501452
REPCO

Replacement of Copper Fungicides in Organic Preoinictf Grapevine and Apple in Europe

Specific Targeted Research Project

Priority 8.1 Policy-oriented research

Publishable Executive Summary
Period 2

Period covered: from 1 Nov 2004 to 31 Oct 2005 teld preparation: 9 Dec 2005

Start date of project: 1 Nov 2003 Duration: IvNe®03 — 31 Oct 2007

Project coordinator:  Dr. J. Kohl
Project coordinator:  Plant Research International






REPCO 501452 Public Publishable Executive SumrmRary

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 stspwduring 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 developnw#nsustainable 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 delid¢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), Bornsest&b, 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-maittanns-heinz.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-daéction.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 (Prophytamselstrasse 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 the first reporting period weece dollect 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 covernirajlability and costs (economic feasibility),
acceptability for organic growing and human and-&octcology were carried out.

A first series of agents for Pv control was testedgrapevine leaf discs (WBI). Seven compounds
were indicated for further supporting tests so FABL screened several compounds against Pv in
indoors experiments and in a field experiment. Kadcried 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 the second reporting period wireselect 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 by WBI for Pv control capgvine in a leaf discs test system. To
improve the uptake of compounds into the leaf #sand the rain fastness surfactants and stickers
were used. Their action on the plant tissue (pbyio} 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 shouldulbghér investigated.

A total of 39 substances was tested by FiBL undetrolled 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.
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Four plant protection products that showed goodviact against Pv in indoor-screening
experiments of FiBL were tested outdoors in theecing vineyard and they were compared to five
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 by KVL for testing under orchard coodg at DIAS and PPO in spring/summer
2005. Eighty four compounds have been collecteah 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 by DIAS for thedfect to control apple scabvdénturia
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 amnuiit 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.

Development of novel biocontrol agents

Objectives during the first reporting period wewebtild up collections of micro-organisms isolated
from grapevine or apple leaves as candidates ftaganist 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 emn@ophytic micro-organisms isolated from
apple leaves were assessed (PRI). Twenty five datedi were applied in the orchard just before
leaf fall for screening against Vi ascospore proidumc Possible hyperparasites were isolated from
Vi infected leaf areas (>200 leaf samples; >40@aiss). Prophyta investigated the mass production
of various fungal isolates to assess the econowifigsroduction of candidate antagonists. The
economically sound production of various isola&snss to be feasible.

Objectives during the second reporting period werduild up collections of micro-organisms

isolated from grapevine or apple leaves as carebdir 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 potentiaantsts (Prophyta).

Fungal endophytes isolated from apple leaves wasesed by PRI 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
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strong block effect and an unexpected high vamatietween replicates of treatments was observed.
Three fungal isolates tended to reduce ascosparéuption by >70% in the 2 most reliable
experimental blocks.

A screening assay has been developed by PRI iabavttion 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 t8R?rophyta for testing their ability to produce
conidia on different agar media and solid subssratgng 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 usetiume 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).

Componentsfor | ntegrated Management Systems

Objectives during the first reporting period weoe(1) quantify the possible selection pressure of
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 b eawrms.

ETHZ studied the change in ratio of genotypes (digappearance/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 ar@GE-tools for analysing fungal and bacterial
communities in and on apple leaves. Applying theséecular tools will include evaluation of the
not yet cultured or unculturable micro-organismsaohare expected to be present in apple leaves.
Effects of cultural practises on micro-organismsurelly present on or in green and senescing
leaves and their interaction with Vi ascospore pobidn can now be evaluated. Samples from field
experiments aimed at stimulation of leaf decompmsivere obtained. Total microbial populations
were determined by plating endo- and epiphytic dréetand fungi. None of the treatments
stimulated microbial colonisation on or in leavBgveral treatments reduced the size of microbial
populations.

PPO carried out a literature review on (1) methtmsnonitor 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 the second reporting period wereg(l) quantify the selection pressure of
potentiators of resistance and organically basedjifides 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
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ascospore production; (3) to set up experimentigaindecomposition by earth worms with the aim
to increase palatability and consumption of apptés.

Isolates of Pv originating from cultivars RxS, M#rl Gamaret and Isabella were inoculated in
mixtures and singularly on treated (RxS) and unéct@RxS, Merlot, Cabernet Sauvignon, Gamaret
and Chasselas) leaf disks by ETHZ. From the regultesions, sporangia were collected and
reapplied to leaf disks of the same type threedinide highest number of sporulating leaf disks
was assessed for cultivar RxS and for the treasn€hitoplant, 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 ofivark Chasselas and RxS. The mutated allele
conferring resistance to strobilurins was deterhime26.67%, 84.55% and 49.70% (samples from
16.08.2004) of the analyzed samples collected mesvitreated with two test compounds and
untreated ones, respectively. In 2005, 1882 oitspare collected on untreated and treated vines (8
different treatments) on dates following importawfective events. Samplings were performed at
Fibl instead at IASMA, due to the late beginninglwé epidemic in S. Michele.

4244 lesions were collected on 7 dates, followimpartant infective events in a mixed cultivar
vineyard in Cugnasco (Ticino, Switzerland). Seyewas lower in the mixed blocks for cultivars
where higher severity was assessed (more susaeptilltivars: 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, SoBiaaca 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 fung@ample leaves treated by various treatments were
guantified by plating by PRI. Different from thestdts obtained in 2004, no treatment effect on
total bacterial or fungal populations could be disd.

DNA was isolated from 252 apple leaf samples. PGRIE 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. NMualriate statistics was applied to species
(DGGE) and environmental data. In 2003 no correfatvas found between microbial community
composition with number of ascospores and treatsndnt 2004 a correlation was found of the
community composition with the control treatmenisl @ne treatment. Treatments could not be
correlated with reduced numbers of ascosporesngaddi fingerprint data and use the amount of
ascospores as the only response variable, thesiepisssible relation of 2 fungal species and 4
bacterial species with reduced numbers of ascospdtas relation was confirmed with regression
analysis. Sequencing of bands from fingerprintd give a general identification of the species
which possibly counteract with the development ehwdria in apple leafs.

Three experiments were carried out on leaf decoitiposy earth worms with the aim to increase
palatability and consumption of apple leaves. Theas neither a positive nor a negative effect of
calcium hydroxide oi. terrestris. This is important since it is becoming a morarare common
treatment in organic orchards in the Netherlandsnduthe leaf fall period to control fruit tree
canker, caused by the funglectria galligena. Amino acids promoted leaf consumption by
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.

I ntegration of control measures

Objectives during the first reporting period weoectarry out field experiments in Italy (IASMA)
and France (GRAB) in grapevine on Pv control conmgrknown control measures incl. ‘pipeline’
products. Furthermore, two field experiments inlappn Vi control were scheduled in The
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Netherlands, one on combined applications of comteasures directed on the summer epidemics
and one on applications in autumn directed at doluof ascospore production (PPO).

Field experiments were carried out in Italy andni€gin grapevine on Pv control combining natural
compounds. In Italy (IASMA), all treatments, if cpared with the untreated control, 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 resistamteeéns were totally ineffective in controlling the
disease in the field.

In the two field experiments of GRAB (France), ditic conditions were not favourable for downy
mildew development and average severity never elexk&0 % in the non-treated control. Copper
(reference) was more effective than other prodtesged. In the experiment at Montélimar, two
compounds added to the lower dose of copper were eftective than the same dose of copper
alone.

Two experiments were carried out by PPO to meaappde leaf decomposition and ascospore
production of Vi Treatments were applied in autumn by sprayinghasore leaf fall or by dipping.
Leaf degradation was rather poor. Only urea (refe¥eenhanced leaf degradation. The numbers of
ascospores in the remaining leaf tissue were vanable. No differences between treatments could
be demonstrated except for urea.

During spring and summer, apple scab was contrdlledn experiment according to EPPO-
guidelines with natural compounds. Natural compsuwere 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 andseislg 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 the second reporting period vierearry out field experiments in Italy (IASMA)
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 rsaluof ascospore production (PPO).

In 2005, the disease pressure was very low inighe éxperiment of IASMA. Conditions were not
very suitable for efficacy testing of compoundsleaves and bunches because of low presence of
symptoms. Among 4 tested resistance inducers, @ign® 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 compowhdwed some phytotoxicity symptoms.
Application of other compounds tested did not regullower disease incidence or severity than
found for the adequate control treatment.

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

In additional experiments with potted plants, nofi¢he tested products showed any effect on Pv
on young leaves. On old leaves, only treatment$ wadpper (reference treatment) showed an
efficacy to protect vines against Pv. Selected ammgs had no effect when applied alone and had
no additional effect when associated with coppevelodose (compared to copper lower dose
alone).
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An experiment with 15 treatments was carried out PRO aimed at the stimulation of
decomposition of fallen apple leaves during wirged spring. Different from the field experiment
from 2003/2004, no increased decomposition wasdaiter 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 apglielsigh concentration of 600 I/ha. Applying
extra earthworms increased the decomposition witblodompared 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 compsboded a significant reduction of scab in
comparison with the adequate control treatment.

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 fundes 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 wilé published in research reports, scientific paper
and contributions to international workshops andgeesses. 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.

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 ftept filing will not be made public before being
protected by a patent. This will guarantee optimgbloitation of the results in respect to future
commercialisation by interested industries.

Knowledge produced by the project which can diyelo# introduced in organic agriculture without
the need of commercial product development by itndugpartners, such as integration of existing
control measures in management systems, will berragritated to extension services and end-
users thereby facilitating a fast implementationiganic agriculture.
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