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PARTNER DATA

Partner 1 (Consortium Coordinator): PME&BIM KU Leuven

FINANCE COMMENTS

Personnel A PhD student will work on the project (40 kEUR/year). Part of this will be provided by own
contribution.

Travel The costs for travel (4000 €) will cover the expenses to participate the C-RootControl meetings in
Belgium, France or Switzerland.

Consumables / Equipment The consumables that are required are mainly required to carry out the molecular work (qPCRs, PCRs,
DNA sequencing,...) in the project. Typically such consumables are expensive.

Subcontracts

Other

TASK(S)
Overall project coordination
WP1 Genotypic characterization of rhizogenic Agrobacteria
WP2 Evaluation of the biofilm-inhibiting compounds on a pilot-scale system
WP3 Examining the ecology of BCO’s and rhizogenic Agrobacteria, using metagenetics; In vitro screening for BCOs; Validation of
antagonistic activity in a bio-assay
WP5 Follow up of the greenhouse experments using qPCRs
WP6 Publication in peer-reviewed and professionally orientated journals; organization international workshop
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Ingeborg Frans, Kristof Dierckens, Sam Crauwels, Ado Van Assche, Jørgen Leisner, Marianne H. Larsen, Chris W. Michiels, Kris A. Willems,●
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Does virulence assessment of Vibrio anguillarum using sea bass (Dicentrarchus labrax) larvae correspond with genotypic and phenotypic
characterization?
Plos One (8), e70477 (2013)
Busschaert, P., Frans, I., Crauwels, S., Zhu, B., Willems, K., Bossier, P., Michiels, C., Verstrepen, K., Lievens, B., Rediers, H.●

Comparative genome sequencing to assess the genetic diversity and virulence attributes of 15 Vibrio anguillarum isolates
Journal of Fish Diseases (first published online : 30 JUL 2014), art.nr. , 1-13. (2014), ()
doi:10.1111/jfd.12290
Eef Vankerckhoven, Bart Verbessem, Sam Crauwels, Priscilla Declerck, Koenraad Muylaert, Kris A. Willems and Hans Rediers●

Exploring the potential synergistic effects of chemical disinfectants and UV on the inactivation of free-living bacteria and treatment of
biofilms in a pilot-scale system.
Water Science and Technology (64(6)), 1247-1253 (2011)
Ingeborg Frans, Pieter Busschaert, Kristof Dierckens, Chris W. Michiels, Kris A. Willems, Bart Lievens, Peter Bossier, and Hans Rediers●

Are Type IV pili involved in Vibrio anguillarum virulence towards sea bass (Dicentrarchus labrax L.) larvae?
Agricultural sciences (4(6A)), 30-38 (2013)
Nico Lambert, Hans Rediers, Ann Hulsmans, Koen Joris, Priscilla Declerck, Yasmine De Laedt, and Sven Liers●

Evaluation of ultrasound technology for the disinfection of process water and the prevention of biofilm formation in a pilot plant.
Water Science and Technology (61), 1089-1096 (2010)
Ann Hulsmans, Koen Joris, Nico Lambert, Hans Rediers, Priscilla Declerck, Yasmine Delaedt, Frans Ollevier, Sven Liers●

Evaluation of process parameters of ultrasonic treatment of 1 bacterial suspensions.
Ultrasonics Sonochemistry (17), 1004-1009 (2010)
Hans Rediers, Paul B. Rainey, Jos Vanderleyden and René De Mot●

Unravelling the secret lives of bacteria: use of in vivo expression technology and differential fluorescence induction promoter traps as
tools for exploring niche-specific gene expression
Microbiology and Molecular Biology Reviews (69), 217-261 (2005)
Eef Vankerckhoven, Bart Verbessem, Sam Crauwels, Kris A. Willems, and Hans Rediers●

Synergistic effect of combinations of physical and chemical disinfection techniques for treatment of process water and biofilm removal
Proceedings of the 6th European Meeting on Chemical Industry and Environment (EMChIE) (), ()
Liesbeth Van Herck, Els E. Berckmoes, Tom Smets, Eef Vankerckhoven, and Hans Rediers●
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Chemical and Microbiological Water quality at vegetable growers: a survey in Flanders [in Dutch]
Proeftuinnieuws (professionally-orientated journal) (11), 26-28 (2013)
Bosmans, L., Álvarez-Pérez, S., Moerkens, R., Wittemans, L., Van Calenberge, B., Van Kerckhove, S., Paeleman, A., De Mot, R., Rediers, H.,●

and Lievens, B.
Assessment of the genetic and phenotypic diversity among rhizogenic Agrobacterium biovar 1 strains infecting economically important
crop plants
FEMS Microbial Ecology (), in press (2015)

Partner 2: Proefstation voor de Groenteteelt (PSKW)

FINANCE COMMENTS

Personnel

Travel Travel expenses are needed to interact with other research partners in France and Switzerland.

Consumables / Equipment

Subcontracts

Other

TASK(S)
PSKW will participate in WP4, WP5, and WP6.
WP4 Cultivation techniques to control symptom expression:
The results obtained in the ongoing research project in Belgium on tomato crops will be transferred to other countries and validated in other
crops (eggplant, cucumber).
WP5 Valorization activities:
Validation of BCO’s and biofilm reduction as IPM measures in greenhouse experiments.
Set-up of demo-experiments in semi-commercial and commercial greenhouses.
WP6 Dessimination

LITERATURE
De Nayer F, Goen K, Paeleman A, Parra NO, Vanachter ACRC, Wittemans L, Vandewoestijne E & Hanssen IM●

Cross-protection as a control strategy for Pepino mosaic virus (PepMV) in greenhouse tomato
Acta Hort. (ISHS) (914), 163-169 (2011)
http://www.actahort.org/books/914/914_29.htm
Hanssen IM, Paeleman A, Wittemans L, Goen K, Lievens B, Bragard C, Vanachter ACRC & Thomma BPHJ●

Genetic characterization of Pepino mosaic virus isolates from Belgian greenhouse tomatoes reveals genetic recombination
Eur. J. Plant Pathol. (121), 131-146 (2008)
http://www.researchgate.net/publication/225402583_Genetic_characterization_of_Pepino_mosaic_virus_isolates_from_Belgian_greenhouse
_tomatoes_reveals_genetic_recombination
Hanssen IM, Van Bergen L, Vandewoestijne E, Paeleman A, Wittemans LPF, Goen K, Bragard C, Lievens B, Vanachter ACRC & Thomma●

BPHJ
Differential symptom expression in tomato caused by different isolates of Pepino mosaic virus
Journal of Plant Pathology (90, 2 supplement, S2), 379 (2008)
Hanssen IM, Paeleman A, Van Bergen L, Vandewoestijne E, Wittemans L, Goen K, Vanachter ACRC & Thomma BPHJ●

Survey of symptom expression and damage caused by Pepino mosaic virus (PepMV) in commercial tomato production in Belgium
Acta Hort (ISHS) (808), 185-192 (2009)
http://www.actahort.org/books/808/808_28.htm
Hanssen IM, Gutiérrez-Aguirre I, Paeleman A, Goen K, Wittemans L, Lievens B, Vanachter ACRC, Ravnikar M, Thomma BPHJ●

Cross-protection or enhanced symptom display in greenhouse tomato co-infected with different Pepino mosaic virus isolates
Plant Pathol. (59), 13-221 (2010)
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3059.2009.02190.x/abstract
Van Damme V, Moerkens R, Berckmoes E, Wittemans L, Berkvens N, Beck B, Nuyttens D, De Vis R, Casteels H, Tirry L & De Clercq P●

Integrated management of the invasive tomato leafminer Tuta absoluta in Flanders (Belgium)
IPM Innovation in Europe-Book of abstracts (), 21 (2015)
http://www.ior.poznan.pl/plik,2086,van-damme-veerle-pdf.pdf



C-IPM 5 of 24

Van den Bulck N, Coomans M, Wittemans L, Hanssens J & Steppe K●

Monitoring and energetic performance analysis of an innovative ventilation concept in a Belgian greenhouse
ENERGY AND BUILDINGS (57), 51-57 (2013)
http://www.sciencedirect.com/science/article/pii/S037877881200624X
Van Calenberge B, Wittemans L, Moerkens R, Van Kerckhove S, Paeleman A, Bosmans L, Rediers H & Lievens B●

Ook dit jaar al gekke wortels gesignaleerd
Proeftuinnieuws (7), 53 (2014)
Moerkens R, Van Calenberge B, Wittemans L & Van Kerckhove S●

Gekke wortels vormen een nieuwe uitdaging
Management & Techniek (1), 28-29 (2014)
http://www.proeftuinnieuws.be/archief/?ds=&de=&kw=gekke+wortels
Moerkens R, Van Calenberge B, Wittemans L, Bosmans L, Rediers H, Lievens B, Paeleman A & Van Kerckhove S●

Gekke wortels zijn niet overal hetzelfde!
Proeftuinnieuws (7), 29-31 (2015)
http://www.proeftuinnieuws.be/rubrieken/thema/gekke-wortels-zijn-niet-overal-hetzelfde/

Partner 3: Reserach Centre Hoogstraten (PCH)

FINANCE COMMENTS

Personnel Activities of PCH are primarily focused on validation trials of WP5 and to a lesser extent on WP4.
These trials are carried out during a full cropping season and are therefore labor-intensive. This will
be carried out by a technician à 4 pm.

Travel Travel expenses are needed to interact with other research partners in France and Switzerland.

Consumables / Equipment Consumables will mainly be used for expensive greenhouse trials (crop management, fertilization,
biological control,…).

Subcontracts

Other

TASK(S)
Main tasks:
1. WP4 cultivation techniques
- translation of existing results in tomato to other crops and countries
2. WP5 validation activities
- setting up greenhouse experiments to validate BCO strategies and biofilm reduction techniques
- validation trials which combine all existing techniques
- communication en sensitization

LITERATURE
Van Damme V, Berkvens N, Moerkens R, Berckmoes E, Wittemans L, De Vis R, Casteels H, Tirry L & De Clercq P●

Overwintering potential of the invasive leafminer Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) as a pest in greenhouse tomato
production in Western Europe
Journal of Pest Science (), (2015)
DOI: 10.1007/s10340-014-0636-9
Moerkens R, Leirs H, Peusens G, Belien T, Gobin B●

Natural and human causes of earwig mortality during winter: temperature, parasitoids and soil tillage
Journal of Applied Entomology (136), 490-500 (2012)
Moerkens R, Gobin B, Peusens G, Helsen H, Hilton R, Dib H, Suckling DM & Leirs H●

Optimizing biocontrol using phenological day degree models: the European earwig in pipfruit orchards
Agricultural and Forest Entomology (13), 301-312 (2011)
Moerkens R, Leirs H, Peusens G & Gobin B●

Dispersal of single- and double-brood populations of the European earwig, Forficula auricularia: a mark-recapture experiment
Entomologia Experimentalis et Applicata (137), 19-27 (2010)
Moerkens R, Leirs H, Peusens G & Gobin B●
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) Are populations of European earwigs, Forficula auricularia, density dependent?
Entomologia Experimentalis et Applicata (130), 198-206 (2009)

Partner 4: Vegenov-BBV

FINANCE COMMENTS

Personnel The costs for personnel (4000 €) will cover the time spent to share results obtained within the French
Agrofilm project during meetings. The work done in WP2 is done with parallel funding

Travel The costs for travel (5000 €) will cover the train or plane and hotel costs to participate to 2
C-RootControl meetings per year in Belgium, France or Switzerland.

Consumables / Equipment The consumables that are necessary in WP2 and WP4 are covered with parallel funding

Subcontracts The costs for subcontracts (5000 €) will cover the evaluation of the genetic diversity of the
Agrobacteria strains collection of Vegenov prior to share it with the C-RootControl partners.

Other

TASK(S)
Vegenov-BBV will be involved in the WP2 (Explore innovative and sustainable alternatives for biofilm treatment in greenhouse irrigation
systems) of this European project.
As the coordinator of an ongoing French collaborative project on biofilm formed by Agrobacterium, Vegenov-BBV will present and exchange,
at a European scale, results obtained in this French project regarding alternatives for biofilm treatment in greenhouse irrigation systems.

LITERATURE
HAMON C.●

Agrobacterium, le biofilm s'installe !
Aujourd'hui et Demain (119), 17-18 (2014)
HALLIER S.●

Le chevelu racinaire, une maladie bactérienne
Aujourd'hui et Demain (105), 12-15 (2010)

Partner 5: Agroscope

FINANCE COMMENTS

Personnel Agroscope: master students will work on the screening of BCO’s (collection samples/isolates, in
vitro-screening and bio-assay). They will also summarize the data and write reports. (9 pm months). A
junior engineer (agronomist or horticultural) will work on cultivation techniques and on validation of
BCOs and of the integrated approach). He will also summarize the data and write reports. (9 pm). In
total: 18 PM for € 90’000

Travel • Meetings within the group to collect all the data, make the point and exchange (€2’500/year;
€5’000 in total)

Consumables / Equipment Material for isolation and bio-assay, plants and material for soilless cultivation (€ 3’000)

Subcontracts Subcontracts to be defined (€ 2’000)

Other

TASK(S)
We will evaluate the importance of hairy roots in Switzerland and estimate the economic damage. Samples will be taken by growers and
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sent to Belgium for analyze. We will be involved in the isolation, screening and evaluation of novel biocontrol organisms. We will be involved
in the greenhouse trials to test the effect of cultivation practices and BCO on the development of hairy roots. The results of the studies will
be published in French and German and presented to the branch.

LITERATURE
Camps C., Deltheil L. and Gilli C●

Qualitative and Quantitative Models Based on Handheld NIR Spectroscopy to Monitor the Tomato Fruit Development During Early and Full
Season
Global Journal of Agricultural Innovation, Research & Development (1), 27-38 (2014)
Gilli C., Camps C. et Fischer S●

Biocontrol of Tetranychus urticae in greenhouse tomato crops
Acta Hort (1041), 171-176 (2014)
Schumpp O. et Gilli C.●

Maladie bronzée de la tomate
Revue suisse Vitic., Arboric., Hortic (46 (5)), 281-282 (2014)
Gilli C. et Camps C●

Influence of two different thermal Screen Managements on Yield, Quality and Energy Consumption of a soilless Tomato Culture
Acta Hort (952), 97-102 (2012)
Gilli C., Carlen C. et Farinet R●

Lutte biologique contre les ravageurs en culture de gerbera pour la fleur coupée
Revue suisse Vitic., Arboric., Hortic (39 (4)), 223-227 (2007)
Razinger, J., Lutz, M.P., Schroers ,HJ., Urek; G., Grunder, J●

Pathogenicity of 18 insect associated or potentially plant growth promoting fungal isolates to cabbage root fly (Delia radicum, Diptera:
Anthomyiidae).
Journal of Economic Entomology (107 (4)), 1348-1354 (2014)
Lutz, M.P., Michel, V., Camps, C.●

Lactic acid bacteria for use in the biological control of soil-borne pathogens
IOBC/WPRS (), (2012)
Meyer, J.B., Lutz, M.P., Frapolli, M., Péchy-Tarr, M., Rochat, L., Keel, C., Défago, G., Maurhofer, M●

Interplay between wheat cultivars, biocontrol pseudomonads and soil
Appl. Environ. Microbiol (76), 6196-6204 (210)
El Zemrany, H., Cortet, J., Lutz, M.P., Chabert, A., Baudoin, E., Haurat, J., Maughan, N., Félix, D., Défago, G., Bally, R., Moënne-Loccoz, Y.●

Field survival of the phytostimulator Azospirillum lipoferum CRT1 and functional impact on maize crop, biodegradation of crop residues,
and soil faunal indicators in a context of decreasing nitrogen fertilisation
Soil Biol. Biochem (38), 1712-1726 (2006)
Dubuis, C., Rolli, J., Lutz, M.P., Défago, G., Haas, D.●

Thiamine-auxotrophic mutants of Pseudomonas fluorescens CHA0 are defective in cell-cell signalling and biocontrol factor expression.
Appl. Environ. Microbiol (72), 2606-2613 (2006)

Partner 6: Scientia Terrae vzw (STRI)

FINANCE COMMENTS

Personnel There is no cost for personnel. Stefan Vankerckhoven is coordinator of the Flemish project and will
attend all meetings pro memorie

Travel The costs for travel (4000 €) will cover the expenses to participate the C-RootControl meetings in
Belgium, France or Switzerland.

Consumables / Equipment

Subcontracts

Other

TASK(S)
As project coordinator of the ongoing research project in Flanders, Scientia terrae will participate in the transnational meetings of the
European consortium and is willing to share expertise with the other research partners. Scientia terrae will also participate in WP5, in
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particular in Communication and sensitization.

LITERATURE

Partner 7: CATE

FINANCE COMMENTS

Personnel The costs for personnel (5600 €) will cover the time spent to share results obtained within the French
Agrofilm project during meetings. The work done in WP4 is done with parallel funding

Travel The costs for travel (5000 €) will cover the train or plane and hotel costs to participate to 2
C-RootControl meetings per year in Belgium, France or Switzerland.

Consumables / Equipment The consumables that are necessary in WP2 and WP4 are covered with parallel funding

Subcontracts

Other

TASK(S)
CATE in Brittany works for four growers organizations particularly on tomato crops. The total surface is about 450 ha, 200 growers. All the
growers are concerned with Agrobacterium. CATE has already an experience on cultivation techniques to control symptoms expression:
rootstocks, different substrates, watering strategies, plastic removal on the substrates...In this project, CATE will exchange informations on
cultivation techniques in WP3 (task 3-1).

LITERATURE
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ABSTRACT
“Hairy or crazy root disease” (HRD) is characterized by extensive root proliferation and occurs on several dicotyledonous plants, among
which many economically important crops. Since the early 1990s, hydroponically grown cucumber plants, and later tomato crops and
eggplants, have been affected by the disease, causing substantial economic losses. HRD is a rapidly spreading disease, with an increased
prevalence in several European countries. In addition, HRD is a highly persistent disease because rhizogenic Agrobacteria can form
biofilms around plant roots and in the irrigation system. Biofilms are difficult to remove because they provide a niche where microbes are
protected against disinfectants. Therefore, high concentrations of chemicals are required to remove biofilm. Moreover, several chemicals
are converted to toxic by-products, which has led to the awareness that the use of chemical biocides should be replaced or reduced.
Therefore, there is clearly a need for integrated pest management (IPM) strategies to control HRD, especially because of (i) the rapid
spread and high persistence of this disease; (ii) the current lack of sustainable and effective plant protection products; and (iii) the economic
losses associated. IPM takes advantage of all appropriate pest management options, with minimum use of chemical pesticides.

The main objective of this project is to develop long-term sustainable IPM solutions allowing to reduce the problems attributed to
HRD. To achieve this, we propose a holistic approach, in which plant cultivation, irrigation system (biofilm), and the plant microflora are
included. Specific scientific objectives and expected outcomes include the development of a reliable monitoring tool for rapid detection of
HRD, screening for new biocontrol organisms, evaluation of novel anti-biofilm compounds, and new cultivation techniques to reduce disease
symptoms. In addition, we want to establish a close interaction with stakeholders at a transnational level, establish increased awareness in
the target group, and advise growers/advisors regarding an IPM strategy and demonstrate its efficacy in greenhouse experiments.

Currently, there are several national research initiatives studying the problem of HRD, each with their own focus. However, a European
initiative that joins research groups with complementary expertise is required for the holistic approach proposed here in order to
make a leap in developing IPM strategies to reduce HRD.
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BACKGROUND
 “Hairy or crazy root” disease (HRD) is characterized by extensive root proliferation and occurs on several dicotyledonous plants, among
which many economically important crops. It was first described as a soil borne disease of economic importance on apples in the early 20th
century1. Since the early 1990s, also hydroponically grown cucumber plants, and later tomato crops and eggplants, have been affected
by the disease2, causing substantial economic losses up to 10% and more in tomato production (Bosmans et al, pers. comm.). HRD is
generally associated with pathogenic Rhizobium rhizogenes strains, formerly known as Agrobacterium rhizogenes3,4,5. However, it has been
shown that Agrobacterium biovar 1 strains harbouring a root-inducing Ri-plasmid (pRi) (also referred to as “rhizogenic” Agrobacterium
strains) commonly cause the disease on Cucurbitaceae and Solanaceae plants2,6,7,8,9. Symptoms are induced by the transfer and expression
of a particular segment of the Ri-plasmid into the plant genome (“transferred DNA”; T-DNA)10. More specifically, the T-DNA contains the root
locus (rol) genes, causing extensive proliferation of the roots11

Genetic and phenotypic characterization of rhizogenic (i.e. root-inducing) strains responsible for HRD in cucurbits and tomatoes is necessary
to better understand the epidemiology and ecology of the disease. A recent study carried out by PME&BIM already demonstrated the high
diversity among rhizogenic strains isolated in Flanders at the genetic and phenotypic level9. However, studies on the diversity and
population structure of rhizogenic strains in other European countries are currently lacking. 

A survey carried out in Flanders in 2015 indicated that 8% of the Flemish tomato-, cucumber-, and eggplant producers were confronted with
HRD12. However, this figure increased to 25% in 2013 and 33% in 2014, indicating the rapid spread of this disease.
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Moreover, the increased prevalence of HRD was also seen in several other European countries, including France, United Kingdom,
Switzerland, Poland, Austria, Denmark, and the Netherlands. Nearly half of the Dutch companies are infected with hairy root disease, while
in France even more than 70% of the companies are infected, again pointing to the rapid spread of this disease (C. Hamon, pers. comm.). In
Brittany for instance, 80-100% of the greenhouses producing tomatoes are infected, resulting in economic losses of approximately 10%.
Moreover, once a company is infected, they are very likely to be infected again in the subsequent seasons, and more importantly, the
associated economic losses increase year by year, when no action is taken31. All these data clearly indicate that HRD is a rapidly emerging
disease with increasing importance in horticulture. 

Rhizogenic Agrobacteria can form biofilms  in the irrigation system and around plant roots. Agrobacteria residing in the biofilms are
released back into the irrigation water on a rather constant basis13. Moreover, biofilms are difficult to remove because they provide a niche
where  microbes  are  protected  against  disinfectants.  Because  of  this  biofilm-forming  ability,  HRD is  a  highly  persistent  disease.
Disinfection  treatments  that  are  frequently  used  in  horticulture  include  hypochlorite,  hydrogen  peroxide,  peracetic  acid,  and
electrochemically activated water. However, considering the increased resistance of biofilm-associated bacteria to disinfection, only high
concentrations of chemicals show a significant efficacy14. Moreover, several chemical disinfectants, in particular chlorine-based disinfectants,
are degraded to toxic, mutagenic and/or carcinogenic disinfection by-products15. This has led to the awareness that the use of chemical
biocides,  like  hypochlorite,  should be replaced or  reduced  (EU Directive  2009/128/EG).  Therefore,  there  is  clearly  a  need for
integrated pest management (IPM) strategies to control HRD, especially because of (i) the high persistence of this disease; (ii) the
current lack of sustainable and effective plant protection products; and (iii) the associated economic losses increasing year by year.

The main objective of this project is to bring the existing knowledge of the participating research groups  together, stimulate collaboration
between European research groups that are working on HRD and organize joint research in order to explore new and environmental-friendly
treatments or cultivation techniques and to develop an integrated pest management strategy. To achieve this, we propose a holistic
approach, in which the problem is tackled at different levels: (i) at the level of the plant by looking at new cultivation methods and
techniques to prevent economic losses due to HRD; (ii) at the level of the root microflora, by screening for biocontrol organisms (BCOs)
with antagonistic activity towards rhizogenic Agrobacteria that can be applied in the plant rhizosphere; and (iii) at the level of the irrigation
system, where new and innovative strategies to prevent biofilm formation are examined.  

 

Potential impact

The outcome of this European collaboration should result in the development of an effective IPM strategy that can be applied in horticulture.
Due to  extensive  efforts  to  disseminate  project  results  to  the  stakeholders,  and  due to  the  current  lack  of  environmental-friendly
alternatives to reduce HRD, we expect a rapid implementation of the proposed IPM in tomato, eggplant and cucumber cultivation in the
participating countries. When implemented in the sector, this should result in the reduction of HRD in tomato, eggplant and cucumber
cultivation, and hence decreased economic losses in this economically important sector. European production of tomatoes amounted up
to 14967 tons in 2013 (Eurostat). In 2011, EU fresh vegetable exports reached around €2.1 billion. Since 1999 the value of vegetable
exports has more than doubled. These gains were the greatest for potatoes, tomatoes, onions and sweet peppers, and export of tomatoes
rose up twofold, up to €241 million. According to recent data, eggplant is also a fast growing export vegetable30. Taking into account that
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tomato, cucumber and eggplantare considered “Minor Use” crops with a high economic value, this projecthas a significant impact on EU’s
total agricultural production. 

Although this project is focused on horticulture, spill-over effects can be expected to other sectors as well, including companies producing
substrates or BCOs, companies providing diagnostic services for horticulture, consultants, and vegetable auctions. Moreover, the approach
used in this project could deliver a proof-of-concept that can also be applied in development of IPM for other plant diseases.

This research proposal will be carried out transnationally by 7 excellent research groups with complementary expertise and will
enhance the European research collaboration, initially between research groups in France, Switzerland, and Belgium. It will create a larger
visibility of the research regarding HRD, which will also stimulate the collaboration with other research groups in Europe as well. In
this way, the economic losses caused by rhizogenic bacteria will be decreased, not only in the countries participating in this project, but
also in the other European countries. 

References are included below
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WORK PLAN AND WORK PACKAGES
Overall work plan

The main objective of this project is to develop long-term sustainable IPM solutions allowingto reduce the problems attributed to
HRD in tomato, cucumber and eggplant cultivation. To achieve this, we propose a holistic approach, in which different levels of pest
management are considered. A schematic overview of the 6 coherent work packages (WPs) is shown below.

 

WP1 focuses on sampling of European Agrobacterium isolates to examine the epidemics of HRD in Europe and tries to correlate the
genotype and relevant properties of the isolated strains. This enables the development of a new monitoring tool for improved detection of
rhizogenic bacteriathat cause HRD, which is a highly valuable first step in IPM. The second level of IPM (WP2) involves the evaluation of
innovative and sustainable techniques to treat  Agrobacterium-containing biofilms in the irrigation systems. This should reduce the
current use of chemicals during cultivation that are often toxic for the environment, and reduce the persistence of the disease. The third
level  of  IPM  (WP3),  is  the  screening for  BCOs  with  antagonistic  activity  towards  rhizogenic  Agrobacteria.  BCOs are  beneficiary
micro-organisms that are able to suppress the growth of specific pathogens in a sustainable manner. The fourth level of IPM (WP4)
involves the improvement of cultivation techniques to reduce symptoms caused by HRD. It is unlikely that any chemical or biological
control strategy will be able to remove rhizogenic bacteria completely. Therefore, additionally, specific cultivation techniques are required to
suppress symptom expression. WP5 focuses on validation activities in greenhouse experiments. Dissemination of project results to
the stakeholders is carried out in WP6.

Some of the work described in the WPs will be carried out in parallel and ongoing projects but is also included in the proposed project
because sharing the knowledge that is generated in these projects will result in a maximal synergy of the research efforts of the
partners.

Project coordination is carried out by PME&BIM. During the project, the progress of all partners will be discussed every 3 months in
alternating virtual (web conferencing) or face-to-face meetings. During these consortium meetings, the research results and milestones will
be discussed and go/no-go decisions will be made.  The involvement of the partners in the WPs, time frame/start of the WPs and the
milestones are depicted below.
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WP 1. Exploring the spread of hairy roots disease in Europe

In previous research we found that there is a great genotypic and phenotypic diversity of the rhizogenic Agrobacteria occurring on the roots
of tomatoes grown in Flanders9. The main objective of this work package is to expand the existing knowledge in Flanders to other
European countries, and study the spread and epidemics of the different genotypes throughout Europe, which is currently lacking. In
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addition, we found that there is a considerable difference in the isolates regarding aggressiveness and severity of symptoms, predicted
economic loss, biofilm-forming capacity, or susceptibility towards specific treatments, such as peroxides. This huge phenotypic diversity also
has  a  considerable  impact  on  the  management  of  HRD.  A  new molecular  tool  that  is  able  to  detect  the  causative  agent  and
simultaneously give an indication of e.g. the susceptibility of the isolate towards biocides will be a highly valuable monitoring tool in IPM.

Task 1.1 Sampling and genotypic and phenotypic analyses of rhizogenic Agrobacteria

In this Task the rhizogenic Agrobacteria that have already been isolated in previous projects of the research partners will be genotypically
analyzed according to Bosmans et al9. Végenov has for instance 15 strains isolated from previous projects, for which the aggressiveness is
already tested.  The Belgian consortium can provide genotypic  and phenotypic  information,  including biofilm formation capacity  and
pathogenicity, of more than 100 Agrobacterium isolates, originating from around 15 different countries. In addition to the available isolates
in France and Belgium, 30-50 new strains will be isolated in Switzerland.

The resulting data will be used to assess the phylogenetic relationships between the Agrobacterium strains isolated in several European
countries and from different crops. In addition, the genotypic assessment provides valuable information regarding the spread and epidemics
of the different genotypes throughout Europe, which is currently lacking.

Task 1.2 Development of a monitoring tool

Next, a selection 5 diverse isolates will be subject to genome sequencing. Comparative genomics of these strains will also generate highly
valuable information,  because differences in the genomes may lead to,  for  example,  differences in virulence characteristics,  biofilm
formation capacity, or catalase activity. Considering that several tomato growers apply peroxide, specific detection of catalase genes that
confer high catalase activity would be highly useful, and this can result in a specific molecular test for detection of this specific trait, e.g.
based on sequence analysis of a specific target gene or specific PCR detection. In addition, the genome comparison will also be of use in
WP2.

Deliverables (month of delivery)

D1.1 Assessment of the genotypic diversity and the phylogenetic relationships among rhizogenic Agrobacteria in Europe (4)

D1.2 Comparative genomics of selected Agrobacterium strains and identification of genetic differences that are related to specific traits (6)

D1.3 Improved monitoring tool (8)

Involved partners: PME&BIM (WP coordinator; 6pm) will carry out the analyses and develop the tool; Agroscope (1.5pm) will isolate new
Agrobacterium strains

 

WP2. Explore new alternatives for biofilm treatment in greenhouse irrigation systems

The biofilm formation capacity of Agrobacteria contributes substantially to the persistence of HRD. Therefore, the main objective of this
WP is to explore new alternatives for Agrobacterium biofilm treatment.

Task 2.1 Screening for novel compounds with anti-biofilm properties

In  the ongoing AGROFILM research project  (coordinated by Végenov and including 10 partners),  a  study of  the biofilm formed by
rhizogenicAgrobacteriaand the search of alternatives for biofilm treatment in greenhouse irrigation systems is carried out.  This work
includes  the  screening  for  molecules  with  anti-biofilm properties  and/or  compounds  that  influence  quorum sensing  mechanisms  in
Agrobacterium (such as chemical and natural compounds, micro-organisms or extracts).

Task 2.2 Evaluation of new compounds on a pilot-scale system

A selection of 3 of the most promising compounds of task 2.1 will be tested in a pilot scale system for their efficacy to treat Agrobacterium
biofilms by PME&BIM. This will be done by testing different concentrations of the compounds, according to Vankerckhoven et al (2011)14.
Briefly,  an Agrobacterium-containing biofilm is allowed to develop, after which the treatment is  started. The level  of  free-living and
biofilm-associated bacteria (total count and Agrobacterium-specific) is assessed using available qPCRs32. A previous study carried out by
PME&BIM demonstrated that the results obtained from the pilot-scale system are in good agreement with case study experiments that were
carried out in an industrial environment17.
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Deliverables

D2.1 List of efficient anti-biofilm or Agrobacterium-inhibiting products (19)

D2.2 Evaluation of three of these compounds on a pilot scale system (24)

Involved partners: Végenov (coordinator; 1.2pm with parallel funding); PME&BIM (5pm)

 

WP3. Screening for BCOs

The main objective of this WP is to screen for BCOs with antagonistic activity towards rhizogenic Agrobacteria. For the screening
we can use the culture collections that are readily available to the consortium, but new isolates from sampling of greenhouses will also be
collected because such samples contain strains that are adapted to the specific environment of hydroponics. In addition, the ecology of
potential BCOs in relation to the rhizogenic Agrobacteria will be examined.

Task 3.1 Collection of bacterial isolates adapted to hydroponics conditions

Bacterial strains will be isolated from different locations in the participating countries. Greenhouses, displaying a range of symptom severity
and infection (0%-100% of infected plants), will be included. It has been shown that “disease suppressive soils” (i.e. soils were no plant
diseases are detected) have a higher possibility to contain BCOs18. Likewise, bacteria that are isolated from greenhouses without HRD
potentially contain BCOs against Agrobacterium. Furthermore, isolation of strains from hydroponics systems are likely to deliver isolates that
are adapted to the conditions in hydroponics cultivation19,20. For isolation, root, substrate, and water samples will be plated on suitable
growth media. In total, we aim at collecting ca 1000  new isolates.

Task 3.2 Ecology of potential BCOs and rhizogenic Agrobacteria

To gain more insight into the ecology of rhizogenic Agrobacteria and potential BCOs, each sample from Task 3.1 will also be subject to a
metagenetic analysis, by high-throughput sequencing of the bacterial ribosomal RNA genes. In this way the microbial community of each
sample can be characterized in detail. PME&BIM already has ample expertise in this21,22,23,24. In addition, Agrobacteria will be quantified in all
samples with a recently developed qPCR32.

Characterization of the microbial communities is an innovative approach, but has an added value for the following reasons:

- we gain more insight into the ecology of potential BCOs and rhizogenic Agrobacteria
- Comparison of the microbial community of infected and non-infected companies enables the identification of bacteria which may confer
antagonistic activity towards Agrobacteria
- This also enables identification of indicator organisms, i.e. bacteria that indicate a higher risk for HRD, or bacteria that cause a high
severity of symptoms when present together with rhizogenic Agrobacteria. Such knowledge is highly valuable in risk assessment
- It provides generic knowledge of bacterial communities in hydroponics-grown tomato, cucumber, eggplants on a European scale
 

Task 3.3 In vitro screening for biocontrol organisms

The culture collection available at Agroscope (around 100 isolates), as well as the newly collected strains (Task 3.1) will be screened for
antagonistic activity towards rhizogenic Agrobacteria. In a first step, agar diffusion assays can be used in a semi-automated way that allow
for a quick and efficient screening of the culture collections25,26. A selection of three representative Agrobacterium strains will be included as
target in this experiment, based on the information gathered in WP1 (e.g. based on phylogenetic information, relevance in Europe, severity
of symptoms,…). Isolates that show antagonistic activity towards rhizogenic Agrobacteria will be identified by sequencing 16S rRNA genes.
In a second phase the most promising BCOs will be screened for antagonistic activity towards an expanded set of relevant rhizogenic
Agrobacteria. Next, the BCOs will  also be examined for some relevant phenotypic properties, including growth characteristics and biofilm
formation capacity.

 

Task 3.4 Validation of antagonistic activity in a bio-assay

In this task a selection of 15-20 potential BCOs showing a high potential in Task 4.3 will be tested for their efficacy on tomato in a bio-assay,
which is developed at Agroscope. First, the parameters (e.g. age of the seedlings, concentration and incubation time of Agrobacterium) of
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the infection procedure in the bio-assay will be optimized. Next, the selected candidate BCOs, will be tested in the bio-assay for their
efficacy to inhibit rhizogenic Agrobacteria. During these experiments the plant parameters, the Agrobacterium and BCO concentration will
be monitored, using an available qPCR32 and a new to-be-developed qPCR, respectively. A selection of BCOs that perform best in the
bio-assay will be further tested in greenhouse experiment (WP5).

 

Deliverables

D3.1 New culture collection with isolates adapted to hydroponics cultivation

D3.2 Identification of potential BCOs and indicator organisms based on metagenetics approach

D3.3 List of candidate BCOs based on in vitro screening

D3.4 Evaluation of BCOs in a bio-assay

Involved partners:  Agroscope (coordinator; 7.5pm); PME&BIM (9pm)

 

WP4. Cultivation techniques to control HRD symptom expression

Plants infected by rhizogenic bacteria tend to become very vegetative with large leaves and thicker stems. This increased crop growth
results in an imbalance in the plant, which reinforces the vegetative growth instead of fruit development, inevitably resulting in production
loss. Moreover, excessive root development in the substrate slap causes root asphyxiation, which subsequently results in a high risk of
development of Pythium, a plant root pathogen. Another undesired consequence of excessive root growth is a very high root density, which
makes the substrate impenetrable for the feeding solution, resulting in shortage of water and nutrients. Therefore, the main objective of
this  WP  is  to  study  the  efficacy  of  alternative  cultivation  techniques  to  decrease  the  vegetative  growth  and  excessive  root
development of an infected plant and control the symptoms caused by HRD. In previous and ongoing research of the Flemish and the
French project partners a range of different cultivation techniques have been tested in tomato28,29, including varieties and rootstocks,
substrate types, irrigation strategies, leaf and root pruning, tearing of the plastic cover of substrate slabs, and wounding of the vascular
bundles.

The most promising cultivation techniques in tomato will be tested in cucumber and eggplant:

(i) Leaf pruning: excess leaves will be manually removed in order to inhibit vegetative plant growth

(ii) Tearing of the plastic cover of substrate slabs. This results in the top layer of the substrate to dry out, which decreases root development.
Moreover,  by exposing the top layer of the substrate to light,  root development in this zone decreases. In this way excessive root
development in the substrate can be prevented

(iii) Wounding of vascular bundles: a technique known in arboriculture, where it is used to control vegetative plant growth

These cultivation techniques will be tested under (semi-)commercial greenhouse conditions on infected cucumber plants and eggplants.
Each technique will be tested in two different cultivars in four repetitions on a total of at least 40 plants per treatment. Throughout the
cultivation season stem thickness, leaf length, root proliferation (symptom severity score), production (kg/m²), and fruit weight (g) will be
monitored. The trials will be carried out either in greenhouses where rhizogenic Agrobacteria arepresent and where there is a natural
disease pressure, or using plants artificially infected with rhizogenic Agrobacteria, creating a more controlled infection.

 

Deliverables

D4.1 Cultivation techniques used in tomato crops validated for cucumber and eggplant (12)

D4.2 Brochure on the effect of cultivation techniques to suppress symptoms caused by HRD (12)

Involved partners: PSKW (coordinator; 1.5 pm); PCH (0.5 pm); Agroscope (5 pm) and Caté (1 pm with parallel funding)
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WP5. Validation activities

The main objective of this WP is to validate the IPM strategies defined in the previous WPs in greenhouse trials, making use of the
large network of commercial and semi-commercial greenhouses of the consortium. Artificial infection with rhizogenic bacteria will be carried
out in strict controlled conditions at research stations (PCH, PSKW, Agroscope). PCH and PSKW have a GEP (Good Experimental Practice)
accreditation and is therefore authorized to carry out these kind of trials. Agroscope is allowed by the Federal Office for Agriculture (FOAG)
to do trials with Plant Protection Products which are not registered.

Task 5.1 Validation of biofilm reduction

Results derived from WP2 and the AGROFILM project will be validated in semi-commercial greenhouses of PSKW, PCH and Agroscope. In
order to monitor the biofilm, the biofilm device of the pilot scale system used in WP2 is installed in the greenhouses. For different
treatments, the total bacterial level and the density of rhizogenic bacteria present in the biofilm and in the irrigation water will be monitored
at regular intervals throughout the season, as described in Task 2.2. In addition, the concentrations of disinfectants and the percentages of
infected plants will be monitored.

Task 5.2 Validation of BCOs

In the greenhouse trials the two best BCOs from WP3 will be tested on tomato as a model crop. If more BCOs show promising results, BCO
mixtures will be tested as well. The experiments will start at planting of the new crops and will be monitored during the entire season. At
least 20 young tomato plants per object will be inoculated with the different BCOs. Three weeks later the plants will be infected with
rhizogenic bacteria. Different crop parameters (symptom score, stem thickness, leaf surface, fruit setting, …) and root growth will be
monitored, using a technique developed at PCH33. All parameters will be compared with an object without rhizogenic bacteria and no BCO,
an object without rhizogenic bacteria and a BCO and a reference object with rhizogenic bacteria and no BCO. The density of rhizogenic
bacteria and BCOs will be checked using specific qPCR techniques that are developed in Task 3.4. The research partners involved already
have ample expertise in monitoring HRD after artificial infection with Agrobacterium.

Task 5.3 Validation of integrated approach: biofilm, BCO and cultivation technique

All knowledge and knowhow of the different partners will be combined in a validation trials in semi –and commercial greenhouses. Since no
technique will guarantee 100% removal of rhizogenic bacteria, an IPM strategy for controlling Agrobacterium will include (i) techniques to
reduce biofilm in the irrigation system, (ii) the use of BCOs to inhibit rhizogenic bacteria, and (iii) cultivation techniques to suppress
symptom expression infected plants.

 

Deliverables

D5.1 Validated biofilm reduction strategy in greenhouses (23)

D5.2 Validated biocontrol strategy in greenhouses (23)

D5.3 Successful validation trials of an integrated approach in greenhouses (24) 

Involved partners:  PCH (coordinator; 3.5pm); PSKW (1.5pm); Agroscope (3pm); Vegenov and CATE will set up trials with parallel funding;
PME&BIM for qPCR analyses (1.5pm)

 

WP6 Dissemination

Sensitization and communication of the research to the growers is crucial for this project. The main objective of this WP is therefore to
communicate the most important results to the stakeholders at a regular basis. At a national level workshops and presentations at
growers meetings will be organized. These workshops will include demo-activities at the research centres and commercial greenhouses,
where the validation trials are demonstrated. The results will also be presented at international scientific conferences and published in
magazines for the growers as well as in peer-reviewed journals. A regular update of the research results as well as a brochure on HRD
will be available on the websites of the project partners. At the end of the project a meeting with all research partners will be organized and
project progress discussed.



C-IPM 19 of 24

Deliverables

D6.1 Communication at 3-6 conferences, 5-10 publications, at least 3 workshops

D6.2 Vulgarizing brochure for growers

D6.3 Organization of a joint international symposium

D6.4 Establish an increased awareness in the target group

Involved partners:  PME&BIM (coordinator; 2.5pm); PSKW (1.5pm), PCH (1.5pm), Agroscope (1pm), Vegenov/CATE (parallel funding)
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RELATED PROJECTS
(i) “Control of hairy roots disease, caused by Agrobacterium rhizogenes”

Total budget:  1.047.196 EUR, funded by “Agency for Innovation through Science and Technology” (IWT), Flanders. (Nov 2013- Oct 2017)

In this ongoing LA research project (carried out by Flemish partners), molecular techniques (specific qPCR and Multiple Locus Sequence
Alignment (MLSA)-based fingerprinting techniques) are developed to detect and identify rhizogenic Agrobacteria. In a survey, around 100
rhizogenic Agrobacteria were isolated from infected tomatoes, which were subsequently genotypically and phenotypically analyzed 9. This
study demonstrated a huge (phylo)genetic and phenotypic diversity among rhizogenic Agrobacterium strains. Furthermore, the infection
aggressiveness of a selection of isolates was assessed in greenhouse experiments. Again this revealed high diversity in the speed of
infection and symptoms 29. In addition, control of symptom expression caused by rhizogenic bacteria is an important topic in the ongoing
research project in Belgium. The influence of  different tomato varieties and rootstocks,  substrate type, watering strategy and other
cultivation techniques (e.g. leaf/root pruning, opening substrates) have already been tested in greenhouse experiments (Moerkens R & Van
Calenberge. unpublished).This knowledge will be extrapolated to eggplant and cucumber and further tested for these crops. The efficacy of
conventional biocides, such as peroxide, to treat Agrobacterium-containing biofilms are also tested in this project, using the pilot-scale
system mentioned in WP2.

 

(ii) Agrofilm

Total budget:  1.112.599 EUR, funded by the Brittany and Pays de la Loire regions (Sept 2014- Dec 2019)

In the ongoing AGROFILM research project (10 French partners), a study of the biofilm formed by Rhizogenic Agrobacteria and the search of
alternatives for biofilm treatment in greenhouse irrigation systems will be carried out. This French collaborative project aims at:

Understanding how Rhizogenic Agrobacteria biofilm is formed in greenhouse irrigation systems;
Finding and testing molecules that have anti-biofilm properties;
Developing a strategy to treat and eliminate the biofilm formed by Rhizogenic Agrobacteria in greenhouse irrigation systems.
Within this project, the French partner will:

Study the complexity of the microflore in tomato greenhouses;
Study the quorum-sensing and quorum-quenching of Rhizogenic Agrobacteria;
Screen for sustainable products effective in biofilm treatment in controlled conditions;
Evaluate the impact of efficient products on nutritional and gustative quality of tomato.
This work will be done with French “parallel funding”.

Some results that will be obtained within the AGROFILM research project will be shared with the other European research partners in this
project, respecting the confidentiality of the AGROFILM consortium agreement.

 

(iii). Agroscope

At Agroscope no external funded project is currently running concerning HRD. Nevertheless within the Agroscope research programs we
addressed Rhizogenic Agrobacteria at different levels. This includes the diagnostic as well on the development of measures against this
disease.

 

It is clear from the above that there are already some research efforts to study measures that are able to decrease HRD caused by
rhizogenic bacteria. However, the high diversity among the Agrobacterium isolates suggest that a single measure will not suffice to manage
HRD in all  greenhouses,  illustrating the importance of  a holistic  approach to tackle this  problem. It  is  also clear  that  the partners
participating in this project have complementary expertise.  The main advantage of this project proposal  is that the existing
knowledge and the complementary expertise of the different European partners are brought together, enabling the necessary
holistic approach to make an Integrated Pest Management strategy to control HRD available for the European tomato, cucumber and
eggplant growers. 
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DISSEMINATION
The project partners can make use of an existing network and have a well-established communication with the target group, which
consists of (i) Tomato-, eggplant- and cucumber growers; (ii) Vegetable auctions, which are often cooperations of growers, responsible for
the commercialization and distribution of the product; (iii) Crop advisors and consultants; (iv) Companies that produce and distribute
microbial inocula (BCOs); and (v) Companies that produce and distribute compounds that can be applied for sustainable treatment of
biofilms. In the ongoing regional research projects, the stakeholders are informed regarding the research progress on a structural and
regular basis in so-called user meetings, which guarantees a close interaction with the sector. In these user meetings the progress of the
C-IPM project can also be presented. In addition to the user meetings, workshops and presentations at growers meetings will also be
organized on a regional level.

In this project proposal, the existing interaction at the regional level is expanded to a transnational level, by stimulating the interaction
between the research partners and growers/stakeholders of other countries. The results will also be presented at international
scientific conferences and published in magazines for the growers as well as in peer-reviewed journals. At the end of the project an
international  meeting with all research partners and stakeholders will be organized (see also WP6).  

The project partners will actively evaluate opportunities for IP valorization/protection based on the scientific results obtained within the
project.  Based on cost/potential  benefit  ratios,  feasibility,  patentability,  and market  potential,  it  will  be decided to initiate a patent
application. A detailed description of how the IP is managed in the international consortium will be clearly stated in the consortium
agreement that is agreed upon by all partners. 
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SOCIETAL AND ETHICAL ASPECTS
The main objective of this project proposal is to develop long-term sustainable IPM solutions allowingto reduce the problems attributed to
HRD in tomato, cucumber and eggplant cultivation. As mentioned above, tomato, cucumber and eggplant are considered “Minor use”
crops with a high economic value, which makes the impact of this project on EU’s total agricultural production very important.

Innovation through increased knowledge generation

The protected and hydroponics cultivation of these crops is very specialised and has a high technology level. Innovation in this sector is
important to stimulate growth, increase knowledge, and in this way maintain its competitive position. Currently, the regional
research initiatives studying HRD are each mainly focusing on a single approach, e.g. at the level of the plant/cultivation techniques, at the
level of removal of Agrobacterium-containing biofilms, or to a lesser extend at the level of biocontrol organisms. By connecting the
existing research initiatives, this project proposal creates an added value by:

i)  gathering the information of prevalence  of rhizogenic agrobacteria and the economic losses associated with crazy roots at a
European scale
ii) combining the research efforts and sharing the existing knowledge and expertise
iii) joining research groups with complementary expertise, whichis required for the holistic approach, in which the problem is
tackled at different levels (plant cultivation, biofilm, BCO)
(iv) creating a greater visibility of the research regarding HRD, which will also stimulate the collaboration with other research groups
in Europe.
 

Impact and invoked change in the target group

The combined knowledge and complementary expertise within the entire consortium will be disseminated to the stakeholders. The
partners in the consortium already have an established regional network for efficient communication of the research results and this could
be expanded on a European scale. Structural communication regarding the problems caused by hairy root disease will also increase the
growers’ awareness of the problems caused by HRD, and the need for a sustainable pest management.

The search for sustainable techniques (e.g. BCO) to deal with HRD will also increase the growers’ awareness that the use of high amounts
of pesticides should be avoided in order to minimize the impact on the environment. Furthermore, implementation of such BCOs will
decrease the use of pesticides, which is beneficial to the environment and public health.

To maximize the impact of the project results, we have included an active communication and implementation strategy for innovation
uptake by growers and knowledge transfer to relevant stakeholders. This ensures a higher level of implementation of IPM among
European growers. The emphasis on applied research in this project proposal is also evident from WP2, WP3 and WP5, which include
pilot-scale experiments, semi-field and field trials, including concepts for implementation.

 

Socio-economical impact

Yield losses due to HRD mount up to 10% and more. An effective IPM strategy results in a considerable decrease in yield losses and hence in
decreased economic losses for the growers, not only in the countries participating in this call, but also in the other European countries.
 In this way, this project will increase the competitiveness of European growers of tomato, eggplant and cucumber, compared to for
instance Turkish or Moroccan growers that show an increased yield and tomato export the last few years. Considering the fact that many
European horticulturists are currently under economic pressure, the implementation of a proper IPM may contribute to the survival of these
companies  and assures  the  jobs,  in  particular  for  low-educated  employees,  which  indicates  that  the  project  also  has  a  significant
socio-economic impact. This project therefore contributes to a more sustainable horticulture.

 

Ethical aspects

No ethical aspects are involved.
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FINANCES

Requested funding

Organisation name Personnel Travel Consumables /
Equipment Subcontracts Requested Funding Total Own

Contribution Total Costs

PME&BIM KU Leuven 60000 3500 602
74999 40500 115499

Overhead 10200 595 102

Proefstation voor de
Groenteteelt (PSKW) 22000 4000 5250

37500 4166 41666
Overhead 4400 800 1050

Reserach Centre
Hoogstraten (PCH) 23250 4000 4000

37500 3750 41250
Overhead 4650 800 800

Vegenov-BBV 3000 3750 3750
10500 3500 14000

Overhead

Agroscope 90000 5000 3000 2000
100000 20000 120000

Overhead

Scientia Terrae vzw
(STRI) 0 4000 4000
Overhead

CATE 4200 3750
7950 2650 10600

Overhead

TOTAL 221700 26195 14804 5750 268449 78566 347015
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Own contribution

Organisation name Personnel Travel Consumables /
Equipment Subcontracts Other Total Own Contribution

PME&BIM KU Leuven 20000 500 20000 40500

Proefstation voor de
Groenteteelt (PSKW) 4166 4166

Reserach Centre
Hoogstraten (PCH) 250 3500 3750

Vegenov-BBV 1000 1250 1250 3500

Agroscope 20000 20000

Scientia Terrae vzw
(STRI) 4000 4000

CATE 1400 1250 2650

TOTAL 42400 7250 27666 1250 0 78566
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Professional Experience  

2010-present: Assistant professor (“geassocieerd docent”), affiliated with dept. Microbial and Molecular Systems, Katholieke 
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2007-present: Assistant professor  
Lessius Mechelen University college – campus De Nayer   
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 Responsible for the research topic  “Functional Molecular Biology” 
 Associated researcher, affiliated with Dept. Microbial and Molecular Systems (M2S), K.U.Leuven. 
 Supervisor of 3-7 research assistants 
 Promotor of Master and PhD students 
             Public services 

Organisation of “refresher courses” microbiology and molecular biology at request of companies (e.g. Virco-
Tibotec, FAVV-AFSCA) 
Lectures and brochures for dissemination of  research results to a broader audience 
Organization of symposia  

2004-2007: research assistant   
Hogeschool voor Wetenschap en Kunst, campus De Nayer   
Teaching:  
 Genetic engineering, Immunotechniques, Bioprocesses, Analytical chemistry I 
  Coordinator of Bachelor thesis and Master thesis 
Research: doctoral research, participation in research projects of research group “Process Microbial Ecology and 
  Bioinspirational Management”. 

 Promotor of Master students 
 

Research Output   

 In period 2004-present: coordination of and/or collaboration in several research projects, including IWT-TETRA 
projects,  IWT-TIS projects, “IWT-agricultural projects”, IWT KMO Innovation projects, PhD scholarships, EU-FP7 
project, KU Leuven-OOF-projects, KU Leuven-IOF Leverage project, FOD-RT projects, contract research projects, and 
promotor of 3 PhD students  

 Author of +10 publications in international peer-reviewed journals, 3 invited chapters in scientific books, 8 full-text 
papers in conference proceedings, +20 posters/abstracts at international conferences, +15 publications in 
professionally orientated journals.   

 8 lectures at international conferences  
 Reviewer for international peer-reviewed journals and reviewer of research project proposals  
 A more detailed overview of the research output is available on request  
 

Skills 
Languages 

 Dutch: native language  

 Engels: fluent 

 French: moderate   

 Spanish and German: basic knowledge  

Computing skills  
MS Office, specific Bio-Informatics tools (Velvet, clustalW, VectorNTI, blast, phylogenetic analysis software, genome 
annotation software,…), Paint Shop pro 

Driving  
Driver license A and B  
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 Brochure “Goede hygiënepraktijken in de glastuinbouw”; verspreid in de geïnteresseerde bedrijven; beschikbaar op de 

website www.imik.org 



 1

LIEVE WITTEMANS CURRICULUM VITAE 
 

 

PERSONAL DATA 

Name:  Wittemans  

First name:  Lieve  

Date of birth:  26/11/1974  

Place of birth:  Leuven (Belgium)  

Address (work):  Proefstation voor de Groenteteelt  

 Duffelsesteenweg 101  

 2860 Sint-Katelijne-Waver  

 Belgium  

Telephone:  +32 15 30 00 71  

E-mail: lieve.wittemans@proefstation.be  

 

 

PROFESSIONAL CAREER 

2005 – present:  Proefstation voor de Groenteteelt, Belgium  

 (Research Station for Vegetable Production)  

 Function: Responsible of tomato research  

Responsible for project and applied research in tomato, coordination of the 

research in fruity vegetables in greenhouses 

 

1999 – 2005:  INVE Technologies NV, Belgium  

 Function: Matrix administrator  

Update of the database of raw materials in the software program for the 

formulation of animal feed, provide technical and scientific support on the 

database for the subsidiary companies, investigation on feed raw materials and 

their characteristics  

 

1999:  Centre for Animal Husbandry, Catholic University of Leuven, Belgium  

 Function: researcher  

 Adaptation of the Technical Model Pig Feed to the Belgian situation  

 

1997 – 1999:  Laboratory of Aquatic Ecology, Catholic University of Leuven, Belgium  

 Function: researcher  

Research on the use of a probiotic in the feed of juvenile turbot (Scophthalmus 

maximus L.)  
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EDUCATION 

1992-1997: M.Sc. Bio-Engineer in agriculture,  

 Catholic University of Leuven, Belgium  

 Faculty of Agricultural and applied biological sciences  

 Major specialization: livestock production  

 Additional specialization: agricultural crop science  

M.Sc. thesis: The use of a probiotic in the feed of juvenile turbot 

(Scophthalmus maximus L.): effects on digestion  

 Catholic University of Leuven, Belgium  

 Supervisors: Prof. Dr. Ir. R. De Schrijver and Prof. Dr. F. Ollevier  

 

 

SKILLS 

Languages:  Dutch: native language  

 English: fluent  

 French:  fluent  

 Spanish: good  

 German: basic knowledge  

 

Computing skills: MS Office, Visual basic, ARM  

 

 

RESEARCH PRICE 

2013:  Scientific price for the development of a vaccine against Pepino mosaic virus in 

tomato by the Phytofar Institute for Research and Development of Sustainable 

Agriculture, together with Scientia Terrae and Proefcentrum Hoogstraten.  

 

 

SCIENTIFIC PUBLICATIONS 

De Nayer F, Goen K, Paeleman A, Parra NO, Vanachter ACRC, Wittemans L, Vandewoestijne E & 

Hanssen IM, 2011. Cross-protection as a control strategy for Pepino mosaic virus (PepMV) in 

greenhouse tomato. Acta Hort. (ISHS) 914:163-169.  

 

Hanssen IM, Paeleman A, Wittemans L, Goen K, Lievens B, Bragard C, Vanachter ACRC & Thomma 

BPHJ, 2008. Genetic characterization of Pepino mosaic virus isolates from Belgian greenhouse 

tomatoes reveals genetic recombination. Eur. J. Plant Pathol. 121: 131-146.  

 

Hanssen IM, Van Bergen L, Vandewoestijne E, Paeleman A, Wittemans LPF, Goen K, Bragard C, 

Lievens B, Vanachter ACRC & Thomma BPHJ, 2008. Differential symptom expression in tomato 

caused by different isolates of Pepino mosaic virus. Journal of Plant Pathology 90, 2 supplement, 

S2.379.  
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Hanssen IM, Paeleman A, Van Bergen L, Vandewoestijne E, Wittemans L, Goen K, Vanachter ACRC 

& Thomma BPHJ, 2009. Survey of symptom expression and damage caused by Pepino mosaic virus 

(PepMV) in commercial tomato production in Belgium. Acta Hort (ISHS) 808: 185-192.  

 

Hanssen IM, Gutiérrez-Aguirre I, Paeleman A, Goen K, Wittemans L, Lievens B, Vanachter ACRC, 

Ravnikar M & Thomma BPHJ, 2010. Cross-protection or enhanced symptom display in greenhouse 

tomato co-infected with different Pepino mosaic virus isolates. Plant Pathol. 59: 13-21.  

 

Hanssens J, De Swaef T, Steppe K, Goen K, De Nayer F, Wittemans L, Marien H & Desmedt J, 

2012. Effect of stem age on the response of stem diameter variations to plant water status in 

tomato. In: Kittas C, Katsoulas N, Bartzanas T, editors. Acta Horticulturae. Leuven, Belgium: 

International Society for Horticultural Science (ISHS); 2012. p. 907–14.  

 

Hanssens J, De Swaef T, Wittemans L, Goen K, Marien H & Desmedt J, 2012. Model-assisted 

analysis of elevated temperature and vapour pressure deficit effects on tomato stem and fruit 

water balance. In: Luo W, Bertin N, Heuvelink E, editors. Acta Horticulturae. Leuven, Belgium: 

International Society for Horticultural Science (ISHS); 2012. p. 37–44.  

 

Hanssens J, De Swaef T, Pinxteren D, Marien H, Wittemans L & Desmedt J, 2014. A decision 

support system for tomato growers based on plant responses and energy consumption. In: Son 

JE, Lee IB, Oh MM, editors. Acta Horticulturae. Leuven, Belgium: International Society for 

Horticultural Science (ISHS); 2014. p. 501–8.  

 

Van Damme V, Moerkens R, Berckmoes E, Wittemans L, Berkvens N, Beck B, Nuyttens D, De Vis R, 

Casteels H, Tirry L & De Clercq P, 2015. Integrated management of the invasive tomato leafminer 

Tuta absoluta in Flanders (Belgium). in IPM Innovation in Europe-Book of abstracts . pp. 21.  

 

Van den Bulck N, Coomans M, Wittemans L, Goen K, Hanssens J, Steppe K, Marien H & Desmedt J, 

2012. Energetic evaluation of a smart controlled greenhouse for tomato cultivation. In: Desideri 

U, Manfrida G, Sciubba E, editors. ECOS 2012 : the 25th international conference on efficiency, 

cost, optimization and simulation of energy conversion systems and processes : book of 

proceedings, vol VII. Firenze, Italy: Firenze University Press; 2012. p. 150–1–150–12.  

 

Van den Bulck N, Coomans M, Wittemans L, Hanssens J & Steppe K, 2013. Monitoring and 

energetic performance analysis of an innovative ventilation concept in a Belgian greenhouse. 

ENERGY AND BUILDINGS, 57, 51–57.  

 

 

ORAL PRESENTATIONS AT INTERNATIONAL CONFERENCES & MEETINGS 

Wittemans L, van Houdt R, Vermeulen D, Ollevier FP, De Schrijver R, 1998. The impact of a probiotic 

on the digestion in juvenile turbot (Scophthalmus maximus L.), in: Grizel, H. et al. (Ed.) 1998. 

Aquaculture and water: fish culture, shellfish culture and water usage: abstract of contributions 
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presented at the International Conference "Aquaculture Europe '98", Bordeaux, France, October 7-

10, 1998. EAS Special Publication, 26.  

 

Wittemans L., & Arnouts S. 2003. The nutritional value of fullfat toasted soybeans. Grain Europe, 

Abstracts. Presented at the Grain Europe 2003 : Grains and oilseeds in the global food chain.  

 

 

RELEVANT SELECTION OF PUBLICATIONS IN GROWERS MAGAZINES 

Moerkens R, Van Calenberge B, Wittemans L & Van Kerckhove S, 2014. Gekke wortels vormen een 

nieuwe uitdaging. Management & Techniek 1: 28-29.  

 

Moerkens R, Van Calenberge B, Wittemans L, Bosmans L, Rediers H, Lievens B, Paeleman A & Van 

Kerckhove S, 2015. Gekke wortels zijn niet overal hetzelfde! Proeftuinnieuws 7: 29-31.  

 

Van Calenberge B, Wittemans L, Moerkens R, Van Kerckhove S & Hanssen I, 2013. Gekke wortels 

in Vlaanderen: stand van zaken. Proeftuinnieuws 3: 10-11.  

 

Van Calenberge B, Wittemans L, Moerkens R, Van Kerckhove S, Paeleman A, Bosmans L, Rediers H 

& Lievens B, 2014. Ook dit jaar al gekke wortels gesignaleerd. Proeftuinnieuws 7: 53.  
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Personal information 

 
First name: Moerkens 

Surname: Rob 

Date of birth: 15/03/1984 

Place of birth: Turnhout, Belgium 

Adress:    Molseweg 29 

   2440 Geel 

  Belgium 

Civil status: legal cohabitaton, two children (1 and 3 years old)  

Tel: +32 (0)494 58 40 73 

E-mail: rob.moerkens@proefcentrum.be 

 

Work experience 
 

Period: 6th of May 2011 – present  

 

Employer: Research Centre Hoogstraten (Proefcentrum Hoogstraten vzw) 

 

Function: Coordinator research fruit vegetables 

 

Tasks:  

 Applied research 

o Most important projects (IWT, Agency for Innovation by Science and technology) 

1. PeMaTo (Pest Management Tool in tomato crops) (2015-2019) (€0.65m) 

2. Lightman (lighted tomato crops) (2015-2019) (€1m) 

3. Control of Tuta absoluta in Flemish tomato crops (2011-2015) (€0.6m) 

4. Control of Agrobacterium rhizogenes in protected fruit vegetable crops (2013-

2017) (€1m) 

5. Crossprotection and climate control for the control of Pepino mosaic virus in 

tomato crops (2009-2013) (€1m) 

 Winner scientific prize Phytofar Institute 2013 

o Private research (GEP – Good Experimental Practice) 

 Publications in scientific journals and magazines 

 Presentations 

o International conferences  

o Workshops, growers meetings,… 

 supervising bachelor and master theses 
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Period: 1st of January 2011– 28th of February 2011 

 

Employer: University of Antwerp 

 

Function: Scientific collaborator 

 

Tasks:  

Integration of an earwig model, developed during my doctoral thesis in a useful software tool for fruit 

growers 

 

 

 

Education 
 

Period: 1st of October 2006 – 31st of December 2010 

 

Study: PhD in sciences (biology) 

 

Location: University of Antwerp - Evolutionairy Ecology Group – Groenenborgerlaan 171 

              2020 Antwerp, Belgium 

 

Information: 

 

Scholarships:   

     1. Dehousse mandate (1st of October 2006  – 31st of December 2006) 

     2.  IWT fellow (1st of January 2007 – 31st of December 2010) 

 

Summary PhD:  

 

Study of the population dynamics of earwigs: why do population sizes vary? 

 

Promotor: Prof. Dr. Herwig Leirs (University of Antwerp) 

Copromotor: Dr. Bruno Gobin (Pcfruit, now Pcsierteelt) 

 

Earwigs, Forficula auricularia (L.) (Dermaptera, Forficulidae), are crucial for biological control in fruit 

orchards. They are capable of regulating several pest species like aphids and pear psyllids. A constant, 

optimal natural earwig population is the basis of efficient biocontrol. The lack of knowledge was the reason 

of this research. 
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Period: 1st of October 2002 – 30th of June 2006  

 

Study: Master in biology –organisms and populations 

 

Location: University of Antwerp  

 

Infomation:  

 

Title master thesis:  

 

Temporal variation in demographic patterns in a population of multimammate rats, Mastomys 

natalensis (Smith) (Rodentia: Muridae) in Tanzania 

 

Promotor: Prof. Dr. Herwig Leirs (University of Antwerp) 

 

 

 

Language skills 
 

Dutch (mother tongue), English (excellent), French (reasonable) 

 

 

Overview scientific publications 
 

Published: 

 

1. Jaume LS, Alegre S, Moerkens R, Alins G & Sarasúa MS (2015) Phenology and interspecific 

association of Forficula auricularia and Forficula pubescens in apple 

orchards. Spanish Journal of Agricultural Research (Accepted). 

2. Van Damme V, Berkvens N, Moerkens R, Berckmoes E, Wittemans L, De Vis R, Casteels H, Tirry L & 

De Clercq P (2014) Overwintering potential of the invasive leafminer Tuta absoluta (Meyrick) 

(Lepidoptera: Gelechiidae) as a pest in greenhouse tomato production in Western Europe . Journal of 

Pest Science. DOI: 10.1007/s10340-014-0636-9. 

3. Beliën T, Moerkens R, Leirs H & Peusens G (2012). Earwig management tool: an IPM decision aid 

system for augmentation of European earwig populations (Dermaptera: Forficulidae) in pip fruit 

orchards. Communications in agricultural and applied biological sciences. 77: 657-662.  

4. Moerkens R, Leirs H, Peusens G, Belien T, Gobin B (2012) Natural and human causes of earwig 

mortality during winter: temperature, parasitoids and soil tillage. Journal of Applied Entomology. 136: 

490-500. 

5. Moerkens R, Gobin B, Peusens G, Helsen H, Hilton R, Dib H, Suckling DM & Leirs H (2011). 

Optimizing biocontrol using phenological day degree models: the European earwig in pipfruit orchards. 

Agricultural and Forest Entomology. 13: 301-312. 

6. Moerkens R, Leirs H, Peusens G & Gobin B (2010) Dispersal of single- and double-brood populations 

of the European earwig, Forficula auricularia: a mark-recapture experiment. Entomologia 

Experimentalis et Applicata. 137: 19-27. 

https://www.researchgate.net/researcher/38238150_T_Belien
https://www.researchgate.net/publication/252323307_Earwig_management_tool_an_IPM_decision_aid_system_for_augmentation_of_European_earwig_populations_%28Dermaptera_Forficulidae%29_in_pip_fruit_orchards?ev=prf_pub
https://www.researchgate.net/publication/252323307_Earwig_management_tool_an_IPM_decision_aid_system_for_augmentation_of_European_earwig_populations_%28Dermaptera_Forficulidae%29_in_pip_fruit_orchards?ev=prf_pub
https://www.researchgate.net/publication/252323307_Earwig_management_tool_an_IPM_decision_aid_system_for_augmentation_of_European_earwig_populations_%28Dermaptera_Forficulidae%29_in_pip_fruit_orchards?ev=prf_pub
https://vpnua1.uantwerpen.be/+CSCO+0h756767633A2F2F6E6363662E6A726F62737861626A79727174722E70627A++/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=S2J3yEZnKkkyfKcrOwZ&field=AU&value=Belien,%20T
https://vpnua1.uantwerpen.be/+CSCO+0h756767633A2F2F6E6363662E6A726F62737861626A79727174722E70627A++/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&excludeEventConfig=ExcludeIfFromFullRecPage&colName=WOS&SID=S2J3yEZnKkkyfKcrOwZ&field=AU&value=Gobin,%20B
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7. Moerkens R, Leirs H, Peusens G & Gobin B (2009) Are populations of European earwigs, Forficula 

auricularia, density dependent? Entomologia Experimentalis et Applicata. 130: 198-206. 

8. Peusens G, Moerkens R, Beliën T & Gobin B (2009) Side effects of plant protection products and 

biological interactions on the European earwig Forficula auricularia L. Communications in agricultural 

and applied biological sciences. 74: 411-417.  

9. Gobin B, Moerkens R, Leirs H & Peusens G (2008) Earwigs in fruit orchards: phenology predicts 

predation effect and vulnerability to side-effects of orchard management. IOBC/wprs Bulletin. 35: 35-

39. 

 

In review: 

 

10. Moerkens R, Berckmoes E, Van Damme V, Ortega Parra N, Hanssen I, Wittemans L, De Clercq P, 

Tirry L, Casteels H & De Vis R (2015) High population densities of Macrolophus pygmaeus on tomato 

plants can cause economic fruit damage: interaction with Pepino Mosaic Virus? Biocontrol (wordt 

ingediend) 

 

Overview publications in magazines (vulgarizing) 

 
1. Moerkens R, Van den Broecke S, Berckmoes E, Wittemans L, De Vis R, Van Damme V (2014) 

Hoeveel Macrolophus uitzetten per plant? Proeftuinnieuws 11: 20-21. 

2. Berckmoes E, Wittemans L, Moerkens R & Van Damme V (2014) Elk middel gedoemd tot resistentie? 

Proeftuinnieuws 13: 25-27. 

3. Moerkens R & Berckmoes E (2014) IPM start bij een goede monitoring. Proeftuinnieuws 13: 22-24. 

4. Moerkens R (2014) Een goede bestuiving is belangrijk. Proeftuinnieuws 14: 10 

5. Moerkens R, Van Calenberge B, Wittemans L, Van Kerckhove S (2014) Gekke wortels vormen een 

nieuwe uitdaging. Management & Techniek 1: 28-29. 

6. Van Calenberge B, Wittemans L, Moerkens R, Van Kerckhove S, Paeleman A, Bosmans L, Rediers H, 

Lievens B (2014) Ook dit jaar al gekke wortels gesignaleerd. Proeftuinnieuws 7: 53. 

7. Moerkens R (2014) Verschillende substraten in de tomatenteelt: een overzicht. Proeftuinnieuws. Aug. 

8. Moerkens R & Vanderbruggen R (2014) Een nieuwe stap richting organische bemesting bij tomaten op 

substraat. Proeftuinnieuws. Sep.  

9. Pinxteren D & Moerkens R (2013) Alternatieve methode voor afrijpen tomaten. Proeftuinnieuws 1: 15-

17. 

10. Van Calenberge B & Moerkens R (2013) Tuta absoluta duikt al op. Proeftuinnieuws 3: 7. 

11. Van Calenberge B, Wittemans L, Moerkens R, Van Kerckhove S & Hanssen I (2013) Gekke wortels in 

Vlaanderen: stand van zaken. 

12. Moerkens R, Wittemans L, Berckmoes E, Van Calenberge B, Morio S & Casteels H  (2013) Monitoring 

van Tuta absoluta voor export tomaten naar Canada. Flandria Special 40-41. 

13. Moerkens R & Pinxteren D (2013) Eindelijk zon, maar de te lange winter heeft zijn stempel gedrukt. 

Proeftuinnieuws 9: 6. 

14. Berckmoes E, De Vis R, Van Calenberge B, Wittemans L, Moerkens R & Van Damme V (2013) Gewas 

monitoren voor bestrijding Tuta absoluta. Proeftuinnieuws 12: 36-37. 

15. Moerkens R, Berckmoes E, Van Calenberge B, Wittemans L, De Vis R & Van Damme V (2013) Hoe 

kan je de populatieopbouw van Macrolophus verbeteren in tomaat. Proeftuinnieuws 14: 21-23. 

16. Wittemans L, Wuytack M, Moerkens R, Ortega N, Paeleman A, Gielis T & Van Kerckhove S (2013) 

Puntmutatie van PepMV veroorzaakt gele planten. Proeftuinnieuws 17: 31-35. 

17. Moerkens R (2013) Blijf waakzaam tot het einde van de teelt. Proeftuinnieuws 18: 32.  

https://www.researchgate.net/researcher/22900992_G_Peusens
https://www.researchgate.net/researcher/38238150_T_Belien
https://www.researchgate.net/publication/41908953_Side_effects_of_plant_protection_products_and_biological_interactions_on_the_European_earwig_Forficula_auricularia_L?ev=prf_pub
https://www.researchgate.net/publication/41908953_Side_effects_of_plant_protection_products_and_biological_interactions_on_the_European_earwig_Forficula_auricularia_L?ev=prf_pub
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18. Wittemans L, Moerkens R & Ortega Parra N (2013) Vaccinatie met PMV-01 tegen Pepino. 

Proeftuinnieuws 20: 19. 

19. Berckmoes E, Wittemans L, Van Calenberge B, Donkers K, Moerkens R & Van Damme V (2013) 

Jaarrond Tuta absoluta bestrijden. Proeftuinnieuws 20: 21-23. 

20. Moerkens R, Berckmoes E & Donkers K (2012) Tuta absoluta overleeft de teeltwissel. Proeftuinnieuws 

6: 8. 

21. Moerkens R, Goen K, Berckmoes E, Wittemans L & van Damme v (2012) Populatieverloop en 

verspreiding van Macrolophus na een vroege en een normale uitzetting. Proeftuinnieuws 12: 34-36. 

22. Hanssen I, Moerkens R, Goen K, Wittemans L, Wuytack M (2012) Vaccinatie tegen PepMV met PMV-

01: Stand van zaken. Proeftuinnieuws 14: 38. 

23. Berckmoes E, Donkers K, Wittemans L, Moerkens R, Goen K, Van Damme V (2012) Tuta geeft 

wisselend schadebeeld. Proeftuinnieuws 14: 26. 

24. Pinxteren D & Moerkens R (2012) Ethyleengas in plaats van smeren? Nog niet… Proeftuinnieuws 18: 

34.  

25. Moerkens R, Berckmoes E, Van Calenberge B, Wittemans L & Van Damme V (2012) Grondige 

teeltwissel en tijdig biologisch of chemisch ingrijpen noodzakelijk. Proeftuinnieuws 20: 24-25. 

26. Moerkens R (2012) Meer en meer tomatengalmijt gesignaleerd. Proeftuinnieuws 21: 6. 

27. Wittemans L, Wuytack M, Moerkens R & Hanssen I (2012) Pepinomozaiekvirus onder controle met 

PMV-01-vaccin. Management & Techniek 20: 6-7. 

28. De Nayer F, Moerkens R, Goen K, Vanbriel M, Wittemans L, Paeleman A, Hanssen I (2011) Vaccinatie 

met mild CH2-isolaat biedt goede bescherming tegen PepMV. Proeftuinnieuws 14: 36-37. 

29. Sauviller C, Goen K, Van Mechelen M & Moerkens R (2011) Diffuus glas in tomaat en paprika. 

Proeftuinnieuws 19: 23-25. 

30. Moerkens R (2011) De mogelijke gevolgen van een te grote Macrolophus populatie. Proeftuinnieuws 

19:33. 

31. Moerkens R & Wittemans L (2011) Evolutie en beheersing van Tuta absoluta in Vlaanderen. 

Proeftuinnieuws 20: 22-23. 

 

 

Overview international conferences (oral presentation) 

 

1. Moerkens R, Berckmoes E, Van Damme V, van den Broecke S, Wittemans L & Casteels H (2014) 

Optimization of pest control by the predatory bug Macrolophus pygmaeus in greenhouse tomato 

production. IOBC – Integrated control in protected crops temperate climate. Gent, België.  

2. Moerkens R (2013) Challenges in IPM for greenhouse crops: the importance of economic thresholds of 

both pest and beneficial. Benelux Society for Horticultural Science - Integrated Pest Management in 

horticulture: research for practice. Merelbeke, België.  

3. Moerkens R, Gobin B, Peusens G & Leirs H (2010) Efficiency of earwigs as biocontrol agents in fruit 

orchards: ecology of two sibling species. IX ECE 2010. Boedapest, Hongarije.  

4. Moerkens R, Jordaens K, Leirs H, Peusens G. & Gobin B (2008) Forficula auricularia as a complex of 

two sibling species: how can they coexist? EMSEP 14, Zwitserland.  

5. Moerkens R, Gobin B., Peusens G & Leirs H (2008) Combining theoretical population ecology and 

practical biocontrol: Earwigs in fruit orchards. XXIII ICE 2008, Durban, Zuid-Afrika.  

6. Moerkens R, Gobin B, Peusens G, Crespin L, Helsen H & Leirs H (2008) Population modelling of the 

European earwig as a decision tool for orchard management. VII-th IFP 2008, Avignon, Frankrijk.  

7. Moerkens R, GobinB, Leirs H, Helsen H & Leirs H  (2007) Population dynamics of earwigs in fruit 

orchards: simulations of a day degree model. AAB workshop on Theoretical Population Ecology and 

Practical Biocontrol. Warwickshire, Engeland.  
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8. Moerkens, R., Gobin,B., Leirs, H., Helsen, H. & Leirs, H.  (2007) Population dynamics of earwigs in 

fruit orchards: simulations of a daydegree model. Benelux congress of Zoology, November, 

Amsterdam.  
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Professional Data 

 
Professional address :   Vegenov  

Penn ar Prat  
29250 SAINT POL DE LEON  

FRANCE 

Telephone :     + 33 (0)2 98 29 06 44 

Fax :     +33 (0)2 98 69 24 26  
Mail :   hamon@vegenov.com 

 

Research experience 

 
2009-now : Molecular Biology Laboratory Manager, Vegenov, Saint Pol de Leon, France 

2006-2009 : Doctoral research, INRA, Genetics and Plant Breeding Department, Le Rheu, 
France (09/2006 - 09/2009) 

 Thesis Title : “Structural variability of genetic determinants of resistance to 
Aphanomyces euteiches in pea (Pisum sativum L.) and Medicago truncatula” 

2006 :         Research assistant, INRA, Genetics and Plant Breeding Department, Le Rheu, 
France (01/2006 – 07/2006) 

 Subject : “Involvement of polyamines in resistance of Arabidopsis thaliana to 
clubroot”  

2005 : Research assistant, JIC, Crop Genetics Department, Norwich, UK (06/2005 – 
08/2005) 

 Subject : “Transformation of barley and analysis of transgene insertion” 

 

Education 

 
2006-2009 :    Doctoral position, INRA, Genetics and Plant Breeding Department, Le Rheu, 

France (09/2006 - 09/2009) 

2006 :  Master of Science in Genetics and Plant Breeding, Agrocampus Rennes, France 

2006 :  Engineer degree in Agronomy, ENSA(T), French National School of Agricultural 
Science and Engineering (Toulouse), one of the 5 French Graduate Schools of 
Agricultural sciences  

 

Publications  

 
Hamon C., Coyne C.J., McGee R.J., Lesné A., Esnault R., Mangin P., Hervé M., Le Goff I., Deniot G., 
Roux-Duparque M., Morin G., McPhee K.E., Delourme R., Baranger A., Pilet-Nayel M.L. (2013). QTL 
meta-analysis provides a comprehensive view of the moderately low diversity of loci controlling partial 
resistance to Aphanomyces euteiches in four pea sources of resistance. BMC Plant Biology 13, 45 
 
Hamon C., Baranger A., Coyne C.J., McGee R.J., Le Goff I., L’Anthoëne V., Esnault R., Rivière J.P., 
Klein A., Mangin P., McPhee K.E., Roux-Duparque M., Porter L., Miteul H., Lesné A., Morin G., Onfroy 
C., Moussart A., Tivoli B., Delourme R., Pilet-Nayel M.L. (2011). New consistent QTL in pea 
associated with partial resistance to Aphanomyces euteiches in controlled condition and multiple field 
environments from France and the United States of America. Theor Appl Genet 123:261-281 
 



Hamon C., Baranger A., Miteul H., Lecointe R., Le Goff I., Deniot G., Onfroy C., Moussart A., Prosperi 
J.M., Tivoli B., Delourme R., Pilet-Nayel M.L. (2010). A complex genetic network involving a 
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