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This document only contains Annex 4 of the report of the BPSG Seminar. Annex 4 includes
slides of all presentations made during the seminar.

The main part of the seminar report, as well as Annexes 1-3, is published under the reference
ENV/IM/MONO(2013)25.
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ANNEX 4

PRESENTATIONS (SLIDEYS)

[PPT 1] Presentation on the OECD and the work of OECD-BPSG and general introduction to the
seminar on "Trichoderma’
By Jeroen Meeussen, BPSG Chair, European Commission

[PPT 2] Plant-beneficial effects of Trichoderma and of its genes
By Enrigue Monte and Rosa Hermosa, Spanish Portuguese Center of Agricultural Research (CIALE),
University of Salamanca, 37185 Salamanca, Spain

[PPT 3] Overview on the different mode of actions of Trichodema spp.
By Maria Isabel Trillas Gay, Fisiologia Vegetal Facultat Biologia, U.B. Barcelona; Spain

[PPT 4] Trichoderma secondary metabolites and other bioactive molecules: the role in plant
protection and biostimulation

By Matteo Lorito, Dipartimento di Arboricoltura, Botanica e Patologia Vegetale, Universita di Napoli
Frederico I, Napoli; Italy

[PPT 5] Fate and behaviour of Trichoderma in the soil and effects on soil microflora
By llaria Pertot, Fondazione Edmund Mach, FEM-IASMA, Plant Protection Dept., San Michele all'Adige;
Italy

[PPT 6] Fate of a strain of Trichoderma atroviride in soil and effects on the soil microbial
communities
By Claude Alabouvette, AGRENE, Dijon; France

[PPT 7] Taxonomy, characterisation and identification of Trichoderma: experience in EU-evaluation
and peer review
By Kersti Gustafsson, Swedish Chemicals Agency - Keml; Sweden

[PPT 8] An overview of regulatory data versus literature data in mammalian toxicology,
environmental fate and ecotoxicology in view of a discussion about bridging versus strain/species
specific data

By Christine Vergnet, French Agency for Food, Environmental and Occupational Health & Safety
[ANSES], Paris; France

[PPT 9] Task Force I: Experiences with the registration of Trichoderma harzianum: active substance
and products, in various European countries
By Willem Ravensberg, Koppert Biological Systems, Berkel & Rodenrijs; The Netherlands

[PPT 10] Task Force 11: Experiences with the registration of Trichoderma viride: active substance
and products, in various European countries
By Sara Lamperti, Isagro Ricerca S.r.l., Novara; Italy
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Presentation on the OECD and the work of OECD-BPSG and general introduction
to the Seminar on "Trichoderma'
[PPT 1]
by Jeroen Meeussen (BPSG Chair, European Commission)

Seminar on
" Trichoderma spp. for the use in
Plant Protection Products:
similarities and differences"”

Biopesticides Steering Group

11 June 2012, Paris, France
orco (@i ocne

Seminar on "Trichoderma spp. for the use in Plant
Protection Products: similarities and differences”

@ A few words about OECD
e OECD Work on (Bio)Pesticides

e Today's seminar: purpose, scope and
structure

orcn (@ ocne
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‘ OECD

OECD: The Organisation for Economic
Co-operation and Development

A4

OECD haths

orch (@ ocor

OECD

- Started after World War IT;

- Transformed in 1961 into the Orlganisa'rion for
Economic Co-operation and Development with
trans-Atlantic and then global reach;

- Today the OECD has 24 member countries;

- Maore than 70 developing and transition economies
are engaged in working relationships with the OECD
(Brazil, China and India).

orch (@ ocoe
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What is OECD?

A forum in which governments work together to:
- Co-ordinate and harmonise policies;
- Discuss issues of mutual concern;

- Work together to respond to international
pmblems.

A provider of comparative stafistics and economic and
social data with more than 250 publications per year.

orco (@@ ocoe

How do pesticides fit in all this?

One of the fields in which OECD is actively involved is
the sustainability of agriculture.

oEch ((@ ocoE
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OECD - Working Group on Pesticides

The OECD work on agricultural pesticides aims to help

member countries:

— improve the efficiency of pesticide control;

— share the work of pesticide registration and
re-registration;,

— minirnise non-tariff trade barriers;

— reduce risks to human health and the environment.

. _ k‘lg
PR =
Lo orco (@ ocoe

‘ OECD - Working Group on Pesticides

Working Group on Pesticides:

o Registration Steering Group (RSG)

@ Risk Reduction Steering Group (RRSG)

e BioPesticides Steering Group (BPS6)

orch (@ ocoe
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OECD-BPSG

The BioPesticides Steering Group (BPSG) was
established by the WGP in 1999 to help member
countries:

- to harmonise the methods and approaches
used to assess biological pesticides and

- to improve the efficiency of control
procedures,

orch (@ ocoe

OECD-BPSG |

Biological Pesticides:

- Macro-organisms

- Microbial biopesticides

- Semiochemicals

- Plant extracts/Botanicals

oech ((@ ocoe




ENV/JM/MONO(2013)25/ADD

OECD-BPSG

The first tasks of the BPSG consisted of:

(i) reviewing regulatory data requirements for
three categories of biopesticides; and
(ii) developing formats for dossiers and

monographs for microbials, and pheromones and
other semio-chemicals,

@ i

s O

orco (@ ocor

OECD-Publications (1)

Registration requirements:

- for pheromones (Series on Pesticides, No. 12,
2001);

- for microbial pesticides (Series on Pesticides,
No. 18, 2003);

- for invertebrate biocontrol agents/IBCAs
(Series on Pesticides, No. 21, 2004).

orch (@@ ocoe
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OECD-Publications (2)

Dossier
- QECD Dossier Guidance for Microbials, 2003
rev. August 2006.

- OECD Dossier Guidance for Pheromones and other

Semiochemicals, 2003

Monograph
- QECD (Monegraph Guidance for Microbials), 2003
rev. August 2006,

- OECD Monograph Guidance for Pheromones and other
Semiochemicals), 2003.
orch (@ ocoe

OECD-BPSG

The BPSG then decided to concentrate its
efforts on science issues that remain as barriers

to harmonisation and work-sharing.

orco (@ ocoe
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OECD-Publications (3)

"Werking Document on the Evaluation
of Microbials for Pest Control”

This document is essentially a set of examples/case studies
aimed at helping the regulatory autharities to deal with these
issues in the assessment of (microbial) biopesticides.

OECD Environment, Health and SafetyPublications, Series on
Pesticides No. 43, 2008

orco (@ ocoe

OECD-Publications (4)

Mest recent publications:

® Issue PﬂpEr on Microbial Contaminant Limits for
Microbial Pest Control Products (OECD Series on
Pesticides No. 65, 2011)

@ Guidance to the Environmental Safety Evaluation of
Microbial Biocontrol Agents (OECD Series on
Pesticides No. 67, 2012)

orco (@ ocor
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Workshop on the Regulation of
Biopesticides

- "Workshop on the Regulation of Biopesticides:
registration and Communication issues” 15-17 April
2008, EPA, Arlington, USA; OECD Environment, Health and
Safety Publications, Series on Pesticides No. 44, 2009

|

The objectives of the workshop were met:

- To collect input to resolve science issues;
- To improve communicationand information exchange;

- To take forward some of the conclusions from EEEE&%
OECD OCIDE

OECD-Seminars

1 Reportof Seminar on 'Identityand Characterisation of micro-
arganisms ", OECD Series on Pesticides MNo. 53, 2010,

2. Reportof Seminaron 'The fate in the environment of microbial
control agents and their effect on non-target organisms’,
OECD Series on Pesticides No. 64, 2011.

3. Reportof Seminar on "Characterisationand Analyses of

Botanicals for the use in Plant Protection Producits”
Publication in preparation

orco ((@® ocoe
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BPSG - Workplan 2009-2012

- Resolve science issues associated with registering
biopesticides.

- Promote communication and information exchange
on Biopesticides .

oecn ((@ ocoE

Seminar on "Trichoderma spp. for the use in Plant
Protection Products: similarities and differences”

Why was this topic selected?

- Alot of general issues related to micro-organisms are
becoming apparent in Trichoderma spp.

- Differences betweenand even within Trichoderma spp. can
be significant.

- The seminar can contribute to a better understanding of
Trichodermaand facilitate the registration of biopesticides
in general and of this group in particular.

14
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Seminar - Objectives

The objectives of the seminar are:

identify key issues in the area of " Trichoderma

spp.”,

exchange information on national and international
activities in the area concerned; and

make recormmendations for further actions and/or
possible activities for OECD.

orco (@ ocoe

Seminar - Scope

Discussion on:
= the extrapolation and bridging of data;

- taxonomy (should strains be compared according to the old
classification or should they be considered with the new
classification);

- different mode of actions and efficacy;

- persistence and behaviour in the envirenment;

- the fact that secondary metabolites may differ for the same
strainif applied to different host plants?

- borderline between the use as a plant protection product,
fertilizer and biostimulation?

orch (@ ocoe
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Seminar - Structure

Presentations on:

- government, research and stakeholder
experience and perspectives,

followed by discussion after each set of
presentations.

orch (@ ocoe

Serminar - Results

With the focus on "Trichoderma spp”, the goals of this seminar
are

1. for participants to share informationand te promote a dialogue
on " Trichoderma spp”, and

2. to suggest future work/issue papers in the field of
"Trichoderma spp." related to the approval of 'micro-organisms’
ingeneral,

orch (@ ocoe
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Seminar on "Trichoderma spp. for the use in Plant
Protection Products: similarities and differences”

I wish you an interesting and
useful seminar!

Thank you very much for your attention.

orch (@ ocoe
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Plant-beneficial effects of Trichoderma and of its genes
[PPT 2]
Enrique Monte and Rosa Hermosa, Spanish Portuguese Center of Agricultural Research (CIALE),
University of Salamanca, 37185 Salamanca, Spain

DECDBPSG Semmnar 11 June 2012, Parls
@) i
wil)
L

OECD I

The 4™ BioPesticides Steering Grodp

Seminar on " Trichoderma spp. for the use in Plam Protection Products: similarities
and differences”

“Plant-beneficial effects of Trichoderma and of its genes”

Enrigue Monte and Rosa Hermosa
CIALE, University of Salamanca, Spain

/’//,._L.—‘-}_@ amdusal es
C I a | @ iuer:ifu'F
Salamancs

TTrichoderma vs Phoma betae

Nonte (1986) MO Theas Umversityof Sclomonco
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‘Sugar beet field trials |

T Uigniag v
'
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S S

Bornos (Cddiz, Spain), 1992, 1st biocontrol field trial at industrial scale

A\
ADVANTA
SEEDS
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‘ Trichoderma (onomorph)
Mitosporic Fungi

ATELY asexual state S

Hypocrea (telomorph)
Hypocreales, Ascomycetes

Trichoderma had a complicated taxonomy
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ITS1 sequence
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First description of
T aggressivum Th2

in continental Europe

Hermosa of af {1999). Pan? Dis 83: 591
Marmoso of af (2000). App! Environ. Microbiol 66 1890-1898
Hermoso ¢f of (2004} 4feol! Res 108 897906

~
N

Three genomes
already sequenced:
« T. reesei
- T. virens
« T. atroviride

Comparative genome
sequence analysis: |

- Mycoparasitism is the
ancestral life style of
Trichoderma

- Later on Trichoderma
colonized plant roots
and some species became

_endophytic

[ vubrcek et af (2011) Serome Biokagy 12: RS0
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W,

Most Trichoderma spp. have biocontrol acﬁ'v'i"ry‘
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»,

TRICHODERMA displays different
mechanisms of action

Courgette

Biocontrol

N |

Tomato crop with Fusarium Wilt

Miycotrophy ‘

Trichoderma -
56.600 kg/ha

Trichoderma +
70.000 kg/ha

o | Lorite ef &f (2010)

Plant growth promotion,
Priming and Defence

Harmen ¢7 ol (2004). Marure Rev. 2: 43-56
Ao Rev. Fhytopathol 48 395417

Root
colom zat on
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Sl

{ The prmcnples of plant mmmvty ]
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' The principles of plant immmifyul

' Plant defence élé,;&‘}{;c;'&i-'{i;}{n;{]

a PTI b €Ts c ETI 3
PAMP-triggered Effector-triggered Effector-triggered X
immunity susceplibility immunity N

PAMP PAMP PAMP
¢ * % ) xx @ |
td
ol |
Cellular Collular Q Cellular };
signaling signaling signaling
Immune
response:

\ I Peterse ef of (2009) Mot Chem Bio! 5. 308-316

Hgh  PTl ETS

Pathogen
effectors

of defence

Amplitude

The principles of plant immunity |

ETI

X 5T The Zig-Zog Model
s E{ L TheZig-Zog Model |

-4

Pathogen
effectors

...........

Jones ond Dengl {2006) Netore 444 323329
‘ ;
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Salicylate (SA) / Jasmonate (JA) Model

SAR

Systemic acquired
resistance

ISR

Induced systemic
resistance

Insects

Priming for %

B JAET deknses «—

. Wounds

Biotrophs and
Hermbiotrophs

Rhizobacteria |

Trichoderma ‘ MAMPS

Buotroph
T

Hermtsctrogn
Prinaocuras
reree

Figeoe 2 Dhstnsd Spwpnones o8 Adalnss Mewts Causad Ly the
e reiropte e s Sotfs Soeend, the Delaigh € corpcele
Hpskperinenxont mabadyuats #vd the hamid oo Secteriam
Peaussarones pevgse Phoin. Mers s Pelt
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JA—— sA

Keornnee f end Pigterse (2008) Plns Mywiol 146 839844
Peterse er al (2009). Not. Chew. Biol 5: 308-316
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=

MAPK
( ™ cascader
LRR proteins
Changes in Ca®* or H* fluxes

T : \L‘
{ Stimulation of plant responses to biotic and abiotic stresses

B ARG
[increased [ I T TITITR
| photosynthesss and ‘
| carbohydrate metabobsm -~
[? / Iresponse W
/ MBS-LRR proteing:

= increosed in tomato leaves interocting with
T atreviride (3d)

- decrecied in arobedopsis leaves mteroctng
with T Azl (24h)

~ \“
v ’ NG . Effectors ’ % ;
RN\ + Olig and Sow MW compound: >
. » Autdin of auxin-like compounds EY
Trichode | + Cyrokinin iR indica) g

I‘l ’] Shoresh M, et al. 2010, Norro ot of (2006). Curr. Senct. 50: 307-321
Norcdn-Diaz ¢f al (2012} J Plant Pywiol 169 614-620
N Annu. Rev. Phytopathol. 48:21-43 bl v o
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Hormone networking in plant immunity

B oo
* ' i.{ ' Hormonal
e 14 o | Interoction between
o oeepomen ' defence and
56"‘:" ﬂr? development

Pueterse ef &f (2009) Nat Chem Bl 5. 308-316
Verhoge ef of {2010). Plant Mrysiol 154 536-540
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Hormone networking in plant immunity
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Table 1. Tnchoderma MAMPs currently identified n different species

MAMPletiector Trichoderma species Activity Referemce

Proteins

Xylanase Xyn2/Eix T. viride A xylanase that eliciss ET hlosynthests and Rotblat er al. (2002}
hypersensitive resposse in Sobacco beaf tissaes

Cellulases T. longbrackiatum Activated and heat-denatured cellalases eliot Martinez er al (2001)

melon defences through the activation of the
SA and ET signalling pathways, respectively

Cerato-phatanins SmI/Epll T vireno/'T. atroviride Hydrophobin-like SSCP orthologues that <an Dijonovic o al. {2006),
induce expresson of defence resp " Seidl et @l (2006)
cotton and maise

Swollenin TasSwo T. asperdioides Expansin.bke protein with a cellulose-binding Brotman ¢ al (2008)

domain capable of stimulating local defence
raponses in cucuntber roots and leaves and
affording local protection against B cneres
and P. syringwe

Endopalygalacturonase T. harzianum lavolved in active coloatzation of tomato Morkn-Diez er al.
ThRGI root and ISR-Bke defence in Arabidopsis (2009)

Secondary metabolites

Alamethicin (20mer T. vindde Hlicitation of A and SA beosynthesis in Engeloerth of al
peptaibol) Hma bean (2001)
Trichokonin (20mer T. psesdodoningii Induces the production of ROS, the accumulation Lo er al. (2010}
peptaibol) of phenolic compounds at the spplication site

and virus resistance in tobacco plants through
multiple defence signalling pathways

18mer peptashols T. virens Elicitation of cucumber systemic defences Viterbo er al. (2007)
agrinat P primgae
6-Pentyl-x-pyrose, Varicns Low-concentration eoetabolite activating Vinale & al, (2008)
harrianolide and plant defence mechanisms and regulating
harzianopynidone plane growth in pea, tomato and canola

I Hermoso f of {2012). Microbiokyy 138 17-25

T s
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E - ’ ” . 'v.'\' |
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o g | o Catgemx )
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‘ el "7
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FRACTION NUMBER

 Elicitation of ET biosynthesis and
| hypersensitive response (HR) in tobacco
leaf tissues

 The xylenase component of cellulase |
| cocktails elicits HR-like responses |
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™

| R
| 8, Gree— sppp Seogase
! papstinn l p.

Fuche ot of (1989) Plans Pywiol 89 138-143
Awni ¢ ol (1994). Alan? Physiol 106 1049-1055
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Stimulation of plant defences: increased sensitiity 1o JA/ET signals
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Tronscmpfomuc analysis of gene expression ehcned by T. harzianumin
\aereal parts of Arabidopsisduring the first hours of root colonization |

Ean ]
by P (©h-s

25d plants

-66genes (fc 2):
= 36% genes related to metabolism

24h mteroction

(kquid medium)

- 30% genes reloted to plont responses to stress

- 34% unclassified or unknown proteing

During the first 24 h of T. harziamen root

colomzatson the leof tremscriptome of Arcbedopsis shows:

+  nomedification of ET reloted gencs

reduction of SA« J A« and auxm-related genes

merecse of ABA-rcluud gcncs

Norin-Diez of af (2012} J Plert Mpviol 169 614620

RMA RMA

+ Trichoderma !

'
Arabidopsis microarrey )"0

&

untreated

- ! s

* Trichoderme inducor obietic ttrece recittance {
+ Trickederma could ucge in ite own benefit the |
trancitory low dofentor of plante x
+ Considering plant immunity netwerking, SAR/ISR
are not abrolute modele
* Induction of plont respenses by Tmichederme is a
Shne- ond tration- dopendent ph
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\ S EFFECTOR METABOLITES
'Promotion of >plant growth, roo}‘drev’elopment, leaf gré'eness and |
‘activationof seed germination 7 7 ‘

e

| 6PP activates fomato ond canol seed germination | j

| Tomato (A) and canole (B) seedhngs grown in WA containeng 6PP (109 M} after 10 : from sowing J
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Trichothecenes: far from being toxic Harzianum A induces plant defences |

] Tomato plant |

k.,
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™ T4 Tant Tj/

[I’ arundisacaum hﬂ']
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| Nolmierco et of (2012) Appl Enviren Microbiol (m prass) ]
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Plant hormones: Auxin-like compounds |
Typical IAA-induced Growth Response
B 12 Tc
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&
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S 2F T »
u ‘ Auxin activity window
| uw
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Uninoculated T virens T, atroviride

L7

T wrens enhances biomass producticonand
lateralroot growth through an auxin-
dependent mechanismin Arcbidopsis

" 4
Contreras-Cornejo ot af (2009). Alans Physiol 149: 1579-1592
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Plant hormones: Ethylene biosynthesis |
| Ethylene inhibits elongation of plant cells » the plent needs to inhibit T 1o growth |
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| Trichoderma-plant interaction |

Frmng of defense responzes
upon bioticiabiotic stress chalenge
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s Sa dependert

I Contreras-Cornejo ot ol (2009). Alanr Mhysiol 149: 1579-1592
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E Trichoderma-plant interaction proposed model |
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' Solubilization of plant nutrients
Anincreese of 90 and 30% in P end Fe concentration respectively, wes observed
in T. asperelfun5 dpi-inoculated plants

Inthe shoots of these plants, the 5 dpi-
concentration of Zn P ond Mn increased
by 25,30 and 70% respectively

Figura 2. A well-developed 1001 system can mon
wilectivudy obitan nutrients from the soil

Trichoderma-treated hydroponc strowberry

[ Vedscha et ol (2001). Alarr Soil235: 235-241 |
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Rogedo ¢t of (2007} Fged Senet. Biol 44 950-964

j PLANT BIOFERTILIZATION i Somolski 7 al (2012). Microbiokgy 156 129-138

QID74 (T. harzianum): Cell wall protein, cysteine-rich, related to fungal adherence to
surfaces, cell protection, lateral root growth and formation and elongation of reot hairs »
absorptive surface increase > more nutrient uptake and translocation of nutrients in the f
shoots > increase of plant biomass
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wt [ 2 gid74

X i
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§ | inoculant
5 | TTomato .
3 | owt 103.8 43 218 1.3 19.6 28 |
; (1 T1 135.2 54 255 1.7 23.7 3.6
5 [| (% rel) £ WA & W Vi 3597 097 292

[ |72 1628 63 281 2 290 4

| (% rel) 568% 443 288" 514t 4867 4
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Trichodermagene expression in plants: Disease resistance by I harzianum chitd2
in tobacco and tomato plants

Resistonce of transgenic plants Resistonce of transgenic plants to
to fokar patogens {A. alternata) sosl-borne pathogen (R soke)
A A 1 2 Several transgenic
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I,c AR well ox plonts on
3 < i 2 22 ' nonnfested soil
— 3 4
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* Oat fant chlor rah tive
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Amelioration of abiotic stresses

Trichodermo-treated seeds are more resistent to water osmotic salinety chilling or heet stress

Nestown et ol (2010). Mytopatholgy 100: 1213-1221 | Q‘
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Overexpression of TrichodermaHSPs leads to
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Trichodermagene expression in plants: abiotic stress resistance by T harzianum
hgp70n Arabidopsis plents

HI1613 )
Expression of a T. harzianum hsp70 gene

in Arabidopsis confers resistance to high
temperatures, high salinity and drought
without phenotype reduction

H1651 2
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Nomtero-Barrentos ¢f af (2010) J Plnt Mpwicl 167 659-665
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Trichodermagene expression in plants: abiotic stress resistonce by T harzianum |
Thkell in arcbidopsis plants - ]
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Daye
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Thank you!

Rosa Hermosa

Trichoderma Group, CIALE, Salamanca
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Overview on the different mode of actions of Trichodema spp.
[PPT 3]
Maria Isabel Trillas Gay (Fisiologia Vegetal Facultat Biologia, U.B. Barcelona; Spain)

Overview on the different mode
of actions of Trichoderma spp.

Dr. M2 Isabel Trillas, Dr. Guillem Segarra

Fisiologia Vegetal. Facultat Biologia. Universitatde Barcelona
Paris, 11 June 2012

QECD BioPesticides Steering Group
Trichoderma spp. for the use in Plant Protection Products: similarities and differences
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2.1. Trichoderma spp. in the plant

2.2, Trichoderma spp. competition with pathogens
3. NUTRITION

3.1. Plant growth enhancement

3.2. Competition for nutrients against pathogens
4. INDUCTION OF PLANT RESISTANCE
5. CONCLUSIONS
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UNIVERSITAT DE BARCELONA

1. INTRODUCTION

Toxins and antibiotics

e Microorganisms (Trichoderma spp.) are natural
producers of hundreds molecules which confers
competitivity in front of others microbes.

¢ The initial trend in Biological Control of
Trichoderma spp. was focussed in selecting
strains with high capacity of synthesizing
compounds (antibiotics, enzymes, etc.).

» Selected strains, performed poorly as biocontrol
agents in field conditions.

OECD BioPesticides Steering Group
QOverview on the different mode of actions of Trichoderma spp.

UNIVERSITAT DE BARCELONA

1. INTRODUCTION

Nutrition

* Microorganisms compete against each other for
nutrients (carbon, nitrogen, phosphorous, iron,
and other minor minerals).

* The same molecules {chelates and others) used
to make nutrients available are used to make
key nutrients unavailable for pathogens (growth
and virulence).

« After the concept of PGPRs (plant growth promoting
rhizobactena) appears the idea of PGPFs (plant
growth promoting fungi), for Trichoderma strains.

OECD BioPesticides Steering Group
Overview on the different mode of actions of Trichoderma spp.
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1. INTRODUCTION

Basal resistance vs. induced resistance

= Plants spontaneously respond to pathogens
through two main pathways: SA and JAJET.

* Innate immunity can be improved by chemicals
and also beneficial microorganisms that induce
a direct plant responses or prime plants.

= Trichoderma spp. first was saw as a free-living
fungi, later is probed to be also plant root
colonizer.

= Biological control is not a fight between good
and bad microbes, it is a three-way interaction,
playing plants an important role.

OECD BioPesticides Steering Group

UNIVERSITAT DE BARCELDNA . .
Overview on the different mode of octions of Trichoderma spp.

2. Colonisation, antibiosis, parasitism

2.1. Trichoderma spp. in the plant

+  Plants release low and high molecular weight compounds,
photosynthates, CO,, H°, etc. selecting specific microbial
populations {positive interactions or negative associations).

L LL.+
{ y + Trichoderma spp. compete for root niches (to exclude pathogens).
e N Maost plant pathogens infect root tip, Trichoderma spp. too.

» T asperelloides |T203) colonize root epidermis and
penetratesintercellular into the cortical root 2one
+ T asperelium (T34) colonisation mostly the root epidermis

* Changesinthe root architecture fextension can be due to:

1) specific substances: secreted cysteine-rich protein,
QID74 by T. harzignum CECT 2413 and hydrophobin
J W 3 %\
Viterbo ant Chet 2006 ) TasHydl by T. aspereliciges (1.
Tilllas and Segaira 2049 i) plant hermones CKs, 144, ET
samoldey er ol 2002

OECD BioPesticides Steering Group

UNIVERSITAT DE BARCELDNA . .
Overview on the different mode of octions of Trichoderma spp.
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Meelsen et of. 20405,

Reino et al 24K,

IMukherjoe ot ol 2002,

Gauber and Sesdl-S ediotin 20002

UMIVERSITAT DE BARCELIRNA

2. Colonisation, antibiosis, parasitism

2.2. Trichoderma spp. competition with pathogens

Trichoderma spp. produces more than 100 compounds (SM);
Anthraguinones, laacanes, pyromes, K inans. Toscheod les. Viridens,
Wiridsobungms, Hitrogen heterooy dic comy o, Trichodl s and oy dhoy

denivatioes, Azapldores, Harziadaciones and derivatives, Buteralides, Trichothecenes
|socyano nvetabiolites, Setn-be metibolites. Reorbiolmounds. Detopiperacines, Ergosterol
dheniatioes, Peprailiols, Codomeradiol desivatioes, Stating, Heptellic acl and deriatives,
Acorames aml others,

Trichoderma spp. also produces enzymes: cellulases (used in
recycling cellulosic waste ) and chitinases, glucanases and
proteases to parasitize other organisms.

*  Mostof these compounds are fspecies [ strain specific:
Trichotecenes syntethized only by T. brevicompactum
Cellulases mastly by T, reesei

Chitinases mostly expressed by T, afroviride and T, virens

OECD BioPesticides Steering Group

Overview on the different mode of octions of Trichoderma spp.

UMIVERSITAT DE BARCELIRNA

2. Colonisation, antibiosis, parasitism

2.2. Trichoderma spp. competition with pathogens

Environmental parameters {i.e. C/N, pH, temperature,
presence and type of pathogen) affect synthesis of SMand
enzymes, both production and activity.

Secondary metabolites of Trichoderma spp. can be useful or
toxic compounds for plants and other microorganisms.
These compounds can also be absorbed/byy organic matter
and soil colloids,

Some of the above mentioned substances could be toxic to
plants, consumers and the environment.

=  Towicological and eco-toxicological tests required for
BCAs commercialisation give maore information than
analysis of all the substances,

OECD BioPesticides Steering Group

Overview on the different mode of octions of Trichoderma spp.
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2. Colonisation, antibiosis, parasitism

2.2. Trichoderma spp. competition with pathogens

* Trichoderma spp. parasitism is due to the combined
action of recognition of the cell to parasitize,
attachment / coiling followed by lytic activity to
degrade cell walls.

* Hyphal coiling and penetrationis a well
documented phenomenon of Trichoderma spp.
(evident in nutrient poor media).

* Parasitation of sclerotia produced by several plant
pathogens (Sclerotium rolfsii, Sclerotinia
sclerotiorum, 5. minor, Rhizoctonia solani, Botrytis
cinereg) has been documented by Trichoderma

spp.

OECD BioPesticides Steering Group
Overview on the different mode of octions of Trichoderma spp.

UMIVERSITAT DE BARCELIRNA

3. Nutrition

3.1 Plant growth enhancement

* Production of siderophore-like substances [chelation),
substances segregated by Trichoderma spp. as well as other
microorganisms (Pseudomonas spp.) facilitates the
absorption of iron and other minerals (Ca, Al, Mn, Zn).

« Process of acidification (release of organic acids or protons)
also facilitates the solubilisation of inorganic Phosphaorus.

* Production of enzymes facilitates the mineralization of
organic Phosphorus [phosphatases, phosphohydrolases).

= Mdicrobial poelymers (chitin, extracellular proteins) have
complexing properties to serve as ligands to trace elements
(Fe, Mn, Zn, Cu, Mo, B, Na, Co, 5e).

Ao are ared Tringowska, 2002

OECD BioPesticides Steering Group
Overview on the different mode of octions of Trichoderma spp.

UMIVERSITAT DE BARCELIRNA
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Yedsdba eral 2001,
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Trlas and Segarra 2009

UNIVERSITAT DE BARCELONA

3. Nutrition

3.1 Plant growth enhancement

* Isolation and characterisation of siderophores produced
by different Trichoderma strains have been done: T.
harzianum 1295-22 (122}, Trichoderma virens, strain

* Mobilisation and mineral uptake by plants treated with
Trichoderma spp. is well documented:

e T harzianum increase Fe, Mn, Zn, Cu in cucumber
plantsand not in beans plants {mobilisation and uptake
would depend on strain and experimental conditions).

e T asperellum increase the contents,intomato plants, of
Fe,S, Cu. Siand B and T. asperelloides increase the
contentin shoots of Zn, P and Mn and in roots of Cu, P, Fe,

Zn, Mn, Na.

Altomare and Tringovska, 2012

OECD BioPesticides Steering Group

Overview on the different mode of actions of Trichoderma spp.

3. Nutrition

3.2. Competition for nutrients against pathogens

* |rondeprivation limits the effectiveness of T hamotum
{Isolated from Rhizoctonla suppressive soll), and T
agsperellum (T34, as well as the pathogenicity of Fusarium

ale
irzi

spp.
+ Tasperelium (1314) spp. compete against k. oxysporum
f.sp. lycopersici for iron and other minerals, as well as
nitrogen source, reducing growth and/or virulence of

the pathogen.

Lynch and Hobilse, 1979,
Harman etal 1980,
Sagamraetal, X010
Borrero @il 2012

UNIVERSITAT 3E BARCELHA

LB,

+ Suppression of minor plant pathogens (detrimental but do
not cause apparent symptoms of disease) could also
enhace plant growth and health.

OECD BioPesticides Steering Group
Overview on the different mode of actiens of Trichoderma spp.
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4. Induction of plant resistance

]

Sieated leaues |}
=

O ool

|

Bz lirmmana = al 1997,
Yedidia et af, 20403,
Harman et ol 20k,
Segarra of al. 20HFF

UMIVERSITAT DE BARCELIRNA

| Uil

Systemic resistance, Trichoderma spp. in the roots
diminish disease in the leaves.

& T asperefium (T24) reduced disease caused by: P springoe

pv. tomate and pv. lachrymans, Plectosphaerelio
cucumering and Hyaloperonospora parasitica

» T asperelloides (T203) B syringae pv. lochrymans

Direct activation of defences is costly and could cause
yield reduction.

Priming entail low-cost metabolic changes. These may be
small and difficult to detect experimentally but enables
plant to respond more rapidly and strongly after pathogen
attacked.

OECD BioPesticides Steering Group
Overview on the different mode of octions of Trichoderma spp.

* |Induction of resistance is a well documented phenomena

T3d: upregulsted 17 probeiraand

dhovwan raguil ated 11,
1

Harmam et ol 2k,
Alfano et al. 2007,
Segarra et al 2007,
Segarra of al. 20,
Trillas e Segarra 204r

UMIVERSITAT DE BARCELIRNA

4. Induction of plant resistance

+ T asperelloides (T203), increase PAL and HPL directly.
= T atroviride P1), up regulate NB5-LRR type resistance protein and
T PRLO.
T. harzinoum (122), produce an increase of glucanases, chitinases and
priming for some of these enzymesin the presence of the pathogen.
T hamatum (13122 , induce genes related to biotic and abiotic stress,
RNA, DNA, and protein metabolism,
T. asperelfum (T34, at high concentration induce synthesis of
« proteinsinvalved in: ROS scavenging, stress response, isoprenoid and
ET biosynthesis, photosynthesis, photorespiration and carbohydrate
metabolism .

* T asperellum (T34), at low concentration primes the plantto respond
by blocking entrance to biotraphicleaf pathogen by synthesis of
callose and to express LOX 2 after Me-14 application.

OECD BioPesticides Steering Group
Overview on the different mode of octions of Trichoderma spp.
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l Pathogens

4. Induction of plant resistance

[ Biotrofic | PGPR PGPF
SAR sa+PR *l Fathogens *l Mycorrhiza *l (Trichaderma)
[ FGPR
. Mycorrhiza
ISR JA+ET j Mecrotrafic J Wounds j PGPF

Herbivors [ (Trichoderma)

- Insects

UMIVERSITAT DE BARCELIRNA

LB,

DIRECT EFFECTS and/or PRIMING

Otherplant hormones involved: Auxins, CKs, ABA,

Small RNA: up + down regulated response to pathogens

Volatile compounds: VOCs (valatile arganic compounds, Me 14,
MesA) and GLY (green leaf volatile): plant -plant and plant herbivars
comunication, plant-pathogen? Flant -PGPR/PGPF?

OECD BioPesticides Steering Group
Overviewon the different mode of actions of Trichoderma spp.

environment.

promaote growth.

UMIVERSITAT DE BARCELIRNA

LB,

Overviewon the diffe

5. Conclusions

Trichoderma spp. is a natural antagonist of fungal pathogens

and probably offers the greatest prospect as broad-spectrum
biocontrol agent (i.e. Fusarium oysporum, Rhizoctonia solani,
Botrytis cinerea, Sclerotinia spp. Pythium spp. ...).

Trichoderma spp. biocontrol agents use a variety of
mechanisms of action against pathogens: compete for space,
nutrients, produce secondary metabolites and enzymes that
may differ according the strain, the pathogenand the

In plants, selected strains of Trichodermao spp. induce
systemic resistance (ISR, SAR, direct effects or priming) and

OECD BioPesticides Steering Group
rent mode of actions of Trichoderma spp.
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THANK YOU FOR YOUR ATTENTION

Thanks to the team of Biocontrol Technologies, S.L.

OECD BioPesticides Steering Group

UNIVERSITAT DE BARCELONA i .
Overviewon the different mode of actions of Trichoderma spp.
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Trichoderma secondary metabolites and other bioactive molecules:
the role in plant protection and biostimulation
[PPT 4]
Matteo Lorito (Dipartimento di Arboricoltura, Botanica e Patologia Vegetale, Universita di Napoli
Frederico Il, Napoli; Italy)

Trichoderma secondary metabolites and other bioactive molecules:
the role in plan protection and biostimulation

MATTEO LORITO

University of Naples - Faculty of Agriculture

lorito{@unina.it
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Interaction proteome  guum——p- Interaction expressome

Metabolome ‘ 4 (Genome sequence

Function study, mn vitro and 1n vivo,
reporter systems

*targeted mutation etc.

KEY “EFFECTORS" ACTIVE ON PLANTS ANDTOR

/ PATHOGENS

PROTEINS SECONDARY METABOLITES

Trichoderma factors affecting the plant

a variety of small and still uncharacterized proteins
also having domain similarity with pathogen factors

different hydrophobins such as Sm1/epl1 and Hytra1
(up to 10 class-ll hydrophobin genes, while most
Ascomycetes have 1 or 2)

swollenins and expansin-like proteins

various enzymes and some secondary metabolites

48



ENV/IM/MONO(2013)25/ADD

Secondary metabolites

Heterogeneous group of chemically different natural
compounds, in general of a molecular weight < 3000 D

Role of secondary metabolites
i) competitive weapons used against bacteria, fungi,
plants, insects and animals;

ii) metal transporting agents;

iii)agents of symbiosis between microbes and plants,
nematodes, insects;

iv)sexual hormones.

They include antibiotics = natural products capable
of inhibiting or killing their microbial competitors

Trichoderma secondary metabolites (SMs)

About two hundred identified :
« yvolatile antibiotics, i e. S-pentyl-a-pyrone (BPP) and most of the
socyanide derivates
« water-soluble compounds, i.e. heptelidic acid or koningic acid:
« peptaibols, linear cligopeptides of 12-22 amino acids rich in a-
aminoisobutyric acid, N-acetylated at the M-terminus and containing an
amino alcohol (Pheol or Trpol) at the C-terminus. 1

thrag winone
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Role of Trichoderma SMs
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Some Trichoderma SMs Endothizosphere 1ROt
activate the expression of

genes involved in the plant
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Trichoderma
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Potential si " production of Trickod, ametabolites that
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Trichoderma SMs affect plant growth

indole-3-acetic acid
(IAA) or auxin
analogues.

Siderophores - different families
Produced under iron deficiency :
coprogen (B) fusarinine C (aka
fusigen) ferricrocin

* Pyrone 6-pentyl-2H-pyran-2-one (6PP)- T. atroviride, T. viride, T.
harzianum and T. koningii

* koninginins A-E and G - complex pyranes - T. koningii, T. harzianum, T.
aureoviride

« Viridiol - Steroidal antibiotic of the viridin series - T. virens

» Harzianopyridone, Harzianopyridone, Harzianic acid - Nitrogen
heterocyclic compounds - Trichoderma spp.

« Cerinolactone - Lactones derivatives -T. cerinum

= Harzianolide and T38butenolide - Butenolides - Trichoderma spp.

* Trichocaranes A -D - Trichoderma virens

* Peptaibols

Trichoderma toxins

Mycotoxins are secondary metabolites with adverse effects on humans and
animals that result in illnesses and economic losses. Aflatoxins,
ochratoxins, trichothecenes, zearelenone, fumonisins, tremorgenic toxins,
and ergot alkaleids are the mycotoxins of greatest agro-economic
importance.

Mycotoxins reported from Trichoderma include trichothecenes and
gliotoxin.

3 ..0
o

Trichodarmin R = Acatate Harzianum & (2€ 4E GE)-00ta-2 4, 8-trienediolc acid
Trichedermal R = H

Harzianum A made by esterification of trichodemol with octa-22 4E 6E-triemedioic acid

Gliotoxin
(fram T. virens)
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Irichoderma toxins

wee 1. Brevicompactum consistently produced trichodermin and /or harzianum

A...... The results have important safety implications for agricultural industries
because T. harzianum, which is widely used for biocontrol purposes, does not
produce tichothecenes. ...

Neederm e af,, 205

Taitie 2. Trichoheoene Production from Selecied Tnchoderma Strains on Semisclid and Staken Mecla, Incubated for 10 Days in Darkness
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Production of Trichoderma SMs

The quality and the quantity of SMs
produced by Trichoderma depends on:

The compound considered

The species and the strain
The presence of other microbes

the balance between elicited biosynthesis
and biotransformation rate

The growth condition
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The most used Trichoderma strains produce only a few
main SMs ( i.e. T. harzianum T39)
EXTRACTION

Screened for antibiotic activity against &
Sraminisvar. tritfci

\

Fraction N. 6 TLC purification of fracdons N. 34
l known compound l

Hazzianolide (22 mg) Harzianopyridone New butenolide compound
(11 mg) (9 mg)

[3-(2-hydroxypropyl)-4-(hexa-2E, 4 E-dien-6yl) furan-2 (5H)  known compound
one]

Production of Trichoderma SMs in vitro depends on the substrate

Growth in different conditions B} Extraction with EtOAc B} 1.C/MS analysis

T39 butenolide Harzianopyridone

PDB + B. cinerea (co-culture) I——

PDB + P. ultimum (co-culture)

PDB + R. solani (co-culture)
PDB + cell wall B. cinerea

PDB + biomas P. ultimum

PDB + biomas R. solani |

1. harzianum 'T39

T22 azaphilone 1 hydroxy 3 methyl anthraquinone 1.8 dihydroxy-3-methyl anthraguinone

—
PDB + B. cinerea (co-culture) I

PDB + P. ultimum (co-culture) |

PDB + R. solani (co-culture)

PDB + cell wall B. cinerea

PDB + biomas P. ultimum

PDB + biomas R. solani |
PDB

T harzianum T22
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Production of I'richoderma SMs in vitro in the
presence and the absence of the host

|
HarzdanogyTidone

N

TzZazaphilna

T enakde
A
: 4 & & & F B B oW oW 13 W e W

Tirme frmin)

Blac) and coecubene of Trchocksrra havaanws TIZ and Bodyls Cinone

Figrire 3
harsgnum T39 and Rhrochons sobhei (ilack

sedd); (h) LCAME of emeacts obasned from ontral (T35 e = red) and co-culiuees of T

Production of Trichoderma SMs during antagonism
in vitro

T. harzianum T22 T. harzianum T39

Confrontation assay In 1/5x PDA
|
Plates extraction with ELOAc
. -
Results confirmed by LC/IMS
Detection of T38butenclide and

harzlanopyridone but not the
harzianolide

arzianopyLigone r3obUtennlide ™
N
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Some safety issues raised relatively to inclusion
of Trichoderma harzianumin Annex |

Full characterization of secondary metabolites
production for each strain

Characterization of metabolites/toxins production
should be performed for each strain (and families) as it
is expected that different strains would produce
different metabolites. This is particularly true for
trichothecenes. This has to be done in order to confirm
if the mycotoxin should be taken into account in the
assessment (especially for exposure via food products)

Which metabolites, eventually relevant to human and
animal health, would be present in the formulation?
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Potential translocation of secondary
metabolites to the plant and the food

Harmful SMs would be produced in relevant quantity
on the treated plants? Cannot be considered unlikely
only because no information is available.

For instance, in the case of T22 the issue may concern
peptaibols, (which could enter the cell by using
pepetide transporters) and to azaphilone or
anthraquinones shown to be active on the plant.

Trichoderma SMs metabolites in the field

» Quick degradation of peptides in the soil
and their incapacity to enter the plant are
only hypothesis not supported by scientific
data

The conditions of the tests presented for
toxicological data need to cover the real
exposition in the field
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Some answers

*Trichoderma BCAs have been used for ﬁ"lany
decades world-wide, no significant SMs-related
problems reported so far.

*Even though many SMs are known, elite
strains usually produce only a few main SMs.

*New strains properly characterized at
secondary metabolite levels, and some species
eventually avoided

*Production technologies that minimize the
accumulation of SMs in products are available

Some answers

*The translocation of Irichoderma molecules to
the plant occurs, although is more appropriate
to say that plant cells are just “exposed” to
Trichodema SMs

«Concentrations are very low and the production
is limited to the interaction zone with systemic
effects (no systemic translocation)

Major mycotoxins are also toxic for the plant
cell, as well as for the fungus in the culture.
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Some answers

The production of potentially harmful
compounds is normally limited in situ, and at
very low level

At least in one case dangerous secondary
metabolites have been shown to be quickly
degraded Iin the soil, but LC-MS - based
evidence in needed

The risk of exposure should be considered
minimal or null. Natural soils may present
high level of Trichoderma !

Main issues still to be addressed

Some main Trichoderma SMs may need additional
toxicological studies

Basic SM characterization of the strains in terms of
SMs production in standardized conditions

A conclusive demonstration of the absence of
dangerous accumulation of the main Trichoderma
SMs in vivo in the soil and on the plant/fruit

Demonstrated (controlled) absence of potentially
harmful content of main SMs in registered
formulations

Do not incubate product in the farm
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Main groups of Trichoderma
Secondary Metabolites

Trichoderma secondary metabolites

A nlhraquimmcs

are well-known metabol

trn 'Z'!,-‘ of anthra iII UIOHLE

Ri=KH:=H
2 Ry=00H,R=H

A Ri=HK:=0UH
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Trichoderma secondary metabolites

Pyrones

The pyrone [ }.1-!'r|1'-.| 2H pyran Zeoiwe (14
or 6PF) is the repr
comimaon o the Fricl

Thiz compound is a f

ound between
W PP sl the

antagonistic ability of Frichodermsa
Four :1.r|:-|.'|-:|:=_:||.L'~.' f 4PP I:1.-:-
1 Trich
wviride, T, viride,

aniam and I Koruegid

Irichoderma secondary metabolites

K:mingininﬁ

24 antbiotc actrvity
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Irichodermasecondary metabolites

Omn substrates with high
i . virens produce

1 as plant

biosynthes

Viridins

L]

" T o e o "
! ]
o o
M H= 01 H: A5 B= 0 Hy AEa
JiH=H ATHE=H

M R= OAc 1} 31
3 E=H

Irichoderma secondary metabolites

Nitrogen heterocyclic compounds

The pirrolidindione rin,

tem also appears in the Trichdoerma met ite

Harzianic acid (1 —B) = Antifungal and plant growth promoting metabolite

% |
s . | T &
PR R S
% 3
ped et J

R
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Irichodermasecondary metabolites

Azaphilones

[ A, 81 demonstrated

Irichoderma secondary metabolites
Lactones dernvatives

Cerinolactone from T. cernum (a BCA isolated in Spain)
Antifungal and plant growth regulator
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Irichodermasecondary metabolites

Butenolides

Harzianolide (84) and T39%butenolide (85)

Antifungal amd plant growth regulator

Irichoderma secondary metabolites

Trichothecenes

Mycotoxins reported from Trchodermainclude trichothecenes and gliotoxin.

Trichothecenes frome T wirdde, T hvsporum, T sporosem, T reeser

Trichoderminis inhibitor of the elongation and termination steps in the

protein synthesis. Cylotoxic activity.

Ho gt A
\QV»-QL N Dﬂj
:J oR I
FD\T,%-*%
0

Trichodermin R = Acetate Harzianum & {22 AE BE)-octa-2 4, 6-trienedioic acid
Trichedermel R =H

Hagzeaniegy A8 synthesiad chipectly by estenbhcatadg of tehedermoelaith octa-28 AE GE-rmenedioes acid
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Irichodermasecondary metabolites
Isocyano metabolites
Dermadin ::1ITJ.:|-:| = its antibiotic activi ty was patented in 1971
From: T. koningti, T .viride, T. hamatum

Trichoviridin (112} = antibiotic properties of this compound and its isolation
from T. virddewere the subject of a patent in 1970

Also from: T T hamaturn, T harsfanum

RoOC

105 R=H

Irichoderma secondary metabolites

Setin-like metabolites

The dual eulture of T. barzianum and calli of Catharatfns roseus produced
an antimicrobial compound named trichosedin.
This compound however, was not produced in the individual culture of .

farzsianumor . roseus callus and seems to be produced by the fungus.
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Irichodermasecondary metabolites

Bisorbicillinoids

The bisorbicillinoids (i.e. Trichodimerol - 135) are @

i, antibiotic
rhicillin (130

Trichoderma secondary metabolites

Diketopiperazines

|:1r|:-1r1 T |:'r|-':h:|

effects including antiviral,

antibacterial and immunosuppressive propertics
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1. virioe
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Peptaibols

Fungal species of the Trichoderma genus
are the main producers of tho
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Trichoderma plant growth regulators

Secondary metabolites produced by 7. koningii (koninginins A-C, E, G)
and 7. harzianum (6-pentyl-c.-pyrone — 6PP) that acted as plant growth
regulators.

Concentration-dependent activity - plant growth regulator in a wheat
coleoptile assay (phytotoxic activity detected at 10-> M, but not at 10-* M).

koninginin A, 1;
koninginin B, 2;
koninginin C, 3;
koninginin E, 4;
koninginin G, 5;
6-pentyl-a-pyrone, 6.

Trichoderma plant growth regulators

Trichocaranes A - D isolated from Trichoderma virens significantly
inhibited the growth of etiolated wheat coleoptiles at 10 and 10 M

Trichocarane A, 7;
Trichocarane B, 8;
Trichocarane C, 9;
Trichocarane D, 10.
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Trichoderma plant growth regulators

On substrates with high C/N ratios 7. virens produce a metabolite similar
to the antibiotic viridin called viridiol that act as plant growth regulators.

This compound is also an inhibitor of 5’-hydroxyaverantin dehydrogenase,
an enzyme involved in aflatoxin biosynthesis.

Viridin, 11; Viridiol, 12

Trichoderma plant growth regulators

(-)-Harzianopyridone exhibits plant growth regulating properties.

Harzianic acid has been purified from the culture filtrate of a strain of
Trichoderma harzianum isolated from composted hardwood bark.

Growth of canola seedlings was affected by treatments with harzianic acid.

Harzianopiridone n. 13;
Harzianic acid n. 14.
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Harzianic acid
Antifungal and plant growth promoting metabolite
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Trichoderma siderophores

Different structural families from culture filtrate of Trichoderma spp.
Under condition of iron deficiency the culture filtrate contained coprogen (21),
coprogen B (22), fusarinine C (23, also called fusigen) and ferricrocin (24).
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Fate and behaviour of Trichoderma in the soil and effects on soil microflora
[PPT 5]
llaria Pertot (Fondazione Edmund Mach, FEM-IASMA, Plant Protection Dept., San Michele all'Adige;
Italy)

FATE AND BEHAVIOR OF
TRICHODERMA IN THE SOIL AND
EFFECTS ON SOIL MICROFLORA

llaria Pertot

Fondazione Edmund Mach,

Sustainable agro-ecosystems and bioresources Dept.
San Michele allAdige, Italy

ECOLOGY OF
TRICHODERMA SPP.
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- Trichoderma spp. are a fast-growing group of fungi,
extremely common in agriculture, forest, grassland
and desert soils

- |n all climatic conditions

- Particularly prevalent in the litter of humid forests (up to
3% of the total fungal propagules)

+ And pasture soils (up to 1.5%)
- Commonly 10-102 CFU/g soil
- High ecological adaptability

]
Example of some Trichoderma spp.

Isolated form soills

Tricheniirmi specivs

Clrigia

aapereim
i
Bt
T
hwrzignunm
herrziznuny
lengiiwadilarun
FARLTOTH AT T
Jacer i i
aapereim
Joningid
wTEnTiE
hwrzigaunm
wEpeTeiT
agpressnm [ eropeanm
whoTide
Jicerzie i i
e ile

Jacer i
Merzicam e
Merzicau
hwrzigaunm
hwrzignunm
herrzignuny
Aengifraciifatunr
hrrzirauny
aapereim

France, Sera vubparks, soll

England. Firmms =p.
Indi, livestock food
Framoe, suil
Colombbia, sail
Fhilippines, soil
Spain, &ir

Autratla, Triticir sp., thincphere

Span, soil
Codormbia, sail

England, &L yapersioes escdentur, soil

England. suil
LIS, moil
Spain, compas
Spain, compast
Zimbakbree, =ail
Indda, sl
Codornbia, sail
England, sail
England, soil
England, soil
England, suil
India, B wvudgwris. sail

India, L. excrdewtrom, sail

India, B. vulgarir, sail
Sri Lamba, sail

Spain, 8 vubpars, soll
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Trichoderma spp. are ubiquitous fungiin
soils in all climatic zones

From Rubio et al., 2005, Microbial
ecology 49: 25=-33
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Trichoderma spp. can metabolize a
variety of substrates

- Saprophytes, they can parasitize other fungi
- Tolerate a wide range of pH levels

- Can utilize a large number of carbon and nitrogen
sources

- Good cellulolytic activity
- However low ability to degrade wood

- They colonize wood by degrading non-structural
carbohydrates

- Use as wood preservatives: they consume sugars and
starch and limit the attach by secondary invaders (wood
rots) and direct attach towards wood decay fungi

Trichoderma spp. can adapt to a wide
range of environmental conditions

- They grow well at temperatures between 10 and 30 °C
- Optimal between 25 to 30°C, high humidity

- Some correlation between species distribution and
environmental conditions (es. T. harzianum more
prevalent in warmer climates)

- Relatively low concentration in drier forest litter layer

- Generally more resistant to chemical treatment to the
soil (dominant after fumigations)

- Resistant to relatively high temperature (dominant after
solarization)
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Mechanisms of action of Trichoderma
spp.

- Mycoparasitism: a species or strain of fungus directly
attacks and feeds on other fungi

- Antibiosis: production of antibiotics or enzymes that
inhibit the growth or reduce the competitive ability of other
organisms

- Competition for space and resources: quick
colonization, creating an effective ‘living barrier’ to
subsequent pathogen invasion

- Induced resistance: changes in the plant that increase
disease resistance against diseases

Fig. 1. Per tion and h ria formation within the large hyphae of Rhizoctonia
solani by the smaller hyphae of Trichoderma virens.

FromHowell, 2003. Plant Disease, 87 4-10
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l Risk= antagonism x exposure

FATE AND BEHAVIOR OF
TRICHODERMA SPP. IN THE
SOIL
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The introduced Trichoderma strains
usually decrease over time

- Without suitable substrates the introduced Trichoderma
strain fast decreases to the level of the native
Trichoderma spp. or lower (competition with existing
microflora)

- Amajor challenge is to maintain stable populations so
that beneficial effects are sustained throughout the
growing season

- Compost may increase the survival of the introduced
Trichoderma strain in soil

- Soil fumigation can increase the presence of indigenous
Trichoderma spp. on roots

- Several strains: good rhizosphere competence

T. atroviride SC1 — sterile soil microcosms

-~

Survival (Log CFU g -1 soil)
()]

o

0 10 20 30 40
Time (days)

3 sterilized soils were inoculated at day O by a conidia-water
suspension (1.5 x 108 CFU-mI") with no formulation
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]
T. atroviride SC1 — non sterile soil

Microcosms

w

]

L

Q

26

=

b

(?) 5 T T T T ]

0 10 20 30 40
Time (days)

3 non sterilized soils were inoculated at day 0 by a conidia-water
suspension (1.5 =< 108 CFU-mI") with no formulation
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Untreated T. harzianum T, hamatum T382 + T22
(T22) (T382)
Populations of Trichoderma hamatom (T382), T harzianum (T22) and
Trichoderma spp. In potting mixes used to grow strawberry
plug transplants for 4 weeks in the greenhouse, Initial T382= 2 =105 T22= 6 =10
Modifiedfram L F.S, Leandra atal / Applied Sol Ecolagy 36 (2007) 237-248




Populatson of T hamatum

E

Papulation of Trichadbma spp.

-
(=

B o roots with Trichodermar spp

T roots with Frichederma spp.

(log,, cfa/ g dry soil)

]

derma spp. (all spp. exceplt Tk
erowing in differemt sobl teatments m (A vear | and (B) vear 2,

b &

== | roreanei
1 w2+ Compost 5
44| =% Compost-T352 4

» =0+ Fumigaicd
1-—‘___ﬁ-?-‘-1 3 -h———-l_ i
2 2 -\‘
i L. A I

At - oy - T

o — R = sttt y
1007 1-De0? 1-Febe@d 1-Ape03 1 Jemelld . 1Oct0t  LoDece0d  1Febe  l=Aprad  1-Jun-04
6 &

2
1

Dol |-Decl  1-Febdd

I-Ar3

1-Jun-03

ENV/IM/MONO(2013)25/ADD

3
10
{0

1D

Fram L.F.5, Leandro etal | Applied Soll Ecolagy 35(2007) 237-246

1M}
=@ Unirealed
B0 = <% = Compost
== Uit peoit+ TI82
BT = 0w Fosigaed
® eriesas Q..
L FEE g

M -,

L] T

1s D02 I=Fedaid3 L=Aprdl3 | =3
14

kB
o

-l
s e e nmias FTLC .
u -
I N '

] =

0t T

01 -Deg-03 Ol-Feb-04 ] A0 ] -Jun-08

Fig. 2 Freguency of isslations (% noot péeces ) ol indigenous Trichs-

i from

_1".".71.“."

77

From L.F.5. Leandra etal_{
Applied Sol Ecolagy 36 (2007
23T=248

L T
1-Feb-4  1-Apr-4

1-lun-4




ENV/JM/MONO(2013)25/ADD

&) T harziamn T3 [ight nandy oam wl]
-
i
i,
i ! /
g . pmanee et “ Survival of T. harzianum isoclates

’ L ' on onion roots and in

o e e rhizosphere soil following
g: application to seed during drum
% priming.
g’ - "
339 Sossoefhasesezsoo: ¢ Key: X, seed; triangle,
e o rhizosphere; square, root.
7 T. rermanse TO7 {1y ciay ioam sl

i
i
i,
5
i’ ——
5 Raee o "

o 7 : 5 1 From Bennett and Whipps 2008

FTiGhE LiTek St |

DETECTIONAND

QUANTIFICATION OF
TRICHODERMA SPP. IN SOILS

78



ENV/IM/MONO(2013)25/ADD

]
Microbiological methods

- Dilution plates on selective or semi-selective media

- This method does not distinguish between indigenous
strains and artificially introduced ones

- Calculates the colony forming unit (CFU), which can be
either a conidium or a growing colony (mycelium)

Molecular methods

- Staining techniques, based on reporter genes such as
the b-glucuronidase gene (GUS); cannot be applied in
environmental studies (release of GMO strains)

- Sequence analysis of the internal transcribed spacer
region (ITS) of the ribosomal DNA and form other multiple
genetic loci

- Randomly amplified polymorphic DNA (RAPD)
technique

- These PCR-based techniques do not allow accurate
quantification of DNA because of the variability in the
efficiency of amplification between PCR reactions
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Molecular methods

- Conversion of a RAPD derived fragment into a sequence-
characterized amplified region (SCAR)

- Realtime PCR based on SCAR marker can be used to quantify
fungal DNA of a specific strain extracted from soil samples

- The amount of DNA recovered from a given soil is highly
related to factors such as soil type or the method of extraction

- Initially permitted to quantify DNA from sterile soil artificially
infested with 1x108 fungal spores/g of soil and did not permit to
detect the strain among a Trichoderma mixture introduced in
soil (Rubio et al., 2005)

Later was possible at levels as low as 1x10° CFU/g of non-
sterile soil, without amplification of autochthonous populations
of Trichoderma spp. (Cordier et al., 2007, Feng et al., 2011)
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Popalation level
{Laagyn CN ar CFU g anil)

Real-time PCR primers and strain specific
TagMan probe set

- Real-time PCR amplification of a amplicon of 110 bp of
the endochitinase 42 gene (ech42), present in all
Trichoderma species, and a strain-specific signal
TagMan probe based on the uniqueness of two
nucleotide mutations in the sequence of the first intron
of the T. atroviride SC1 strain

- Comparison between CN and CFU in microcosm
(Savazzini et al., 2008)

Real-time PCR primers and strain specific
TagMan probe set

number of copies of haplobd gen omes (CHI quantified by reak
time PCR (m), andthe number of colony forming units (CFLY
countedon PDAplates () at different depthsm sail
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From Savazzinl et al., 2008

Time [weeks after inooalation)
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Survival and vertical dispersion in soil
(2006-2007)

« Six plots of 0.6 x 0.6 m each, located between grapevine
plants in the row in a vineyard

- Three plots were inoculated with T. atroviride SC1 (500
g of the boiled-rice with the fungus grown on it)

- The inoculum was mixed into the soil surface layer
(approximately 3 cm deep)

- The initial concentration of the fungal inoculum in this
layer was estimated to be 10% CFU g dry soil’

Longa et al., 2009. Journal of Applied Microbiology 106:1549-1557
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Time (weeks) Journal of Applied
Microbiology 106:1549-1557

o

* Significantly different (ANOVA, P<0.05)
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MAY TRICHODERMA SPP. HAVE
DETRIMENTAL IMPACTS ON OTHER
MICROORGANISMS PRESENT IN

THE ECOSYSTEM TO WHICHTHEY
ARE APPLIED?
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Non-target effects of biological control

agents

From Cook et al., 1996:

- Competitive displacement: competitive displacement
occurs when a BCA expels or replaces native non-target
species through competition for space or nutrients

- Pathogenicity: the potential to infect organisms other
than the target pests

- Allergenicity: may occur in humans or animals that
develop sensitivities to spores or formulations

- Toxicity: release of antibiotics or alkaloids, which may
have toxic effects on non-target species

Possible non-target effect of Trichoderma
Spp. in soils

- Reduction in the diversity and/or abundance of other
fungi in the soil

- Disrupt entire ecosystems through changes in the
native soil community

- Ecological effects on plants that form symbiotic
relationships with fungi (mycorrhizae)

- Affect some insects that form complex relationships with
fungal species
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No major effects of T. viride on soils populations

2
5,121:1-
g From vadav . et al., 2009
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Effect of differant trash (recycling stripped dry cane leaves for conserving
soll arganic matter) management practices In ratoon sugarcans with and
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No major effects of T. viride on soils populations
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Effect of differant trash (recycling stripped dry cane leaves for conserving
soll arganic matter) management practices In ratoon sugarcans with and
without Trichoderma inoculation on soil microbial biomass carbon
(SMBC)

86



ENV/IM/MONO(2013)25/ADD

No major effects of T. viride on soils populations
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From Yadav R, et al,, 2009
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Effect of differant trash (recycling stripped dry cane leaves for conserving
soll arganic matter) management practices In ratoon sugarcans with and
without Trichoderma incculation on soil microbial biomass nitrogen
(SMBMN)

Impact of T. atroviride SC1 on microbial
communities in soil

- Native communities of bacteria and fungi in the soil were
analyzed using automated ribosomal intergenic spacer
analysis (ARISA)

- PCR amplification of the intergenic region between the
small and the large subunit rRNA genes in the rRNA
operon with fluorescence-tagged oligonucleotide primers
from the total bacterial or fungal community DNA and
automated detection of fluorescent DNA fragments
(Savazzini et al., 2009)
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Impact of T. atroviride SC1 on microbial
communities in soil: biodiversity

From Savazzini et al.,

2009.
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[
Impact of T. atroviride SC1 on microbial
communities in soil: biodiversity

From Savazzini et al., 2009.
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T. atroviride on non target soil micro-

organisms

- The introduction of the strain T. atroviride |-1237 into two
soils slightly modified the microbial diversity, only for a
short period of time

g il = Principal companant analysls
I (PCA) of T-RFLF profiles for
o structure of the fungal
' o community in Marlins soil 3
days to O months after or
[ EE— rimis | without inoculation of BCA

/B/ strain of T. atrovinide

R From Cordier and Alabouvette,
F——— 2009
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T. atroviride on non target soil micro-
organisms

Principal component analysis
o (PCA) of T-RFLP profiles for

structure of the bacterial

community in Epoisses soil
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Trichoderma spp. and arbuscular
mycorrhizal SpeCieS Reviewed by Brimnerand Boland, 2003

- T. harzianum can penetrate the resting spores and
subtending hyphae of Glomus intraradices and in the
hyphae of Glomus mosseae

- T. koningii reduces germination of resting spores of G.
mosseae, but only the resting spore stage is affected

« T. harzianum had no effect on hyphal biomass,
sporulation or phosphorus transport activity and the
external mycelium of G. intraradices

+ T. harzianum or T. aureoviride had no detrimental effect
on germination of resting spores of G. mosseae

- T. harzianum or T. pseudokoningii effect on the
germination of resting spores or hyphal growth rate of G.
mosseae was insignificant

Trichoderma spp. and arbuscular
mycorrhizal SpeCieS Reviewed by Brimnerand Boland, 2003

- Trichoderma spp.: positive effects on the growth and
propagation of mycorrhizal fungi. Inoculation of G. mosseae
spores, with T. harzianum and T. aureoviride decreased the
time to vegetative sporulation and increased the number of
asexual spores produced by G. mosseae

The ability of Trichoderma spp. to impede colonisation of plant
roots by arbuscular mycorrhizal species depends on the order
of inoculation of the fungi. Colonisation by G. mosseae was
reduced only when plants were simultaneously inoculated with
T. koningii and G. mosseae or when T. koningii was inoculated
2 weeks before. No effect if G. mosseae was inoculated 2
weeks prior to T. koningii

- Trichoderma spp. have a negligible or even stimulatory effect
on the colonisation of plant roots by mycorrhizal fungi

.
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Aggressiveness of 1. harzianumtoward the
Commercial Mushroom Agaricus bisporus

« T. harzianum associated
with a cropping disorder in
the commercial white
mushroom

« The aggressiveness results
from extensive saprotrophic
growth involving degradation
of wheat straw cell wall

+ Only as a component:
competition, antagonism, or
parasitism

From Williams et al,, 2003, App, Env. Microbiol, 690 4192-419%

Summarizing:

- Relatively fast decrease of the introduced Trichoderma
strain in soil due to the competition with existing
microflora (general)

- Survival on roots or rhizosphere if the Trichoderma
strain is rhizosphere competent (strain-dependent)

- Temporary and almost negligible effect on natural
bacterial or fungal soil microflora (general)

- No effect on symbiotic arbuscolar mycorrhiza when
applied after or during mycorhization (almost general)

- Specific aggressive strain causing diseases in A.
bisporus (strain specific)
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Fate of a strain of Trichoderma atroviride in soil and effects on the soil microbial communities
[PPT 6]
Claude Alabouvette (AGRENE, Dijon; France)

Fate of a strain of Trichoderma
atroviride in soil and effects on
soil microbial communities

Claude Alabouvette and Christelle Cordier
AGREME 47 Rue Constant Plerrot, F. 21000 DIJON

GRENE™

Design of a SCAR marker

* A SCAR (sequence amplified characterized
region) marker is the best tool to address the
question of fate and behaviour in the
environment.

« |t can be used to specifically detect but also
quantify the introduced strain among the
autochthonous population of the same
species

BPSG-seminar: Trichoderma for the use of Plant Protection Products: similarities and differences
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SCAR marker of the strain 1-1237 of
Trichoderma atroviride

+ We designed a SCAR marker to answer
regulation requirements:

« 1/ tool for identification of the MBCA at the
strain level

« 2/ study of the fate and behaviour in the
environment

« 3/ study of residues on food and feed

BPSG-seminar: Trichederma for the use of Plant Protection Products: similarities and differences

Approach

Looking into the genome of the strain to
identify a sequence present only in that strain

Different techniques can be used: RAPD,
AFLP...

Check for the specificity of the sequence

Design of primers enabling to amplify a
sequence compatible with the use of
quantitative real time PCR
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Validation of the method

» Choice of two soils of very different physic-
chemical properties

« Introduction of the strain 1-1237 into these
solls, at two different inoculum
concentrations (102 and 10° CFU g1 soil)

« Study of population kinetics by the soil
dilution technique and identification of the
strain thanks to the SCAR marker

BPSG-seminar: Trichodarma for the use of Plant Protection Products: similarities and differences
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Population dynamics of strain 1-1237of Trichoderma
atroviride in Epoisses soil

Epoisses soil
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Days after T1 inoculation

Soil dilution technique followed by identification of T1 strain by PCR
using the primers designed for the SCAR

In this soil the strain established at a level close to the
initial concentration

ERSG-reminar; Trichodermn for the owe of Flant Protection Proouchs similoricter ono' differences

Population dynamics of strainl-1237 of Trichoderma
atroviride in Marlins soil

Marlins soil
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Soil dilution technique followed by identification of strain | 1237 by PCR using the primers.
designed for the SCAR

In this acidic soil, the strain established at a level close to
the lower inoculum concentration
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* Another experiment was performed in which
the population dynamics was followed using
the gPCR technique.

* Total DNA was extracted from soil and the
number of copies of SCAR marker was
assessed by real time PCR

BPSG-seminar: Trichoderma for the use of Plant Protection Products: similarities and differences

Population dynamics of a strain of Trichoderma atroviride

in soil by real time PCR using the SCAR marker

Standard curve Quantification of fagal DNA Quantification of T1
SCAR copi¢ numbers T atroviride T1 (ng) from soil

7 PUZL R {20 IR SL B { 2 | 12 10 5

a IR I N e a8 ew -

PCR efficacy = [(10 /%) -1]*100 = Detection limit : 1107 ofufyg woil

97.4% 1 pg d'ADN.
= 26 genomes

sl L 12107 ofuf g wodl

8PSG-seminav: Teichoderma for the use of Plone Pratection Products: similovities and oifferences
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Sterilized soils inoculated with T. atroviride strain 1-1237

Epaisses soil
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Similar dynamic pattern of 11237 population by real time PCR and culture plating

After heat treatment, the population density increased , as expected
in disinfected soil
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Sterilized soils inoculated with T, atroviride strain1-1237
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After heat treatment, the population density increased , as expected
in disinfected soil

BPAG-rminar; Triphodsrmn for the one of Flant Protection Produchs; smilarides ono' dfferences
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Matural soils inoculated with T. atroviride strain 1-1237

Clay-loam soil irem Epoisses pH=T

79 7o

=

5 1 M6 &
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4 &

5. a4 L L & - el Ly £

= "

g 11 -ag
-] L

- ° @ outure plating : g

" @ realtime POR B §:_

1] n =

1] § L] 15 n 5
Daysafiee T1 irolation

=

Similar dynamic pattern of T1 population by real time PCR and culture plating

In this soil the introduced strain established at a population density
close to the inoculation level

BRiG-reminnr; Triphodermp for the one of Flant Proteceion Products; smifaripies ono' dfferences

MNatural soils inoculated with T. atroviride strain 11237

acidic sandy soil from Marlins
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Similar dynamic pattern of T1 population by real time PCR and culture plating

In this soil the population density of the introduced strain first
declined and then stabilized at a level two logs below the inoculation
dose

BPSE-setiloov: Trichoderme fov the use of Plant Protection Products! simdanities and alfferences
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* These data showed that strain 1-1237 of
Trichoderma atroviride actively colonized two
sterilized soils, but in the same soils, in the
presence of the autochthonous microbiota, it
established at levels similar or lower than that of
the inoculum concentration.

* The behaviour depends on the soil type, but the
introduced strain does not become dominant.

Effects of Trichoderma inoculation
on the autochthonous microflora

To study the effects of introduction of 1-1237
on the soil microflora we studied

1/ the effects on fungal and bacterial density

2/ the effects on the structure of the fungal and
bacterial communities
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BFS

* In that experiment, the bacterial and fungal
populations were assessed by the soil plate
dilution technique and the density of 1-1237
population among the total population of
Trichoderma spp was determined using the
SCAR marker.

* The structure of the microbial communities
was assessed using the T-RFLP technique

G-seminar: Trichoderma for the use of Plant Protection Products: similarities and differences

CFU (g dry soil)

Soil fromEpoisses

%10
1%x10° o

1x10° 4 2

13107
1x10° -
1%10° -
1x10* -
1%10°

1%x10° -
1x10" 4

He

o Total bacteria in non-inoculated Epoisses soil

= Total bacteria in I-1237-inoculated Epoisses soil

3}

i_’n
i

3d

7d 15d 21d 3 gm

Time after I-1237 inoculation

A transient effect was observed on the population density of bacteria

BPSG-seminar: Trichoderma for the use of Plant Protection Products: similarities and differences
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g Total fungi in non-inoculated Epoisses soil

Soil fromEpoisses
O Total fungi in I-1237-inoculated Epoisses soil
1x107 B 1-1237in 1-1237-inoculated Epoisses soil
5 a

X10° Ty 52 X ay X
o allE —H= afFm ayx Ldx=
= 1x10°| [ B sl
2 l B bbY
£ 1x10°] u
Lo
> 1x10°
[V
(@]

1x107_

1x10"

0
3d 7d 15d 21d 3 9
months  months
Time after [-1237 inoculation
No effect on the population density of the fungal microflora
stable density of 1-1237 for 3 months
BPSG-seminar: Trichoderma for the use of Plant Protection Products: similarities and differences

Soil fromMarlins

O Total bacteria in non-inoculated Marlins soil

o Totalbacteria in 1-1227-inoculated Marlins soil
%10
1x10"
1x10% | b
1x107 -
1x10°
1x10°
1x10* 4
1x10°
1x10? |
110" 4

-

HL
=
|‘L,
he

CFU (g dry soil) -

3ct /il 150 21d 3 9
months  months

Time after I-1237 inoculation

Significant increase of the density of the bacterial population 15 days
after 1-1237 inoculation

BPSG-seminar: Trichoderma for the use of Plant Protection Products: similarities and differences
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. . O Tetalfungiin non-inoculated Marlins soil
SOII from M a rllns O Totalfungiini-1237-inoculated Marlins soil

[ [-1237in I-1237-ineculated Marlins soil
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0
T T 1
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Time after I-1237 inoculation
Transientincrease of the fungal density, significant decrease of I-1237
density within time

BPSG-seminar: Trichoderma for the use of Plont Protection Products: similarities ond differences

Population density of I1-1237 in soil over 9
months

+ |-1237 established in the soil from Epoisses at the
density at which it was introduced,

+ |-1237 established at a lower density in the acidic
soil from Marlins

BP5G-seminar: Trichoderma for the use of Plant Protection Products: similarities and differences
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Effect on the structure of the
microbial communities

BPSG-seminar: Trichoderma for the use of Plant Protection Products: similarities and differences

STRUCTURE of the bacterial and fungal communities
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Evolution of the structure of the bacterial communities in Marlins soil
after inoculation of a strain of Trichoderma: PCA of T-RFLP profiles

(3] A
(2]
[

No clear effect of
introduction of | 1237

White cirche: contral

Grey circle: inoculated

Evolution of the structure of the bacterial communities in Epoisses soil
after inoculation of a strain of Trichoderma: PCA of T-RFLP profiles

ot

15 Hhan |
l A

PCZ14.5

, R il

aay/

"

introduction of
White circle: control

Grey circle: inoculated

Me clear effect of

| 1237
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Evolution of the structure of the fungal communities in Epoisses soil after
inoculation of a strain of Trichoderma : PCA of T-RFLP profiles

iz
-8 B
-an

White circle: control

PC218.4T%

Grey circle: inoculated

S N
A A

Introduction of | 1237 induced a clear shift
of the structure of the fungal communities
but this effect was transient

Evolution of the structure of the fungal communities in Marlins soil after
inoculation of a strain of Trichoderma : PCA of T-RFLP profiles
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-20

PC2 18599

FPC] 33%|

(

N

White circle: control

Intreduction of | 1237 induced a
clear shift of the structure of

the fungal communities but this
effect was transient Grey circle: inoculated
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Effect of introduction of 1-1237 on the
structure of the microbial communities

* No clear effect on the structure of the
bacterial communities

« A clear but transient effect on the structure
of the fungal communities

* The T-RF of strain 1-1237 was detected
among the fungal T-RF

+ The soils showed a good resilience to the
introduction of this biocontrol agent.

Conclusion of a previous seminar

« A soil microorganism re-introduced into soil
will establish, but never become dominantin
absence of any specific selection pressure

* As any other agricultural practice, MBCAs
release has some effects on the soil
microflora but these effects are always
transients

* There should be no more concern for MBCA
release than for manure or compost use
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Axe 2 (11 %)

Effect of
compost

; /7 amendment
= . on the
C/ structure of
; the bacterial

communities
of two soils

Axs L (13 %)

® Dijon O 5t Usage

A Dijon + GW A S U sage + 3W

B Dijon + F SMC O 5t Usage +F SMC
* Dijon + UK SMC & 8L U sage + UK SMC

Conclusion

The biocontrol strain 1-1237 of Trichoderma
atroviride will established in soils at
different levels depending on the biotic and
abiotic characteristics of the soils

Its density will decline more or less rapidly,
it never will become dominant

Its effect on the autochthonous microflora
is transient

Its use does not present any specific risk in
relation to the soil environment

BPSG-seminar: Trichoderma for the use of Plant Protection Products: similarities and differences
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Taxonomy, characterisation and identification of Trichoderma:
experience in EU-evaluation and peer review
[PPT 7]
Kersti Gustafsson (Swedish Chemicals Agency - Keml; Sweden)

—

Taxonomy, characterisation and identification
of Trichoderma: experience in EU-evaluation
and peer review

Kersti Gustafsson
Swedish Chemicals Agency - KEMI Sweden
2012-06-11

KEM!

Kemiknieinspektionen
Sweddsh Daemicals Agency

Regulatory background
and latest developments

=* KEM!

wWww. Kemi.se Kemikplierspektionen
‘St Chemicel Agency
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Regulatory background

« Commission Regulation (EC) No 2229/2004 of 3
December 2004 laying down further detailed rules for the
implementation of the fourth stage (List 4) of the
programme of work referred to in Article 8(2) of Council
Directive 91/414/EEC

+ Commission Directive 2008/113/EC of & December 2008
amending Council Directive 91/414/EEC to include several
micro-organisms as active substances (in Annex 1)

+ The peer review process is now ongoing

EC = European Commission
EEC = European Economic Community

I

KEM

www. kemi.se Kzrn knl:-’::\vﬂﬂ cnen
weksh Crarcsls fgern oy

SE RMS for Trichoderma harzianum on "List 4"

Task Force Dossier for
Trichoderma harzianum strains T-11, T-22, 122012, ITEM 208

Annex 1 inclusion

* Trichodermaasperelfumiformerly T. harzianum) strain 1ICC012
» Trichodermaatroviride (formerly T. harzianum) strain T11

= Trichoderma harzianum Rifai strain T-22

= Trichoderma harzianum Rifai strain ITEM 208

RMS = Rapportew Member State

: KEM

Kem knl:-’::\vﬂﬂ cnen
Swerdish Chericsls. Agency of
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Latest developments

The ongoing peer review

+ Written commenting round 2011

» Response to comments 2011/2012 from both the notifier
and RMS

+ RMS addenda to the DAR
+ EFSA opinion is awaiting

RME = Rapportew Member State
OAR = Draft Assessment Report
EF5A = European Food Safety Authority

: KEM

www. kemi.se Kemikalieinspektionen
5 . hajpncy

Swerith Chericsl

Morphology and taxonomy
(genotyping) of Trichoderma spp

o KEM

www. kemi.se Kemikalieinspektionen

Swerlish Chericals Agency
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Taxonomy in brief- T. harzianum Rifai

+ Rifai (1969 proposed nine species aggregates (T. piluliferum,
T. polysporum, T. hamatum, T. koningii, T. aureoviride,
T harzianum, T. longibrachiatum, T. pseudokoningiiand T. viride)
=  Thetaxonomic classification still valid when the Council Directive
21/414/EEC became effectivein July 1923

; KEM!

www. kemi.se szknl:r\sukt-\:mzn
Sawverith Craricsl

T. harzianum Rifai genotyping

« Comparison of ITS1 sequences (2000) from different biocontral
isolates of Trichoderma spp. phylogenetic tree with five groups

— T harzianum ! T, inhamatum; biocontral strains
— Mushroom competitors;

- T. paraceramosum/ T. longibrachiatum;

— T hamatum/ T. asperalium; biocontrol strains
- T viride, T atroviride, and T. koningii hiccontrol strains

+ Phylogenetic analyses (2004) with 53 Trichoderma isolates using
the ITS1 region and a part of the tef gene.

— Theanalyses lead to a finer resclution of the phylogeny within
the genus Trichoderma. Phylogenetic trees for both genes
showed biocontrol isclates in all groups except T aggressivum

ITS = intemaltranscrbed spacer; tef= translation elongation factor

5 KEM!

www. kemi.se szknl:r\sukt-\:mzn
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RMS SE comments

« Taxeonomy ingeneralin a revolutionizing period with molecular
biclogy and DMA technigues

= Trichoderma harzianumon List 4 - all four strains in the compiled
dossier originally belonged to Trichoderma harzianum Rifai

+ Development of oligonucleotide barcodes for species identification
(2005) - possible ta strictly identify the four strains to species level

« Checking the gene sequences with a gene bank, NCE| (National
Centre for Biotech Information), the following species identification
was the result:

T-22and ITEM 908 are Trichoderma harzianum = Hypocrea lixii
ICC012is Trichoderma asperelium sensy Hermosa et al 2000
T-11is Trichaderma atroviride sensu Hermosa et al 2000

g KEM!

www. kemi.se Kemkalerspektionen
Sawverbth Cramicels fjercy

T-22

«  T-22 protoplast fusion (1988) from mutants of T-12 and T-25

» T-22 have a combination of biocontrol capacities of T12 onginally
isolated from USA and of rhizosphere colonisation capacities of T-
95 isolated from Colombia

+ Protoplast fusion ~ anastomosis

= EU Commission response

— The organism is formed by protoplast fusion of organisms, which
are capable of exchanging genetic material by traditicnal
breeding methods; it should therefore on this basis be exempt
from Directive 2001/18/EC

ELl = Eurapean Union
10 KEM!

www. kemi.se Kemkalerspektionen
Sawverbth Cramicels fjercy
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Genotype versus phenotype
T-11,T-22,1CC012, ITEM 908

+ Taxonomically different genctypes — different species

+ Strain specific information compared even though there
are no specific differences found yet - these four strains
treated as one species, read across between
information/tests

+ Discussed at an EFSA expert meeting, temperature
range is not possible to read across

i KE

www. kemi.se K:m kn :-':aHﬂ: anen

Read across

Listing of endpoints

+ Read across between strains acceptable

+ Listing of endpoints separate, as strain specific inclusion
in Annex 1

2 KEM

www. kemi.se Kemikall :-':aHﬂ: anen

Swedish Chemicals
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Mode of action and secondary metabolites

E KE

www. kemi.se K:m kn :-':aHﬂ: anen

Information in the DAR

+ Trichoderma spp. are able to produce a lot of different
metabolites belonging to polyketides, sesquiterpenes
(including the mycotoxin group of trichothecenes),
viridofungins, and peptaibols.

+ Accumulation of potentially toxic metabolites in the
environment was not observed to date and effects of
antibiosis against bacteria or fungi were only
demonstrated in vitro.

+ Toxicity of metabolites to mammalian cells was only
demonstrated with purified metabolites.

z KEM

www. kemi.se Kemikall :-':aHﬂ: anen

Swedish Chemicals
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Data gaps proposed by EFSA

+ |dentify all mammalian toxins/secondary metabolites
produced by the respective strain both in the product and
when applied to the crop

+ Specific data on the toxins produced with quantification
in the crops and a consumer risk assessment

. KEM!

www. kemi.se Kemkalerspektionen
Sawverbth Cramicels fjercy

Mode of action of importance related to
metabolites and legal regulation

I ﬂ'hhnda‘masp hyphae Distowification, ]

ET SpRCies,
Fal statalittes
El

(-allwa
T u.:-es

| vt _—

SimphEfied from Druzhmina etal 2011 . Nature Reviews Microbiclogy 9:745-7558

16 KEM!

Kemikalieinspektionen
Swerdish Chericsls Agency
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Pragmatic reasoning on metabolites

A pragmatic view discussed at an EFSA expert meeating and recommendations
weres agreed by the experts:

+«  Metabolitesfoxing only produced during fermentation andfor at growth

Human and environmental exposure expected to be low - unless there are

residues fram the fermentation process in the product.
+ A pragmatic approach

— noeffects sean in the available toxicity tests

= noindication is avallable from pubdic [tsrature

— norelevant metabolites expected
+ Data requirement: metabolites need to be assessed

— It related to mode of action

— present in significant amounts under practical conditions of use and not

related to the mode of action
Data requirement. Quality assurance criteria for production should be

sLbmitted
w KEM!

www. kemi.se Kemkalerspektionen
Sawverbth Cramicels fjercy

Production process, use, residues

Fermeantation
and harvest

Farmulaticon

1 KEM!

www. kemi.se Kemkalerspektionen
Sawverbth Cramicels fjercy
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Side effects on the soil microflora

9 KEM!

www. kemi.se szknl:r-snﬂft-\:men

Some interactions with non-target organisms in the rhizosphere

Flant root

Grawth
stimulation

Metabolites ]

[ Trichoderma sp. hyphas
Sucrose —— [

Irnciac
systemic
resistance

v

Soll nematode

lMucigel

¥
Simpkfied from Druzhinina etal 2011, Hature Reviews Microbiclogy 9:.748-7558

20 KEM!

Kemika I:r-sn-mt-\:men
Twedish Chemicals Agency
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No effect levels

Species and end point NOEC
Daphnia magna 6.0x107 CFU/L

cumulative values of total number of
alive, young reproduced by all adults

Desmodesmus subspicatus  6.5x10% CFU/L
growth rate and lomass

Typhlodromus pyri <3.7%x10% CFU/ha

reproduction rate
Mean application rate 102 CFU/ha

CFU = colony fonming units.

. KEM

www. kemi.se Kemikalieinspektionen
. hajpncy

Swedish Chemicy

Further aspects on Trichoderma spp.
» further data gaps/comments
« the continuing EU process
» equivalence check

2 KEM

www. kemi.se Kemikalieinspektionen

Swerlish Chericals Agency
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Further data gaps / comments

+ The quantitative method for the technical and formulated
products must be validated.

+ Batch data should be provided to show compliance with
the OECD Issue Paper dated February 2011 ‘Discussion
on Microbial Contaminant Limits for Microbial Pest
Control Products’.

2 KE

www. kemi.se K:m L] E-’::\vﬂﬂ: cnen
weksh Crarcsls fgern oy

The continuing EU process

EFSA conclusion

+ List of studies to be generated, still ongoing or available

but not peer reviewed

— A complete list of data gaps identified during the peer
review process, including those areas where a study
may have been made available during the peer
review process but not considered for procedural
reasons (in case of potentially harmful effects the
study can be evaluated).

2 KEM

www. kemi.se Kemikai E-’::\vﬂﬂ: cnen
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Confirmatory data, revision of review report
and Annex 1 inclusion decision

COM proposes confirmatory data # List of studies to be
generated, still ongoing or available but not peer reviewed

+ Decision with time schedule
— Deliver within a certain time frame
— Will be handled at product authorisation
— Will be handled at re-evaluation

+ Revision of review report and Annex 1 inclusion decision

COM = Commission

KE

www. kemi.se 25 K:m L] E-’::\vﬂﬂ: cnen
weksh Crarcsls fgern oy

Equivalence check of Trichoderma

SANCO/M0597/2003 rev. 8.1, Guidance document on the
assessment of equivalence of technical materials of
substances regulated under Council Directive 91/414/EEC

Guidance document for chemical active substances

+ assessing the equivalence of different sources of
technical material versus the reference source

Basis for the assessment of the microorganisms

SANCO = European Commisson Drectorate General Health and Consurmens

2 KEM

www. kemi.se Kemikalieinspektionen
Sawnrbth Crarsly bgersy
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Trichoderma harzianum T-22

+ Five batches analyses

— Comparative identification: comparison of the
sequence the ITS region and also the tefgene

— Content of active micro-organism 7. harzianum T-22
in batch analyses

— Control of contaminants
+ Method descriptions

MS decision on equivalence

S = Member State

. KE

www. kemi.se Kemikalieinspektionen
Sawnrbth Crarsly bgersy
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An overview of regulatory data versus literature data in mammalian toxicology, environmental fate
and ecotoxicology in view of a discussion about bridging versus strain/species specific data
[PPT 8]

Christine Vergnet (French Agency for Food, Environmental and Occupational Health & Safety [ANSES],
Paris; France

anses ..}

Trichoderma:

Regulatory data versus literature data

Mammalian toxicology
Environmental fate
Ecotoxicity

K. AHGELIand . VERGHET

Seminaron « Trichodermaspp. ferthe use in plant protection products: similarities and differences »,
OECD, PARIS, Monday 11 June 2012

— — 155 2

« Trichoderma new (2 strains):
— Peer reviewed
— Efsa conclusions available

» Trichoderma List 4 (9 strains):
— Annex | (green track)
— under peer review

— — 155 2
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L]

Spacies Mew nama Strain Notifier Products
| spbmission] Products
Trichoderma Tnchodama I 000 EINAE Big-innavaton 8B | BINAE TF WH
harzanium alroinica BiMAETF WF Bit&E T vectar
{list4) BIMAET vactor
Trich cderma Il 205035
PodyEporum |
list4]
Trich cderma Tnchadamma T11 Neswhictachnic TUSAL
harzanium RIFa grovirica T harzanium T11 + Twirids
=t 4] T
Tnchadamma T2 Kappert TRIAMNUM-P ot 15
hazenium Biowarks F-5TOR
Tnchadamma ITEMEDE Banfutur TRICOWER-G at-WE
hazanium
Tnchadamma 12012 Is@gra REMEDIER [natinvod 1]
espersllum
Trichcdermavinde [ Tachademagamsil [ 1CC08D laagra
(list)
Tichadama T2 Mebiotachnic TUSAL
experalum T harzanium T11 + Twiride
TZ5
Thchadama ™ Agribictec VIRIZAM
asperelum
Trich ederma 1-1237 Agrausine ESZUIVEWR
Atrainde [rnew)
Trich cderma T34 Biocontrod Techn ologies | T34 Biocontrol Lsage
| Asperallu min e =L anses b
Literature data (Trichoderma sp.)
+  Toxicology:

= medical data and direct sbservation:
= pathogenic isolates restricted mainly to T, fonglbrachiatum

— few cases in immunosuppressed patients but no relevant route of
administration and immunocom

— nocase from Trichoderma biccontrol agents
=  madical surveillance on manufactoring plant personnsl:
— possible effects from exposursin greshousse

Fate and behaviour in the environment:

= Frequently the most prevalent soll fungus, vanable distibution of the specles.
associated with the rhizosphere. abiofic and biotic factors for survival and
development, intreduced conidiospores remains dormant and decling in bulk
soils

— Present in surface water but not an aguatic fungus. limited survival of infroduced
species

= Present in air but Is not a dominent fungus

= Lew mobility of conidiospores through soll {other fungi}

anses :}
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Literature data (Trichoderma sp.)

« [Ecotoxicology (ecology):
= Mo case of infectiosity in fish
= Microorganlsms: translent effects on microblal communities

— T harzanium / Bambus terrastris: no infectivity, ne pathogenicity. no effect an
brood development, no effect on bumble bees used as dispersal agent

— T harzanium /Apis mellifera; no effect on brood development, no effect on bees
used as dispersal agent for 81 to 97 days

= T harzanium | Mon targel arthropods (Onlus insidiosus, Macroalophius caliglnosus.
Fhytoseiwius persimilis. Encarsia formosa b no infectivity, no pathogenicity
= T vinde used as a source of food for Orius laevigatus and Neosellulus cucumens

— Astrain of T, virde describedto be pathogenicto germinating seedling but after
research low level infection under one condition

+  Mode of action of Trichoderma biocontrol agents:
— Colonisation of the rhizosphere when active
— Mycoparasitism when active
= Secretion of antifungal substances when active
— Flant growth promation when active
= Induction of systemic resistance when active

- — anzu';*:::

T. atroviride 1-1237: data in toxicology

+ Toxlelty/pathogenlcitylinfectnay studies:
= Oral adm.: no effect, complete clearance
— Intra-tracheal adm.: no effect, complete clearance
+ Toxlclty studies:
— Subcutaneocus adm.: no effect
— Eve and skin imritation {product). no effect
+ Genotoxicity studies (Ames, micronucleus in viva) - negative
*  Mogrowth = 38 C (optimum; 20-25 C)
+  IMedical surveillances on manufactoring plant personnel: ne sensitizing and for allergenic
incident
+ Mo relevant toxin (10 tnchothecenes not found in MPCA nar MPCP)

+  Data gaps identified by Efsa;
= Information regarding the production of toxins or secondary metabolites

- — anzu';*:::
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T. asperullum T34: data in toxicology

= Toxicity/pathogenicityinfectivity studies:
= Oral adm.. some effects. complete clearance
— Infra-fracheal adm.; some effects, deaths (high volume and route adm.},
complete clearance
= Intra-peritoneal adm.! some effects, deaths (high volume and route adm.),
complete clearance, death not confimed in 2 add. studies. no effect with sterile
filirate medium
= Towicity studies iproduct):
= Acute oral, eutanesus, inhalation: no effect
— Eye and skin irmtation: no effect
= Gepotoxicity studies (Ames) © no effect (supermatant of product)
+  Mogrowth =38 C
+  Morelevant toxin in the product (T2, Harzianum A not found and trichodermin unikely
af relevant level), antibictic or anfifungal unlikely
«  medical surveillance on manufactoring plant personnel: no effect (T24}

+  Data gap identified by Efsac
= information regarding the production of toxins or secondary metabolites

- — anses :-::
T. viride: data in toxicology
T. gamssi |ICCOB0
+  Toxicity/pathogenicitylinfectivity studies
— Infra-fracheal adm.: no toxicity. no pathogenicity, complete clearance
= Toxieity studies
— Oral adm.; no toxicity
= Intra-peritoneal adm.: no toxicity
=  HMogrowth = 35" C
+  Medical surveillance on manufactoring plant personnel: no effect
T. asperellum T25
+ Mo growth = 357 © optimum: 20=28" C
+  Medical survelllance on manufactorng plant personnel: no effect
T. asperellum TVA
= Toxicity studies {product};
— Acute oral, cutaneous: no effect
= Eye and skin irrltation: no effect
— Acuteinhalation (post DAR) - no effect
= Mo growth = 357 © | eplimum: 20= 28" C (post-DAR)
+  Medical surveillance on manutactanng plant personnel: no effect
anses :-::
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T. harzanium RIFAI: data in toxicology

T. asperellum I1CC012
+  Toexicity/pathogenicityinfectivity studies -
= |ntra-tracheal adim.: ne toxlelty, ne pathogenlelty, complete clearance
+  Toxicity studies
= Oral adm.! no toxicity
— Infra-peritoneal adm.; no toxicity
+ Mogrowth = 357 C . optimum: 20-30° C
+  Medical surveillance on manufactoring plant personnel: no effect

T. atroviride T-11
= Toxlelty studies :
= Oral adm.: no taxicity
— Intra-tracheal adm.: no toxicity
= Intra-pentoneal adm.: no tasicity
«  Mogrowth = 35 C, opfimum: 20- 28" C
+  Medical surveillance on manufactoring plant personnel; no effect

- — — —-:\nzu's:.::

T. harzanium RIFAI: data in toxicology

T. harzanium T-22
«  Toulclty ipathogenicity finfectivity studies
= Oral adm.: no toxicity, no pathogenlelty, complete clearance
— Intratreacheal adm.: no toxicity. no pathogenicity, complete clearance
= Intravenous adm_: no texicity, mild pathogenicity, complete clearance
*  Toxicity studies:
— Subcutaneous adm.; no toxicity
= Eyeirntation: slight effect
« Mogrowth = 35 C, optimum: 20— 28" C {post-DAR)
+  Genotoxicity studies (Ames with filtered supenatant. | miconucleusin vive) | no effect
= Medical surveillance on manufactonng plant personnel: no effect

T. harzanium ITEM308
+  Medical surveillance on manufactoring plant personnel; no effect

- — — —-:\nzu's:.::
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T. harzanium (ex viride) BINAB: data in toxicology

T. atroviride IM! 206040 & T. polysporum IMI 206032 in the product
+ Towicity studies {product)
— Qral adm.: no toxicity (indicative, old study, unclear test item}
= Il 206040 Mo growth = 347 C | optimum: 20 =300 C
«  IMI 206039 Mo growth = 307 C | optimum; 20- 25 C
+ Mo relevant toxin in product {tichothecenes)
= Medical surveillance on manufactonng plant persannel: no effect

PRAPeR MS proposes to requira:
= atoxicitylinfectiosity/pathogenicity study {intratracheal adm.}
— anacute oral toxicity study with the product BINAB TF WP

anses :::

T. atroviride 1-1237 | ESQUIVE WP: e-fate data

Abllity to colonize solls, rhizosphere and plant roots
+  Colonisation of carrots in the condition of use
= Influence of soil parameter on the strain development
— Temperature, pH, Crganic matter
Wiabdlity inowater (26-h flsh test)

+ Data gaps identified by Efsa;
- Information regarding the production of toxing or secondary metabolites

anses :::
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T. asperullum T34 | T34 Biocontrol: e-fate data

Dried conidies to be mixed with compost or dipping water

+«  Presence in substrates under condition of use (efficacy study): development
and maintenance

Mobllity under condition of uses {efficacy study ) decreasing density with
increasing depth of soil, present in the drained water after pots being
floaded

Fatz in microcosm simulating surface and ground water (fiter-sterilized):
survival, very few germination

Alr after 2 year drip irrigation in a greenhouse: very low prevalence

+ Data gaps identified by Efsa:
- Information regarding the production of toxing or secondary metabolites
- Fate and behaviour in soil and water (disposal of growth madia, non
permanant structura)

anses :::

T. viride : e-fate data

T. gamssi ICCO80
+ Mo strain specific data

REMEDIER (T. gamssi ICC080 + T. asperellum ICC012)

+  Rhizospere competence and population distribution in soil environmental
compartsments In sggplants

T. asperellum T25
+ Mo strain specific data

T. asperefllum TV
+ Mo strain specific data

anses :::
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T. harzanium RIFAIl: e-fate data

T. asperellum ICC02

Mo strain spacific data

REMEDIER (T. gamssi ICC080 + T. asperellum ICC012)

Rhizospera competence and population distribution in soil @nvironmental
compartements In eggplants

T. atroviride T-11

Mo strain specific data

T. harzanium T-22

Mo strain specific data

T. harzanium ITEMS08

Mo strain specific data

ANSes :}

T. harzanium (ex viride) BINAB: e-fate data

T. atroviride IMI 206040

Mo strain specific data

T. polysporum IMI 206039

Mo strain specific data

Air compartment:

CFU concentrations in housing and manufacturing facilitias (indicative)

ANSes :}
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Fish-26 h, daphnid-428 h, alga-72 b no effect
+  Bee-48 h: no effect
= NTA (Aphidius, Typhlodromus) @ no effect
Earthworm-14 o | no effect, sarthworm-58 d post-DAR: no effect
+  Transient effects on microbial communities
« Small effect on symhbiosis

Flant: no phytotoxicity, no pathogenicity (efficacy trials on carrot, grape,
salad)

= Datagaps identified by Efsa:
— information regarding the production of toxins or secondary metaboltes
- Pathogenicity and infectivity (aguatic org., bee, NTA)
= M and C mineralisation

anses :::

+  noeffect on microblal community structures
(indoor use)

+ Data gaps identified by Efsa:
— information regarding the production of toxins or secendary metabaoltes

— Ecotox risk assessment (disposal of growth meadia, non permanant
structure)

— Effacton sewage organisms

anses :::
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T. viride : data in ecotoxicology

T. gamssi ICCOB0
+«  Figh-30 d, daphnid-21 d, alga-72 h, Lemna-7 d ; no affect
+  Bee-48 h: no effect
Earthworm-14 d | ho effect
«  C& N mineralization: no effect

REMEDIER (T. gamssi ICC080 + T. asperellum 1CC012)
+  Typhlodromus pyric no effect
+ Mo pathogenicity to crops

T. asperellum T25
+ Mo strain specific data

T. asperellum TV
+ Mo strain specific data

ANSEeS ':}

T. harzanium RIFAI : data in ecotoxicology

T. asperellum ICC02
— Fish-30 d, daphnid-21 d, alga-72 h, Lemna-7 d ; no effect
— Bee-d48 h : no effect
= Earthworm=14 d | no effect
— C & N mineralisation: no effect
REMEDIER (T. gamssi ICC080 + T. asperellum 1CC012)
— Typhlodromus pyri: no effect
— WMo pathogenicity to crops
T. atroviride T-11
— Mo strain specific data
T. harzanium T-22
— Mo strain specific data

T. harzanium ITEMS08
—= Mo strain specific data
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T. atroviride IM! 206040 & T, polysporum IMI 206038 in MPCP
+ Mo effect in the BINAB Eco-Monitor {aquatic and terrestrial cosm, 14 years)
« Mo effect on Bombus terrestris used as dissemination vectors

« PRAP=R M3 proposes to require
— a 21 d—test on Daphnia magna

- — —— e, -:|n5<_":~:.:=

Literature versus regulatory data for Trichoderma sp

— Alarge strain specific data setwas providad for new strains of Trichoderma
sp. (T atrovirlde 1-1237 and T, asperefum T-34)

— Depending on the sections, strain specific data were not equally provided for
the 4 strains grouped as T harzanivm RIFAl and the 3 strains grouped as T
virfde

— The four strains of T harzanivm RIFA| are now separated into 3 species (T
harzanium, T. atrovivide. T. asperefiunm)

— The 3 strains of T. vitlde are now sperated into 2 species (T2 gamssl T
asparalim)

= The two strains of the BINAB product (T, atfovivide ex harzanium and T,
polvsporum) are sakd to be initially classified as T virlde, few product specific
studies were provided but of interast to assess effects of non-target spacies

- — —— e, -:|n5<_":~:.:=
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Literature versus regulatory data for Trichoderma sp

= Bridging between strains was supportad by the applicants (for the strains
initially submitted together)

= Literature data is generally not strain specific | relates to specles according
to the previous classification and sometimes Is not specles specific

Proposed focus for discussion

Criteriato bridge between strains / species to be set

Which strain specific data (toxicology
environmental fate and ecotoxicity } are necessary 7

----- — e R [ LA :-j'

136




ENV/IM/MONO(2013)25/ADD

Task Force I: Experiences with the registration of Trichoderma harzianum: active substance and
products, in various European countries
[PPT 9]
Willem Ravensberg (Koppert Biological Systems, Berkel & Rodenrijs; The Netherlands)

Task Force T. harzianum:
Experiences with the registration of Trichoderma
harzianum: active substance and products, in
various European countries

Willem Ravensberg
Koppert
Chairman Task Force T, harzianum

:sncuo<.> TOER QAgrifutur  KCOPPERT

BIOLOGI1CAL SYSTEMS

Why was a Task Force formed?

e EC Regulation 2229/2004

¢ Fourth stage review programme, Part C: microorganisms
¢ Dossier submission 30 November 2005

¢ EU recommends to form a task force

¢ Legislative position? Obligatory?

¢ Less dossiers to evaluate

¢ less costs

¢ Industry cooperation required, Consortium Agreement

« Initially 8 companies, finally 4 companies in TF

¢ Annex I inclusion is on strain level
e Task force: combination of strains of one species
« From onset approval of EU on this approach
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RMS Sweden designated for T. harzianum

* One-sided decision, no industry involvement

* lo product registration of TF members in RMS

* High fees/costs

¢ Experienced authority? One product approved

¢ Lead rapporteurs for microorganisms: Sw and NI = role??

* Procedural: two pre-submission meetings, good contacts by
phone, emails, etc.

* Invoices had to be prepaid

Dossier building T. harzianum

¢ Industry collaboration good once TF was formed

* Consortium Agreement doable

¢ Dossier composition complicated, various contributions
¢« Compensation settlement

e Letters of Access

* Meetings, contacts ,etc. OK

¢ Long procedure = new people in companies

» Use of consultant required, secrecy reasons, costs

¢ New studies, organisation required
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Task Force Position Paper

Position Paper sent to DG SANCO (nov 2005)

Re-registration : asked for exemption of recent approved
products

Comments on choice and designation of RMS
Various levels of registration fees between MS's
Tranparency and impredictablity of costs and fees
Trichoderma and its various positions in MS's
Consequences of these issues for industry
Solutions suggested for these issues

= no response from DG SANCO

e & & & o o

L

RMS, DAR and review process

2 Pre-submission meetings 2005

Dossier submission Nov 2005
Completeness check Feb 2006

Writing of DAR 2006~ July 2007
Questions to THTF Dec '06, April ‘07
DAR publication by EFSA May 2008

Annex Inclusion 2009

MS, EFSA, TF comments on DAR 2010-2011
Eval. tables commented by TF 2011
EFSA review ongoing Dec 2012 ??
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Issues with active substance

* Strain Th T22 a GMO or not? RMS and DG Environment
agreed it is not a GMO, protoplast fusion (like in plants) is a
natural process. Exempt of 2001/18/EC - "Deliberate release of
genetically modified organisms”

« Still questions of MS's and EFSA. Unofficial procedure ?? Needs
to be clarified and decided. Koppert has not had any official
report on the conclusion.

* Re-classsification of 2 out of 4 strains: T. asperellum, T.
atroviride: relatedness of strains, read across between strains;
what is needed to ascertain comparability?

* Data required for all products in stead of one representative
formulation for all strains, GAP information for all products

* Contaminants

* Metabolites

* Genotoxicity of microorganisms/metabolites: testing methods?
e Physical - chemical properties

Issues at national level

¢ Provisional approval of a.s. for Annex I inclusion
("green light” category)

» Categorized as a "biofungicide” while TF asked for
plantstrengthener/biofungicide, no feedback received

« National authorizations to be done without a final risk
assessment (EFSA) and decision (EU)

* Various interpretations of EU and national legislation

* Consequences: extra costs, extra long procedures, different
outcomes

* Product re-registration: deadline April 30, 2012, notifiers had

to submit dossiers without having access to the EFSA review
and final conclusion
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Products at national level

Trianum - Koppert: one dossier, one label:
T. harzianum T22

* Netherlands plantstrengthener (PPP) - protected crops
and field veg’s. Re-registration as fungicide

e UK soil improver all crops

e Germany plantstrengthener all crops

* Belgium elicitor (PPP) = fungicide (PPP) all crops

* France Stimulateur de la vitalité des plantes (PPP)
crops as NI except root veg's

e [taly biofungicide (PPP)  crops as NL

* Spain Fortificante = exluded after Annex I,
pending for PPP

¢ Poland fertilizer all crops

e Greece fertilizer all crops

e Sweden fungicide (PPP) crops as NI

e Denmark fertilizer all crops

Products at national level

Remedier (Isagro): 7. asperellum+T.gamsii

o [taly

e Spain

Tusal (NBT): Trichoderma atroviride T11 and T. asperellum T25

* Spain

Agrifutur :
o [taly

biofungicide (PPP) - protected crops, field veg'’s,
strawberry and turf

biofungicide (PPP) - protected and field veqg's,
strawberry

biofungicide (PPP) - protected crops
and field vegetables

7. harzianum, ITEM 908
Tricover WP and Tricover G: national authorization
pending
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Points for discussion

Many m.o.’s demonstrate Plant Growth Promotion
Mode of actions: various and variable
"0ld" categorization as fungicide is no longer correct

Entomopathogenic fungi act also as antagonist, as
endophyte, as PGP

Antagonistic bacteria may have fungicidal, bacterial,
insecticidal and PGP effects

Mycorrhiza show antagonistic, antifungal effects
Endophytes are common and may be used

Lack of innovative legislation

What is claimed ? PGP or pesticidal effects

EPPO GD (in d’'ment) on efficacy does not mention anything
on PGP effect, a GD is needed

New category required for microorganisms

Next steps

OECD: To develop a guidance document on Trichoderma
(based on lessons learned)

Protoplast fusion to be officially accepted as a natural process
in fungi, and not as a GMO; adaptation of 2001/18/EC

OECD position in new fertilizer legislation re biostimulants?
currently under discussion (SANCO, Agriculture, Industry)
USA: claim determines PPP or biofertilizer

National legislation still does not follow EU legislation, very
confusing situation

M.o.’s express various functions: PGP, pesticidal, IR, fertilizing,
nutrient uptake facilitating, alleviate biotic and abiotic stress

Claim should be determinative

Development of new category or categories of products
Suggestion: PGP microorganism should not be regarded as PPP
Innovation in legislation needed
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Task Force I1: Experiences with the registration of Trichoderma viride: active substance and
products, in various European countries
[PPT 10]
Sara Lamperti (IsagroRicerca S.r.l., Novara; Italy)

richoderma /iride 'ask -orce

Experiences with the registration active substance and products, in various

European counbries

IIIIII I Fans
Sara Lamperti
Isagro

EU dossier submission 2005
DAR RMS (France) 2007
DAR EFSA 2008

Inclusion Annex I: 1 Mai 2009
—Directive 2008/ 113EC
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Commenting period September 2011
Step 2, 30 April 2012

Evaluation report EFSA ...2012

Sevilla, Spain

Saint Andicl, France

®
Wi CJDCS Milan, Ttaly
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Formarly Teschodarmng virkda T-25 mly Fechandaima aspeiellim Ti1

Formarly Trchoderma viride ICC080  pl. Trichodarma gam =5 10

The strains are similar with regard to:

~ biology

< physiology

-~ mode of action

- absence of affects on non-target organisms im:luding humans

The strains can only be distinguished by molecular genetic methods,
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XEDAlntemationsls.

Xedavir ..,

Condimentary Medicinal Aromatical
and Parfume Plants

Vegetables

Qilseed rape

Tobacco

Ornamentals

Flower crops

Medicinal plants

Lawns and sports fields

Zucchini
Strawberries
Cucumber

Pepper

Seed of sugar beet
tomato
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Remedier

Flowers and ornamentals
Tomatoes
Peppers
Lettuce
s Melons

Phtaehihers Fennel
Artichoke
Basil
Celery
Beans, green beans
Zucchini
Eggplant
Cucumber,
Aromatic herbs
Strawberries
Turf

Bioten

Eggplant

Zucchini
Strawberry plants,
Lettuce,

Melon

Olives

Pepper

Tomato
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aspecific

sInduction of disease resistan::u;_-_:_‘_"".

s specific
=Aspecific resistence> >>>Fertilizer/ biostimulant
sLabel with specific pathogens reported>=>=>>PPP

I A clear and unigue EU position is needed,
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