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Key external stakeholders:

Practical implications for stakeholders:

Main results:

= Two new diagnostic methods developed — one molecular-based test (qPCR) for Brown Cap Mushroom
Disease caused by a virus and one volatile-based test for compost green mould caused by the mould
Trichoderma aggressivum

Four technical factsheets providing practical IPM solutions and advice to the industry

New information on the efficacy of various disinfectants at killing pathogen propagules

Sixteen fungal viruses identified that are new to science

Agaricus bisporus Virus 16 (AbV16) identified as the causal agent of brown cap mushroom disease

New knowledge on how T. aggressivum spreads within the system of bulk phase 3 compost

New knowledge highlighting the difficulty of finding biopesticides that are effective against the main
diseases of mushrooms

Opportunity / Benefit:

The European mushroom industry has access to the latest knowledge, tests and practical advice on how to
control problematic disease issues within an IPM framework. In addition the MushTV consortium sees
collaboration as the way forward to find solutions to common problems

Collaborating Institutions:
See page 2
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Dr. Helen Grogan (Pl and MushTV Coordinator)

Dr. Caocimhe Fleming-Archibald

Ms. Angela Ruggiero

Mr. Brian McGuinness

Mr. Greg Deakin (Walsh Fellow)

Commercial Mushroom Producers Cooperative Society Ltd., (CMP) Ireland
(Dermot Callaghan)

Vereniging van Onafhankelijke Champignonkwekers, (VOC) Belgium (Guy
Claessens)

Stowarzyszenie Brany Grzybéw Uprawnych, (SBGU) Poland (Krystian
Szudyga)

Cooperation Funghi U.A., (Funghi) The Netherlands (Rob Maas)

Plant Research International, (PRI), The Netherlands (Johan Baars)
Inagro, Provinciaal Extern Verzelfstandigd Agentschap In
Privaatrechtelijke Vorm Vzw, (Inagro) Belgium (Nancy Pyck)

East Malling Research, (EMR) United Kingdom (Kerry Burton)
AGRIFOOD and Bioscience Institute (AFBI), United Kingdom (Mairead
Kilpatrick)

The CIRCA Group Europe Ltd., Ireland (Jim Codd)

Agriculture and Horticulture Development Board, (AHDB) United Kingdom
(Ruth Ashfield)

International Mushrooms Ltd. Trading as Sylvan, Ireland (Brendan Burns)
Hooymans Compost BV, The Netherlands (Piet Lempens)

NV Karel Sterckx, Belgium (Patrick Delva)

Custom Compost, Ireland (Helen Fanning)

CNC Grondstoffen B.V., The Netherlands (Caroline van der Horst)
Monaghan Mushrooms, Ireland (Jude Wilson)

One of the key challenges facing the mushroom industry is the regulatory obligation to adopt an ‘Integrated
Pest Management’ (IPM) approach to pest and disease control, as stipulated in the Sustainable Use of
pesticides Directive 2009/128/EC (SUD), in order to safeguard our environment and the consumer. Two
compost-related diseases concerned the MushTV network at the start of this project; ‘compost green mould’
caused by Trichoderma aggressivum and ‘Brown Cap Mushroom Disease’ caused by a virus that makes
mushrooms turn brown and loose quality. Both can infect at an early stage in the cycle and severely reduce
production. In addition, the industry has few chemical products available to control disease outbreaks so it
relies heavily on understanding the biology of the problem organisms and excellent hygiene standards.
Finding IPM-compatible and biopesticide products for the control of diseases such as Cobweb, Dry Bubble
and Wet Bubble for when they get out of control is also desirable as there are few products available for use.

o How effective are disinfectants at killing pathogens on mushroom facilities, especially when they are
present in organic matter?

e Can we use the genetic characteristics of the virus complex that make up MVX in a new diagnostic test
and can we name the virus or viruses that cause Brown Cap Mushroom disease?

e Can we elucidate how T. aggressivum grows and spreads within the bulk Phase 3 system of compost
production?

e Can volatile organic compounds (VOCs) be used to detect T. aggressivum during the spawn-running
period to give an early warning of its presence?

e Can we identify a biopesticide to give control of the main diseases of mushrooms?

e Can we detect pathogens on farms and compost facilities to identify areas of vulnerability in the
production cycle?

Five research organizations across Europe conducted experiments according to the research questions
being asked. All experimental trials were planned in consultation with biometricians. Randomized designs
and replication were used as required. All trials were repeated and data were analysed appropriately.
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4. Main results:

Diagnostic Tools. Two new diagnostic methods were developed — one molecular-based test (QPCR) for
Brown Cap Mushroom Disease caused by a virus and one volatile-based test for compost green mould
caused by the mould Trichoderma aggressivum. New diagnostic methods provide the industry with the
means to monitor for disease presence. Such monitoring provides an early warning system to growers and
composters and can alert them to the need to review procedures in their hygiene systems that may have
allowed unwanted organisms to slip through unnoticed.

Knowledge Transfer. MushTV scientists have worked with industry to identify key action points needed to
implement effective IPM. A series of technical factsheets, with IPM-compatible strategies at their core, have
been produced and disseminated to the industry. They provide new knowledge and advice on (a) effective
use of disinfectants in mushroom production; (b) understanding Trichoderma aggressivum in bulk Phase 3
compost; (c) prevention of Brown Cap Mushroom Disease and (d) control of fungal diseases of mushrooms.
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Advancing the frontiers of science. Research by MushTV scientists has advanced the scientific
knowledge base in several areas. They have characterised and identified 16 fungal viruses new to science,
including two that are associated with the Brown Cap Mushroom Disease - Agaricus bisporus Virus 16 (AbV-
16) and Agaricus bisporus Virus 6 (AbV-6). All the genome sequences of the novel viruses will be published
in 2015 and will be available to the scientific community. A new gPCR based method to detect the viruses
has been developed as well as a new method for the isolation of RNA from humic-rich mushroom compost.
The way in which T. aggressivum is dispersed within large batches of Phase 3 compost has been elucidated
and described. Surveys of grower and compost facilities have identified vulnerabilities in current hygiene
systems, highlighting where action is needed to minimise crop losses. Research has also identified a group
of biochemically-related volatile compounds that were repeatedly detected in T. aggressivum-infected
compost during the Phase 3 process. Under experimental conditions, the pattern of the emitted group of
compounds was different between infected and non-infected compost so a detection technique may be
possible at commercial scale, but further development is needed before commercialisation can take place.
These advances in methods and knowledge will be published in peer-review journals in the coming year.

5. Opportunity/Benefit:

The European mushroom industry has access to the latest knowledge, tests and practical advice on how to
control problematic disease issues within an IPM framework, enabling them to comply with SUD regulations.
In addition, by working together to resolve common problems, MushTV has fostered a sense of collaboration
and friendship between people who are often competitors in the mushroom market place. This, has been
one of the outstanding achievements of the MushTV project. The MushTV ‘network’ looks forward to
working together in the future to address other challenges of mutual concern.
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6. Dissemination:

A total of 51 dissemination activates were completed during the course of the project. The technological
advances achieved during MushTV were disseminated to grower members of all participating grower
associations at the end of the project. A series of grower workshops were held in February and March 2015
(outlined below) where growers were involved in active discussions with the researchers and where hard
copies of all factsheets were available to take away (apart from the Dutch versions where only the online
version was available).

Grower Organisation Workshop Date Venue Number
CMP, Ireland and Northway PO, | 25 March 2015 Monaghan, Ireland 25
Northern Ireland

CMP, Ireland 31 March 2015 Tipperary, Ireland 25
VOC, Belgium 25 March 2015 Inagro, Belgium 12
SBGU, Poland 24 March 2015 Skiernewiece, Poland 40
Funghi, Netherlands 26 Feb 2015 Wageningen, Netherlands 110
AHDB, England 18 March 2015 Stratford upon Avon, England 27
Total attendance: 239

In-house workshops were also organised for the technical staff at several compost facilities across Europe.

The scientists who were directly involved in the research activities at the various research organisations gave
a number of scientific and other presentations at various scientific meetings, conferences and events,
disseminating some of the results to the wider scientific, political or general audience (See Table A2 in Final
Report).

A number of general dissemination articles were published during the course of the project for both the wider
mushroom industry as well as for more general audiences (See Appendix 1/Table A2 in Final Report).

Factsheets and an educational video are available at www.MushTV.eu

Main publications:
Five scientific papers are in preparation for peer review in 2015/2016
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