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Publishable Executive Summary

Summary description of project objectives

The objective of REPCO is to contribute to the aepment of copper fungicides in organic
agriculture by new measures for control of downydew (Plasmopara viticola) in grapevine and
scab Yenturia inaequalis) in apple. Both major European organic crops sfisodepend on copper
fungicides. Permitted amounts will be reduced stepwduring the following years (Council
Regulation (EEC) 2092/91, Annex Il) to avoid enwimeental risks. In European countries where
copper fungicides are already out of use, prodoctiborganic apples suffers severe economical
problems because of insufficient scab control.

Potentiators of resistance, organically based fuidgs and biocontrol agents will be screened and
evaluated in grapevine and apple. The risk of mghoevolution during use of novel control
measures will be estimated to allow the developnwnsustainable strategies. Effects of crop
management practices in organic agriculture on vaweering of Venturia inaequalis will be
assessed. Novel disease control measures and kigevleill be integrated into organic
management systems. 'Pipeline’ products alreadgrutevelopment elsewhere will be included and
where necessary optimised in their use.

Implementation by end-users and industries qudlifiie® commercialisation of project findings will
be strongly emphasised. SME partners will ensisteang link between end-users and research. At
the end of the project several compounds and btogloagents will be delivered to qualified
industries for development of products for use riganic agriculture. Additionally, knowledge of
integrated use of control measures will be deligd¢oeorganic growers.

The project will thus strongly support EU polictesreplace the use of copper fungicides in organic
agriculture in the nearby future.

Contractorsinvolved

1. Plant Research International B.V. (PRI), Droeveiststieeg 1, PO Box 16, 6700 AA
Wageningen, The Netherlands; Project leader: DgehuKohl; Tel. +31.317.476017; Fax
+31.317.475701; E-maijurgen.kohl@wur.nl

2. Staatliches Weinbauinstitut (WBI), Merzhauser $tea%19, D-79100 Freiburg im Breisgau,
Germany; Project leader: Dr. Hanns-Heinz Kassemeyed. +49.761.4016530; Fax
+49.761.4016570; E-mail: hanhginz.kassemeyer@wbi.bwl.de

3. Research Institute of Organic Agriculture (FiBL)ckerstrasse, 5070 Frick, Switzerland;
Project leader: Dr. Lucius Tamm; Tel. +41.62.86%2Fax +41.62.8657273; E-mail
lucius.tamm@fibl.com

4. Swiss Federal Institute of Technology Zurich (ETHEniversitatstrasse 2, 8092 Zirich,
Switzerland; Project leader: Dr. Cesare Gessldr;#24.1.6323871; Fax +41.1.6321572; E-
mail cesare.gessler@ipw.agrl.ethz.ch

5. Istituto Agrario di San Michele all’Adige (IASMAMach 13, 8010 S. Michele all"Adige,
Italy; Project leader: Dr. llaria Pertot; Tel. +3961.615222; Fax +39.0461.650872; E-mail
llaria.pertot@ismaa.it

6. Groupe de Recherche en Agriculture Biologique (GRABhemin de la castelette, Site
Agroparc P.O., Box 1222, 84911 Avignon, Cedex @nEe; Project leader: Cyril Bertrand;
Tel. +33.4.90840170; Fax +33.4.90840037; E-rdaéction.grab@freesbee.fr

7. Applied Plant Research (PPO), P.O. Box 200, 6670 Zsften; Lingewal 1, 6668 LA
Randwijk, The Netherlands; Project leader: Dr. Bdgijne; Tel. +31.488.473718; Fax
+31.488.473717; E-madilart.heijne@wur.nl

8. The Royal Veterinary and Agricultural University YK) Bulowsve] 17 DK-1870
Frederiksberg C, Denmark; Project leader: Dr. Jdlockenhull; Tel. +45.35283308; Fax
+45.35283310; E-majbhoc@kvl.dk
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9. Danish Institute of Agricultural Sciences (DIAS)jr#tinebjergvej 10 P.O. Box 102 DK-
5792 Aarslev, Denmark; Project leader: Dr. Hannedhard Pedersen; Tel. +45.63904343;
Fax +45.63904396; E-maitkanne.lindhard@agrisci.dk

10.ECOVIN: Bundesverband Okologischer Weinbau, Pastsg 17, D-79423 Heitersheim,
Germany Project leader: Dipl. Ing. Paulin Kopfer;el.T +49.7634.552818; Fax
+49.7634.552818; E-madicovin@t-online.de

11.Bio Fruit Advies (BioFruitAdvies), Dorpsstraat 32111 KT Zoelmond, The Netherlands;
Project leader. Marc Trapman; Tel. +31.345.5026F#&x +31.345.501721; E-mail
m.trapman@wxs.nl

12.Prophyta Biologischer Pflanzenschutz GmbH (Prophytaselstrasse 12, D-23999
Malchow/Poel, Germany; Project leader: Dipl. IngH] Ute Eiben; Tel. +49.384.252324;
Fax +49.384.252323; E-maikiben@prophyta.com

Work performed and results achieved so far

Development of potentiators of resistance and organically based fungicides

Objectives during théirst reporting period were to collect candidate compounds for control of
Plasmopara viticola (Pv) andVenturia inaequalis (Vi), to conduct a preliminary risk assessment for
each compound and to select potentiators of resistand organically based fungicides for Pv
control in grapevine and Vi control in apple inmstfseries of screening experiments.

A list of more than 100 potential candidate matsrar control of Vi and Pv was prepared. The list
contains plant extracts and oils, products from roamrganisms, salts and other materials.
Preliminary assessments of the materials coverirajlability and costs (economic feasibility),
acceptability for organic growing and human and-&octcology were carried out.

A first series of agents for Pv control was testadyrapevine leaf disc$\MBIl). Seven compounds
were indicated for further supporting tests so FaBL screened several compounds against Pv in
indoors experiments and in a field experimé&.L carried out a preliminary screening of over 20
materials using an in vitro assay designed to tlétdadbition of Vi spore germination and a plant
assay based on symptom development in apple sgediirificially inoculated with Vi. Several
promising materials showing significant reductidn/owere identified. Screening work continues.

Objectives during thesecond reporting period were to select potentiators of resistance and
organically based fungicides for Pv control in greipe and Vi control in apple in a series of
screening experiments and to further collect caatdidompounds for control of Pv and Vi.
Compounds were screened WBI for Pv control on grapevine in a leaf discs tedtam. To
improve the uptake of compounds into the leaf #sand the rain fastness surfactants and stickers
were used. Their action on the plant tissue (pbyioj and their role in improving Pv control were
tested using several compounds already screenediveofor Pv control in 2004. Suitable
compounds and combinations with additives weremenended for field trials 2005. Another 21
new compounds were tested. Six substances showesffent on disease severity of Pv. The
substances efficient in a preliminary screen wesgetl in further trials in order to quantify the
efficiency additionally. Suitable substances hagerbpassed over to FiBL for further investigation.
Furthermore, four extracts from plants and fungivetd an effect on Pv control which is yet to
slight so that further investigations are necesskmtracts from cyanobacteria and fungi were
scanned for potentiators of plant resistance usiogll culture system. Four extracts from plant and
fungi caused resistance induction which shouldubghér investigated.

A total of 39 substances was tested BBL under controlled conditions for fungicidal and/or
elicitor activity against Pv. The test products evebtained from companies as commercialized
products or from companies and research labs asommmercial test products. Four test products
were selected based on results obtained by progetiiers KVL and WBI in year 1 of the project.
Four plant protection products that showed goodviact against Pv in indoor-screening
experiments of FiBL were tested outdoors in theeging vineyard and they were compared to five
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strategies and two standards. All of the new prteisbowed at least partial efficacy in the field
test. However, the efficacy was not sufficient fehat a producer would expect. Three of the
strategies, one of them completely copper fredgepted leaves and grapes as efficiently as does the
use of copper at high concentrations. For a compleplacement of copper in plant protection
against downy mildew on grapevine, further new pitsl are definitely needed.

A list of compounds with promising activity againsi was made and compounds were
recommended b VL for testing under orchard conditions at DIAS arROPin spring/summer
2005. Eighty four compounds have been collectesh fseveral sources and screened in plant assays
and conidium germination tests. Seven compoundsderas stickers and surfactants were obtained
from Prophyta and investigations with these malemeere initiated. Several compounds showed
promising control of scab on seedlings either pse@entive or as curative treatment, i.e. the éffec
was at least at the same level as elemental sulistamdard treatment). The screening of these
compounds, including fractions and different typésxtracts of the most promising ones continues
and work on improvement of compounds will be iniked. Useful collaboration with especially
one commercial company has been strengthened.

In 2005, 26 compounds were tested DWYAS for their effect to control apple scalWefituria
inaequalis) in apples cv. Jonagold. The treatments wereethiwut in the main primary ascospore
discharge period in May using a small tunnel spralgefore and after the testing period the trees
were treated identically with sulphur. Leaves amnuit fvere assessed for apple scab infections and
phytotoxicity. Severity of apple scab on fruits whagh with 97.5 in the untreated control.
Treatments with copperoxychloride used as referermemkiced apple scab severity to 65.7.
Treatments with the best compound selected so dae gignificantly better control with a scab
severity of 34.1. Also treatments with some otl@npounds had an effect on apple scab.

Objective during thethird reporting period was to screen potentiators of resistance and
organically based fungicides for Pv control in grape (WBI) and Vi control in apple and to
improve timing and application and formulation nuoEth for potentiators of resistance and
organically based fungicides.

During the reporting period, the objective wasdatmue the screening of potentiators of resistance
and organically based fungicides for Pv contrajjiapevine and to improve their efficacy. Another
21 promising new products have been testewIB} for Pv control on grapevine in a leaf discs test
system to quantify the efficient concentration. Béthem showed an effect on disease severity in
the leaf disc assay. In the 2006 field trials (W76 of them were involved. Three products were
tested for the enhancement of the activity of amaaly working agent. Furthermore, two extracts
from algae and fungi showed an effect on Pv comtuth is yet too slight so that we try to extract
purer. Products studied and developed within REP@@ been tested for potentiators capacity of
resistance not only iPetroselinum but also inVitis cell culture systems. The products causing
resistance induction should be further tested footantial priming effect on greenhouse plants.
FiBL tested further 36 substances or products in ldp@ddent experimental sets under controlled
conditions for fungicidal and/or elicitor activignd/or as additives. The test products were oldaine
from companies as commercialized products or frasmmanies and research labs as non-
commercial test products. Several test producte 8elected based on results obtained by project
partners in the two previous years of the projeobm these tests under controlled conditions, six
products were selected for screening under fietdlitmns in the third season of the project (2006).
These treatments were compared to strategies andastls. Three of the new products showed at
least partial efficacy in the field test. Howevefficacy in protection from downy mildew was only
sufficient for one test product. Three of the sigads, one of them completely copper free,
protected leaves and grapes as efficiently as ttmesise of copper at high concentrations. For a
complete replacement of copper in plant protecagainst downy mildew on grapevine, further
new products with effective fungicidal impact atd seeded.
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The objective foKVL was to screen and optimise potentiators of resistand organically based
fungicides for control oWenturia inaequalis. A list of compounds with promising activity against
Vi was made and compounds were recommended fandeshder orchard conditions at DIAS
(WP4.4) and PPO (WP7.2) in spring/summer 2006 (2edible 12a). A total of 61 materials have
been tested at KVL. Of these 27 completedv compounds were collected and screened in plant
assays and conidium germination tests. An addi8@ahaterials were re-tested in seedling assays,
either at lower dosages, as different formulationas different types of extraction (water/ethanol)
Seventeen new combinations of promising compourgse been tested in the plant assays, and 3
compounds have been tested as curative treatmetdy<2after inoculation. Several compounds
showed promising control of scab on seedlings eitisea preventive or as curative treatment, i.e.
the effect was at least at the same level as #melatd treatment, elemental sulphur.

Work on improvement of a few highly promising compds will be intensified in period 4, a
number of stickers, wetting agents and adjuvanlisbeiscreened and the best combinations tested
with the promising control compounds.

Appropriate methods will be used to study diseasestance induction by certain botanical extracts
that appear to work via this type of mechanism.

DIAS tested 26 compounds in 2006 for their effect toticd apple scab in apples cv. Jonagold. The
treatments were carried out in the main primarysggore discharge period in May using a small
tunnel sprayer. Before and after the testing petiadtrees were treated identically with sulphur.
Leaves and fruit were assessed for apple scabtimiscand phytotoxicity. Some Yucca extracts,
Florina Proff, Coconut soap and potassium bicartaohad an efficacy similar to sulphur on leaves.
This confirms results from earlier years. A dosa@ase resulted in a better efficacy for the Yucca
treatments.

Development of novel biocontrol agents

Objectives during thdirst reporting period were to build up collections of micro-organisms
isolated from grapevine or apple leaves as careBdfr antagonist screenings and to conduct a
first selection round.

A protocol for a preliminary assessment of producitosts and possible risks for candidate micro-
organisms has been developed. More than 100 emnadophytic micro-organisms isolated from
apple leaves were assessBRI(). Twenty five candidates were applied in the ordhast before
leaf fall for screening against Vi ascospore praoidumc Possible hyperparasites were isolated from
Vi infected leaf areas (>200 leaf samples; >40@atss). Prophyta investigated the mass production
of various fungal isolates to assess the econowfigsroduction of candidate antagonists. The
economically sound production of various isolaisnss to be feasible.

Objectives during theecond reporting period were to build up collections of micro-organisms
isolated from grapevine or apple leaves as cargidiatr antagonist screenings, to conduct a first
selection round considering economic production potential risks for each candidate micro-
organism, to screen Vi antagonists for suppressi@scospore production on overwintering leaves
(PRI), to screen Vi antagonists for suppressioWiofonidia production in summer (PRI); and to
assess mass production for groups of potentiagantsts (Prophyta).

Fungal endophytes isolated from apple leaves wasesed byRI under field conditions for their
ability to reduce ascospore production of Vi. Aopiexperiment was carried out in 2003/2004 to
optimise methods used for antagonist screening rufidiel conditions, e.g. spray application,
assessment of colonisation and quantification afoggore production. In autumn 2004, 25
candidate antagonists were applied to leaves inotichard and their potential to reduce Vi
ascospore production was assessed in spring 2@d5adeospore production in leaf residues, a
strong block effect and an unexpected high vamatietween replicates of treatments was observed.
Three fungal isolates tended to reduce ascosparduption by >70% in the 2 most reliable
experimental blocks.
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A screening assay has been developed by PRI iabasttion with KVL to test the possible effect
of candidate antagonists on conidia production iodiVleaves of apple seedlings under controlled
conditions. A first set of fungal isolates could kelected which significantly reduced Vi
conidiation by more than 80%.

Four selected fungal isolates were provided by ®Rrophyta for testing their ability to produce
conidia on different agar media and solid substrateng Prophyta’s laboratory scale SSF system.
The fungal species showed big differences concgrttigir ability to produce conidia. Beside this
the conidia production was dependent on the usediume In the fermentation tests two isolates
showed the best conidia production ability so fiawvas possible to harvest more then 1E+9 conidia
per gram culture substrate (dw input).

Objectives during théhird reporting period for PRI were to screen antagonists against oospores
of Pv in crop residues of grapevine (WP5.2; PR3d)streen Vi antagonists for suppression of
ascospore production on overwintering leaves (W®, PRI), to screen Vi antagonists for
suppression of Vi conidia production in summer (\WWP%RI); and to assess mass production for
groups of potential antagonists (WP38pphyta).

For the development of biocontrol agents directegbapores of Pv (WP5.2), samples of grapevine
leaves infested with downy mildew were providedWl, FiBL, IASMA, GRAB and ECOVIN.
The number of viable oospores in the leaf tissug @&iablished by staining. Isolates of bacteria and
fungi were obtained from those samples which shoae(slight) decline in viability during
incubation in 2003. In 2004, such declines were olmderved but occasionally an increase of
oospore numbers during incubation. The antagontstfiacity of the obtained 56 isolates micro-
organisms has not been screened. Go/no go decigiers foreseen in WP5 for the different
biocontrol strategies addressed in WP5.2, WP5.3VeR8.4. Because progress and perspectives in
WP5.2 were less than expected it was decided bytbgct Management Team at 9 November
2006 not to continue WP5.3 but to put more emplasi®/P5.3 and WP5.4.

For the development of biocontrol agents reducisgospore production of Vi in apple leaves
during the winter season (WP5.3), fungal endophidekated from apple leaves were screened
under field conditions for their ability to reduascospore production of Vi. A pilot experiment was
carried out in 2003/2004 to optimise methods usedhtagonist screening under field conditions,
e.g. spray application, assessment of colonisaimh quantification of ascospore production. In
autumn 2004, 25 candidate antagonists were apgiézhves in the orchard and their potential to
reduce Vi ascospore production was assessed ingspfi05 (Reporting Period 2). For ascospore
production in leaf residues, a strong block effaod an unexpected high variation between
replicates of treatments was observed. The expatimvas repeated with the same treatments in
autumn 2005 (Reporting Period 3) with slight mazdifions. Treatment of apple leaves in autumn
with 8 out of 25 isolates resulted in statisticadignificant reductions of Vi-DNA (quantified by
TagMan-PCR) by 50-70 % in leaf residues sampledaériinuary. Treatment of apple leaves in
autumn with one of the isolates significantly reeldithe number of ascospores produced on treated
leaves in the subsequent spring by 70 %. All ottreatments had no effect on ascospore
production.

During the reporting period, the objectives in WP®ere to screen Vi antagonists for suppression
of Vi conidia production in summer under controllednditions and to test selected antagonists
under orchard conditions. A screening assay has teeeloped in collaboration with KVL to test
the possible effect of candidate antagonists oma@production of Vi on leaves of apple seedlings
under controlled conditions. Screenings were cauoie seedlings under controlled conditions. A set
of 13 fungal isolates could be selected which sicgmtly reduced Vi conidiation by more than
80%. The best 4 antagonists out of 72 isolatesedestre chosen based on results of the screening
experiments under controlled conditions and expemis) of mass production and formulation of
candidate antagonists (WP5.6). These 4 isolates tested under orchard conditions in series of 9
experiments. Freshly produced inoculum or formwaateoculum (WP5.6) was used for spray
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applications in the orchard. Treatments with thenidated isolate H39 reduced Vi conidiation by
30 to 55 % in repeated experiments. Other treasragidtnot result in reduced Vi sporulation.
Objective of WP5.6 foProphyta was to find those antagonistic isolates with adysaitability for
large scaled biotechnological production procedsased on Solid State Fermentation (SSF).
Furthermore, the condition to produce the highessible fermenter yield had to be optimized, and
the shelf life of the fungus produced and formwatender different conditions had to be
investigated. Eleven isolates were tested concgrttirir ability to produce conidia on different
agar media. In summer 2006 the first formulatedates have been shipped to PRI for the field
trials. Unfortunately, most of the final productsosved a limited shelf life and improvements are
needed.

Componentsfor | ntegrated Management Systems

Objectives during thérst reporting period were to (1) quantify the possible selection pressi
potentiators of resistance and organically basadifides on Pv under controlled conditions; (2) to
set up broad and group-specific PCR-DGGE systerpbcaple for green / senescent apple leaves
and to quantify microbial populations in apple les\after various treatments; and (3) to set up
experiments on decomposition of apple leaves i eawrms.

ETHZ studied the change in ratio of genotypes (e.capgisarance/dominance) under controlled
conditions by inoculating mixes of sporangia suspars from different genotypes of Pv. DNA was
extracted from each generated lesion and analysssperformed with the SSR markers ISA, CES
and GOB. Preliminary test for the adjusting of thethodology and test if the available molecular
markers are sensitive enough to recover selecti@sspre were conducted at Fibl in Frick.
Sampling and epidemiological observations in aneegrpental parcel in Cugnasco (Ticino,
Switzerland) were performed.

PRI adapted protocols for DNA extraction, PCR and D&GG&s for analysing fungal and
bacterial communities in and on apple leaves. Apglythese molecular tools will include
evaluation of the not yet cultured or unculturamlero-organisms which are expected to be present
in apple leaves. Effects of cultural practises acroaorganisms naturally present on or in green and
senescing leaves and their interaction with Vi apooe production can now be evaluated. Samples
from field experiments aimed at stimulation of lelscomposition were obtained. Total microbial
populations were determined by plating endo- anghhggic bacteria and fungi. None of the
treatments stimulated microbial colonisation onmoleaves. Several treatments reduced the size of
microbial populations.

PPO carried out a literature review on (1) methodsrtonitor earthworms, (2) on methods to
increase the palatability of apple leaves to easthvg and (3) on application of such measures in
the field. A monitoring of earthworms was startedpiots treated with different types of organic
amendment with the aim to find methods that stiteuleeaf consumption by earthworms.
Substantial numbers of earthworms, including thgonlaaf eating earthworrumbricus rubellus,
were found. Information resulting from the litensueview was used to set up a cultivation of the
earthworm specied,umbricus terrestris andL. rubellus, with the aim to test methods to improve
the palatability of apple leaves. Feeding experisane ongoing.

Objectives during thesecond reporting period were to (1) quantify the selection pressure of
potentiators of resistance and organically basewjifides and forced evolution on Pv under
controlled conditions and under field condition8) (o quantify effects of cultural practises on
micro-organisms naturally present on or in greeth ggnescing leaves and their interaction with Vi
ascospore production; (3) to set up experimentigaindecomposition by earth worms with the aim
to increase palatability and consumption of appéés.

Isolates of Pv originating from cultivars RxS, M#yl Gamaret and Isabella were inoculated in
mixtures and singularly on treated (RxS) and unéetéRxS, Merlot, Cabernet Sauvignon, Gamaret
and Chasselas) leaf disks BBfHZ. From the resulting lesions, sporangia were ctdkand
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reapplied to leaf disks of the same type threedinide highest number of sporulating leaf disks
was assessed for cultivar RxS and for the treasn@httoplant, and Sonata. Genetic analysis is in
progress.

Field samplings were performed in 2004 in the expental vineyard at Fibl in Frick (Aargau,
Switzerland) on untreated and treated vines ofivauk Chasselas and RxS. The mutated allele
conferring resistance to strobilurins was deterwchime26.67%, 84.55% and 49.70% (samples from
16.08.2004) of the analyzed samples collected oesvitreated with two test compounds and
untreated ones, respectively. In 2005, 1882 oitspare collected on untreated and treated vines (8
different treatments) on dates following importarfective events. Samplings were performed at
Fibl instead at IASMA, due to the late beginningle epidemic in S. Michele.

4244 lesions were collected on 7 dates, followimgpartant infective events in a mixed cultivar
vineyard in Cugnasco (Ticino, Switzerland). Seyewias lower in the mixed blocks for cultivars
where higher severity was assessed (more suseeptidtivars: Merlot, Isabella, RxS and
Gamaret), possibly depending from a dilution ofcmam, from a distance/barrier effect or both
factors together. Severity was lower in the monokléor cultivars where lower severity was
assessed (more resistant cultivars: Regent, SoBiasca and Chambourcin) possibly depending
from a reduction of the inoculum due to the presesfca larger number of resistant plants.

The populations of endophytic bacteria and fungamble leaves treated by various treatments were
guantified by plating byPRI. Different from the results obtained in 2004, neatment effect on
total bacterial or fungal populations could be ditd.

DNA was isolated from 252 apple leaf samples. PGREE analysis was performed on the
bacterial community of the samples. A new and betproducible PCR- DGGE system was
applied for the analysis of fungal communities. Nualriate statistics was applied to species
(DGGE) and environmental data. In 2003 no correhatvas found between microbial community
composition with number of ascospores and treatsndnt2004 a correlation was found of the
community composition with the control treatmentsl ane treatment. Treatments could not be
correlated with reduced numbers of ascospores.n@addi fingerprint data and use the amount of
ascospores as the only response variable, thegiepisssible relation of 2 fungal species and 4
bacterial species with reduced numbers of ascospdtes relation was confirmed with regression
analysis. Sequencing of bands from fingerprintd give a general identification of the species
which possibly counteract with the development efwdria in apple leafs.

Three experiments were carried outRBO on leaf decomposition by earth worms with the &am
increase palatability and consumption of apple dsavhere was neither a positive nor a negative
effect of calcium hydroxide ob. terrestris. This is important since it is becoming a morenare
common treatment in organic orchards in the Nedimeld during the leaf fall period to control fruit
tree canker, caused by the fundNestria galligena. Amino acids promoted leaf consumptionlby
terrestris. Also beet pulp promoted leaf consumptionLbyerrestris, especially when the dose was
increased from 1 to 5 % or when it was freshly egghlHowever, there was little effect from the
various treatments on fresh body weight for thiscegs.

Objective of the WP6.2 during thaird reporting period was to analyse forced evolution Bf
viticola exerted by potentiators of resistance or orgalyidaased fungicides in field trials of
IASMA (2005) and FiBL (2006). 1112 oilspots werdleoted byETHZ from untreated vines and
vines treated with 5 different test compounds agifréng and at the end of the epidemic.
Samplings were performed at Fibl instead of at I1ASMue to the very late beginning of the
epidemic in S. Michele. Analysis of samples is dngoObijective of WP 6.3 was to quantify the
selection pressure of grapevine cultivars and lgbplanted in mixtures and forced evolution on
Plasmopara viticola under field conditions. 4063 lesions were samfilgdETHZ on 6 collection
dates, following important infective events in axed cultivar vineyard in Cugnasco (Ticino,
Switzerland). Disease severity and incidence wesessed on six dates. Analysis of samples is
ongoing.
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Objective of WP 6.4 was to identify the effects of cultural girs&s on micro-organisms naturally
present on or inside green and senescing leavethaimdnteraction with Vi ascospore production.
PRI appliedseveral broad and group-specific PCR-DGGE systencharacterise the microbial
(fungal and bacterial) communities on and in apeées which are, to different extents, infested
with Vi. DNA was isolated from 90 leaf samples. Té@mmunity structure and the dynamics of a
range of leaf-inhabiting fungal and bacterial miflayva constituents were assessed by PCR-DGGE
analysis. In addition to ascospore counts, VentDNBA was quantified by real-time PCR analysis
(TagMan-PCR). Univariate statistics was appliespecies (DGGE) and environmental data. A
correlation was found of the community compositisith reducedVenturia measured by DNA
guantification and ascospore counting. Treatmentddcbe correlated with reduced ascospores.
Treatments can also stimulate specific speciesu&wing of bands from fingerprints will give a
general identification of the species which pogsddunteract with the development\&nturia in
apple leaves.

In WP6.5 the objective foPPO was to develop methods to increase earthworm ptipnks and
their ability to decompose leaves as ascosporecsauir Vi. The objectives are directed, first, to
earthworm populations them selves and secondly &kemapple leaves more attractive to
earthworms. In the first case, the objective isptomote population growth of earthworms by
fertilisation methods under orchard conditionstHa second case, the objective is to find products
for addition to leaves to stimulate earthwormsif@reased consumption of apple leaves.

Four different fertilisation treatments were apglieach year during 2004 to 2006. They were
chicken manure (standard), mulch, mushroom manugecattle manure. Numbers and weight of
earthwormLumbricus rubellus and other earthworms were measured in Octobept@ikber each
year. Cattle manure stimulated populationd_ofubellus in 2004, but there was only a trend in
2005. Analysing data together for 2004 and 2005atestnated a significant year effect. Non-the-
less, cattle manure fertilisation significantly ieased both numbers and weightLofrubellus
adults.

I ntegration of control measures

Objectives during thérst reporting period were to carry out field experiments in Italy (IASW

and France (GRAB) in grapevine on Pv control conmgirknown control measures incl. ‘pipeline’
products. Furthermore, two field experiments inlappn Vi control were scheduled in The
Netherlands, one on combined applications of comteasures directed on the summer epidemics
and one on applications in autumn directed at rgsaluof ascospore production (PPO).

Field experiments were carried out in Italy andni€ein grapevine on Pv control combining natural
compounds. In ItalylASMA), all treatments, if compared with the untreatedtml, gave a certain
control of the disease, but only treatments witppay based compounds (copper hydroxide and
copper pepidate) and one compound not containipgeroresulted in a commercially satisfying
control of the disease. Other compounds tested ondy be acceptable in low disease pressure
seasons in organic vineyards. Several resistamteans were totally ineffective in controlling the
disease in the field.

In the two field experiments @RAB (France), climatic conditions were not favourafoledowny
mildew development and average severity never elexk&0 % in the non-treated control. Copper
(reference) was more effective than other prodtessed. In the experiment at Montélimar, two
compounds added to the lower dose of copper were effective than the same dose of copper
alone.

Two experiments were carried out BYPO to measure apple leaf decomposition and ascospore
production of Vi Treatments were applied in autumn by sprayinghe$ore leaf fall or by dipping.
Leaf degradation was rather poor. Only urea (ref@eenhanced leaf degradation. The numbers of
ascospores in the remaining leaf tissue were vamable. No differences between treatments could
be demonstrated except for urea.

Page 8 of 12



REPCO 501452 Public Publishable Executive SumrRary

During spring and summer, apple scab was contrdlledn experiment according to EPPO-
guidelines with natural compounds. Natural compauwere sprayed according the RimPro scab
warning system from start of bud break until thel mi June. Severity and incidence was measured
on the leaves and the fruit. Phytotoxicitly andseisyg was assessed. Schedules of natural
compounds combined with sulphur were compared thighstandard biological fungicides copper
hydroxide and sulphur alone. Some of the treatmgat® a level of control similar to copper in
spite of a high infection pressure. However, sorhéhe good-performing schedules produced
substantial amount of russeting.

Objectives during thesecond reporting period were to carry out field experiments in Italy
(IASMA) and France (GRAB) in grapevine on Pv cohttombining known control measures incl.
‘pipeline’ products. Furthermore, two field expeents in apple on Vi control were scheduled in
The Netherlands, one on combined applications a@itrob measures directed on the summer
epidemics and one on applications in autumn dideateeduction of ascospore production (PPO).

In 2005, the disease pressure was very low inidhe éxperiment of ASMA. Conditions were not
very suitable for efficacy testing of compoundsleaves and bunches because of low presence of
symptoms. Among 4 tested resistance inducers, ®ibgn® 50 WG (reference treatment)
guaranteed a reduction in downy mildew severity garad to copper. One fungicidial compound
gave acceptable results under the low diseaseypeessthe organic vineyard, confirming last year
results. However, plants treated with this compowmbwed some phytotoxicity symptoms.
Application of other compounds tested did not resullower disease incidence or severity than
found for the adequate control treatment.

A field experiments with 10 treatments was carwedl by GRAB in the Rhéne Valley. Climatic
conditions were not favourable for development @fvdy mildew since spring and summer were
dry and hot. No downy mildew has been observederptot. It was therefore impossible to assess
efficacy of the tested products against Pv.

In additional experiments with potted plants, noh¢he tested products showed any effect on Pv
on young leaves. On old leaves, only treatments widpper (reference treatment) showed an
efficacy to protect vines against Pv. Selected acmmgs had no effect when applied alone and had
no additional effect when associated with coppevelodose (compared to copper lower dose
alone).

An experiment with 15 treatments was carried out RRO aimed at the stimulation of
decomposition of fallen apple leaves during wirged spring. Different from the field experiment
from 2003/2004, no increased decomposition wasdafter treatments with amino acids, but also
not after application of urea used as referenca.dacond experiment urea treated leaves showed a
higher rate of leaf degradation and also a redndtiche amount of spores. Also beet pulp gave a
reduction in the number of ascospores when apglietigh concentration of 600 I/ha. Applying
extra earthworms increased the decomposition witbodompared with the control.

In an experiment with 14 treatments carried ouPBYD, summer epidemics of apple scab were very
severe. Treatments with copper, sulphur or testpoamds applied in combination with sulphur
reduced scab on leaves. However, only one compseboded a significant reduction of scab in
comparison with the adequate control treatment.

Objectives during théhird reporting period were to carry out field experiments in Italy (IASW

and France (GRAB) in grapevine on Pv control conmgrknown control measures incl. ‘pipeline’
products. Furthermore, three field experiments pple& on Vi control were scheduled in The
Netherlands, two on combined applications of cdntreasures directed on the summer epidemics
and one on applications in autumn directed at tdoluof ascospore production (PPO).

In grapevine, two experiments on grafted plantssa$ceptible cultivars were carried out by
IASMA in a pathogen-free greenhouse and in total thexisffof 10 compounds were compared to
an untreated control and a copper reference. Irfitsietrial, a partial control oP. viticola was
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achieved with all tested products. The highestllefecontrol of P. viticola was achieved with 3
different of which one controlled the disease ebetter than copper hydroxide. In the second
greenhouse trial none of the tested products whes tabsubstantially reduce disease severity or
incidence compared to the untreated control.

Based on the results of WP4 (WBI, FiBL) and thei@oltal greenhouse experiments of IASMA, a
field trial was performed from May to September @08 Northern Italy, in the experimental
organic farm of IASMA, Navicello (Rovereto). In &t 14 different treatments with compounds
were compared to an untreated control and 2 differeference treatments with copper. All
compounds were tested also in combination with eopgatments at low dosage.

Due to weather conditions, the Pv epidemic stadtslin the season, but subsequently progressed
extremely rapidly. On leaves disease incidencehexhcl00% at the end of the season and all
products that are not based on copper failed ttralosiowny under field conditions.

Only one plant extract partially controlled downyldew severity on leaves. On bunches another
plant extract allowed the control of pathogen depeient with a substantial reduction of downy
mildew severity and incidence compared to coppeurFother formulations showed at least a
partial disease control performing better compaoetthe untreated, but probably at an unacceptable
level under high disease pressure. No symptom$ybfoxicity was detected on bunches and on
leaves. In the second strategy all products plppeodecreased the disease severity and incidence
if compared with the untreated. Anyway there wasdifference between plants treated with the
tested compounds plus copper and plants treatgdvati the same low dose of copper used as
reference. This suggests that the disease wa$/totadtrolled by copper and that no effect of the
test compounds was considerablée laboratory analysis of weight, acidity and pgveal not
significant difference between the treatments.

GRAB carried out a field experiment in the Rhéne ValltyBarnave. A high downy mildew
pressure is common at this location and Muscatspgtiains as a variety susceptible to downy
mildew was used. However, downy mildew outbreak m@svery important in the 2006 season due
to the dry and hot conditions which were not fawatle for downy mildew development on
bunches. No lesion on bunches was observed. Dovildgwwncould only be observed on leaves but
severity for the non treated control at the enthefobservations was below 10%. Four compounds
were tested without and with additional copper tiremt at low dosage in comparison with an
untreated control and a copper reference. Two péaitacts did not provide any protection.
Modalities containing copper have provided corprotection. Protection for copper at low dose or
high dose was equivalent. Two other test composedsed to provide an intermediary protection.
Remanence for these products is lower than for @oppoducts. Treatments with these products
should therefore be realised more frequently.

In apple,PPO applied treatments to foliage of apple trees awvéds by dipping in the autumn of
2005 to study effects on stimulation of decompositiLeaf samples were taken at the leaf fall
period to follow leaf degradation. These leavesenaurt between iron nettings and placed on bare
soil under the trees. Leaf degradation was measuvatifferent moments until spring. The number
of ascospores was counted from the remaining leaMes objective was to find alternatives for
urea that simulate the decomposition of apple learel reduces the ascospore production. Leaves
were treated with urea, difenoconazol, beet residimedifferent concentrations), amino acids and a
combination of amino acids with potassium phosptmndhe leaf area was measured at the
beginning of the decomposition experiment betweand 16 November 2005. On 4 and 5 January
2006 and at the end of February 2006 leaf aream&ssured. Leaf residues of 2 x 50 leaves per
replicate were collected for ascospore countingalstimulates the leaf degradation and reduces
the inoculum of scab. None of the treatments redlube number of ascospores more than urea.
Treatments with beet residues, amino acids + potasphosphonate and difenoconazol showed
comparable reductions of ascospores. Beet resahetemino acids + potassium phosphonate can
be used for organic farming. An optimum concentratof beet residues was found in this
experiment of 400 litres per hectare.
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FurthermorePPO carried out 2 experiments aimed at controllingduring the summer epidemic.
Natural compounds were sprayed according the Rinsead warning system from start of bud
break until the mid of June. Severity and incidema@s measured on the leaves and the fruit.
Phytotoxicity and russet was assessed. The natarapounds were compared with the standard
biological fungicides copper hydroxide and sulfihe objective was to find an alternative to
copper against apple scab in a modern orchard msybte using natural compounds, resistance
inducers or plant extracts compared with sulfurliappons. A field experiment was carried out in
2006 in the organic orchard of PPO in Randwijk, Netherlands, and in Tuil, the Netherlands
during the summer epidemics. At PPO different catre¢ions of Yucca extract (2.5, 5 and 7.5
I/ha) and potassium bicarbonate (2.5, 5 and 10ajghtere tested. The same concentrations were
tested in a combination with sulfur. At the groweaty one concentration of Yucca extract (7.5 I/ha)
and potassium bicarbonate (5 kg/ha) was testedthieigeor without sulfur. Treatments were
compared with copper and sulfur in both experimermdsth Yucca extract and potassium
bicarbonate gave significant control of scab onésaand fruit at PPO and at the grower. There was
a tendency that the highest concentration of Ywedeact and potassium bicarbonate gave more
control than the lower concentrations. The comimmadf Yucca extract and potassium bicarbonate
with sulfur was significant more effective on leavaut not on fruit compared with sulfur alone at
the PPO experiment. At the grower only the comlimapotassium bicarbonate with sulfur was
significant lower scab incidence on both leaves fauid than sulfur alone and was not significant
different from copper. The combination of Yuccaragt and potassium bicarbonate with sulfur
gave a lower severity on fruit and leaves compavied copper. Copper was found very effective
against scab but also caused more russet of theTherefore the percentage of class 1 fruit was
reduced because of the russet.

Expected end results

Novel potentiators of resistance, novel organicbfiged fungicides and novel biocontrol agents for
promising control strategies will be systematicadigreened and developed for use to control
Plasmopara viticola in grapevine and/enturia inaequalis in apple. All screened and developed
compounds and organisms will fulfil the requirenseoit Council Regulation (EEC) No 2092/91.
Novel integrated management systems will be ewvedljaincluding exploitation of ‘pipeline’
products for disease control, such as already kndwhnot registered, potentiators of resistance,
organically based fungicides and biocontrol agents.

The sustainability of novel control measures irpees to evolution of the pathogen population will
be monitored.

Intentionsfor use and impact

The policy of the European Commission aims at themption of sustainable, quality-based
agriculture production systems and the implemematif Council Regulation (EEC) No 2092/91
Appendix Il Part B-IV on (reduced) use of coppendicides. Derogation of the use of copper
fungicides because of their specific environmenigts especially to soils, as scheduled for the
period after 2006 (Council Regulation (EEC) No 2332, is threatening organic grapevine and
apple production if alternatives for copper fundges will not become available. REPCO will
strongly support EU policy of promotion of sustdifea quality-based agriculture production
systems by developing new organically based fudggiand potentiators of resistance, new
biocontrol agents and new integrated managemerteragsfor disease control dflasmopara
viticola in organic grapevine andenturia inaegqualis in organically grown apple.

Scientific information obtained in the project wile published in research reports, scientific paper
and contributions to international workshops andigegesses. Partners ECOVIN and BioFruitAdvies
form a platform to reach organic growers as the-esets of the developed technology. The
regularly updated Websitevivw.rep-co.n) contains information on partners, workpackages an
project progress.
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Results relevant for commercial exploitation wid bcientific and technological knowledge on the
use of potentiators of resistance, organically tdsegicides and biocontrol agents as well as filed
data relevant for registration on field experimept®duction and formulation of such compounds
and organisms. Commercial exploitation of resdt®reseen by industrial partners.

Before publication of any information on knowledmsd technology produced in the project, it will

be evaluated whether specific details crucial fatept filing will not be made public before being

protected by a patent. This will guarantee optiegbloitation of the results in respect to future
commercialisation by interested industries.

During thethird reporting period patent applications were filed for a number of poomds; a
patent application on the use of yucca extractajpmle scab control was filed O, DIAS and
KVL; based on the promising results from screeningyassith other botanical compounds, 5
utility model applications were filed on the sanatedby KVL and Nor-Natur Aps, DK.

Knowledge produced by the project which can diyeb# introduced in organic agriculture without

the need of commercial product development by itréddgpartners, such as integration of existing
control measures in management systems, will benmagrcated to extension services and end-
users thereby facilitating a fast implementatiowiiganic agriculture.
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