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This project is funded by the
European Union‘s Seventh Framework Programme
(FP7/2007-2013) under Grant Agreement no 289497

The Newsletter will introduce participating partner institutions, »Latest
results«, a »Top-theme« and CO-FREE
in meetings and other events under the
headline »CO-FREE in the public«.
In our Newsletter the project consortium of CO-FREE wants to inform you
on developments and results from the
project. The aims of CO-FREE address
the development of innovative methods,
tools and concepts for the replacement of
copper in European organic and low input fruit, grapevine, potato, and tomato
production systems. The project provides
alternative compounds and ‘smart’ application tools, which are integrated into traditional and novel copper-free crop production systems. Apple, grapevine, potato
and tomato production systems will be
evaluated in a multi-criteria assessment
with respect to agronomic, ecologic and
economic performance. CO-FREE will
also work on strategies for ›smart‹ breeding goals by development of crop ideotypes and will foster acceptance of novel
disease-resistant cultivars by consumers
and retailers.

By involving farmers, advisors, plant
protection industry, policy makers and
researchers as well as the stakeholders
of the European organic and low input
sector (food supply chain, retailers, producers associations), CO-FREE wants to
ensure a rapid development, dissemination and adoption of the copper replacement strategies.
CO-FREE wants to ensure a rapid
development, dissemination and
adoption of the copper replacement
strategies
The multidisciplinary consortium of the
project includes 11 academic and 9 industry (all SMEs) partners from 10 European
countries. All partners are leaders in their
respective fields and/or are leading providers of advisory services to farmers, retailers, policy makers and other stakeholders in the organic and low input sector.
In order to learn more about the project
and its partners, each issue of the COFREE Newsletter will provide a »Who is
who« of the participating partner institutions, »Latest results« and a »Top-theme«
addressing in depth a significant aspect of

the project. Furthermore, the Newsletter
will inform about presentations of COFREE in meetings and other events under
the headline »CO-FREE in the public«.
In the first issue the »Top theme« reports on the development of strategies
to foster acceptance of new varieties, a
review undertaken by Louis Bolk Institute, The Netherlands. »Who is who«
presents the coordinating institute, Julius
Kühn-Institut (JKI), Germany, and the institute of the deputy coordinator, Institute
for Organic Agriculture (FiBL), Switzerland. Furthermore, you will find information on field trial results from the first
project year.
The CO-FREE partners hope, you enjoy
reading the Newsletter!
The CO-FREE coordination Team
Annegret Schmitt,
Sara Mazzotta and
Lucius Tamm
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Who is who in CO-FREE

Julius Kühn-Institut (JKI)
The Julius Kühn-Institut (JKI), Federal
Research Centre for Cultivated Plants
(www.jki.bund.de), is both a federal research institute and a higher federal authority. Its main office is located in Quedlinburg (Saxony-Anhalt). Currently, 1,200
staff members, of which 250 are scientists,
work in 15 specialized institutes or in one
of the service units, such as library, data
processing or administration.

The Institute for Biological Control in
Darmstadt is the only research institute
in Germany where the full spectrum of
disciplines in biological control is covered. Therefore, it plays a key role in the
development and evaluation of plant protection methods based on the use of natural antagonists of plant diseases and pests
(especially damaging insects and mites).
Another focus of the Institute is the development and evaluation of natural products to combat plant pests and diseases,
as well as the exploration of plant strengtheners that enhance the natural defense
mechanisms of plants.
1,200 staff members, of which 250
are scientists, work in 15 specialized
institutes

Julius Kühn-Institut (JKI),
Federal Research Centre for Cultivated Plants,
Darmstadt, Germany

JKI activities as a whole are centred on
cultivated plants as such. The JKI does
research in the fields of plant genetics,
cultivation of crops, plant nutrition, soil
science, plant protection and plant health.
Its broad competence enables the JKI to
develop holistic concepts for crop cultivation as a whole, ranging from crop production to plant care.

As part of the European efforts to reduce
the use of chemical pesticides, biological
control measures play an increasingly important role in plant protection practice.
The natural products department is led
by Annegret Schmitt, who´s group contributed substantially to development of
botanicals such as Milsana. She convenes
the IOBC-WPRS working group »Induced resistance in plants against insects
and diseases«. Current focus of the de-

partment is on the exploration of extracts
from licorice (Glycyrrhiza glabra) and use
of antagonistic bacteria and metabolites
against fungal plant diseases caused by
oomycetes. The scientific coordination of
CO-FREE takes place under the lead of A.
Schmitt with support by Sara Mazzotta.
Stefan Kühne (JKI, Institute for Strategies and Technology Assessment) is
involved in field testing of copper alternatives and strategies in potato. Eckhard
Koch (JKI, Darmstadt, Phytopathology
Department) and Dietrich Stephan (JKI,
Darmstadt, Microbiology and Bioengineering Department) are involved in
specific aspects of laboratory testing of
copper alternatives.

Annegret Schmitt

Dr. Annegret Schmitt
annegret.schmitt@jki.bund.de

Dr. Sara Mazzotta
sara.mazzotta@jki.bund.de
Julius Kühn-Institut (JKI)
Federal Research Centre
for Cultivated Plants
Institute for Biological Control
Heinrichstraße 243
64287 Darmstadt
Germany
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Research Institute of Organic Agriculture (FiBL)
The Research Institute of Organic Agriculture (FiBL; www.fibl.org) has approximately 140 staff members and is one
of the world’s leading organic farming
research and technology transfer centres
dedicated to sustainable agriculture. FiBL
focuses on applied soil and crop science,
socio-economic and veterinary research
and the dissemination of scientific findings to farmers, policy makers and other
stakeholders in the food supply chain.

The Research Institute of Organic Agriculture (FiBL)
Frick, Switzerland

The Crop Protection and Biodiversity Department led by Lucius Tamm has
extensive applied and strategic R&D and
technology transfer experience in crop
protection in vegetable, apple, grapevine
and other crops. Research has focused on
integration of novel crop protection strategies (including varietal resistance, agronomic strategies, decision support sys-

tems, and biopesticides) in low input and
organic production systems. Research has
also focused on development of strategies
for functional biodiversity in arable crops,
cabbage and apple production systems
and the implementation and assessment
of nature conservation schemes. L. Tamm
has recently contributed to the development of the regulatory framework for botanicals and biocontrol agents (REBECA,
OrganicInputs) and is currently involved in CO-FREE as deputy coordinator.
Hansjakob Schärer, Barbara Thürig, as
well as Claudia Daniel and Lukas Pfiffner
are involved in development of copper alternatives and field experiments in apple
and grapevine production.
FiBL – One of the world’s leading
organic farming research and technology transfer centres dedicated to
sustainable agriculture
FiBL hosted the project partners in
November 2012 for a project meeting in
Frick. It was a fruitful meeting at which
the whole consortium presented and
discussed the first results in a pleasant
atmosphere. L. Tamm provided a tour of
the institute including lab and field trial
facilities.

The CO-FREE group at the project meeting November 2012 in Frick, Switzerland

It was a very satisfying project meeting
as you can see on the group picture taken
outside the FiBL institute in Frick.
Lucius Tamm

Dr. Lucius Tamm
lucius.tamm@fibl.org
Research Institute
of Organic Agriculture (FiBL)
Ackerstrasse 21, Postfach 219
5070 Frick
Switzerland
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Development of strategies to foster acceptance of new varieties
A report on key obstacles and opportunities for market introduction of new
cultivars
Dr. Edwin Nuijten
e.nuijten@louisbolk.nl
Ing. Leen Janmaat,
Dr. Edith Lammerts van Bueren
Louis Bolk Institute (LBI),
Hoofdstraat 24,
3972 LA Driebergen,
The Netherlands

The substitution of copper through
novel alternative compounds, tools, and
production systems can reduce the environmental impact of copper use. One
key strategy to replace copper is the introduction of resistant cultivars. However,
previous studies have shown that the introduction of novel varieties often meets
substantial obstacles.
In this report key obstacles and opportunities for market introduction of
cultivars of apple, grapes and potato are
identified and described. A comparative
analysis is conducted based on literature
review, information on internet and interviews with key experts, mainly from
the organic sector.

The following solution pathways are
described:
a) make use of added value of varieties,
b) creating demand (pull effects),
c) well-coordinated marketing concepts,
d) new marketing concepts such as the
flavour group concept (Figure 1),
e) gradual introduction through shorter
chain (when limited funding) and
f) match varieties to food chain styles.
Potential obstacles and
learned are described.

key-lessons

Amongst the key-lessons are:
a) a shared language and common culture,
b) there must be a need that develops into
a pull factor,
c) for creating pull factors it is important
to involve others,
d) without push factor, no new things
happen
e) connecting pull and push factors: giving others the initiative and
f) new concepts needs to fit in existing
structures.
The complete report is accessible here

A key strategy to replace copper is
the introduction of resistant cultivars.
The comparison focuses strongly on
apple because much experience has been
gained with the introduction of resistant
varieties. As a theoretical framework cultural theory and the multi-level perspective have been used.

Figure 1: The three taste labels used by COOP: yellow (mild,
sweet) red (strong, rather sour) and green (spicy, sour)
(COOP 2012)
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Development of strategies to foster acceptance of new varieties
Within CO-FREE Louis Bolk Institute
(LBI) works in the Netherlands on strategies to promote new varieties of potato,
apple and grape

LBI gathered customer responses in two
locations of Boni supermarket during and
just after the introduction of the potato in
new packaging.

For this task, LBI can take advantage of experience in the Dutch project
BioImpuls, which is aiming at the improvement of organic potato cultivation in
the Netherlands. Some new breeds have
been developed and meanwhile, there
are varieties resistant to late blight (P. infestans) in production. Bionica is one of
these varieties with white flesh, which is
less common and accepted in the Netherlands. Farmer Niek Vos is the breeder
and owner of Bionica. This table potato is
since 2012 in the market under the name
“Niek‘s Witte” which means in English
“Niek´s white” and refers to the white color (Figure 2).

Some conclusions from these surveys
are:

• The 2 kg packaging line was less appealing to consumers who consume relatively little (single people, the elderly,
etc.).

Edwin Nuijten,
Leen Janmaat and
Edith Lammerts van Bueren

• The presentation in the action week
attracted the attention of the customer
and the price during the action week
seemed to match the expectations.
• No direct conclusions were possible
about the sales development and expectations after the action week. But
the product seemed to disappear into
the background and was quickly losing attention. The customers usually
choose for the bag that they are used
to purchase. An incentive for purchasing the alternative seemed gone.
• In addition to price/quality ratio also
the cooking property (waxy versus
floury) played a role in the choice.

Figure 2:
New design of the organic
resistant variety Niek‘s White
in the supermarket display

• The choice of packaging material supported the „organic“ origin of the product. With some customers, this leads
to the association “dusty, luxury and
expensive”. The response on the design
was variable, but generally positive.

It appears, that for some reason consumer acceptance for new varieties has to be improved!
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How did novel CO-FREE products perform in the first year of field experiments?
In CO-FREE field trials are performed
in apple against scab, in grape against
downy mildew and in tomato and potato
against late blight

The overall aim is to evaluate novel
techniques and technologies in the context of different copper-free production
systems. In apple these include

Project aims: In CO-FREE alternative
compounds are tested and strategies are
developed to substitute copper use. Field
trials are performed in apple against apple
scab (Venturia inaequalis), grape against
downy mildew (Plasmopara viticola), and
in tomato and potato against late blight
(Phytophthora infestans). In the trials also
secondary diseases are taken into account,
such as black rot in grape (Guignardia
bidwellii) and early blight in potato (Alternaria solani). Assessments include
yield, quality and impact on non-target
organisms.

(i) traditional, high density organic and
IPM plantations of scab-susceptible
cultivars in the main apple production
regions in Europe,

(ii) vineyards planted with interspecific, downy mildew tolerant cultivars
(France, Switzerland).

(ii) high-density, high yield production
systems with scab-resistant cultivars,
(iii) high-yield production systems that
include all preventive techniques to
lower disease pressure, as well as
(iv) innovative agro-forestry based apple
production systems that combine apple production and arable crops.
Trials are carried out in Northern Italy,
UK, France, and Switzerland.
In grapevine, we focus on use of alternative compounds and decision support
systems (DSS) in

Black rot infection on grape

France) and continental (Northern
Italy, Switzerland) wine production
areas in Europe, and

(i) traditional vineyards with downy mildew (Plasmopara viticola) susceptible
Vitis vinifera cultivars in the Atlantic (France), Mediterranean (Greece,

Late Blight in tomato

In the case of late blight, the development of copper-free management strategies in potato and in field tomato
production integrate novel alternative
compounds, DSS and cultivars not only
chosen for resistance towards late blight,
but also for other agronomic factors
(yield, quality, nutrient use efficiency).
Field trials are carried out in Germany,
France and Poland on potato and in Greece and France on tomato.

Despite of extremely and diverse weather conditions in 2012, CO-FREE
products led to disease reduction
and yield increase
Results: The year 2012 was a year with
extremely diverse weather conditions
in Europe. Field evaluation was conducted under a wide range of pedo-climatic
conditions, from very humid conditions
with extreme disease pressure to dry
conditions with moderate disease pressure. While in Northern Europe, humid
periods with low temperature strongly favored the disease development of downy
mildews, spring and summer in Southern
Europe was extremely dry so that downy
mildew infections hardly occurred at all.
In Poland, e.g. late blight infections progressed within 2 weeks from below 10%
to almost 100% in potato. An even more
disease-favoring situation was found in
Bretagne. At the same time, in SouthWest Greece, Peloponnese, where late
blight infections usually occur to a large
degree in the region, between mid May
and mid June temperatures climbed constantly from 24 to 32°C and stayed this
high for the rest of the season, while rain
was scarce. Even irrigation could not help
to increase disease symptoms, to percentages above 1.5 %.
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How did novel CO-FREE products perform in the first year of field experiments?
Despite of the inhospitable weather
conditions in the first year, field trials in
CO-FREE unraveled significant findings:
CO-FREE products applied as stop
treatment had promising effects on
primary and secondary infection of
apple scab on leaves

was close to or 100% on leaves and fruit. Treatments were carried out in weekly
intervals. Despite of the high disease severity, CO-FREE compounds showed up
to ca. 40% disease reduction on leaves
compared to the control calculated from
the area under disease progress curve
(AUDPC).

In apple cultivar Golden Delicious,
some effects of CO-FREE products on
primary infection of leaves with apple scab were observed when applied as
stop treatment in Northern Italy. Also
with respect to secondary infection, one
compound showed to be highly effective
when applied as stop treatment. Due to
frost, the number of fruits was too low for
assessments of fruit scab.
In grape, disease reduction up to
40% on leaves was achieved by COFREE products
In a grape trial in north-east Italy (S.
Michele a/A (Trento)) in the cultivar
Pinot Grigio SMA 514 on SO4 rootstock
(training system: pergola trentina (5.50 x
0.66m)), disease pressure was very high.
At the end of the trial disease severity in
leaves and grape bunches reached ca. 30%
and 65%, respectively. Disease incidence

Trial site apple at Laimburg North Italy

Multiple application of CO-FREE
products in the season showed no
negative side effect on yield in grape
In Greece a trial was performed on the
cultivar Agiorgitiko, in a vineyard in the
prefecture of Korinth, South Greece. Due
to the low disease incidence, no differentiation in effectiveness of treatments was
possible. However, due to the missing in-

fection, effects of test compounds on the
crop itself could be done. Trials showed
that regular treatments every 7 to 10 days
with CO-FREE alternative products from
beginning of May to beginning of September did not adversely influence yield
or quality of grapes, which e.g. in the case
of resistance-inducing compounds is a
crucial aspect and cannot be taken for
granted.
In Switzerland, a series of novel test
products was evaluated under extreme
conditions. The established standard strategies with copper were hardly capable to
control the downy mildew epidemic. Test
formulations of novel products developed
in CO-FREE were not yet able to significantly reduce disease severity. However,
the information gained in this first year
are fed back to the manufacturers, and
optimized formulations are in progress.
In potato CO-FREE products led to
an increase of yield, due to retardation
of infection with late blight
In potato in Germany, treatments were
applied after the prognosis model Ökosimphyt. Treatment with copper in
the cultivar Ditta resulted in 35% yield
increase (significant difference to control for p=0.1; Figure 3b, page 8) due to

Downy mildew on grape

retardation of disease development: 60%
disease severity was reached 7-10 days later than in the control (Figure 3a, page 8).
This was not observed in the cultivar Jelly
as late ripening variety. Treatments with
alternative compounds from CO-FREE
also retarded disease development and
resulted in a measurable, though non-significant yield increase of appr. 10% compared to the control (Figure 3b, page 8).
Storability/firmness of tubers was enhanced by all compounds and by copper.
Overall, in earlier ripening potato, our
alternative products were able to show
disease retardation that was intermediate
between copper and control. Field trials
for 2013 are in progress and results will be
reported in a later Newsletter.
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How did novel CO-FREE products perform in the first year of field experiments?

3a

Figure 3: Field trial in potato cultivar Ditta carried out at JKI Kleinmachnow (Germany) 2013.
UK: untreated control; Cuprozin fl.: Cuprozin flüssig (3x2.5 l/ha); CO-FREE24 and CO-FREE25: alternative test compounds
3a: Disease severity of late blight (Phytophthora infestans). The black line marks retardation of disease severity at a level of 60% by treatments with copper and alternative compounds.

3b

Figure 3: Field trial in potato cultivar Ditta carried out at JKI Kleinmachnow (Germany) 2013.
UK: untreated control; Cuprozin fl.: Cuprozin flüssig (3x2.5 l/ha); CO-FREE24 and CO-FREE25: alternative test compounds
3b: Yield of tubers
* = significant difference for p=0.1 (Simulate analysis)
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Exchange with stakeholders and experts in the field
CO-FREE was introduced on several
scientific conferences in 2012 and presentations on international and national
meetings will continue in 2013. Further
scientific exchange took place on bilateral
meetings between partners of the project
and e.g. the Chinese Academy of Agricultural Sciences and the Minister of Agriculture of Israel.

Impress:
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In the international conference “Future
IPM in Europe” held from March 19 to 21
2013 in Riva del Garda, Italy, CO-FREEwas involved as co-organizer.
Exchange with stakeholders and experts in the field is crucial for successful implementation of results
Recently, links between CO-FREE and
the EuroBlight network have been established via different partners of the project.
In a workshop organized by this network
from May 12 to 15 2013 in Limassol, Cyprus, the potato research in CO-FREE will
be presented.
Annegret Schmitt

Introduction

Structure of CO-FREE

Up to date in organic and low-input farming systems copper is still indispensable for control of important diseases caused by oomycetes (e.g. late blight of potato/tomato or downy mildew of grapevine) and diseases
caused by ascomycete fungi (e.g. apple scab). Since copper has negative side effects on earthworms, soil
microbial activity and aquatic organisms, its replacement is strongly desired.
In CO-FREE alternative compounds (Trichoderma atroviride SC1 and protein extract SCNB, yeast-based
derivatives, Cladosporium cladosporioides H39, oligosaccharidic complex COS-OGA, Aneurinibacillus migulanus and Xenorhabdus bovienii, sage extract, liquorice extract, PLEX and seaweed extract) are tested to
ﬁnally develop strategies to substitute copper use in European fruit, grapevine, potato, and tomato production systems. Strategies will include decision support systems, varieties and diverse cropping systems (Figure 1), such as traditional high yield, advanced high productivity and highly diversiﬁed low input agro-forestry
systems.

Alternative
Decision support
compounds / BCAs
systems

Varieties /
Breeding goals

Development of strategies for
cooper-free production

Apple
Venturia inaequalis

Grape
Plasmopara viticola

Tomato / Potato
Phytophthora infestans

Field trial results 2012
The year 2012 was a year with extremely diverse weather conditions in Europe. Field evaluation was conducted under a wide range of pedo-climatic conditions, from very humid conditions with extreme disease pressure to dry conditions with moderate disease pressure.

Apple
In apple, some effects
of CO-FREE products
on primary infection of
leaves with apple scab
were observed when
applied as stop treatment in Northern Italy.
Also with respect to
secondary infection,
one compound
Figure 2: Trial site Laimburg, Italy
showed to be highly
effective when applied as stop treatment.
In Switzerland, even the established standard
strategies with copper were hardly capable to control the downy mildew epidemic. Test formulations
Upper
of novel products developed in CO-FREE were
not
yet able to signiﬁcantly reduce disease severity.

Grapevine
In Italy, despite of the
high disease severity,
CO-FREE compounds
showed on grape leaves up to ca. 40% disease reduction compared to the control
calculated from the
area under disease
progress curve
Figure 3: Trial site Trentino, Italy
(AUDPC).
In Greece, due to low disease incidence, the inﬂuence of the alternative compounds on yield and
quality was evaluated. No difference was observed
which e.g. in the case of resistance-inducing compartpounds
CO-FREE
Poster
presented
atbeinternational
is a crucial
aspect
and cannot
taken for
granted.

Potato
In potato in Germany, treatments were applied after the prognosis model Öko-SIMPHYT (http://www.zepp.
info/ackerbau/75-kartoffel/61--oeko-simphyt). Treatment with copper in the cultivar Ditta resulted in 35%
yield increase (signiﬁcant difference to control for p=0.1; Figure 4b)) due to retardation of disease development: 60% disease severity was reached 7-10 days later than in the control (Figure 4a). This was not observed in the cultivar Jelly as late ripening variety. Treatments with alternative compounds from CO-FREE also
retarded disease development and resulted in a measurable, though non-signiﬁcant yield increase of appr.
10% compared to the control (Figure 4b). Storability/ﬁrmness of tubers was enhanced by all compounds
and by copper. Overall, in earlier ripening potato, our alternative products were able to show disease retardation that was intermediate between copper and control.

Julius Kühn-Institut (JKI)
Federal Research Centre for Cultivated Plants
Institute for Biological Control
Heinrichstraße 243
64287 Darmstadt
Germany

Cropping
systems

Socio-economic and
Ecological impact

Consumer
acceptance

Dr. Annegret Schmitt
annegret.schmitt@jki.bund.de
Dr. Sara Mazzotta
sara.mazzotta@jki.bund.de

Figure 1: Overview of structure and content of CO-FREE

Dr. Lucius Tamm
lucius.tamm@fibl.org
Research Institute
of Organic Agriculture (FiBL)
Ackerstrasse 21, Postfach 219
5070 Frick
Switzerland
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for the publication or, where not possible, to indicate the
copyright of the respective object. The copyright for
any material created by the authors is reserved. Any
duplication or use of such pictures, diagrams
or texts in other electronic or printed publications
is not permitted without the author‘s agreement.

9

