positive effects of
natural enemy diversity on pest control can help us to design more
effective biological control strategies.’
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