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2. Executive summary  

The control of bacterial diseases of plants is largely based on the use of copper salts, which 

are some of the few chemicals still allowed also in organic agriculture. Unfortunately, copper 

derivatives cannot be degraded or destroyed in the environment, and thus treatments with 

copper derivatives used fungicides and bactericides contribute to its accumulation in soils 

more than any other agricultural activity. 

Cu tendency to accumulate in soil and water poses a serious threat to a wide range of 

organisms and microorganisms, and to their ecosystems. Studies were carried out in several 

European Countries to estimate copper content into the soil (2013, Science of the Total 

Environment; 2012, Environmental Pollution). Uncontaminated soils generally show a copper 

concentration ranging between 5 and 20 mg/kg of soil, unless copper is present in parent rock 

and natural minerals: in this case copper concentrations as much as 100 mg/kg of soil were 

reached. Unsurprisingly much higher copper levels were estimated in contaminated agro-

systems, ranging, ranging from 100 to up 1,280 mg/kg of soil, because of copper 

accumulation caused by the continuous use of copper salts as plant disease control products in 

the last two centuries. 

Accordingly, recent restrictions have been established within the EU countries concerning 

copper compounds used in plant protection and their maximum residue levels in food and 

feed (Directive 2009/37/EC; Regulation 396/2005/EC; Council Directive 91/414/EEC; 

Commission Regulation 149/2008/EC). The current annual permitted applied dose of 6 Kg 

copper per ha (Regulation 473/2002/EC) should correspond to an annual accumulation of 

about 5 mg copper kg-1 soil in the top 10 cm. Unfortunately, these data are purely theoretical 

and are actually known to be highly variable according to the composition and pH of the 

different soils. To better focus the environmental importance of this problem, the input of 

copper into European agricultural soils, included Italy and Spain, is around 504 tonnes per 

year (included that coming from manure and sludge), with a net input of about 400 tonnes per 

year, when considering output through crops (Scher, 2009). 

In this frame, it has absolutely also to be considered that climate changes are highly 

increasing potential for infection from several highly damaging plant pathogens, both fungi 

and bacteria. While for phytopathogenic fungi some promising alternatives to the use of 

copper derivatives are under study, in order to meet the needs related both to the protection of 

the environment and to the productivity of the agro-industry, no sustainable and alternative 

options have ever been investigated for plant pathogenic bacteria. Furthermore, applications 

of copper salts are even more strictly regulated and temporally limited within the EU 

countries when used against phytopathogenic bacteria (Commission Regulations 

396/2005/EC, 149/2008/EC): this poses huge difficulties in controlling plant diseases on 

perennial plants caused by destructive phytopathogenic Gram negative bacteria, such as for 

instance Pseudomonas syringae pv. actinidiae, that in 2010 caused economic losses reaching 

2 million Euros just in Italy, and that now is spreading in France, Spain, Portugal, Switzerland 

and other kiwifruit producing European countries. 

Moreover, copper-contaminated agricultural soils were proved containing high percentages of 

antibiotic resistant bacteria compared to non-contaminated soils. Therefore copper-

contaminated soils have to be considered a dangerous reservoir of genes for antibiotic 

resistance, easily transmitted to pathogenic bacteria infecting animals and humans, with a 

dramatic impact on their health. 

The added value of the project is the care and protection of the environment through the 

replacement of copper compounds used in agriculture to control bacterial diseases of 

vegetable and fruit crops. 

Furthermore, the project will also contribute to the resolution of the most pressing health 

problems for scientists and the public on a worldwide scale, that is the increasing and 
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alarming spread of antibiotic resistant bacteria, which quite often originate within natural 

environments. 

The significant environmental milestones of the project were reached through: 

- The demonstration of the use of synthetic peptides to possess anti-infective activity against 

P. savastanoi pv. savastanoi, P. syringae pv. actinidiae, and P. syringae pv. syringae, used as 

a model. These bacteria are the causal agents of Olive knot disease, of the emerging and 

highly destructive bacterial canker of kiwifruit, and of black pit of many Citrus species, 

respectively. They cause heavy damages in all European countries of the Mediterranean basin 

and currently, application of copper salts is still the only remedy to try to control the spread of 

these bacteria. 

- The demonstration of the compliance of synthetic processes for the anti-infective peptides 

with the current EU legislation (REACH 1907/2006), which regulates the production and 

import of chemical substances within the European Union. 

- The demonstration of the biotechnological synthesis of the anti-infective peptides 

- The demonstration of the use of these peptide molecules for control of bacterial disease of 

plants to replace and reduce copper compounds used in conventional and organic agriculture, 

in accordance with EC Regulation No 396/2005 of the European Parliament and of the 

Council on Maximum Residue Levels of pesticides in products of plant and animal origin, 

which fully harmonised the rules for pesticide residues in EU Member States. 

- The demonstration of the use of the AFTER Cu peptides specifically targeted towards 

bacterial virulence mechanisms, having no antibiotic-like activity, in order to avoid the spread 

of antibiotic resistance in environmental microbiota, with dramatic consequences on animal 

and human health. 

- The demonstration of the use of an eco-friendly biotechnological approach for the control of 

bacterial diseases of plants, which could be easily transferred to human and animal Gram 

negative pathogenic bacteria as well, being the target of the anti-virulence peptides highly 

conserved. 

 

Copper is an essential microelement whose presence into the soil is variable, according to the 

specific characteristics of the different soils. These parameters combine with physical and 

biological processes occurring in the terrestrial environments, such as leaching, runoff and 

uptake by microrganisms and plants. Moreover, these factors strongly influence copper 

bioavailability, which is defined as the portion of copper in the soil that is available for uptake 

by soil microrganisms/organisms and plants. 

The presence of copper into the soil copper is almost exclusively in the ionic divalent form 

Cu2+, and it is naturally attracted by negatively charged clay minerals, anionic salts and 

organic matter producing several metal-coordination compounds: the complete decomposition 

and mineralization of organic matter is indirectly prevented by copper, causing severe 

ecological imbalances in nutrient recycling. Copper is the third most abundant trace element 

in the human body, ranging from 1.4 to 2.1 mg/Kg of body weight in adults. The suggested 

average daily uptake of copper is about 0.4 mg for children and 1.2 mg for adults; its shortage 

in the human body frequently leads to an increase in several diseases. Copper is a cofactor for 

more than 13 enzymes, involved in energy production, prevention of anemia and bone 

diseases, and the reduction of cell damage. Moreover it is necessary in fetal and infant 

development and even for maintenance of connective tissue and pigmentation of hair and 

skin. On the other hand high concentrations of copper salts dangerously affect physiological 

and biochemical processes in microrganisms and higher organisms. In humans dramatic toxic 

reactions are observed in cases of excessively elevated intake, such as concentrations higher 

than 11.0 mg/kg body weight. The main target organs are liver, kidneys, non-striated and 

heart muscle tissues, and the brain. Therefore the World Health Organisation and the Food 
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and Agricultural Administration established that the daily mean intake of copper should not 

exceed 0.15 mg/Kg body weight. In this frame a great concern is given by the residual copper 

in vegetables and fruits for human consumption.  

The real first record of the agricultural use of copper salts dates back to 1761, when the 

antibacterial effects of copper sulphate preparations on seed grains were discovered. But the 

most important breakthrough of copper compounds use was in viticulture in 1880-1885, in the 

Bordeaux district in France: the French botanist Pierre-Marie Alexis Millardet treated vines 

with a paste of copper sulphate and lime in water, called the “Bordeaux mixture”, to make the 

grapes unattractive to birds and other animals. Surprisingly, grapevines appeared also to be 

less affected by downy mildew, the disease caused by P. viticola. Few years later the so called 

“Burgundy mixture” appeared, including copper sulphate and sodium carbonate. 

Moreover, the efficiency of copper salts against bacterial infections of plants was also soon 

discovered. In the middle of 20th century the production of fungicides based on copper 

compounds reached its golden age. Many different copper based fungicides were synthesised 

and launched on the market: the most widely used were copper sulphates, oxychlorides, 

acetates, carbonates, oleates, silicates, etc.. In 1995 copper solutions represented 20% of 

fungicide sales in the world. Consequently, many thousands of tons of copper compounds 

were and are still now used annually in agricultural practices worldwide. 

Unfortunately copper does not degrade into the environment and a high likelihood of soil 

copper accumulation results in particular from annual applications made on perennial 

cropping systems. 

Despite its negative eco-toxicological profile, the use of copper is still tolerated because of its 

properties as a wide-spectrum fungicide and bactericide. Copper compounds are the only 

chemicals allowed in organic agriculture, where strong disputes raised up since copper is 

more toxic and persistent than other synthetic pesticides. Although applications are made less 

frequently, copper is widely used also on annual crops. 

Therefore, the serious environmental concerns about the irreversible and cumulative effects of 

agronomic treatment with copper compounds prompted the EU and worldwide governments 

to set copper limits. The restrictions imposed within the EU on copper applications for plant 

disease control in agriculture stimulated the development of strategies to lower copper load 

into the topsoil, the optimisation of copper use, and the research of realistic and efficient 

alternative strategies. 

Several remediations of copper contaminated soils were explored: copper immobilization 

through pH variations, or organic matter addition, direct removal through acid washing and 

incineration, scavenging/sequestration through exopolymers, or active mixing of top and deep 

soils to dilute copper contamination, to end with plant uptake or phytoextraction. 

Unfortunately no one of those methods was proven practical in agronomic ecosystems. 

In a view of an optimization of the use of copper, it is essential to specify that the biological 

activity of copper is strictly dependent on its ability to exist in a “free” or “ionic” state. In the 

latter condition copper is very reactive against a broad spectrum of plant pathogenic fungi and 

bacteria. The amount of copper in the ionic state greatly increases at pH values lower than 6.5, 

and so does its mobility, as well as its fungicidal and bactericidal activity. Unfortunately, this 

reactiveness is also responsible for the phytoxicity of copper and thus, the challenging goal is 

to reach a balance between these two extremes. Several copper formulations with low total 

copper content have been developed in the last years to maximize the control per unit of 

metallic copper and minimize copper accumulation. These preparations show a favourable 

rate of metallic copper, which is responsible for the efficacy of copper-based plant protection 

compounds; often they contain relatively small amounts of metallic copper and specific 

ingredients to increase copper solubility, adsorption and distribution on the plant surface. 
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Among these novel products there are copper sulphate and copper oxychloride dispersions, 

and copper gluconate and copper amino/peptidate chelated formulations. Obviously the 

reduction of copper accumulation strongly relies on tailored application of copper 

compounds, which can be achieved with sophisticated software programs, taking into account 

several environmental conditions. 

The replacement of copper with more favourable alternatives is a high priority of European 

agricultural policy. Surprisingly no copper free substitutes of copper fungicides were already 

found, although some preparations appeared to have interesting potential that would need to 

be better explored and improved. 

Therefore a main objective of the project AFTER Cu was focused on the replacement of 

copper compounds as bactericides, which is a topic that until now has been quite 

underestimated, although extremely critical. 

As far as bacterial diseases of plants are specifically concerned, they are a major economic 

liability to agricultural production. Although bacterial diseases of plants are relatively few in 

comparison to those cause by viruses and fungi, they cause heavy economic losses worldwide. 

The diseases caused by phytopathogenic bacteria on vegetable and fruit crops may be 

destructive under adverse environmental conditions or in case of quarantine pathogens, such 

as Xanthomonas axonopodis pv. citri. It is quarantine bacterial phytopathogen for Europe 

where it is completely absent. It is the causal agent the Citrus canker disease, that resulted in 

the destruction of over 20 million trees in nurseries or groves in the Gulf States of USA, and 

the problem has not been resolved yet. Bacterial soft rots of fruits and vegetables was 

estimated to cause 50 to 100 million euros losses annually worldwide. Among the major 

threats for Europe, besides X. axonopodis pv. citri, there is the bacterial canker of kiwifruit, 

caused by P. syringae pv. actinidiae. In Europe this destructive bacterium was first isolated in 

Central Italy in 1992, although it started to give dramatic damages only in 2007-2008. In 2010 

it was estimated that economic losses, including those related to trade, reached 2 million 

Euros just in Italy, and it has to be considered that now P. syringae pv. actinidiae has spread 

in France, Spain, Portugal, Switzerland and other kiwifruit producing European countries. 

The control of bacterial diseases of plants is a considerable challenge in the agriculture 

practice because of the limited availability of bactericides, that are mainly copper and 

antibiotics. The control of bacterial plant diseases is best achieved using an integrated 

management approach, which combines the use of plant resistant varieties/cultivars/hybrids, 

proper cultural practices, biological control strategies and government regulatory measures to 

specifically prevent the specific spread of quarantine pathogens, ending with procedures 

involving the use of chemicals. The control and management of bacterial diseases of plants 

still relies mainly on applications of antibiotics and of copper salts. The use of antibiotics 

against plant pathogenic bacteria is not allowed in many European countries. Although the 

amount of antibiotics used on plants is negligible compared to medical and veterinary uses, 

undesirable effects either for the environment or for human and animal health have been 

observed. In particular, periodical applications of antibiotics in agriculture can select for 

bacteria resistant to these drugs, and thus increase the frequency in the environment of 

antibiotic resistance genes that can eventually be transferred into medically important 

bacteria. 

As far as copper is concerned, applications of copper derivatives against phytopathogenic 

bacteria are strictly regulated and temporally limited within the EU (Commission Regulations 

396/2005/EC and 149/2008/EC). On perennial fruit plants copper spraying is just allowed on 

the wooden parts of the plants and before the flowering season. But this measure poses huge 

problems for the control of many phytopathogenic bacteria, often entering into the plants by 

natural openings such as those present on the flowers. Furthermore, as already mentioned, 

phytopathogenic bacteria are very often resistant to copper. 
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Therefore there is a worldwide need for the reduction or replacement of pesticides such as 

copper in agriculture, and in particular the development of alternative compounds and/or 

methods for the control of plant bacterial diseases to be used in integrated crop management is 

a must. Among the most innovative approaches bacteriophages have been proposed as 

biocontrol agents for bacterial diseases of plants. However, at the moment phage therapy has 

still to overcome several challenges before becoming effective. 

 

At the end of the AFTER Cu project, the following specific technical objectives were 

achieved: 

 Recombinant synthesis of the AFTER Cu peptides Li27, AP17 and PSA21, as well as 

of their target HrpA, optimised at laboratory scale (100% - Action B2). 

 Accordingly, polyclonal antibodies against AP17, PSA21, and their target HrpA, were 

produced and used for peptides detection. 

 The AFTER Cu peptides obtained by chemical and recombinant synthesis were 

equally effective and stable, and the most performing and ecofriendly solvent was 

water (100% - Action B3). 

 Transgenic Tobacco and Kiwifruit plants for AP17 and PSA21, respectively, were 

obtained, demonstrated to be resistant to bacterial infection and thus used as positive 

control in demonstration trials on the AFTER Cu peptides anti-infective activity and 

stability (Actions B6 and C2). 

 The AFTER Cu peptides AP17 and PSA21 were demonstrated effective in controlling 

Psv strain Psn23 and P.syringae pv. tabaci, and Psa both in vitro, in vivo and in 

planta, when at 30-60 µM concentration (100% -Actions B5 and C3). 

 The AFTER Cu peptides effectiveness was demonstrated also on copper-resistant 

strains (100% - Action B7). 

 The AFTER Cu peptides did not possess any toxicity on plants, on soil microflora, on 

organisms and microrganisms commonly used for acute and chronic toxicity tests, and 

on universally conserved subcellular targets such as Ca
2+

-ATPase (100% -Actions B5, 

B6 and C3). 

 The AFTER Cu peptides have beneficial effect on microbial community structure, in 

comparison to copper-based treatment for control of bacterial plant diseases, and no 

selection and co-selection phenomena are triggered (100% - Action C5 and C6). 

 

Despite its negative eco-toxicological profile, the use of copper is still tolerated in Europe 

because of its properties as a wide-spectrum fungicide and bactericide. Copper compounds are 

the only chemicals allowed in organic agriculture, where strong disputes raised up since 

copper is more toxic and persistent than other synthetic pesticides. This problem is having a 

stronger impact in some sectors, such as viticulture: worldwide there are about 121,825 ha of 

organic vineyards, of which 100,000 ha just in Europe. Copper has been widespread used in 

conventionally managed vineyards as well at average rates of 1-2 Kg/ ha/year in Europe. It 

was reported that in the period 1996-2000, copper was applied at least once against potato late 

blight caused by Phytophthora infestans by 100% of the French farmers, 80% of the UK 

farmers, 65% of the Swiss farmers, 60% of German farmers, and by 45% of the Dutch 

farmers only during 1998 with exceptional permission. Up to 16 kg/ha/year of copper were 

declared by UK and French farmers, although the majority was around less than 7 kg/ha. 

Swiss farmers declared between 2 to 4 kg/ha/year of copper, while German farmers used less 

than 2 kg/ha/year. Several alternative products have been also applied by 60% of the farmers. 

Unfortunately low efficacy rates were reported by the farmers against P. infestans. 

Therefore, the serious environmental concerns about the irreversible and cumulative effects of 

agronomic treatment with copper compounds prompted the EU and worldwide governments 
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to set copper limits. Within the EU, limits to the use of copper compounds in organic 

production were introduced by the European Commission Regulation 473/2002/EC. Copper 

use is allowed up to 6 kg/ha/year, as specified in Regulation 889/2008/EC, detailing the rules 

for the implementation of Council Regulation 834/2007/EC on organic production. These 

limits were applied by most European countries, including Italy, France and Spain. According 

to the Commission Directive 2009/37/EC five different identities of copper compounds were 

included in Annex I of Directive 91/414/EEC and their use allowed at Community level. 

The restrictions imposed within the EU on copper applications for plant disease control in 

agriculture stimulated the development of strategies to lower copper load into the topsoil, the 

optimisation of copper use, and the research of realistic and efficient alternative strategies. 

The replacement of copper with more favourable alternatives is a high priority of European 

agricultural policy. The over-accumulation of copper in the soil reaching toxic levels, mainly 

due to agronomic practices, prompted the EU and the governments of European Countries to 

restrict and control the use of copper compounds. Their maximum residue levels (MRLs) in 

and on food and feed, both of plant and animal origin, were defined in Regulation 

396/2005/EC and have been recently amended by Commission Regulation 149/2008/EC. New 

MRLs for pesticides with copper as the active ingredient in and on several fruit and 

vegetables are now fixed at 5 mg/kg. 

Therefore this project strongly contributes to the Water Framework Directive 2000/60/EC and 

the Soil Thematic Strategy (COM(2006)231, 22.9.2006) implementation, by reducing copper 

entering the receiving waters and preventing its threats to soil, respectively. The Water 

Framework Directive 2000/60/EC of the European Parliament and of the Council of 23 

October 2000 establishes the legal framework for an innovative and unitary approach in water 

management across Europe, to protect and to restore clean water and to guarantee its 

sustainable use in a long-time period. It also sets specific deadlines for EU countries to adopt 

measures to protect aquatic ecosystems, together with several economic approaches for water 

management and services. In the Annexes of WFD and of Directive 2008/105/EC several 

priority hazardous substances whose presence in water has to be excluded or reduced have 

been reported, together with other pollutants such as selected existing chemicals, plant 

protection products, biocides, metals and other groups. In fact, concerning the control of 

emissions of chemicals into water, the WFD is also supported by other EU environmental 

legislation. In this frame environmental standards for copper and other metal contaminants in 

water were set out in WFD and other several EU Directives, to reduce or eliminate the risks 

posed by metals to the aquatic environment. In a comparative study carried out in several EU 

countries, copper concentrations in surface waters ranged from 0.0005 to 1 mg/litre, and 

copper levels in drinking-water vary from about 0.005 to >30 mg/litre with the primary source 

most often being the corrosion of interior copper plumbing. Although metals, copper 

included, are naturally present in the aquatic environment, their concentration can easily 

increase as a consequence of several indirect anthropogenic activities, such as their runoff into 

water from soil. This is particularly true for copper, used in form of several salts, as fungicide 

and bactericide in agricultural lands, where its fate is to accumulate and not to be degraded. 

This is one of the most obvious examples of the tight and important link existing between 

WFD and the EU Thematic Strategy for Soil Protection, aimed to several actions concerning 

soil, such as to prevent its degradation, to preserve its ecological and social functions, and 

also to remediate polluted and degraded soils. In fact, although the framework Directive of 

EU Thematic Strategy for Soil Protection defines as "soil" everything that is between the 

earth surface and bedrock, it is obvious that the reductions of soil contamination by several 

pollutants such as copper, that can be easily runoff into water from soil, would at the end 

result in the protection of aquatic ecosystems, as asked by WFD. 



Final report LIFE12 ENV/IT/000336  9 

In the AFTER Cu project we definitely demonstrated on a pilot scale the effectiveness and the 

potential benefits for the environment of the use of the anti-virulence peptides, in the respect 

the principles of the Directive 91/414/CEE and following legislation, concerning research 

field trials with novel and unregistered products and in compliance with good experimental 

practice.  

In this Final Report we explain in detail in the chapters 3 and 4 the technical and 

administrative basis topics and organisations of the project and in the chapters 5 and 6 the 

technical and financial results obtained at the end of the project. 

 

 

3 Introduction  

Environmental problem/issue addressed 

The perspective of the AFTER Cu project focused at demonstrating the anti-infective 

properties of innovative peptide molecules against Gram negative plant pathogenic bacteria. 

These molecules are specifically acting against virulence mechanisms universally present in 

pathogenic bacteria and, more importantly, without having any bactericide activity. 

The goal of the AFTER Cu project was the demonstration of environmentally friendly and 

sustainable strategies for the control of plant bacterial diseases, in a view to replace traditional 

copper compounds used in conventional and organic agriculture. Accordingly, recent 

restrictions established within the EU countries concerning copper compounds for plant 

protection will be met (e.g. Directive 2009/37/EC and Council Directive 91/414/EEC, and 

following legislation). 

The aim of the project pursued specifically by demonstrating the efficacy and reliability of 

antivirulence oligopeptide based molecules, to control the early steps of the interaction 

between a phytopathogenic bacterium and a plant. These molecules exhibit unique anti-

infective properties towards pathogenic bacteria, targeting those highly conserved 

mechanisms, through which the fate of the initial interaction between a pathogen and a plant 

comes to disease development.  

In preliminary studies carried out by the applicant working team, a 93% reduction of 

symptoms caused by P. savastanoi on Olive and Oleander plants was observed following the 

treatments with the oligopeptides proposed in this project and in absence of any copper 

application. 

 

Outline the hypothesis demonstrated by the project 

The AFTER Cu project aimed at demonstrating the use of innovative anti-infective peptide-

based molecules for the environmentally friendly and sustainable control of bacterial diseases 

of plants. The AFTER Cu project aimed at demonstrating the in vitro and in vivo effectiveness 

of these anti-infective peptides, by optimised pilot treatments on several model plants (Olive, 

Kiwi and Citrus) in order to replace the application of copper compounds in conventional and 

organic agriculture, for avoiding the environmental risks caused by the use of these 

compounds for plant protection by bacterial phytopathogens and according to restrictions 

recently established on this topic within the EU countries. 

The AFTER Cu project gave a major contribution to the protection of the environment, 

primarily by reducing the dramatic pollution derived by the accumulation of copper, 

following its use during agronomic practices for plant disease management through: 

• the design of peptide-based molecules specifically targeted towards a master virulence 

system highly conserved in Gram-negative bacteria, 

• allowing the development of a broad spectrum strategy against Gram negative 

phytopathogenic bacteria and the diseases they cause, 
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• having low or null ability to cause the onset and the spread of resistance, because not 

targeted towards functions related to bacterial viability, 

• not providing a persistent selection pressure causing in the environment the co-selection of 

bacteria resistant to antibiotics and/or to heavy metals, with dramatic consequences on 

animals and humans health, 

• chemically synthesised by a process in compliance with EU legislation, REACH document 

(CE) No. 1907/2006, and 

• whose biotechnological production was affordable, with null environmental impact, and 

• whose efficacy in bacterial diseases of plants was demonstrated in pilot studies carried out 

by the beneficiaries, using several model plants widely diffuse and economically important 

for the all Mediterranean countries of EU. 
 

Description of the technical solution 

The AFTER Cu project consisted on actions aiming to: 

1. demonstrate the negative environmental impact of the use of copper compounds for the 

control of bacterial diseases of plants. 

2. demonstrate the performances of the AFTER Cu anti-virulence peptides obtained by 

chemical and biotechnological synthesis, at laboratory, pilot and field scale, in compliance 

with REACH document of EU legislation and having null environmental, respectively, with 

performances against plant pathogenic bacteria in vitro, in vivo and in planta, more effective, 

specific and ecotoxicologically compatible than conventional copper compounds. 

3. demonstrate the chemical stability of the AFTER Cu anti-virulence peptides, produced by 

both chemical and biotechnological synthesis. 

4. demonstrate the project technical validity for optimising the up-scaling of treatments with 

the innovative anti-infective peptides, from laboratory to pilot scale. 

5. demonstrate the positive ecotoxicological profile of the anti-infective peptides. 

6. demonstrate the absence of any side effects of the anti-virulence peptides on common 

molecular targets of living organisms, at laboratory, pilot and field scale. 

7. demonstrate the absence of a direct selection operated by the anti-virulence peptides 

towards the emergence of bacteria resistant to the AFTER Cu anti-virulence peptides 

themselves, at laboratory and pilot scale. 

8. demonstrate the absence of an indirect selection operated by the anti-virulence peptides on 

copper- and antibiotic-resistant bacteria. 

9. demonstrate the short term environmental benefits and about some economic advantages 

from the use of the anti-virulence peptides in the control of bacterial diseases of plants. 

10. coordinate and manage the project and to disseminate the results of the project in view of 

a wide application within EU. 

 

Expected results and environmental benefits 

The project had the following technical results: 

• Increased (100%) specificity for the compounds used in the control of bacterial diseases of 

plants. 

• Positive impact of the AFTER Cu peptides on soil biology, on its enzymatic activities and 

on plant vigour, in comparison to copper treatments (65%) with positive impact. 

• Reduction of the toxicological impact on traditional test and subcellular targets in 

comparison to copper effect (50% - >100%) 

• Reduction (80%) of the chemical additives used in the recombinant synthesis of the AFTER 

Cu anti-virulence peptides in comparison to those used in conventional chemical process. 
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Accordingly the following long-term results are expected, and evaluated in the activities 

concerning the AFTER LIFE plan, and after a strong action by EU policy makers to booster 

the AFTER Cu technology application on a wide scale: 

• Long term reduction (80-100%) of copper pollution in agricultural soils following the 

reduction of copper by the replacements with the project anti-virulence peptides for the 

control of the Gram negative bacterial diseases of plants. 

• Increased performances in the control of the bacterial diseases of plants (45%) for the 

possibility to apply the anti-virulence peptides in period of plant life cycle critical for bacterial 

infections but during which copper treatments are not allowed. 

• Long term reduction (90%) of copper pollution in watercourses 

• Reduction (65%) of copper residues on fruit and vegetable for human and animal 

consumption 

• Increased quality (40%) of food and feed from vegetable origin with benefits on human and 

animal health 

• Short term reduction (85%) of copper and antibiotic-resistant bacteria in agricultural sites 

• Increased (45%) natural competence for suppression against plant pathogenic bacteria and 

fungi in agrosystems. 

• Long term reduction (60%) of the reservoir of environmental antibiotic-resistant bacteria 

and of their spread with reduction of the risks for the health of humans and animals. 

• Reduction (20%) of energy consumption used for remediation processes of copper-

contaminated soils 

 

 

Achieved results 

The AFTER Cu main output was the demonstration of an innovative and sustainable strategy 

for the control of bacterial diseases of plants, based on the use of anti-infective peptide 

molecules targeted towards highly conserved master pathogenicity systems of Gram negative 

bacteria. It contributes to reduce the ecotoxicological risks due to the copper accumulation in 

many agro-ecosystems, by providing an highly efficient and environmental compatible 

alternative to replace and/or reduce application of copper compounds for the control and 

management of plant diseases caused by phytopathogenic bacteria. 

The main technical achieved results of AFTER CU were: 

• The demonstration of the “green chemical” and recombinant synthesis of the innovative 

AFTER Cu anti-infective peptides. 

• • The demonstration of the in vitro and in vivo anti-infective activity of innovative peptides 

for control of bacterial diseases of plants. 

The demonstration of the in vitro and in vivo activity of the anti-infective peptides, obtained 

both by biotechnological synthesis and conventional chemical synthesis. 

• The demonstration of the absence of any side effects of the innovative AFTER Cu anti-

infective peptides on molecular targets present in any living organism, such as Ca
2+

-ATPases. 

• The demonstration of the absence of any side effects of innovative anti-infective peptides on 

composition of soil and epiphytic microflora, and on the frequencies of copper- and 

antibiotic-resistant bacteria. 

• The demonstration of optimised treatments with the innovative AFTER Cu anti-infective 

peptides on several model plants (e.g. Olive, Kiwifruit and Citrus spp.). 

 

The demonstration actions of the AFTER Cu project took place in three geographical areas: 

- Calabria and Emilia-Romagna regions in Italy, and 

- the Murcia region in Spain 
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Expected long-term results 

The project AFTER Cu strongly supports the EU policy about the development and 

promotion of innovative and sustainable methods in a view of replacing copper compounds in 

European agriculture production systems. The main focus of the present project is to bring 

innovation at long term in the control of bacterial diseases of plants through the development 

of peptide-based molecules, targeting the most important among the master virulence systems 

of Gram-negative bacteria. Also, the key of the proposed innovation is the use of a bactericide 

having low or null ability to cause resistance, because not designed to target functions 

essential for bacterial vitality. The long-term advantages which these molecules will bring 

along can be summarised as follows: 

• High affinity for their target, as demonstrated by UNIFI in preliminary studies. 

• Low environmental impact both in their production and application. 

• Broad spectrum strategy against Gram negative phytopathogenic bacteria. 

• Easily transferable strategy for the control of Gram negative pathogenic bacteria of humans 

and animals. 

• Opportunity of low impact biotechnological production, possibly at low costs if at industrial 

scale. 

The project viability has a great potential in terms of scientific, industrial, and environmental 

values. In fact the project experimentation is implemented in a very sensible sector, such as 

that related to copper pollution in agrosystems, and thus contributes to achieve the EU 

objectives concerning the reduction of copper treatments in agronomical practices. 

The decrease in copper accumulation in soil will also improve the quality of water-courses 

and will have a profound positive effect for resident plants, animals and microrganism and for 

the entire ecosystems. 

 

 

4. Administrative part 

 

4.1 Description of the management system 

The AFTER Cu project proceeds smoothly and all actions are completed or in progress as 

foreseen. During all project phase, the AFTER Cu project has benefited from close 

collaboration between all beneficiaries and has maintained close contact with all through 

different media: emails, telephone, meetings, etc.  

The AFTER Cu management process needed daily work to maintain a permanent flow of 

action with the aim of achieving the objectives set. The specific management activities carried 

out were: 

 Preparation of the Partnership Agreement (sent with the Inception Report) 

 Organization of Coordination meetings  

 Organization of Monitoring meetings  

 Organization of different phone and web meetings between some beneficiaries in order to 

plan and monitor the project technical activities 

 Continuous contact between all project beneficiaries for monitoring project activities 

 Preparation of material for meetings and dissemination events. 

 General actions and activities for the coordination of the project.  

 Management of the financial aspects of the project. 

 Monthly reports to the LIFE external team monitor on the evolution of the project.  

The management of the project was carried out in compliance with what was established in 

the proposal approved by the European Commission, with all partners acting in compliance 

with the Common Provisions and the Partnership Agreement.  
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The project management structure is very simple as only 5 beneficiaries, plus the EC and the 

LIFE external team. The following diagram provides information about the general 

management structure: 

 

 
 

Figure 1. AFTER Cu management structure. 

 

In particular, the AFTER Cu beneficiaries defined the following two management structures: 

 Technical Committee: 

 DISPAA: Stefania Tegli  

 ASTRA: Vanni Tisselli  

 SOLDANO: Maurizio Soldano  

 CEBAS CSIC: Carlos Izquierdo  

 ICCOM CNR: Emilia Bramanti  

 Administrative Committee: 

 DISPAA: Silvia Borselli  

 ASTRA: Elisabetta Baldassarri  

 SOLDANO: Domenica Timpano  

 CEBAS CSIC: Maria Teresa Hernandez  

 ICCOM CNR: Manuela Cempini  

 

Project beneficiaries have carried out different meetings in order to organize, coordinate and 

develop the project. The following coordination meetings were organized:  

 Progress and Coordination meetings: 

 Kick-off meeting, 10
th

 January 2014, at DISPAA premises in Sesto Fiorentino, 

Florence- Italy. 

 Progress and Coordination 6 month meeting, July 7
th

 2014, at the associated 

beneficiary CEBAS CSIC premises in Murcia - Spain.   

 Progress and Coordination 12 month meeting, at the associated beneficiary ASTRA 

premises in Faenza (Italy) on 22 January 2015 

 Progress and Coordination 18 month meeting at DISPAA premises in Sesto 

Fiorentino, Florence- Italy on 11 June 2015 

 Progress and Coordination 24 month meeting at the associated beneficiary ICCOM 

CNR premises in Pisa (Italy) on 16 December 2015 

 Monitoring meetings with LIFE’s External Assistance Team: 

DISPAA - 

EUROPEAN COMMISSION 

LIFE  
external 

monitoring 
team 

CEBASCSIC 

SOLDANO 
ICCOMCNR 

ASTRA 
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 Monitoring meeting June 6
th

 2014 at DISPAA premises in Sesto Fiorentino, Florence- 

Italy: Mr. Daniele Gallorini. 

 Monitoring meeting during the Progress 18 month meeting June 11
th

 2015 at DISPAA 

premises in Sesto Fiorentino, Florence- Italy: Mr. Carlo Ponzio 

 Monitoring meeting January 13
th

 2016 at DISPAA premises in Sesto Fiorentino, 

Florence- Italy: Mr. Carlo Ponzio 

In addition many phone and web meetings between some partners were organised in order to 

plan and monitor the project technical activities. 

 

4.2 Evaluation of the management system 

During all project phase, the 4 associated beneficiaries, ICCOM CNR, ASTRA, CEBAS 

CSIC and SOLDANO participated in project management activities keeping in smooth 

contact with the project coordinator and the other partners. In this sense, they prepared and 

attended the project management meetings and collaborated with the project coordinator 

(DISPAA) in the preparation of the Inception Report and of this Final Report, as set out in the 

project proposal. 

During all project phase, monitoring tasks have been carried out for each action, in particular: 

 DISPAA, as project coordinator, had continuous contacts with all project beneficiaries for 

monitoring project activities 

 DISPAA, as coordinating beneficiary, prepared and sent a monthly indication of 

operative activities to be done to all the partners 

 DISPAA, as coordinating beneficiary, every month sent a report to the monitor of LIFE’s 

External Assistance Team on the progress of the project, which allowed him to follow-up 

of the AFTER Cu project.  

As shown in the previous diagram reported above, the AFTER Cu beneficiaries added values 

were: 

 DISPAA, project coordinator, a public organisation expert in agricultural chemical 

analysis 

 CEBAS CSIC, a public organisation expert in soil and plant tests which has also provided 

demonstration plants in Spain 

 ICCOM CNR, a public organisation in Italy expert in chemical analysis 

 SOLDANO, a company responsible of demonstration plants in the south of Italy 

 ASTRA, a company responsible of demonstration plants in the north of Italy 
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5. Technical part 

5.1 Technical progress per Action 

 

5.1.1 Action B.1. Demonstration of the use of copper compounds for the control of 

bacterial diseases of plants important for the EU 

 

Starting date foreseen: 1
st
 of January 2014 

Actual start date: 1
st
 of January 2014 

End date foreseen: 30
th

 of June 2014 

Actual end date: 30
th

 of June 2014 

 

The results of the activities carried out in Action B.1 are defined in the following project 

Deliverable foreseen at the end of the 6
th

 Month of the project, and attached as annex to this 

Final Report: 

►Annex 1 Deliverable Action B1: Demonstration of the use of copper compounds for the 

control of bacterial diseases of plants important for the EU. 

 

Activities carried out 

Action B1 was carried out by DISPAA, ASTRA and ICCOM CNR as foreseen, and also by 

CEBAS CSIC which has got officially started on the  and ended on the, as scheduled in the 

project, and completed by 100%.  

 

This first Action had to demonstrate the performances of traditional copper compounds for the 

control and the management of diseases caused on plants by phytopathogenic bacteria, to be 

then compared with those obtained using the AFTER CU anti-virulence peptides in the 

development of several following Actions. To this purpose three important plant pathogenic 

bacteria for EU Mediterranean Contries were selected as a model: Pseudomonas savastanoi 

(Psv), P. syringae pathovar (pv.) actinidiae (Psa) and P. syringae pv. syringae (Pss), that are 

the causal agents of Olive knot disease, of the emerging and highly destructive bacterial 

canker of kiwifruit, and of black spot/pit of many Citrus species, respectively (Figure 1). 

 

 

 

 
 

 

Fig.1. Disease symptoms caused by Psv, Psa and Pss on olive, kiwifruit and citrus, respectively  

(from left to right). 
Tests have been carried out on a laboratory and pilot scale, on plants artificially inoculated 

and grown in Italy and Spain, previously treated or not with copper as a traditional and 

common preventive mean of control against bacterial phytopathogens. Pilot indoor scale 

pathogenicity trials were carried out at CEBAS CSIS (kiwifruit, olive and citrus), while 

experimental outdoor plots were prepared at ASTRA srl (kiwifruit and olive) and at Fattoria 

Soldano (kiwifruit, olive and citrus) (Figure 2). At DISPAA laboratory pathogenicity trials 

were also carried out, on in vitro Olive, kiwifruti and also Tobacco and other Nicotiana 

species, that were used as a model in vitro plant system, for both for comparison with the data 

obtained on adult plants and to overcome some experimental problems tipically encountered 

when working on adult plants (Figure 2). Nicotiana spp. were challenged using the 



Final report LIFE12 ENV/IT/000336  16 

phytopathogenic bacterium P. syringae pv. tabaci (Pst), which is a very close relative to Psv, 

Psa and Pss. 

A 

 

B 

 

C 

 

Fig.2. Plants used for Actions B1 activities at CEBAS CSIS (A), ASTRA srl (B) and DISPAA (C). 
 

Problems encountered 

No particular problems have been encountered during this Action B1, except the very bad 

climatic conditions occurring during the 2014 spring and late spring in Southern Italy, which 

slowed the sperimentation to be carried out on Olive, Kiwifruit  and Citrus at the experimental 

plots set up at Fattoria Soldano. Nevertheless, this action was completed by 100%, as 

scheduled. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action B1 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 1 Deliverable B1.  

The expected results were: 

• Study on the performances and efficacy of copper compounds for the control of Psv, Psa 

and Pss. 

• Evaluation of the negative effects of copper on the epiphytic populations of Psv, Psa and 

Pss, related to the emergence of copper- and antibiotic-resistant strains. 

The expected results were fully achieved, as described in the Annex 1 Deliverable B1.  

To this aim, firstly phytosanitary services in Italy and Spain were asked to ascertain which 

one were the most used copper compounds for the control of phytopathogenic bacteria, and 

the suggestion give was to prefer copper sulphate based commercial formulations to those 

with copper oxycloride. Therefore copper sulphate was selected and then used throughout the 

Action B1 activities. In vivo artificial bacterial infections were carried out seven days after 

performing copper treatments (100 and 200 µM at copper ions). Control plants were not 

treated and used for comparison. Copper accumulation on plants was verified by ICCOM 

CNR. Performances of copper treatments were evaluated after three months from infections, 

confirming copper efficacy in plant disease control although not a fully rate. The failures 

observed about copper performances in controlling bacterial disease were here demonstrated 

to be definitely explained on the basis of two main facts: i) the thresholds for copper toxicity 

on bacteria are higher than those on plants (Figure 3), ii) copper applications cause the 

emergence/increase of epiphytic bacterial strains resistant to copper, and even streptomycin.  
Fig. 3. Copper sensitivity and resistance/tolerance 

were assessed on Psv, Psa and Pss, and on other P. 

syringae species on GM medium added with several 

copper sulphate concentrations, ranging from 10 

µM to 2 mM. 

 

Fig. 4. Copper phytotoxicity was assessed on in 

vitro N. benthamiana plants treated or not (control 

plants) with copper sulphate (120 µM and 500 

µM). 
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Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

stakeholders interested to monitor the effects deriving from copper pollution in 

agroecostystems, such as Confagricoltura Toscana, and to be part of operative groups working 

on this topic.  

  



Final report LIFE12 ENV/IT/000336  18 

5.1.2 Action B.2 Demonstration of the qualitative and quantitative yields of conventional 

chemical synthesis and biotechnological synthesis of the anti-virulence peptides at 

laboratory scale 

 

Starting date foreseen: 1
st
 of April 2014 

Actual start date: 1
st
 of April 2014 

End date foreseen: 31
st
 of March 2015 

Actual end date: 31
st
 of March 2015 

 

The results of the activities carried out in Action B.2 are defined in the following project 

Deliverable foreseen at the end of the 9
th

 Month of the project, and attached as annex to this 

Final Report: 

►Annex 3 Deliverable Action B2: Demonstration of the qualitative and quantitative yields of 

conventional chemical synthesis and biotechnological synthesis of the anti-virulence peptides 

at laboratory scale.  

 

Activities carried out 

Action B2 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR and ASTRA, as 

foreseen, and completed by 100%.  

 

This action has to demonstrate and experimentally compare the efficiency and the yields of 

the chemical and biotechnological synthesis of the AFTER CU anti-infective peptides, in 

view of the future application in bacterial diseases of plants. 

The conventional chemical synthesis of peptides is today an easy process, although still quite 

expensive and time consuming, both on liquid- and solid-phase. On the other hand, both 

research and the market face the challenge to produce peptides and proteins in industrial/semi-

industrial quantities at low cost. Therefore the biotechnological approach, with the production 

of recombinant peptides by using microrganisms such as Escherichia coli is becoming 

increasingly attractive to synthesize high-quality peptides with a low or null level of 

impurities, in compliance with REACH EU regulation, and several economic advantages.  

The detailed description of AFTER CU Action B2 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 3 Deliverable B2. Several AFTER CU anti-infective peptides (i.e. AP17 and Li27) 

were synthesized following two different strategies, which were initially focused on a 0.05 

mmol scale, to be then upgraded. Preliminary experiments showed the solid-phase method 

preferred to that on liquid-phase. The purity and identity of the AFTER CU peptides were 

established by analytical HPLC and electrospray ionization mass spectrometry (ESI MS) 

(Figure 1). The desired peptides were isolated in 80% average yield. By a single run of 

preparative HPLC, 5 mg were obtained with a 93% purity and 12 mg at 72%. 

 

Fig. 1. HPLC and ESI-MS profiles of anti-infective peptides produced by chemical synthesis.  

As an example, data referred to peptide Li27 are here reported. 
 

The biotechnological synthesis at laboratory scale of the AFTER CU 

anti-infective peptides was set up. In these first months for Action B2 

development, demonstration activities were mainly focused on 

peptides AP17 and Li27. Using the same experimental protocols, the 

peptides’ target protein HrpA was also produced as a recombinant 

protein, to be used in the development of several following Actions 

aiming to demonstrate anti-infective peptides activity. 

The experimental approach used was based on the pET200 D-TOPO expression vector and 

ProBond purification system (Invitrogen, Life Technologies, USA). The gene sequences 
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coding for peptides AP17 and Li27, and for HrpA protein were synthesized and separately 

cloned into pET200 D-TOPO expression vector (Figure 2).  
 

 
Fig. 2. Recombinant expression plasmids 

pET200D-TOPO+ HrpA and pET200D-

TOPO+ AP17 

 

 

 

 

Fig. 3. Optimization of induction of E. 

coli strains containing the recombinant 

peptides/protein expression pET200D-

TOPO+ HrpA,  pET200D-TOPO+ 

AP17, pET200D-TOPO+ Li27.  

As an example, data referred to HrpA 

protein are here reported. 

These recombinant plasmids were introduced into E. coli strains BL21 and C41, and the 

transformed bacteria were then used to optimize the procedure for AP17 and Li27 peptides, 

and their HrpA target protein. The results about recombinant peptides and HrpA protein 

production were checked by polyacrylamide gel electrophoresis (Figure 3). The successful 

purification of peptides’ target protein HrpA as a recombinant and under native conditions 

was already achieved, as well as for AP17 and Li27 peptides for which further studies are 

needed to better optimize the purification protocol. As far as yields from recombinant 

biotechnological approach are concerned,  up to now 14-25 mg of proteins were obtained 

from a 50 mL E. coli culture for both Hrpa, AP17 and Li27, thus suggesting very good yields 

in comparison with those of chemical synthesis.  

 

Problems encountered 

No particular problems have been encountered during this Action B2, and this action was 

completed by 100%, as scheduled. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action B2 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 3 Deliverable B2.  

The expected results were: 

• Demonstration of the chemical and biotechnological process for the synthesis of the anti-

virulence peptides at laboratory scale. 

• Demonstration of the synthesis of oligopeptides in compliance with REACH regulations. 

• Demonstration of the synthesis of oligopeptides on liquid phase. 

• Demonstration of the synthesis of oligopeptides on solid phase using an automated 

synthesizer. 

• Demonstration of the synthesis of oligopeptides using E. coli BL21 with the use of vector 

pET29a. 

• Demonstration of the purification method for oligopeptides isolated from E. coli culture. 

• Demonstration of the purity assessment procedure for oligopeptides through HPLC and 

mass spectrometry. 

 

The expected results were fully achieved, as described in the Annex 3 Deliverable B2, and 

this action was completed by 100% as scheduled. Chemical and  recombinant approaches 

were carried out and optimized at laboratory level to obtain antimicrobial peptides useful in 

phytoiatry to control bacterial diseases. At laboratory scale the results obtained were more 

than satisfactory for both these strategies, although the extraction of recombinant proteins by 

the bacterial cultures was found more difficult to set up than expected and as generally 
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reported in literature. Yields and purity assessment was carried out through HPLC, mass 

spectrometry, and also by FTIR. To this concern, a specific protocol was developed, 

optimized and demonstrated useful to compare the main features essential in the interaction 

between the AFTER Cu peptides and their targets obtained by chemical or recombinant 

synthesis. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies and international research groups, interested in the production of anti-infective 

peptides. Moreover, Tuscany Region and Confagricoltura Toscana as well expressed their 

interested on this topic. 
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5.1.3 Action B.3 Demonstration of the chemical and biological stability of anti-virulence 

peptides produced by conventional chemical and biotechnological synthesis 

 

Starting date foreseen: 1
st
 of April 2014 

Actual start date: 1
st
 of April 2014 

End date foreseen: 31
st
 of March 2015 

Actual end date: 31
st
 of March 2015 

 

The results of the activities carried out in Action B.3 are defined in the following project 

Deliverable foreseen at the end of the 6
th

 Month of the project, and attached as annex to this 

Final Report: 

►Annex 4 Deliverable Action B3: Demonstration of the chemical and biological stability of 

anti-virulence peptides produced by conventional chemical and biotechnological synthesis.  

 

Activities carried out 

Action B3 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR and ASTRA, as 

foreseen, and completed by 100%. 

 

This Action B3 has to demonstrate one of the most challenging aspect of the design and the 

development of novel compounds for plant disease control, including those against 

phytopathogenic bacteria, that is to  demonstrate their chemical and biological stability on the 

plant surfaces and/or into the plant apoplast. To this purpose, pathogenicity trials were carried 

out on in vitro Oleander plants with Psv strain Psn23, that is one of the phytopathogenic 

bacteria here used as a model, in presence of 5 µL/inoculum of a 30 µM aqueous solution of 

peptides AP17 and Li27. The results obtained are very important and suggest a quite good 

level of chemical and biological in planta stability for these peptides. In fact, 14 days after 

Psn23 inoculation no symptoms were visible on peptides’ treated plants (Figure 1). 
Fig.1. Inoculation trials on in vitro Oleander plants 

challenged with Psv wild type (Psn23) and its non 

pathogenic mutants ΔhrpA (unable to produce HrpA 

protein). Psn23 was also co-inoculated with peptide AP17 

and Li27, in 30 µM aqueous solution. 

Pictures taken 14 days after inoculation and peptides’ 

treatment.     

 

I 

In order to be able to experimentally and 

directly demonstrate that the AFTER CU anti-

infective peptides are not readily degraded into 

biologically inactive products when in planta, 

allowing the maintenance of an acceptable anti-

virulence effect, it is also essential to set up and 

develop some tools, such as antibodies specific 

for anti-infective peptides and their target 

protein HrpA. 

To this aim HrpA and peptides produced by recombinant synthesis (according to Actions B2) 

will be really useful to detect and maybe quantify anti-infective peptides and their target 

HrpA. Conversely, in the present Action B3 a tool was developed, which was firstly useful as 

positive control in its demonstration activities, but also very supporting for the activities of 

Actions B2, B4, C2, C3, and C4 as well. Briefly, using the binary vector pCambia1305.2, 

carrying a signal peptide determining apoplastic localisation of any recombinant protein 

coded by this plasmid, the two recombinant plasmids pCambia1305.2-LI27 and 

pCambia1305.2-AP17 were obtained. These plasmids, coding for the LI27 and the AP17 anti-

infective peptide, respectively, were electroporated into Agrobacterium tumefaciens EHA105 

strain, and used the transient expression of these peptides in planta, using both Tobacco and 

in vitro Oleander plants challenged with Psn23 (Figure 2).  
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Fig.2. Inoculation trials on in vitro Oleander plants 

challenged with Psv wild type strain Psn23 alone or with 

A. tumefaciens carrying pCambia1305.2-LI27 and 

pCambia1305.2-AP17 recombinant plasmids, inducing 

transient expression of each of these peptides by the 

plant. 

Pictures taken 14 days after bacterial inoculation.    

 

Transient transformation of plants producing the 

AFTER CU anti-infective peptides was proved to 

be a useful and powerful instrument to test the 

efficacy and the stability of the molecules under 

investigation. Transient expression of LI27 and 

AP17 in Tabacco and Oleander suggested that the 

chemical and biological stability into the plant 

apoplast of the anti-virulence peptides are quite 

high, according to their demonstration of efficient 

competitors of T3SS, preventing the onset of 

bacterial disease symptoms. 

 

 
Fig. 3. Regenerating Tobacco shoots transformed by  

A. tumefaciens EHA105 strain. 

Confirmation of these data were achieved when 

obtained fully-grown transgenic plants Tobacco 

and Kiwifruit, expressing peptides LI27 and 

AP17, and PSA21 respectively. These plants were 

demonstrated resistant to P. syringae pv. tabaci 

and Psa, respectively (Figure 3). 

 

Problems encountered 

No particular problems have been encountered during this Action B3, and this action was 

completed by 100%, as scheduled. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action B3 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 4 Deliverable B3.  

The expected results were: 

• Demonstration of the most performing solvents to be used for the in planta application of 

the antivirulence peptides. 

• Demonstration of the chemical and biological stability of the innovative anti-virulence 

peptides. 

 

The expected results were fully achieved, as described in the Annex 4 Deliverable B3, and 

this action was completed by 100% as scheduled. The chemical and biological stability of the 

AFTER CU anti-virulence peptides was demonstrated using various approaches. After 

demonstrating water as the most performing and less pollutant solvent, a 30 µM aqueous 

solution of peptides AP17 or Li27 was assessed able to block the onset of symptoms on in 

vitro Oleander plants inoculated with Psv strain Psn23. Moreover, these peptides were proven 

able to prevent HR on Tobacco caused by Pseudomonas spp. here used as a model. Their 

chemical and biological stability was definitely assessed also by using transgenic plants and 

bacteria expressing the AFTER Cu peptides. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the activity in plant 

protection production of the AFTER Cu anti-infective peptides, such as Confagricoltura 

Toscana, Tenuta di Bibbiano, Castello di Volpaia.  
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5.1.4 Action B.4 Demonstration of Kilo-scale biotechnological synthesis of the anti-

virulence peptides by recombinant technology 

 

Starting date foreseen: 1
st
 of July 2014 

Actual start date: 1
st
 of July 2014 

End date foreseen: 30
th

 of June 2015 

Actual end date: 30
th

 of June 2015 

 

The results of the activities carried out in Action B.4 are defined in the following project 

Deliverable foreseen for the 20
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 8 Deliverable Action B4: Demonstration of Kilo-scale biotechnological synthesis of 

the anti-virulence peptides by recombinant technology.  

 

Activities carried out 

Action B4 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR and ASTRA, as 

foreseen, and completed by 65%. 

In this Action the demonstration for large-scale industrial production of the anti-virulence 

peptides by an innovative recombinant approach has to be performed. According to the 

recombinant approach applied and optimised at laboratory scale in the Action B2, a scaled up 

method was designed and applied. Culture volumes of 2-10 liters each were prepared of 

recombinant E. coli expressing the gene for AP17 and PSA21 synthesis. For comparison and 

for experimental purposes, the target protein HrpA was also expressed and purified. The time-

course of the expression level was successfully determined, and the optimal conditions for the 

AFTER Cu peptides recombinant synthesis were defined, and the quality and purity of the 

anti-virulence peptides will be checked by HPLC.  

 

Problems encountered 

Problems were encountered with the purifications steps, using His-tag affinity 

chromatography, related to the high volumes to be processed. Therefore, the affinity 

chromatography can be considered a feasible approach when at laboratory level, but it has to 

be considered unsuccessful when at pilot level for kilo-scale production of recombinant 

peptides. To this aim, contacts have been already established with companies involved in the 

production of recombinant proteins/peptides to design a proper strategy for the kiloscale 

biotechnological synthesis of the AFTER Cu peptides, given the demonstration of their 

promising activity against Gram negative phytopathogenic bacteria and therefore about their 

realistic applicability into the field. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action B4 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 8 Deliverable B4.  

The expected results were: 

• Demonstration of the most performing conditions for the pilot scale production of 

recombinant anti-virulence peptides. 

• Optimization of the process for the pilot scale synthesis and purification of recombinant 

anti-virulence peptides. 

The expected results were partly achieved, as described in the Annex 8 Deliverable B4, and 

this action was successfully completed by 64%. In fact, the scale up production of AFTER Cu 

peptides by DNA recombinant technology has produced a not very high yield. The amount 
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obtained is not proportional and affordable, in comparison to chemical synthesis and 

concerning time and employed costs. Nevertheless, the recombinant strategy still remains the 

more preferable procedure, also in view of an eco-friendly production for the AFTER Cu 

peptides. Therefore, an alternative strategy for the more effective production of recombinant 

peptides on industrial scale should be further evaluated, working in close relationship with 

biotech companies involved in this sector and interested in the AFTER Cu technology.  

 

Perspectives for continuing the action after the end of the project 

After the end of the AFTER Cu project, the coordinator has been contacted by companies and 

international research groups, interested in the production of anti-infective peptides to Kilo-

scale level, such as Next Genomics and RSM Montale.  
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5.1.5. Action B.5 Demonstration of the null toxicity profile of the anti-virulence peptides 

on model organisms and microorganisms 

 

Starting date foreseen: 1
st
 of July 2014 

Actual start date: 1
st
 of July 2014 

End date foreseen: 30
th

 of June 2015 

Actual end date: 30
th

 of June 2015 

 

The results of the activities carried out in Action B.5 are defined in the following project 

Deliverable foreseen for the 9
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 5 Deliverable Action B5: Demonstration of the null toxicity profile of the anti-

virulence peptides on model organisms and microrganisms.  

 

Activities carried out 

Action B5 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR and ASTRA, as 

foreseen, and completed by 100%. 

This Action has to demonstrate the absence of any toxicity of the AFTER CU anti-virulence 

peptides, using several in vitro assays carried out on several microorganisms and organisms 

officially used as models, useful for assessing both short-and long-term toxicity. The 

experiments carried out were performed on several model bacteria, such as E. coli, Bacillus 

cereus and Staphylococcus aureus, and fungi and yeasts (Candida albicans and Saccaromyces 

cerevisiae) with antibiotic activity above 300-1,000 µM. Concerning the eukaryotic 

organisms Daphnia magna and Artemia salina, no toxicity was detected below 300 or 1,000 

µM concentration (Fig. 1).  

 
Fig. 1. Daphnia magna and Artemia salina used for 

toxicity tests on the AFTER Cu peptides 

 
 

Moreover, no toxicity was found for the AFTER CU anti-virulence peptides AP17, Li27 and 

Psa21 when tested by Microtox
®
, which is officially accepted for several environmental and 

industrial applications, such as for testing the toxicity of pesticides and other inorganic and 

organic chemicals (Figure 2). 
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In view of their potential application for plant protection against Gram negative bacteria, the 

AFTER Cu peptides were tested for their phytotoxic activity using rye grass seeds. The results 

were really encouraging, because they were demonstrated to be no phyotoxic. Conversely, 

they showed a sort of biostimulant effect at the concentrations demonstrated to be effective in 

plant protection (Figure 3). 

 
 

Therefore, overall these results are really promising, considering that the anti-virulence 

activity of the AFTER Cu peptides was demonstrated to be at concentrations 30, 60 and 100 

µM  (as reported in the specific Actions of this project on their biological activity), which are 

definitely lower than those giving some toxicity. 

 

Problems encountered 

No particular problems have been encountered during this Action B5, and this action was 

completed by 100%, as scheduled. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action B5 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 5 Deliverable B5.  

The expected results were: 

• Determination of toxicological profile of the anti-virulence peptides on microorganisms and 

organisms used as a model. 

Therefore, the expected results were fully achieved, as described in the Annex 5 Deliverable 

B5, and this action was completed by 100% as scheduled. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the activity in plant 

protection production of the AFTER Cu anti-infective peptides, such as Next Genomics, RSM 

Montale, Confagricoltura Toscana, Tenuta di Bibbiano, Castello di Volpaia.  
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5.1.6. Action B.6 Demonstration of the anti-virulence peptides in vivo performances at 

pilot scale level in field screenings 

 

Starting date foreseen: 1
st
 of October 2014 

Actual start date: 1
st
 of October 2014 

End date foreseen: 31
st
 of December 2015 

Actual end date: 31
st
 of December 2015 

 

The results of the activities carried out in Action B.6 are defined in the following project 

Deliverable foreseen for the 24
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 9 Deliverable Action B6: Demonstration of the anti-virulence peptides in vivo 

performances at pilot scale level in field screenings.  

 

Activities carried out 

Action B6 was carried out by CEBAS CSIC, ASTRA and Fattoria Soldano, as foreseen, and 

completed by 100%. 

In this Action, the anti-virulence properties of the AFTER Cu peptides were demonstrated in 

planta. To this aim, co-inoculation assay of the model phytopathogenic Pseudomonas bacteria 

here with the AFTER Cu peptides were performed on their specific host plants, at the two 

concentrations of 30 and 100 µM. Their anti-infective properties were assessed and evaluated 

for Psn23, Psa and Pss, on Olive, Kiwifruit  and Citrus, respectively. For Psn23 and Pss, the 

peptide AP17 was used, while the peptide PSA21 was tested against Psa. In particular, for 

Psa the “infective rainfall” method was also used as a strategy for bacterial inoculation, fully 

described in the Annex 9 Deliverable Action B6 (Fig.1). The excellent results about the anti-

virulence activity of PSA21 against the causal agent of the canker of Kiwifruit are shown in 

Fig. 2. 

 
Fig. 1. Inoculation method for Psa  

called “infective rainfall”,  

mimicking natural infection conditions  

 

Fig. 2. Decrease in foliar necrotic symptoms on Kiwifruit 

treated with PSA21 peptide  
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For this activity was essential to monitor the climatic trend (Figure 3). 

 
  

The in vivo activity of the AFTER Cu anti-virulence peptides was be quantitatively and 

successfully assessed by comparing the results of pathogenicity trials carried out on treated 

and untreated plants (Figure 4).  

 

 

 

 
Fig. 4. Evaluation of effectiveness of the AFTER Cu peptides in field experiments, 

as decrease in infection level 
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Moreover, a deep chemical analysis was carried out on the leaves of kiwifruit, olive and 

lemon trees to observe any differences existing between peptide-treated and untreated plants. 

No differences in macro and micro-elements concentration was observed as related to the 

peptide treatments, to indicate that the in planta use of the AFTER Cu peptides to control, 

Gram negative bacterial diseases does not induce any nutritional imbalances on plant. 

Moreover, biometric data were also collected on peptide-treated and untreated plants, both 

inoculated or not with the Pseudomonas model bacteria here used. Parameters such as plant 

height and trunk diameter measured do not show any appreciable differences, although with 

the limit of an experiment that should be definitive in its data when longer times were 

examined. However, overall data demonstrated the positive biological effects of the peptides 

used in these in planta experiments, although the method should be further optimized for field 

trials, with a reduction of the disease symptoms produced by Pseudomonas bacteria in the 

total absence of any copper treatments. At the end, preliminary experiments were carried out 

for formulations to be used into fields: to this aim PSA21 peptide was give on kiwifruit as 

such or added with an activator and a tackifier. As activator, a tannin extract by sweet 

chestnut was chosen, and as tackifier a commercial product used in biological farming was 

also used to keep PSA21 more adherent to the treated leaves. The results obtained further 

demonstrate the effectiveness of the AFTER Cu peptide treatment, with a lower damage 

severity intensity on Kiwifruit leaves treated with peptide + tackifier, while the mixture 

peptides+activator+tackifier was less effective, probably for a negative influences on peptides 

by the activator, but a more deep study will be needed to fully understand this result. 

 

Problems encountered 

No particular problems have been encountered during this Action B6, and this action was 

completed by 100%, as scheduled. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action B6 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 9 Deliverable B6.  

The expected results were: 

• Demonstration of the best in vivo conditions for the efficiency of the anti-virulence peptides. 

• Demonstration of the process for the in vivo application of the anti-virulence peptides for 

control of plant diseases caused by bacteria 

The expected results were fully achieved, as described in the Annex 9 Deliverable B6, and 

this action was completed by 100% as scheduled. The most important result is that constantly 

the anti-infective peptides were demonstrated effective to cause a decrease in symptoms, 

although to a different extent. This variations were observed accordingly to plant species and 

climatic conditions. Moreover, when the anti-infective peptides are introduced into plants 

previously inoculated with the pathogenic bacteria, symptoms of bacterial disease appear in a 

less degree than when the peptide treatment was not performed (i.e. only bacterial 

inoculation). The more clear benefit on plant disease due to the use of anti-infective peptides 

was noted with kiwi and lemon. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the activity in plant 

protection production of the AFTER Cu anti-infective peptides, such as Confagricoltura 

Toscana, Regione Toscana, Tenuta di Bibbiano, Castello di Volpaia. Moreover, the 

coordinator has been asked to be part of operative groups working on this topic.  
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5.1.7. Action B.7. Demonstration of the effectiveness of the anti-virulence peptides in the 

presence of contamination by copper compounds at pilot scale level in field screenings 

 

Starting date foreseen: 1
st
 of October 2014 

Actual start date: 1
st
 of October 2014 

End date foreseen: 31
st
 of December 2015 

Actual end date: 31
st
 of December 2015 

 

The results of the activities carried out in Action B.7 are defined in the following project 

Deliverable foreseen for the 24
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 10 Deliverable Action B7: Demonstration of the effectiveness of the anti-virulence 

peptides in the presence of contamination by copper compounds at pilot scale level in field 

screenings.  

 

Activities carried out 

Action B7 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR, ASTRA and Fattoria, 

as foreseen, and completed by 70%. 

The field experiment, carried out in plots used to be treated with copper for plant protection, 

were performed on Kiwifruit, Olive and Lemon trees inoculated with the corresponding Gram 

negative phytopathogenic Pseudomonas bacteria (Fig. 1 and 2). The results obtained followed 

a pattern fully similar to that found in pilot and greenhouse assays (Figure 3). It was observed 

the positive effect of the AFTER Cu peptides to combat the disease symptoms associated with 

these phytopathogenic bacteria, although the results have been affected by many factors, 

mainly environmental conditions, that increase variability of data in comparison to those 

obtained in the greenhouse trials. This could be a problem for a project where just 1 year has 

been planned for field experiments, because the huge variability of the system makes 

sometimes very difficult to understand statistic differences. However, according to the 

chlorophyll fluorescence parameter, significant differences exist between data control and 

peptides-treated plants versus those just inoculated with phytopathogenic bacteria, and this is 

a further important aspect in favor of the AFTER Cu peptides use.  

 
Fig. 1. Plants used for testing the AFTER Cu peptides effectiveness on copper-contaminated fields 

(CEBAS CSIC and Fattoria Soldano) 

 
  

 
 

 



Final report LIFE12 ENV/IT/000336  31 

 

 
 

 
 

Fig. 3. Decrease in disease severity/infection level in AFTER Cu peptides-treated plants,  

used for testing the effectiveness on copper-contaminated fields 
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Problems encountered 

No particular problems have been encountered during this Action B7, unless those related to 

the very high variability and the short time planned for a 2-year project, with just 1 year for 

field experiments. This made more difficult to understand statistic differences, and therefore 

this B7 Action was completed by 70%. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action B7 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 10 Deliverable B7.  

The expected results were: 

• Demonstration of the effect of copper on the performances and the efficiency of the anti-

virulence peptides for control of plant diseases caused by bacteria 

The expected results were achieved for the most part, as described in the Annex 10 

Deliverable B7, and this action was completed by 70% as scheduled. This Action 

demonstrated the effectiveness of the AFTER Cu peptides also in copper-contaminated 

fields/plots against the Gram negative bacteria here used as a model. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the activity in plant 

protection production of the AFTER Cu anti-infective peptides, such as Confagricoltura 

Toscana, Regione Toscana, Tenuta di Bibbiano, Castello di Volpaia. Moreover, the 

coordinator has been asked to be part of operative groups working on this topic. 
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5.1.8. Action C.1 Monitoring on the environmental impact of copper compounds for the 

crop defense against bacterial phytopathogens 

 

Starting date foreseen: 1
st
 of January 2014 

Actual start date: 1
st
 of January 2014 

End date foreseen: 30
th

 of June 2014 

Actual end date: 30
th

 of June 2014 

 

The results of the activities carried out in Action C.1 are defined in the following project 

Deliverable foreseen for the 6
th 

month of the project, and attached as annex to this Final 

Report: 

 

►Annex 2 Deliverable Action C1: Monitoring on the environmental impact of copper 

compounds for the crop defense against bacterial phytopathogens.  

 

Activities carried out 

Action C.1 was carried out by DISPAA, ICCOM CNR, ASTRA as foreseen, and with the 

valuable support of CEBAS CSIC as well, and it was completed by 100%. 

This action has to monitor the negative and often neglected environmental impact of the 

copper compounds traditionally used in plant disease control. Following its application on 

plants, copper accumulate into the soil, with deleterious effects on the total agroecosystem, 

mostly of which are still to be deeply investigated. The negative impact of copper starts with 

events occurring on the composition of the soil microflora and on its biological activities, and 

also related to the emergence and the spread of copper- and antibiotic-resistant bacteria. Tests 

were carried out at laboratory scale for investigation, using “artificially” contaminated soils, 

that is soils that have been treated in the laboratory. In our case at CEBAS CSIS microcosms 

were prepared starting from bulked samples of soils were prepared, adding two copper 

sulphate concentrations, both of them introduced in a single application:  i) an equivalent 

quantity of Cu which could be incorporated to the soil in 1 year, that is 6 kg Cu/ha/year (2 mg 

Cu/ Kg) according to the EU Regulation on Organic Production and Labeling of Organics 

Products (European Commission, 2007); ii) a double Cu quantity (12 kg Cu
+
/ha/year = 4 mg 

Cu/Kg). A sandy loam soil was used, whose physical-chemical characteristics were firstly 

assessed. This soil (fine sand 65,2%, clay 16,1% and silt 18,7 %) was characterised by a low 

organic matter (0.7g/100g) and nutrient content (total N: 0.52 g/100gsoil, total P: 0.03 g/100g 

soil and total K: 0.49g/100 g soil).  The soil had a pH (H2O) of 8.27 and an electrical 

conductivity of 696,3 µS cm. Several containers, each one with one hundred g of soil were 

treated as show in Table 1.  

 
 

Fig. 1. Microcosm containers incubated into the growth chamber. 

 

The possible leaching of CuSO4 (the Cu 

was placed as a salt) has been considered: 

containers which some holes (indicated as 

“punch”) were also prepared in order to 

permit leaching. The experiment has been 

realized during 60 days, and samplings 

were established at initial point (0 days) 

and 15, 30 and 60 days. Each treatment was 

replicated three times and incubated in a 

random design into a growth chamber (16 h 

photoperiod, with a day/night temperature 

regime of 24/15º C) (Figure 1). 
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The Action C1 demonstration activities started with investigations concerning the influence of 

copper pollution on the physical-chemical features of the studied soil, to be then focused on 

the impact of copper on soil microbiological communities, by examining how copper affects 

soil microbiological activities and composition, and at which extent copper causes the 

emergence and the spread of copper- and antibiotic-resistant bacteria. Even considering the 

limitations given by the use of such artificially contaminated soils (i.e. the availability of 

copper used in agriculture accumulates because of the repeated applications; large doses of 

chemical added in single application may have a drastic, one–off impact on composition of 

soil microbes, etc.), very interesting results were obtained. The detailed description of AFTER 

CU Action C1 activities, the experimental details and the results obtained (included plots, 

pictures and diagrams) are reported and fully described in the Annex Deliverable C1. 

Although no changes were observed in this conditions on the chemical parameters of the soil 

following copper treatments, a negative effect was demonstrated to occur on soil biological 

and biochemical properties: i) soil enzymes, particularly those hydrolases implied in the N, C 

and P cycles (urease, b-glucosidase and phosphatase activities) showed a negative effect when 

copper was added, in particular at 15 days after its application, indicating the damaging 

influence of copper on microbial populations synthetizing these enzyme; ii) concerning soil 

respiration, at 15 days after its application copper had a negative effect on soil 

microorganisms, with a significant decrease in this parameter. The soil microflora 

composition was then assessed by using two main molecular approaches, one based on the 

analysis of total Phospholipid Fatty Acids (PLFAs) and the other characterized by the analysis 

of DNA-based signatures (DGGE and HRMA, on which the details are fully reported in 

Annex Deliverable C1). PLFAs are only found in intact cells, and taxonomic groups of 

microorganisms have different fatty acids signatures. Therefore, changes in the PLFAs pattern 

represent changes occurring in the soil microbial community structure. The PLFA profile of a 

soil can give an overall picture of the community structure occurring in this soil, and thus it 

has been widely used to evaluate soil environmental quality. In our experiments, at the first 

days after copper treatment PFLAs analysis showed a decrease of the Bacteria/Fungi ratio, 

which is strongly indicative of changes induces by copper on soil microbiological structure 

and already suggested by variations observed on soil enzyme activities. When using the 

DGGE approach on samples at 60 days after treatment (T=60) compared with T=0, the results 

obtained showed a complex band pattern in all soil samples, with samples collected at time 0 

clearly separated from those collected at T=60. More importantly, statistical analysis 

demonstrated a significant effect on final bacterial community composition of both copper 

treatments and sampling time, and also their interaction with a significant separation in 

bacterial community structure showed at T=60 according to the different copper treatments. 

In particular, DGGE analysis showed that the strong impact on bacterial community was 

caused by the highest copper treatment, apparently without any significant bacterial diversity 

reduction (Figure 2).  

 
Fig. 2. PCR-DGGE profiles of total bacterial 

community in soil samples, treated with Cu at  6 

or 12 Kg/Ha/year level collected at 0, and 60 days.  

Control samples were untreated and used for 

comparison 

Conversely, this effect was observed using a different 

technical approach, that was to type by HRMA the 

bacterial colonies isolated from soil microcosms at the 

different times (0, 15, 30 and 60 days after copper 

treatments) by using conventional microbiological 

methods. As shown in Figure 3, the highest bacterial 

diversity reduction was observed on colonies isolated 

from microcosms treated with 12 kg copper/ha/year and 

without leaching, in particular for copper-resistant 

OTUs. On the contrary, samples from microcosms with 

leaching showed more bacterial variability, especially 
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when the treatment at 6 kg copper/ha/year was 

considered. It is also worth to notice that at this copper 

rate, there is a marked increase in the variability of 

copper-resistant bacteria in the first 15 days after the 

treatment. 

 
Fig. 3. Number different bacterial taxonomic units (OTU), 

as assessed by HRMA applied on colonies obtained from 

microcosm soil samples, treated with copper at  6 or 12 

Kg/Ha/year, and collected at 0, 15, 30 and 60 days after 

copper application. 

 

In conclusion the activities carried out in Action 

C1 successfully demonstrated the negative 

impact of copper on soil microbial populations, 

by a multiphase experimental approach which 

was based on the use of several complementary 

techniques.  

 

Problems encountered 

No particular problems have been encountered during this Action C1, and this action was 

completed by 100%, as scheduled. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action C1 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 2 Deliverable C1.  

The expected results were: 

• Monitoring and evaluation of the environmental impact of copper on soil microflora, related 

to the emergence of copper- and antibiotic-resistant strains. 

• Monitoring and evaluation of the environmental impact on the composition of bacterial 

microflora in copper-contaminated soils. 

The expected results were fully achieved, as described in the Annex 2 Deliverable C1, and 

this action was completed by 100% as scheduled. The negative impact of copper on the 

structure of soil microbial communities was demonstrated, as far as its influence on the 

emergence and spread of copper- and antibiotic-resistant bacteria. Although copper changes 

its toxicity with the time and that soil microflora can partly buffered this toxic effects, a strong 

negative effect of copper on soil microbial populations has been showed by PFLAs, DGGE 

and HRMA. In addition, copper is accumulative in the soil, and thus the quantity of copper 

can increase with the time. For this reason, new alternatives for not using CuSO4 as 

bactericide in plant protection have to be proposed, and  AFTER Cu Project was and still is in 

this frame. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

stakeholders interested to monitor the effects deriving from copper pollution in 

agroecostystems, such as Confagricoltura Toscana, and to be part of operative groups working 

on this topic.  
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5.1.9. Action C.2 Monitoring of the in vitro anti-virulence performances of peptides at 

laboratory level 

 

Starting date foreseen: 1
st
 of April 2014 

Actual start date: 1
st
 of April 2014 

End date foreseen: 31
st
 of March 2015 

Actual end date: 31
st
 of March 2015 

 

The results of the activities carried out in Action C.2 are defined in the following project 

Deliverable foreseen for the 9
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 6 Deliverable Action C2: Monitoring of the in vitro anti-virulence performances of 

peptides at laboratory level.  

 

Activities carried out 

Action C.2 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR, ASTRA as foreseen, 

and completed by 100%. 

This action has to monitor the in vitro biological activity of the AFTER CU anti-virulence 

peptides and to quantitatively evaluate their performances, using as a model the 

phytopathogenic bacteria Psv, Psa and Pss. These anti-infective peptides were designed at 

DISPAA in order to specifically target the so called Type Three Secretion System (T3SS), a 

macromolecular and multiproteic apparatus essential for the pathogenicity of a broad 

spectrum of Gram-negative bacteria, that infect both plant and mammalian hosts including 

humans. T3SS is very well conserved among pathogenic bacteria, both structurally and  

functionally. Its role is fundamental for the pathogenic bacteria to cause disease to their hosts, 

by injecting pathogenicity and virulence effector proteins (named “Type Three Effectors”, 

T3Es) directly into the cytosol of host cells. In other words, without a properly working T3SS, 

pathogenic bacteria are unable to cause disease. This makes T3SS an attractive and ideal 

target for novel antimicrobial drugs, to replace or reduce the use of copper in agriculture, and 

of antibiotics for animal and human health. As far as phytopathogenic bacteria belonging to 

Pseudomonas syringae group are concerned, the syringae needle-like structure of their T3SS 

is formed by the so called HrpA protein, that is the main component of this pilus, whose 

correct assembly and functionality are needed for effectors translocation and to cause disease 

on host plants (Figure 1). Moreover, some data previously obtained at DISPAA also 

suggested an involvement of HrpA protein in the regulation of T3SS expression by a positive 

feedback mechanism. 

 

Fig. 1. T3SS structure and essential steps of direct effectors translocation into host 

cytoplasm. 

The AFTER CU anti-infective peptides were designed to target 

specifically HrpA protein, acting as competitors in its assembly 

and therefore blocking T3SS correct functionality. 

The inhibition of T3SS of the above mentioned phytopathogenic bacteria has to be monitored 

and demonstrated following different complementary technical approaches. Up to those fully 

optimised and already adopted have been: i) the use of transformant mutants of the 

phytopathogenic bacteria here used as a model, obtained by DISPAA and able to auto-

produce the AFTER CU peptides in the same conditions inducing T3SS expression, for 

inoculation trails to be performed on the non-host test plant Tobacco and on their respective 

hosts; ii) the use of reporter genes (e.g. gfp and luc) to monitor activation of promoter of the 

gene coding for HrpA protein, hereafter indicated as pT3. 
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Fig.2. Infection trials on in vitro Oleander plants challenged with Psv wild type (Psn23) 

and its mutants ΔhrpA (unable to produce HrpA protein), and Psn23-Li27 and Psn23-

AP17 (auto-producers of Li27 and AP17 anti-infective peptides), obtained by 

transformation with the recombinant plasmids pLPVM-pT3-AP17 and pLPVM-pT3-

Li27 (map on the upper right corner).    

As shown in Figure 2, while the development of the typical 

hyperplastic knots was obtained on plants inoculated with the 

Psv wild type strain (Psn23), no symptoms were ever 

observed on plants inoculated with its ΔhrpA mutant which is 

non pathogenic because unable to produce HrpA protein. 

Similarly no symptoms were ever observed on plants 

inoculated with the Psn23 mutants auto-producers of Li27 

and AP17 anti-infective peptides, to confirm their anti-

infective performances. 

 

 

Fig.3. Luminescence measured in Psv wild type (Psn23) and in its mutants obtained by 

its transformation with the recombinant plasmids pLPVM-pT3-luc, in presence or not 

of antipeptides AP17, Li27, EF8 and AA8.   

By using the recombinant plasmids pLPVM-pT3-gfp and 

pLPVM-pT3-luc, previously developed at DISPAA, it was 

possible to monitor the inhibitory effects of the AFTER CU 

anti-infective peptides on the T3SS promoter here indicated 

as pT3 on Psn23 wild type strain grown on MM medium, 

triggering in vitro induction of T3SS similarly to the 

apoplastic conditions (Figure 3). 

 

As shown in Figure 3, the activation of T3SS promoter was specifically inhibited by anti-

infective peptide AP17, while for the other tested and including also Li27 no pT3 inhibitory 

activity was found, although their positive performances shown in the pathogenicity trials. 

The results obtained are pivotal to monitor the best in vitro conditions to test the efficiency of 

the anti-virulence peptides biological activity when externally added to bacterial cultures 

during inoculation.  

 

Problems encountered 

No particular problems have been encountered during this Action C2, and this action was 

completed by 100%, as scheduled. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action C2 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 6 Deliverable C2.  

The expected results were: 

• Monitoring of the best in vitro conditions for efficiency of the anti-virulence peptides 

biological activity. 

• Monitoring of the process for the active in vitro application of the anti-virulence peptides. 

The expected results were fully achieved, as described in the Annex 6 Deliverable C2, and 

this action was completed by 100% as scheduled. The anti-virulence features of peptides 

AP17, Li27 and Psa21 were here demonstrated using different approaches, both in vitro and 

in planta. The performances shown by the AFTER CU anti-infective peptides were fully 

confirming their anti-virulence properties, avoiding the onset of symptoms on the host plants 

and the HR on Tobacco non host test plant. 
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Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the activity in plant 

protection production of the AFTER Cu anti-infective peptides, such as Confagricoltura 

Toscana, Regione Toscana, Tenuta di Bibbiano, Castello di Volpaia. Moreover, the 

coordinator has been asked to be part of operative groups working on this topic.  
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5.1.10. Action C.3 Monitoring of the absence of side effects for the anti-virulence 

peptides on common targets of any living organism at laboratory level 

 

Starting date foreseen: 1
st
 of April 2014 

Actual start date: 1
st
 of April 2014 

End date foreseen: 31
st
 of March 2015 

Actual end date: 31
st
 of March 2015 

 

The results of the activities carried out in Action C.3 are defined in the following project 

Deliverable foreseen for the 9
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 7 Deliverable Action C3: Monitoring of the absence of side effects for the anti-

virulence peptides on common targets of any living organism at laboratory level.  

 

Activities carried out 

Action C.3 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR, ASTRA as foreseen, 

and completed by 100%.  

This Action was focused in monitoring at laboratory level the absence of any toxicity and any 

negative side effect for the AFTER Cu anti-virulence peptides, using as a target to the so-

called P-type ATPases. These molecules were selected because they are a large group of 

ubiquitous evolutionarily related molecular pumps, which are highly conserved in eukaryotes 

and prokaryotes, and also constantly present into their cellular membranes. The most part of 

P-type ATPases are transporters with a high level of specificity for pumping into the cell a 

wide array of ions, mostly cations. Actually there are also some ATPases involved in the 

maintenance of the asymmetric nature of the biomembranes, and more generally in many 

transport processes in virtually all living organisms. As far as bacteria are concerned, they 

have got several ATPases shown to be essential for their protection from extreme 

environmental stresses. The P-type ATPases are targets for many toxic compounds, such as 

mercury, toxins from algae, fungi, bacteria, etc, thus having a dramatic impact on the cell 

homeostasis. For this reason P-type ATPases are an ideal and universal target for many 

toxicity tests, and very useful for the purposes of the present Action C3. On the other hand, 

they are quite difficult to be studied: they are typical membrane protein and for this reason 

very difficult to obtain as purified preparations, both by extraction methods and recombinant 

synthesis, to be then studied in vitro with bioelectrochemical and bioelectrophysical methods. 

Activities were carried out on sarcoplasmic reticulum Ca
2+

-ATPase (acronym SERCA, which 

belongs to the highly conserved P-type ATPase family and that was already available at 

DISPAA. SERCA hydrolyzes one molecule of ATP to transport two Ca
2+

 ions against their 

electrochemical potential gradient from the cytoplasm to the lumen of sarcoplasmic reticulum, 

thus playing a major role in cell Ca
2+

 signaling and homeostasis. Various heavy metal ions, 

e.g. Cd
2+

, Hg
2+

, Pb
2+

, and Zn
2+

, may affect SERCA activity in different types of membranes 

thus acting as strong SERCA inhibitors, causing in vivo a dramatic elevation of cytosolic 

calcium concentration, endoplasmic reticulum stress, and eventual cell death through 

apoptosis. The Action C3 activities were focused to initially investigate the effect of copper, 

used to challenge SERCA, to get results useful as a positive control when testing the AFTER 

CU anti-infective peptides. To demonstrate a possible inhibition of SERCA by copper ions, 

we employed a novel electrical method that makes use of a solid supported membrane (SSM). 

The SSM consists of a hybrid alkanethiol/phospholipid bilayer supported by a gold electrode 

(Figure 1), and represents a convenient model system for a biological membrane.  
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Fig. 1. Schematic diagram of a SR vesicle containing SERCA adsorbed to a SSM and 

subjected to an ATP concentration jump (not drawn to scale). RE is the reference 

electrode. If the ATP jump induces net charge displacement, a transient current is 

measured along the external circuit (the red spheres are electrons). For simplicity, only 

four Ca2+-ATPase molecules are shown in the vesicle. Briefly, in our 

experiments the interaction of Cu
2+

 ions with SERCA has been 

initially studied, to check for its possible inhibition by copper 

ions, here used as CuCl2 to better fit the experimental design. 

 

Current measurements were performed on SR vesicles containing SERCA adsorbed on a 

SSM. A 100 M ATP concentration jump was carried out in the presence of CaCl2 (10 M) 

and in the absence of CuCl2. The current transient observed following the ATP jump was 

taken as a control measurement (Figure 2). The ATP concentration jump was then performed 

at 10 M CaCl2 and in the presence of CuCl2 (0.1 or 1 M), and the corresponding ATP-

induced current transient was compared to the control measurement (Figure 2). 

 

 

Fig. 2.Current transients obtained after 100 µM ATP concentration jumps on SERCA in the 

presence of 10 µM CaCl2, without (control) or with CuCl2 (0.1 or 1M). 

The activities carried out on SERCA demonstrated that Cu
2+

 ions 

affect SERCA activity as strong inhibitors, both at 0.1 and 1 M 

concentrations, where practically abolish the ATP-induced 

current signal generated by the ATPase. Therefore, these results 

have a double important role. 

 

On one hand they confirmed the winning choice operated when P-type ATPase family had 

been selected as universal target for the toxicity tests to be performed on AFTER CU anti-

infective peptides in the present Action C3. On the other hand, these results strongly indicate 

the urgent need to replace and/or reduce copper pollution in agroecosystem, that are the 

assumptions of AFTER Cu project. Although Cu
2+

 accumulation in the apoplast and in the 

cytoplasm of plant cells, as a consequence of copper applications, is still unknown we may 

conclude that even sub-micromolar copper (0.1 M) exerts a strong inhibitory effect on P-

type ATPase SERCA. At this point it is worth to mention some results obtained in Action B1, 

where inhibitory bactericidal effects on plant pathogenic bacteria were obtained copper 

concentrations dramatically higher than those inhibiting P-type ATPase SERCA (around 800 

M and even more vs 0.1 - 1 M).  

When the same measurements were performed using AP17 or the other AFTER Cu peptides, 

the results obtained show that no toxicity on SERCA even at 30 M (Fig. 3).  

 

 

Fig. 3.Current transients obtained after 100 µM ATP concentration jumps on 

SERCA in the presence of 1 and 30 µM AP17. 

 

These data fully demonstrate the absence of any 

toxicity by the AFTER Cu peptides on P-type 

ATPases, using SERCA as a model for this highly 

conserved family of transporters. 

 

Problems encountered 

No particular problems have been encountered during this Action C3, and this action was 

completed by 100%, as scheduled. 

 

 

 



Final report LIFE12 ENV/IT/000336  41 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action C3 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 7 Deliverable C3.  

The expected results were: 

• Monitoring of the biological activity of the anti-virulence peptides on p-type ATPases from 

several model microorganisms and organisms. 

The expected results were fully achieved, as described in the Annex 7 Deliverable C3, and 

this action was completed by 100% as scheduled. A number of SERCA inhibitors have been 

found so far, very often represented by widespread environmental contaminants which are 

able to bio-accumulate within any living organism, including man. The detrimental effects of 

this SERCA inhibitors have been shown even at low micromolar concentrations. Since the 

inhibitory effect on SERCA, such as on other members of the P-type ATPase family, can be 

measured quite rapidly. Therefore this system is a very useful tool to exclude the presence of 

any side and toxic effect caused by the AFTER CU anti-virulence peptides. The screening test 

was so optimised using copper as challenging compound. Moreover, in the general frame of 

the AFTER CU project, it is important to undelined that the results obtained by these in vitro 

assays showed for copper a very high toxicity, even at submicromolar concentrations. 

Conversely, the AFTER Cu peptides are not toxic on SERCA even at at 30 M. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the absence of any 

toxic activity of the AFTER Cu anti-infective peptides together with their effectiveness in 

plant protection, such as Confagricoltura Toscana, Regione Toscana, Tenuta di Bibbiano, 

Castello di Volpaia. Moreover, the coordinator has been asked to be part of operative groups 

working on this topic.  
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5.1.11. Action C.4. Monitoring of the absence of a direct selection operated by the anti-

virulence peptides towards the emergence of bacteria resistant to the anti-virulence 

peptides themselves at laboratory level 

 

Starting date foreseen: 1
st
 of July 2014 

Actual start date: 1
st
 of July 2014 

End date foreseen: 30
th

 of June 2015 

Actual end date: 30
th

 of June 2015 

 

The results of the activities carried out in Action C.4 are defined in the following project 

Deliverable foreseen for the 15
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 11 Deliverable Action C4: Monitoring of the absence of a direct selection operated 

by the anti-virulence peptides towards the emergence of bacteria resistant to the anti-virulence 

peptides themselves at laboratory level.  

 

Activities carried out 

Action C.4 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR, ASTRA as foreseen, 

and completed by 100%.  

This Action C4 was focused to monitor at laboratory level the absence of the emergence of 

bacteria resistant to the antivirulence peptides following repeated treatments with these 

molecules. This Action has the objective to evaluate a phenomenon usually occurring on 

bacterial populations when treated with anti-bacterial molecules used, where selective toxicity 

means that the chemical being used should inhibit or kill the pathogen of interest without 

damaging the host. Among the most important antimicrobial chemotherapeutic agents there 

are antibiotics, which are metabolic products of one microorganism inhibiting or killing other 

microorganisms. But bacteria can become resistant to antibiotics by several mechanisms 

coded by genes that are present in the mobile and easily transmissible parts of the bacterial 

genome, called plasmids. Copper treatment induced resistance on bacterial population as well, 

and generally this leds to the simultaneous emergence of resistance to antibiotics, because of a 

cross-resistance  mechanism based on the presence on the same plasmids of both the gene for 

copper- and antibiotic-resistance. The AFTER CU anti-virulence peptides specifically target 

T3SS, a system essential for bacterial pathogenicity but not for life. This means that the 

selective pressure generated by anti-virulence peptides application would be very low and 

thus a null or negligible risk of resistance can be hypothesized. The activities were carried out 

by using a standard and a dilution micro-method, by a monitoring on growth and on several 

reporter genes, such as gfp driving the expression of the TTSS promoter of HrpA gene. 

Briefly, the bacterial strains belonging to Psv, Psa and Pss were grown on minimal medium 

(MM), resembling plant apoplast conditions, for 48 hours in orbital shaking (100 rpm) at 

26°C. The AFTER Cu peptides were added at 100 µM concentration, in a flask of 100 ml, 

with a starting inoculum of 0.5 OD (600 nm) from an overnight culture. Every 12 hours, a 

sample of 1 ml was collected from each bacterial preparation in order to evaluate its capability 

to reduce HrpA promoter activation and T3 gene expression cluster, and to induce HR 

response on Tobacco leaves. The same strain, not treated, was used for each bacterial species 

as a positive control. The anti-virulence peptides treatment produced 20 (20
th

), 40 (40
th

), 60 

(60
th

) and 80 (80
th

) bacterial generation at 12, 24, 36 and 48 hours of incubation respectively. 

All these strains were used in subsequent experimental tests, to identify differences between 

generations treated and positive control (wild type, untreated). 
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The growth of bacterial strains on MM, that means to have a fully functional TTSS which is 

the target of the AFTER Cu peptides, was not affected by repeated peptide-treatments and 

was identical to that obtained on KB medium (Fig. 1). 

 

 

 

Fig. 1.Bacterial growth on MM and KN medium of peptide treated 

strains. Wild type (light blue), 20th generation (orange), 40th 

generation (grey), 60th generation (yellow), 80th generation (blue).. 

 

 

 

Moreover, the repeated anti-virulence peptides’ treatments on the Pseudomonas species here 

used as a model did not decrease their inhibition activity on T3SS, thus indirectly confirming 

the absence of any selection for resistance to anti-virulence peptides themselves. To this aim, 

the model bacteria were transformed with the plasmid pLPVM-pT3-GFP, and then grown in 

MM, with or without adding the AFTER Cu anti-virulence peptides (30 µM). Data were 

obtained evaluating the fluorescence activity, given by the activation of pT3 promoter on 

MM. The AFTER Cu peptides caused on the wild type a strong reduction of the GFP- 

fluorescence, as a consequence of a decrease in pT3 activation, as expected. In bacteria 

repeatedly treated with the anti-virulence peptides, we did not observe any differences in 

comparison with the untreated wild type (Fig. 2). 

 

 

Fig. 2. Fluorescence emitted by Psv wild type Psn23 transformed 

with pLPVM-pT3-GFP recombinant plasmid, when grown in MM, 

resembling plant apoplast, treated with AP17 or Li27 or untreated. 

Fluorescence was normalized with bacterial growth, expressed in 

abs at 600nm, after 16h of analysis. 

Strain: wild type, 20th generation, 40th generation, 60th generation, 

and 80th generation bacterial peptide-treated. 

 

 

 

 

Problems encountered 

No particular problems have been encountered during this Action C4, and this action was 

completed by 100%, as scheduled. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action C4 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 11 Deliverable C4.  

The expected results were: 

• Monitoring of the absence of anti-virulence peptides resistant bacteria following treatments 

with these compounds. 

• Monitoring of the low selective pressure strategy proposed for reducing/replacing copper 

compounds in control of plant diseases caused by bacteria. 
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The expected results were fully achieved, as described in the Annex 11 Deliverable C4, and 

this action was completed by 100% as scheduled. According to overall these data, this Action 

C4 successfully monitor at laboratory level the absence of any emergence of bacteria resistant 

to the AFTER Cu anti-virulence peptides following repeated treatments with these molecules, 

on the contrary of what occurring with copper and antibiotics. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the general properties 

of the AFTER Cu anti-infective peptides in plant protection, to contribute to overcome the 

problems related to the presence into the field of copper-resistant bacteria. Moreover, the 

coordinator has been asked to be part of operative groups working on this topic. 
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5.1.12. Action C.5. Monitoring of the short term environmental benefits from the use of 

the anti-virulence peptides in plant disease control at pilot scale level in field screenings 

 

Starting date foreseen: 1
st
 of October 2014 

Actual start date: 1
st
 of October 2014 

End date foreseen: 31
st
 of December 2015 

Actual end date: 31
st
 of December 2015 

 

The results of the activities carried out in Action C.5 are defined in the following project 

Deliverable foreseen for the 24
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 12 Deliverable Action C5: Monitoring of the short term environmental benefits 

from the use of the anti-virulence peptides in plant disease control at pilot scale level in field 

screenings.  

 

Activities carried out 

Action C.5 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR, ASTRA and Fattoria 

Soldano as foreseen, and completed by 100%. 

This Action aimed to monitor one of the most important short term environmental benefits 

deriving from the use of the AFTER Cu anti-virulence peptides in comparison to copper in 

plant protection of bacterial diseases, which is the structure of the microbial communities 

naturally resident in soil. To this aim, phospholipid biomarkers were investigated, as the 

major component of the membranes of any living cells. Their composition is an important 

criterion for the classification of microbial groups and for the evaluation of their physiological 

conditions. Microorganisms, as members of biological systems, respond to biotic and abiotic 

environments and under stress the structure of the microbial community changes. These 

changes can sometimes be detected in PLFA profiles, which thus may be used to quantify 

stress responses or periods of activity of microbial communities. The aim of this Action was 

to monitor if the use of  antivirulence oligopeptide based molecules in plants could change 

negatively the microbial population and biodiversity  in soil. To this purpose soils from the 

different soil-plant systems (kiwifruit, lemon and olive) were examined, in presence or not of 

Pseudomonas bacteria and of their specific AFTER Cu antivirulence peptide, after 6 months 

from treatment. In particular, the quantitative analysis of hydrosoluble carbon and of CO2 

emission showed that the application of the AFTER Cu peptides does not affect the soil 

quality like control soil, in terms of mineralization of organic C and active fraction of the 

microbial biomass, respectively. 

 
 
 

 

Fig. 1. Hydrosoluble carbon and nitrogen (left) and accumulative release C-

CO2 (right) in Olive field soils after 6 months from treatment with the 

AFTER Cu peptides. 

 
 

Problems encountered 

No particular problems have been encountered during this Action C5, and this action was 

completed by 100%, as scheduled. 
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Verification of the expected results actually achieved 

The detailed description of AFTER CU Action C5 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 12 Deliverable C5.  

The expected results were: 

• Monitoring of the beneficial effect of the anti-virulence peptides on microbial community 

structure, in comparison to copper-based treatment for control of plant diseases caused by 

bacteria 

The expected results were fully achieved, as described in the Annex 12 Deliverable C5, and 

this action was completed by 100% as scheduled. The experiments carried out at laboratory 

level and field scale demonstrated that anti-infective peptides, at suitable rates, can be 

successfully used as a good alternative to antibacterial agent as Cu for control bacterial 

diseases of plants. The most beneficial effect is the absence of any risk deriving from their use 

for soil characteristics (both chemical and biological parameters). In fact, plants treated with 

the AFTER Cu peptides did not significantly differ from control soils, as far as microbial 

community structure is concerned. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the performances of 

the AFTER Cu anti-infective peptides together with their effectiveness in plant protection, 

such as Next Genomics, Confagricoltura Toscana, Tenuta di Bibbiano, Castello di Volpaia. 

According to the benefits deriving from the use of these peptides, the coordinator has been 

asked to be part of operative groups constantly working on this topic in the next years. 

Moreover, in this frame the coordinator has been asked to be part of the Comitato Consultivo 

sulla difesa delle piante of the Accademia dei Georgofili. 
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5.1.13. Action C.6. Monitoring of the absence of an indirect selection operated by the 

antivirulence peptides on copper compound and antibiotic resistant bacteria at pilot 

scale level in field screenings 

 

Starting date foreseen: 1
st
 of October 2014 

Actual start date: 1
st
 of October 2014 

End date foreseen: 31
st
 of December 2015 

Actual end date: 31
st
 of December 2015 

 

The results of the activities carried out in Action C.6 are defined in the following project 

Deliverable foreseen for the 24
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 13 Deliverable Action C6: Monitoring of the absence of an indirect selection 

operated by the antivirulence peptides on copper compound and antibiotic resistant bacteria at 

pilot scale level in field screenings.  

 

Activities carried out 

Action C.6 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR, ASTRA and Fattoria 

Soldano as foreseen, and completed by 100%. 

In this Action we monitored the influence of the treatments with the AFTER Cu anti-

virulence peptides on biological properties of soil and plant surfaces, in term of the absence of 

any indirect selection concerning copper- and antibiotic-resistant bacteria. The trial was 

carried out at pilot/field on plants of Olive and Kiwifruit. The peptides AP17 and PSA21 were 

used as the most representative, because AP17 was the best performer monitored during 

laboratory and pilot scale analysis, together with PSA21, and more peptide treatments at 

pilot/field scale would require an excessive number of plants. Copper, as other chemical 

compounds used in agriculture, affects the composition of microbial communities, both at 

ground level that foliar surfaces. It is noteworthy that copper-contaminated soils also contain 

a higher percentage of antibiotic resistant bacteria than non-contaminated soils. It was 

demonstrated that the widespread accumulation of copper in agricultural soils contribute 

worldwide to increase antibiotic resistance through an indirect and environmental selection, 

with huge risks for the humans and animals health. In this Action we monitored the absence 

of any indirect selection operated by the AFTER Cu anti-virulence peptides, on copper- and 

antibiotic-resistant bacteria, to assess the further benefits deriving from the use of these 

innovative plant disease control molecules, in comparison to the conventional copper 

compounds. To this aim, plants were treated once a week for three weeks with a single rate of 

AP17 or PSA21 (100µM solution in water). Control plants were not treated and used for 

comparison. For the evaluation of the anti-virulence peptide treatment, the plants have been 

periodically irrigated, fertilized and cleaned from weeds, and carefully observed. No visible 

differences were observed between treated and untreated plants, in absence of bacterial 

inoculation. After 28 days from anti-virulence peptide treatment, soil and leaves samples were 

collected following a specific sampling plan. The method used to unveil the 

appearance/spread of copper- and antibiotic-resistant bacteria, as well as the composition of 

microbial communities naturally resident in soil and on plant surfaces was HRMA, which is 

ideal for use in similar routine settings and widely applied in diagnostic laboratories for 

screening for bacterial biodiversity. Briefly, as shown in Fig. 1 here used as an example, no 

differences were found between peptide-treated and untreated conditions, on both plant 

species and soils. Therefore, this monitoring further confirmed the absence of any effect on 

microflora community, as well as on the selection of copper- and antibiotic-resistant bacteria 

due to anti-virulence usage. 
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Moreover, the beneficial effect on soil microflora was further analysed and confirmed in other 

Actions, such as Action C5. 

 

Problems encountered 

No particular problems have been encountered during this Action C6, and this action was 

completed by 100%, as scheduled. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action C6 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 13 Deliverable C6.  

The expected results were: 

• Monitoring of the absence of the emergence of copper- and antibiotic-resistant bacteria 

following treatments with the anti-virulence peptides. 

• Monitoring of null indirect selective pressure strategy proposed for replacing copper in 

control of plant diseases caused by bacteria. 

The expected results were fully achieved, as described in the Annex 13 Deliverable C6, and 

this action was completed by 100% as scheduled. In conclusion, we demonstrated the absence 

of an indirect selection operated by the anti-virulence peptides, specifically AP17 and Psa21, 

on copper- and antibiotic-resistant bacteria, to assess the further benefits deriving from the use 

of these innovative plant disease control molecules, in comparison to the conventional copper 

compounds. It was possible to prove this feature at field scale for AP17 and Psa21, on Olive 

and Kiwifruit plant, respectively. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the positive profile of 

the AFTER Cu anti-infective peptides together with their effectiveness in plant protection, 

such as Confagricoltura Toscana, Next Genomics. Moreover, in this frame, the coordinator 

has been asked to be part of operative groups constantly working on this topic in the next 

years, and to be part of the Comitato Consultivo sulla difesa delle piante of the Accademia dei 

Georgofili. 

 

  

 

Fig. 1 Composition of soil microflora on Olive plants after 28 

days of AP17 treatment. (On the left) Number of colonies 

counted in different plates and reported as CFU (colony-forming 
unit) per gram of soil. (On the right) High-resolution melting 

analysis to identify the number of species present in epiphytic 

microflora and reported as number of OTU (operational 
taxonomic unit). 
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5.1.14. Action C.7. Monitoring of technical-socio-economic assessment of the AFTER Cu 

project 

 

Starting date foreseen: 1
st
 of July 2015 

Actual start date: 1
st
 of July 2015 

End date foreseen: 31
st
 of December 2015 

Actual end date: 31
st
 of December 2015 

 

The results of the activities carried out in Action C.7 are defined in the following project 

Deliverable foreseen for the 24
th 

month of the project, and attached as annex to this Final 

Report: 

►Annex 14 Deliverable Action C7: Monitoring of technical-socio-economic assessment of 

the AFTER Cu project.  

 

Activities carried out 

Action C.7 was carried out by CEBAS CSIC, DISPAA, ICCOM CNR, ASTRA and Fattoria 

Soldano as foreseen, and completed by 60%. 

The aim of this Action was to monitor that the AFTER Cu innovative peptides comply with 

quality standards and are socio-economically viable, according to the results obtained in the 

previous Actions about their effectiveness, impact on the general agro-ecosystem, and their 

production. The most important limit to properly carry out this Action was given by the 

partial success of the biotechnological/recombinant production of the AFTER Cu peptides: in 

comparison to copper they are still quite expensive if produced at laboratory scale. However, 

although the possible scale economies are not known yet, the cost of production lower than 

100 Euros/kilo can be hypothesized on the basis of the elements collected so far. Although the 

control strategy based on the AFTER Cu peptides still has today higher cost compared to that 

of traditional copper compounds, it must be taken into account that this approach provides 

benefits for agrosoil, with a lower need of mineral fertilization, currently accounting for about 

150-485 Euros/ha. Moreover, the AFTER Cu strategy has the potential to be widely applied 

with the same success whatever is the plant species tested: At least but not the last, priceless 

are the results about the total null toxicity of the AFTER Cu peptides and their activity against 

copper- resistant bacterial strains, and these data go definitely beyond the immediate 

economic convenience. This is definitely a policy issue, which must be considered as a 

pivotal investment at EU level to maintain a safer and more fertile agroecosystem for the 

future generations. 

 

Problems encountered 

No particular problems have been encountered during this Action C7. However, because of 

the partial success in the development of the scale-up in the recombinant production of the 

AFTER Cu peptides, this action was completed by 60%. This made some data less reliable to 

make a proper and realistic assessment. 

 

Verification of the expected results actually achieved 

The detailed description of AFTER CU Action C7 activities, the experimental details and the 

results obtained (included plots, pictures and diagrams) are reported and fully described in the 

Annex 14 Deliverable C7.  

The expected results were: 

- Proof of agricultural production quality and economic viability of peptides use. 

- Elaboration and analysis of data in terms of socio-economic impact on the local economy 

and population. 
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The expected results were partly achieved, as described in the Annex 14 Deliverable C7, and 

this action was completed by 60%. The partial success of the biotechnological/recombinant 

production of the AFTER Cu peptides represented the true limit of the present Action: in 

comparison to copper they are still quite expensive if produced at laboratory scale. However, 

although the possible scale economies are not known yet, the cost of production lower than 

100 Euros/kilo can be hypothesized on the basis of the elements collected so far. 

Nevertheless, although the control strategy based on the AFTER Cu peptides still has today 

higher cost compared to that of traditional copper compounds, it must be taken into account 

that this approach provides benefits for agrosoil, with a lower need of mineral fertilization, 

currently accounting for about 150-485 Euros/ha. Moreover, the AFTER Cu strategy has the 

potential to be widely applied with the same success whatever is the plant species tested: At 

least but not the last, priceless are the results about the total null toxicity of the AFTER Cu 

peptides and their activity against copper- resistant bacterial strains, and these data go 

definitely beyond the immediate economic convenience. This is definitely a policy issue, 

which must be considered as a pivotal investment at EU level to maintain a safer and more 

fertile agroecosystem for the future generations. 

 

Perspectives for continuing the action after the end of the project 

During and after the end of the AFTER Cu project, the coordinator has been contacted by 

companies, stakeholders and international research groups, interested in the effectiveness in 

plant protection and in the socio-economic impact of the AFTER Cu anti-infective peptides, 

such as CarbonSink and Confagricoltura Toscana. 
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5.2 Dissemination actions 

5.2.1 Objectives 

All the project beneficiaries made sure that the AFTER Cu project gained maximum visibility 

at a European level. During the project period various dissemination materials were produced 

and distributed in fairs, conferences, newsletters and so on. A logo was designed together with 

banners, brochures, gadgets and various other items which allowed for a full dissemination of 

the project aim and results. 37 articles were also edited on newspapers, a project website and a 

Facebook page were created and published online within the second month of the project. 

The tight, fruitful cooperation among AFTER Cu beneficiaries gave very positive results, 

feasible in the practice and also in dissemination activities.  

Among the actions started, dissemination activities and material were fundamental in order to 

show the role of Life+ projects, in general, and the importance of AFTER Cu project, in 

particular, to people working in the field of plant and soil treatment well as to final users. 

AFTER Cu has been presented in different events, in a specific web site, in notice boards, in 

gadgets and in brochures. In particular the AFTER Cu dissemination Actions (Actions D.1 to 

D.14) have been performed during all the project detailing the type of AFTER Cu innovative 

technology and product. 

All the beneficiaries were involved in the development and implementation of the following 

main AFTER Cu dissemination activities from the start of the project (01/01/2014) until the 

end of the project (31/12/2015): 

 Development of the web site: DISPAA registered, developed and updated the website 

www.lifeAFTER Cu.com 

 Notice board: DISPAA produced 10 AFTER Cu notice boards, which were sent to all 

the partners and displayed in visible spots and accessible places to the public on the 

partners’ premises. 

 Dissemination material: the beneficiaries produced the project logo, 15,000 

brochures/leaflets 2,850 gadgets, 1 roll up, 20 posters, 3 project presentations and 1 

video 

 Events: AFTER Cu project was presented in 4 specific workshops and 20 events and 

fairs 

 Articles and press release: 37 press articles 

 

The target groups of the AFTER Cu dissemination material printed were: 

 European private and public land owners and managers, farmers, and soil operators, 

agricultural and soil companies, Associations and Institutions, agricultural and soil 

technicians and experts, technology transfer organisations managers, environmental 

Institutions, public authorities; 

 all the public and consumers. 

 

The following table summarises and compares for each project Action which dissemination 

activity and material was foreseen in the project and which was the final real results. 
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DISSEMINATION PRODUCTS 

Number of 

the Action 
Name of the Action Deadline Expected results Results at the end 

Action D.1 

Demonstration 

workshop in Italy 

24 months AFTER CU workshops in 

Italy 
3 specific AFTER CU 
workshops organised in 
Italy by ASTRA and 
SOLDANO with 
agricultural, plant and 
soil companies, 
Associations and 
Institutions, technology 
transfer organization 
managers, environmental 
Institutions, public 
authorities 

Action D.2 

Demonstration 

workshop in Spain 

24 months AFTER CU workshop in 

Spain 
1 specific AFTER CU 

workshop organised in 

Spain by CEBASCSIC  

with agricultural, plant 

and soil companies, 

Associations and 

Institutions, technology 

transfer organizations 

managers, environmental 

Institutions, public 

authorities 
Action D.3 Project website 3 months Project web site Project web site and 

continuous updating to 

general public 
Action D.4 Notice boards 3 months 10 notice boards  

 
10 notice boards 

displayed in beneficiary 

public places to general 

public visiting the 

beneficiary premises 
Action D.5 Layman's report  24 months Layman's report 100 copies of Layman's 

report to general public 
Action D.6 Diffusion material 

preparation  
24 months • Logo definition 

• 25 posters 
• 10,000 

brochures/leaflets 
• 2,500 various items 

• 10,000 AFTER Cu 
brochures 

• 5,000 two types of 
AFTER Cu leaflets 

• 20 AFTER Cu posters 
in Italian and English 

• 1 AFTER Cu roll-up 
• 3 project presentations 

(English, Italian and 
Spanish)  

• 1,000 AFTER Cu 
copybooks 

• 800 AFTER Cu pens 
• 200 AFTER Cu cups 
• 800 AFTER Cu pen 

drives  
• 50 AFTER Cu bags 
Distributed in project 
events to general public 

Action D.7 Articles and press 24 months 30 articles 37 articles to technicians 
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releases  through scientific 
journals and to general 
public through general 
newspapers 

Action D.8 Networking  24 months Clusters with 10 projects Clusters with 12 projects 

through specific meetings  
Action D.9 AFTER CU 

technology manual 
24 months AFTER CU manual 250 copies of AFTER 

Cu manual sent to 
agricultural, plant and 
soil companies 

Action D.10 Demonstration 
workshop, 
seminars, 
conferences and 
other events 

24 months 4 events  15 events 
Meetings with 
agricultural, plants and 
soil companies, 
Associations and 
Institutions, technology 
transfer organizations 
managers, environmental 
Institutions, public 
authorities 

Action D.11 Dissemination to 
Institutions and 
policy makers 

24 months Successful 
communications 

Contacts with 11 
Institutions and policy 
makers during projects 
workshops 

Action D.12 After-LIFE 
Communication 
Plan 

24 months After-LIFE 

Communication Plan 
After-LIFE 

Communication Plan 

Action D.13 International fairs 
and other events 

24 months 4 fairs Participation at 5 fairs 

and international events 

with contacts and 

material distribution to 

agricultural. plant  and 

soil companies, 

Associations and 

Institutions, technology 

transfer organizations 

managers, environmental 

Institutions 
Action D.14 Digital supports for 

international 
diffusion 

24 months 1000 copies of 1 project 

video in English, Italian 

and Spanish 

1000 copies of AFTER 
CU video in English, 
Italian and Spanish sent 
to agricultural, plant and 
soil companies 

 

 

 

5.2.2 Dissemination: overview per activity 

 

5.2.2.1 Action D.1 Demonstration workshop in Italy 

The Italian beneficiaries ASTRA and SOLDANO organized the following specific 3 AFTER 

Cu workshops, for National specialized audience, as defined in output final indictors: 

• ASTRA workshop on 14/12/2015 in the ASTRA premises in Faenza (30 participants, 

interest in field results)  

• SOLDANO workshop on 14/09/2015 in the SOLDANO premises in Limbadi (20 

participants, specific interest on olive plant results) 
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• SOLDANO workshop on 22/10/2015 in the SOLDANO premises in Limbadi (20 

participants, specific interest on orange plant results) 

The Dissemination Annex shows evidences of all these activities.  

 

5.2.2.2 Action D.2 Demonstration workshop in Spain 

The Spanish beneficiary CEBASCSIC organized one specific AFTER Cu workshops on 25 

September 2015 at the University of Murcia in Salón de Grados for National specialized 

audience, as defined in output final indictors. In this event, Dr. Teresa Hernandez of 

CEBASCSIC talked about the project. This workshop was coordinated by the Prof. in 

agricultural chemistry of the University of Murcia (Simón Navarro), and had the participation 

of the Regional Ministry of Agricultural of the Comunidad autónoma of Murcia (Dr. 

Francisco Javier of Murcia, Dra. Encarna of Molina) and several technicians interesed on the 

clean agriculture and on the use of compounds that do not hurt the environment, as in the 

project AFTER Cu. The event lasted two hours (from 12 am to 14 pm) Generally it had a 

clear interest it in this event, and have made several questions at the end of the event.  

The Dissemination Annex shows evidences of this activity. 

 

5.2.2.3 Action D.3 Project website 

During February 2014 the web site www.lifeaftercu.com and the project Facebook page have 

been published and it is network-accessible. The site was periodically updated and it contains: 

 English, Spanish and Italian version 

 Visit counter  

 Link to LIFE+  

 Link to each beneficiary website 

 Results update 

 News update 

 Coming up 

 Reserved area 

 Link with the Facebook page for event booking/registration  

DISPAA was the responsible of the creation of the AFTER Cu web site. The web site created 

was clearly and visibly marked with Life logo. In the website we have also uploaded the 

AFTER Cu dissemination material presented and used during the attended fairs and 

conferences. At the end of the project the following results were obtained: 

 Website visitors: 67,297 

 Facebook page: 28 friends  

The results of the activities carried out in Action D.3 were defined in the following project 

Deliverable foreseen at the end of Month 3 and sent as annex to the Inception Report: 

 Deliverable Action D3: Project website 

 

5.2.2.4 Action D.4 Notice boards 

During the first period of the AFTER Cu project DISPAA created the structure of the project 

Notice board and produced 10 AFTER Cu Notice boards, which were sent to all the 

beneficiaries and displayed in visible spots and accessible places to the public on the 

beneficiary premises. In addition the beneficiaries put the AFTER Cu Notice board at the 

project demonstration sites. 

The results and photos of the activities carried out in Action D.4 were defined in the following 

project Deliverable foreseen at the end of Month 3 and sent as annex to the Inception Report: 

 Deliverable Action D4: Notice boards 

 

 



Final report LIFE12 ENV/IT/000336  55 

5.2.2.5 Action D.5 Layman's report 

At the end of the project DISPAA created and produced the AFTER Cu Layman's report. 

The results of the activities carried out in Action D.5 are defined in the following project 

Deliverable foreseen at the end of Month 24 and attached as annex to this Final Report: 

 Deliverable Action D5: Layman's report 

 

5.2.2.6. Action D.6 Diffusion material preparation 

During all the project period, all beneficiaries prepared various dissemination materials to be 

used in fairs, conferences, newsletters, etc., in particular: 

 Logo definition and design performed. An AFTER Cu logo was created for the project, 

which will be shown on all dissemination documents of the project. 

 10,000 AFTER Cu brochures 

 5,000 two types of AFTER Cu leaflets 

 17 AFTER Cu tissue posters in Italian and English 

 3 Malaga event posters 

 1 AFTER Cu roll-up 

 3 project presentations (English, Italian and Spanish)  

 1,000 AFTER Cu copybooks 

 800 AFTER Cu pens 

 200 AFTER Cu cups 

 800 AFTER Cu pen drives  

 50 AFTER Cu bags 

The Dissemination Annex shows evidences of all these activities and materials.  

 

5.2.2.7. Action D.7 Articles and press releases 

During this period, DISPAA-UNIFI produced: 

 5 articles directly related to AFTER Cu in Italy (in local and web newspaper): AGI, 

UNIFI website, TUTTOGREEN (insert of “La Stampa” newspaper), Fresh Plaza, 

Ambiente BIO 

 4 indirect articles related to the participation of AFTER Cu to the CNR event (in local 

and web newspaper) 

 18 indirect articles related to the participation of AFTER Cu to the ASTRA and ENEA 

event on 22 January 2015 in local and web newspaper 

 4 articles related to ASTRA workshop on 14/12/2015 in local and web newspaper 

 3 articles (Italian, Chinese and English) in Platinum journal 

 3 articles directly related to AFTER Cu in Spain (in local newspaper): La Verdad, 

Murcia industria, Murcia economia 

The Dissemination Annex shows evidences of all these activities and materials.  

 

5.2.2.8. Action D.8 Networking 

During this period, DISPAA-UNIFI was responsible of the following networking activities: 

 Networking contacts and activities with PODEBA, BIOREM, SOREME, BIONAD, 

GREEN SITE, SOILPRO, RESAFE, SEKRET, CLEANSED, AIS LIFE, EVERGREEN, 

HORTISED (LIFE 10-11-12-13-14 projects) 

 Specific meetings with photos with BIOREM and CLEANSED 

 Networking contacts at the CNR LIFE event at Pisa on 25th March 2014 

 Networking contacts at the UNIFI LIFE event at Firenze on 24th October 2014 

 Networking contacts at the ASTRA LIFE event at Faenza on 22th January 2015 

The Dissemination Annex shows evidences of all these activities. In particular, in the 

Dissemination Annex activities we have defined a table with: 
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 Day of the networking 

 How (phone, meeting, etc.) 

 Which projects 

 Who (name of the participants) 

 Topics discussed and conclusions 

 

5.2.2.9 Action D.9 AFTER Cu technology manual 
At the end of the project ASTRA, with the collaboration of all the beneficiaries, has prepared 

the AFTER Cu technology manual. 

The results of the activities carried out in Action D.9 are defined in the following project 

Deliverable foreseen at the end of Month 24 and attached as annex to this Final Report: 

 Deliverable Action D9: AFTER Cu technology manual 

 

5.2.2.10 Action D.10 Demonstration workshop, seminars, conferences and other events 

In Action D.10 the beneficiaries decided the substitution of specific informative workshops 

foreseen in the proposal with more participation at already fixed events. As defined in output 

final indictors table the AFTER Cu beneficiaries participated and presented AFTER Cu at the 

following: 

 4 events to National specialized audience: 

• LIFE CNR event in CNR premises on 25 March 2014 

• UNIFI LIFE event at Firenze on 24
th

 October 2014 

• ASTRA LIFE event at Faenza on 22
th

 January 2015 

• Seminar in Facultad de Ciencias - Área de Genética of Universidad de Málaga, 

Malaga 14 July 2014 

 2 events to local very specialized audience: 

• University of Siena event about life, Siena 29 May 2014  

• Dissemination at Milestone – Sorisole (BG) 15 october 2015  

 9 events to National very specialized audience: 

• Scuola Nazionale Metodologie Analitiche e Bioanalitiche in Spettrometria di Massa, 

Parma, Campus Universitario, Parma- Italy, 26-30 May 2014  

• Corso avanzato sull'accoppiamento della spettrometria di massa con tecniche di 

separazione in fase liquida, Lucca, 23-26 June 2014  

• Erice course on Biophysics of channels and transporters, Erice 11-17 May 2014 

• Event in EEZ of CSIC in Granada (Spain) on 10 July 2014 

• BRIGTH 2014 AREA CNR  September 26th 2014  

• Italy-Kazakhstan collaboration project event in Kazakhstan on 14/11/2014 

• Italy-Kazakhstan day event in Florence on 12/05/2015 

• Science Week of Murcia, 6-8/11/2015 

• BRIGTH 2015 AREA CNR  September 25th 2015  

In all the above events AFTER Cu project was presented and informative materials (i.e. 

project brochure) were distributed. 

 

5.2.2.11 Action D.11 Dissemination to Institutions and policy makers 

Since the start of the project, all the AFTER Cu beneficiaries were responsible for the 

organization of specific communication activities in order to disseminate the project actions 

and results to Institutions and policy makers. The following preliminary contacts with 

institutions have been taken: 

o Councillor for the Environment of Pisa City and Environmental Department of Pisa 

Area - Italy (CNR event 2014) 
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o Environmental Department of Murcia Area, Regional Ministry of Agricultural of the 

Comunidad autónoma of Murcia (Dr. Francisco Javier of Murcia, Dra. Encarna of 

Molina – Spain (CEBAS workshop 2015)  

o Senator of the Italian Government - Italy (UNIFI event) 

o Assessorato Agricoltura Regione Emilia-Romagna and Councillor for the 

Environment of Faenza City, ARPA Environmental Institution, Italian business center 

CENTURIA  – Italy (ASTRA event 2014 and workshop 2015) 

o  Mayor of Limbadi and Calabria Region manager - Italy (Soldano workshops 2015) 

The Dissemination Annex shows evidences of all these activities. In particular, in the 

Dissemination Annex activities we have defined a table with: 

 Name of the policy maker contacted 

 Where 

 Topics discussed and conclusions 

 

5.2.2.12 Action D.12 After-LIFE Communication Plan 
At the end of the project, DISPAA created and produced the AFTER Cu After-LIFE 

Communication Plan. 

The results of the activities carried out in Action D.12 are defined in the following project 

Deliverable foreseen at the end of Month 24 and attached as annex to this Final Report: 

 Deliverable Action D12: After-LIFE Communication Plan 

 

5.2.2.13 Action D.13 Internationals fairs and other events  

Some beneficiaries disseminated the AFTER Cu project participating in the following 

international fairs and events: 

 14th International Conference, Na,K-ATPase and related transport ATPases: 

Structure, mechanism, cell biology, health and disease. 30 August - 5 September 2014, 

The Netherlands  

 XX National Congress Italian Society for Plant Pathology (SIPaV) Pisa, 22-23-24 

Settembre 2014 "Environmentally loyal plant protection: from nano- to field-scale“ 

 International Conference P. syringae 2015, Málaga, 2-5 June 2015 

 Ecomondo Fair, Rimini, 3-6 November 2015 

 Colloquium Spectroscopicum Internationale XXIX, 29/08-3/09/2015 Figueira da Foz, 

Portugal  

In all the above events AFTER Cu project was presented and informative materials (i.e. 

project brochure) were distributed. 

The Dissemination Annex shows evidences of all these activities.  

 

5.2.2.14 Action D.14 Digital supports for international diffusion 

At the end of the project DISPAA collected all the video of each beneficiary and produced the 

final AFTER Cu video in 3 languages: English, Italian and Spanish. DISPAA produced 1,000 

copies of the project video DVD which were sent and distributed after the project end to 

project stakeholders, European land owners and managers. The project beneficiaries decided 

to not use the menu and submenu structure foreseen in the proposal but to produce a standard 

normal video with some subtitles in order to have an easier and more direct video to 

understand project activities and results for land owners. 

The results of the activities carried out in Action D.14 are defined in the DVD as 

dissemination annex to this Final Report: 
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5.3. Evaluation of Project Implementation  

The project coordination actions needed daily work to maintain a permanent flow of action 

with the aim of achieving the objectives set. The actions carried out were: 

 Preparation of the Partnership Agreement 

 5 Coordination meetings 

 3 Monitoring meetings 

 Organisation of many phone and web meetings between some partners in order to plan 

and monitor the project technical activities 

 Continuous contact between all project partners for monitoring project activities 

 General actions and activities for the coordination of the project.  

 Management of the financial aspects of the project. 

 Monthly reports to the LIFE external team monitor on the evolution of the project. 

 DISPAA, as project coordinator, prepared and sent a monthly indication of operative 

activities to be done to all the partners 

 DISPAA, as project coordinator, prepared and sent a monthly summary of the project 

activities carried out to monitoring representant and to all the partners 

 

The following table compares, through quantitative and qualitative information, the results 

achieved at the end of the AFTER Cu project against the objectives of the proposal: 

 

Task Foreseen in the revised 

proposal 

Achieved at the end Evaluation 

B.1 Demonstration 

of the use of copper 

compounds for the 

control of bacterial 

diseases of plants 

important for the 

EU. 

100% 100% No particular 

technical 

problems 

occurred during 

this period.  

 

B.2 Demonstration 

of the qualitative and 

quantitative yields of 

conventional 

chemical synthesis 

and biotechnological 

synthesis of the anti-

virulence peptides at 

laboratory scale 

100% 100% No particular 

technical 

problems 

occurred during 

this period.  

 

B.3 Demonstration 

of the chemical and 

biological stability 

of anti-virulence 

peptides produced 

by conventional 

chemical and 

biotechnological 

synthesis 

100% 100% No particular 

technical 

problems 

occurred during 

this period.  

 

B.4 Demonstration 

of Kilo-scale 

biotechnological 

100% 65% No particular 

technical 

problems 
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synthesis of the anti-

virulence peptides 

by recombinant 

technology 

occurred during 

this period.  

B.5 Demonstration 

of the null toxicity 

profile of the anti-

virulence peptides 

on model organisms 

and microorganisms 

100% 100% No particular 

technical 

problems 

occurred during 

this period.  

 

B.6 Demonstration 

of the anti-virulence 

peptides in vivo 

performances at pilot 

scale level in field 

screenings 

100% 100% No particular 

technical 

problems 

occurred during 

this period.  

 

B.7 Demonstration 

of the effectiveness 

of the anti-virulence 

peptides in the 

presence of 

contamination by 

copper compounds 

at pilot scale level in 

field screenings 

100% 70% No particular 

technical 

problems 

occurred during 

this period.  

 

C.1 Monitoring on 

the environmental 

impact of copper 

compounds for the 

crop defence against 

bacterial 

phytopathogens 

100% 100% No particular 

problems 

occurred during 

this period.  

 

C.2 Monitoring of 

the in vitro anti-

virulence 

performances of 

peptides at 

laboratory level 

100% 100% No particular 

problems 

occurred during 

this period.  

 

C.3 Monitoring of 

the absence of side 

effects for the anti-

virulence peptides 

on common targets 

of any living 

organism at 

laboratory level 

100% 100% No particular 

problems 

occurred during 

this period.  

 

C.4 Monitoring of 

the absence of a 

direct selection 

operated by the anti-

100% 100% No particular 

problems 

occurred during 

this period.  
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virulence peptides 

towards the 

emergence of 

bacteria resistant to 

the anti-virulence 

peptides themselves 

at laboratory level 

 

C.5 Monitoring of 

the short term 

environmental 

benefits from the use 

of the anti-virulence 

peptides in plant 

disease control at 

pilot scale level in 

field screenings 

100% 100% No particular 

problems 

occurred during 

this period.  

 

C.6 Monitoring of 

the absence of an 

indirect selection 

operated by the anti-

virulence peptides 

on copper compound 

and antibiotic 

resistant bacteria at 

pilot scale level in 

field screenings 

100% 100% No particular 

problems 

occurred during 

this period.  

 

C.7 Monitoring of 

technical-socio-

economic 

assessment of the 

AFTER CU project 

100% 60% No particular 

problems 

occurred during 

this period.  

 

D.1 Demonstration 

workshop in Italy 

AFTER CU workshops 

in Italy 

3 specific AFTER CU 
workshops organised in 
Italy by ASTRA and 
SOLDANO 

In line 

D.2 Demonstration 

workshop in Spain 

AFTER CU workshop 

in Spain 

1 specific AFTER CU 

workshop organised in 

Spain by CEBASCSIC 

In line 

D.3 Project website 
Project web site Project web site and 

continuous updating 

In line 

D.4 Notice boards 

10 notice boards  

 

10 notice boards 

displayed in beneficiary 

public places 

In line 

D.5 Layman's report Layman's report Layman's report In line 

D.6 Diffusion 

material preparation 

• Logo definition 
• 25 posters 
• 10,000 

brochures/leaflets 
• 2,500 various items 

• 10,000 AFTER Cu 
brochures 

• 5,000 two types of 
AFTER Cu  leaflets 

• 20 AFTER Cu 
posters in Italian and 
English 

More than 

expected 



Final report LIFE12 ENV/IT/000336  61 

• 1 AFTER Cu roll-up 
• 3 project 

presentations 
(English, Italian and 
Spanish)  

• 1,000 AFTER Cu 
copybooks 

• 800 AFTER Cu pens 
• 200 AFTER Cu cups 
• 800 AFTER Cu pen 

drives  
• 50 AFTER Cu bags 

D.7 Articles and 

press releases 

30 articles 37 articles More than 

expected 

D.8 Networking 
Clusters with 10 

projects 

Clusters with 12 

projects  

More than 

expected 

D.9 AFTER Cu 

technology manual 

AFTER CU manual AFTER CU manual In line 

D.10 Demonstration 

workshop, seminars, 

conferences and 

other events 

4 events  15 events More than 

expected 

D.11 Dissemination 

to Institutions and 

policy makers 

Successful 
communications 

Contacts with 7 
Institutions and policy 
makers 

In line 

D.12 After-LIFE 

Communication Plan 

International fairs 

and other events 

After-LIFE 

Communication Plan 

After-LIFE 

Communication Plan 

More than 

expected 

D.13 International 

fairs and other 

events 

4 fairs Participation at 5 fairs 

and international events 

More than 

expected 

D.14 Digital 

supports for 

international 

diffusion 

1000 copies of 1 project 

video in English, Italian 

and Spanish 

1000 copies of AFTER 
CU video in English, 
Italian and Spanish 

In line 

E.1 Project 

management 

Management of project 

activities 

Continuous contact 

between all project 

partners and project 

meetings 

Great 

beneficiaries 

collaboration 

E.1 Monitoring 

Monitoring of project 

activities 

monthly indication of 

operative activities  and 

monthly summary of 

the project activities  

Great help from 

monitoring team 

E.3 Audit Audit Report Audit Report In line 

 

It is clearly evident from the above table that the work carried out at the end of the AFTER Cu 

period is perfectly in line with was expected in the AFTER Cu proposal. 

 

 



Final report LIFE12 ENV/IT/000336  62 

 

5.4 Analysis of long-term benefits 

Environmental benefits 

Heavy metals are considered one of the major sources of soil pollution (Karaca et al., 2010). 

Among those metals causing long-term hazardous effects on soil ecosystems, and negatively 

influencing soil biological processes, there are Cu, Ni, Cd, Zn, Cr, and Pb (Effron et al., 2004; 

Shen et al. 2005; D’Ascoli et al., 2006; Lorenz et al., 2006; Malley et al., 2006). These heavy 

metals have an inhibitory influence on both soil enzyme activities and on microbial 

community structure (Kunito et al., 2001; Effron et al., 2004; Shen et al. 2005; Malley et al. 

2006; Oliviera and Pampulha 2006; Kahkonen et al., 2008; Kizilkaya, 2008; Wang et al., 

2008). Soil enzymes are inhibited by heavy metals to different extents depending on the 

characteristics of the soil, such as its clay, silt and organic matter contents and its pH value 

(Effron et al., 2004). Moreover, the reduction in biodiversity of soil microflora and the 

inhibition of soil enzyme activities caused by metal contamination negatively affect soil 

fertility (Yang et al., 2007a, b).  

Although Pb is one of the most abundant heavy metal soil pollutants (Zeng et al., 2007), there 

is a worldwide concern about copper pollution as well, as a consequence of its use in 

agricultural practices since the late 19th century. The continuative use of copper-based 

bactericides and fungicides in plant disease control has led to long-term accumulation of this 

element in the surface of some agricultural soils throughout the world (Mackie et al., 2012). 

Copper containing fungicides and bactericides are generally applied as a chemical spray. 

Therefore in part treatments miss its target and much of this lost copper enters the soil surface, 

where copper can persist for very long period of time and potentially migrate off-site due to 

leaching and/or runoff (Wightwick et al., 2010). Copper is an enzymatic cofactor in several 

metabolic processes and an essential trace element for crop growth at low concentrations 

(Dewey et al., 2012). However, when copper accumulates within topsoil following phytoiatric 

treatments (Pietrzak & McPhail, 2004; Rusjan et al., 2007), its potential to cause adverse eco-

toxicological effects on the environment is large. 

Therefore, the concentration of several heavy metals need to be periodically monitored, to 

ascertain if their limit concentrations in soils have been respected or if remediation activities 

need to be applied. As far as European Union is concerned, its Member States have 

established the limits for several heavy metal in agricultural soils, which for Hg, Pb, and Zn 

are 1–1.5, 50–300, and 150–300 mg kg −1 dry soil, respectively (CEC, 1986). Traditional 

copper compounds applied in conventional and organic agriculture against plant pathogenic 

bacteria and fungi were recently restricted in their use within the EU Member States (Council 

Regulation 2015/229/EU; Directive 2009/37/EC; Council Regulation No 834/2007/EC; 

Council Directive 91/414/EEC). The process to minimize copper use in plant protection 

started in the year 2000, with a limit of 8 kg/ha, which was taken up by the EU regulation (EC 

Reg. 473/2002) establishing a limit of 8 kg/ha/year until 2005. Further reductions were 

established up to 6 kg/ha/year, with the possibility to make an average over 5 years in 

perennial crops. In some EU countries, copper is forbidden in organic agriculture (e.g. NL, 

DK), and in other countries there is a lower quantitative limit (e.g. 3 kg/ha/year in Germany). 

Actually, copper compounds are the most effective substances and the only chemical allowed 

to control phytopathogenic bacteria and fungi in organic farming. Nevertheless, the 

substitution of copper compounds is a declared priority in the EU organic legislation (EC Reg. 

473/2002), and according to the current EC regulation 473/2002 the annual dose of 6 kg 

Cu/Ha should correspond to an annual accumulation of about 5 mg Cu/Kg soil in the top 10 

cm assuming no losses (Ruyters et al., 2013). 

Moreover the regular and long term use of copper for the plant disease control caused the 

development and spread of bacterial strains resistant to copper, which make thus ineffective 
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copper applications. Copper resistance mechanisms in bacteria are related to the occurrence 

into the bacterial genomes of genes encoding resistance to otherwise toxic concentrations of 

copper. The selection of resistant strains increases rapidly in the phytopathogen population, as 

an evolutionary surviving strategy following the copper sprays which thus become gradually 

less effective for disease control. These genes for copper-resistance have been found in 

bacteria from human, animal, plant, environment and food samples. They are often associated 

with another important feature, which is the antibiotic-resistance, coded by genes generally 

located on those mobile elements of the bacterial genomes called “plasmids”, easily 

exchangeable among bacteria, where also gene for copper–resistance. Therefore the spread of 

copper resistant bacterial strains is often combined with antibiotic-resistance in the soil of 

agro-ecosystems, where resident bacteria can be potential reservoirs for antibiotic resistance 

genes with important consequences in clinical medicine (McManus, 2014). The fear of 

potential transfer of antibiotic resistance from plant to human pathogenic bacteria or other 

bacteria in nature drives the scrutiny on copper use for plant protection and aims to preserve 

antibiotic efficiency in human medicine (McManus, 2014) 

 

The AFTER Cu project provides an innovative effective alternative to reduce copper use in 

plant protection, given by highly specific peptides against Gram negative plant pathogenic 

bacteria, targeted on their pathogenicity instead on their viability to decrease the risk to 

develop resistance. 

Recently many directive and documents have been produced by EU about European policy on 

agriculture, which has currently a double aim, that is to maintain productivity and to reduce its 

impact on the environment at the same time. The Common Agricultural Policy (CAP) 

document “The CAP towards 2020” invite the EU to make highly targeted and strategic 

choices for the long-term future of EU agriculture and its rural areas. In particular, “The CAP 

towards 2020” recognizes agriculture as a strategic sector for Europe, able to generate 

economic growth and employment, for instance by increasing the potential of a pivotal 

context such as food security. To this aim, high quality standards for the safety of agri-food 

products have established as common all over Europe, which have to be respected in order to 

be able to competitively satisfy the expectations of the internal EU market and outside 

Europe. Moreover, “The CAP towards 2020” also aims to preserve the food production 

throughout the EU, in order to both guarantee long-term food security for EU and contribute 

to the growing world food demand. 

These topics such as food safety, traceability and quality of agrifood products have to be are 

integrated transversely with other essential issues, such as environmental protection and 

protection of natural resources, as well as of rural areas, while respecting their populations 

and human resources. In fact, according to "The CAP towards 2020” the future success of 

modern agriculture in Europe must necessarily include a sustainable development model. 

 

The AFTER Cu project through its results offers the basis for a positive direct impact on 

future EU policy and governance. It perfectly responds to the objectives of both the Water 

Framework Directive 2000/60/EC and of The EU Thematic Strategy for Soil Protection, 

offering an environmental friendly and innovative strategy to control plant diseases caused by 

Gram negative phytopathogenic bacteria, because it meets EU standards in terms of 

environmental protection of water and soil ecosystems. 

Moreover, the results from the AFTER Cu project perfectly fits and answers to the Proposal 

of the European Parliament and Council implementing a Community Action Plan to achieve 

sustainable use of pesticides, according to the Communication from the Commission of 12
nd

 

of  July 2006, entitled: "A thematic strategy on the sustainable use of pesticides" [COM(2006) 

372] 
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Accordingly, the AFTER Cu project had the following targets and objectives:  

1) to reduce the impact of copper on the environment and on human health, consistently with 

the necessary protection of crops against Gram negative phytopathogenic bacteria. 

2) to develop anti-virulence peptides against these bacteria, instead of antimicrobial and or 

biocidal compounds, for a partial or total replacement of copper compounds. 

3) to reduce the risk of the spread of copper- and antibiotic-resistant bacteria into 

agroecosystem. 

4) to develop a “green chemical synthesis” and a low cost recombinant protocol for the 

synthesis of the AFTER Cu peptides. 

5) to develop an effective and integrated monitoring scheme to check the soil ecosystem 

health following phytoiatric treatments. 

The validity of the just described and achieved targets is sustained by the data fully reported 

in the Annexes related to the Deliverables of the AFTER Cu project. 

These demonstration studies clearly outline as the AFTER Cu peptides allow to get an 

effective protection against the Gram negative bacteria here used as a model, although to a 

different extent and depending on the plant species. Furthermore it is important to remark that 

these results are referred to the a multi-level analysis, starting from laboratory, to pilot and 

even to field scale, although other improvement opportunities can be further implemented by 

using more amenable plant models, such as herbaceous crops (e.g. Tomato). Although several 

differences were obviously found to occur from country to country, AFTER Cu clearly 

showed the applicability and the high flexibility of the proposed alternative for copper use in 

plant protection against Gram negative bacteria, as demonstrated in the 2 beneficiaries 

countries (Italy and Spain), having different climate conditions. 

 

Long-term benefits and sustainability 

The long term qualitative environmental benefits of the project will be the lower copper 

pollution into the agrosoil, and as a consequence on the watercourses and as residues of food 

of vegetable origin. Consequently, the improvement of soil quality and biology will improve 

plant vigor, and more generally also the agricultural performance and yields, with economic 

benefits.  

The long term goals of the AFTER Cu project will therefore help to achieve the objectives set 

out by EU Parliament and Commission in recent times and trough several Directives and 

Thematic Strategies: 

(1) to develop alternatives to chemical pest control, included copper; 

(2) to develop effective alternatives to chemical pest control, included copper, having 

substantial economic and social advantages; 

(3) to develop alternatives to chemical pest control, included copper,  which have not harmful 

effects, including chronic or long term disorders, for humans and any living organism and 

microrganism, as well as on biodiversity. In fact, to promote a sustainable plant protection 

strategy implies benefits to biodiversity and functionality, not just of soil but of the whole 

agroecosystem. 

(4) to develop alternatives to chemical pest control, included copper, which have an overall 

significant reduction in risks and use. 

(5) to develop alternatives to chemical pest control, included copper, which can contribute to 

reduce emissions by avoiding any remediation treatment on heavily copper contaminated soils 

 

Replicability, demonstration, transferability, cooperation 

The AFTER Cu demonstrative approach can be pivotal to strongly contribute to define new 

policy strategies and activities by government, at any level form local to European, finalized 
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to promote the use of anti-virulence peptides as an effective and environmental friendly 

alternative to copper against Gram negative phytopathogenic bacteria. 

The results of the AFTER Cu project can also create new appealing scenarios for stakeholders 

of agri-food context, to improve and/or create new job opportunities, for the exploitation of 

the AFTER Cu peptides synthesis and utilization. Obviously the European agricultural SMEs 

are the first who will benefit from the increased productivity and added value generated 

through the application of this innovative plant protection system. The project results are also 

of interest to national and European policy makers, as well as to the general public, because 

the demonstration activities of the AFTER Cu project contributes to create and spread new 

perspectives in agriculture management. To this aim the dissemination of the AFTER Cu 

results is and will be essential to convince farmers and stakeholders on the effectiveness of the 

AFTER Cu anti-virulence peptides for crops protection against bacteria of plants and for 

environmental conservation.  

Therefore, according to these positive project results, it will be important to further implement 

those technologies for recombinant AFTER Cu peptides synthesis to promote their application 

by farmers and to guarantee the long-term sustainability of the results. To this aim, it is 

essential to identify companies and structures producing and marketing plant protection 

products to further verify the opportunities to produce the AFTER Cu peptides at industrial 

level, to reduce the production cost as much as possible to definitely foster also their 

economic sustainability. 

In addition to the demonstration studies carried out so far during the AFTER Cu project, 

specific demonstration actions will be further implemented and sustained after the project-

end-date, such as: 

1) to develop several formulations, in addition to the liquid used so far, each fitting the needs 

related to the bacterial disease they are targeted against, by DISPAA-UNIFI, CEBAS CSIC, 

ICCOM CNR and ASTRA. 

2) to develop a detailed business plan, by the several beneficiaries such as ASTRA, CEBAS 

CSIC and Fattoria Soldano, to identify and compare the costs related to the replacement of 

copper with the AFTER Cu peptides against Gram negative bacteria of plants, in several years 

of sperimentation on the plots already used in the AFTER Cu project. 

3) to promote a systematic dissemination of the AFTER Cu results, carried out by each 

project beneficiary with own resources, both presenting the results achieved during the 

AFTER Cu project, as well as those emerging during the After LIFE period. These 

dissemination actions will be also sustained by the production of technical and scientific 

papers, on scientific journal as well as on specialized agricultural magazines, by specific 

printed brochure and also digital supports and videos. Moreover, the AFTER Cu web site will 

be constantly updated with any new finding concerning the AFTER Cu peptides, as well as  

the institutional web pages of any AFTER Cu beneficiary. 

 

Best practice lessons 

The AFTER Cu project was developed in Italy and Spain, two Mediterranean countries where 

agriculture and its productivity are very significant within the EU. The implementation of this 

project actions within two countries gave an international dimension to the results obtained. 

Moreover, the climatic differences existing between Italy and Spain offers the possibility to 

extrapolate the conclusions obtained also to other EU countries facing the same problems 

related to copper pollution from plant protection treatments (e.g. Greece, France, Portugal). 

It will be pivotal to extent in the future the AFTER Cu approach also in countries where 

climatic conditions are more also severe, with cold climate, high rain rate, etc., such as The 

Netherlands, and to greenhouse and hydroponic cultivations. This would give a further added 

value to the AFTER Cu results obtained so far, and could help the EU to play internationally a 
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leading role in innovation in plant protection, and to improve the competitiveness of its agro-

food economy. 

 

Innovation and demonstration value 

The AFTER Cu project will contribute to the European Environmental Objectives by 

reducing the impact of copper pollution and avoid some of above mentioned environmental 

problems. It is worth to mention that in 2007 among the EU Member States there were almost 

14 million of agricultural holdings (source: Eurostat). According to these data and apart from 

Poland and Slovenia, Italy and Spain had the largest number of holdings in Europe, 

respectively 1,679,440 and 1,043,910, without considering the smallest farms (which 

accounted for less than 1% of national agricultural activity). Nevertheless, these holdings 

accounted for a total of 417,673 square kilometers of agricultural land, which are roughly ten 

folds the size of Switzerland. Therefore, European farmers and especially those of 

Mediterranean countries have to face serious problems, concerning the value of land and often 

the also yields of crops, which have been constantly decreasing over the last 20 years. In 

addition, more than 40% of these agricultural holdings in Italy and Spain have an income 

(Farm Net Value Added per Annual Work Unit) below 50% of the average FNVA/AWU in 

the region. In this frame the AFTER Cu project offers an innovative technological opportunity 

to boost the competitiveness of the agro-food sector, by: 

1. Reducing the risk of copper pollution of agricultural land; 

2. Preserving the soil fertility and biology of agricultural land, and as a consequence  its 

productivity; 

3. Preserving the soil biodiversity and more generally the agroecosystem; 

4. Reducing any negative impact on human health given by copper residues on food of plant 

origin 

The objectives achieved by the AFTER Cu project are strongly connected to European 

environmental policy and legislation, to start with the Common Agricultural Policy which has 

progressively included more environmental requirements. However, the AFTER Cu has got a 

strong socio-economic dimension besides to that related to environment and agricultural 

production: accordingly policy makers are asked as mandatory to make those efforts and 

actions essential to integrate at the EU level these two dimensions closer to each other.  

The AFTER Cu has identified the following target groups and actors: 

1) Public stakeholders and policy makers, which are in charge for the management policies 

concerning agriculture, plant protection and environmental conservation. Innovative and more 

environmental friendly policies for a stronger sustainable agriculture have to be introduced 

and promoted at the local, municipal, regional, national, and particularly at EU level. 

2) Farmers and agricultural associations, which have to adopt a high-value innovation for the 

environmental friendly protection of plants from phytopathogenic bacteria, to increase soil 

quality and plant productivity, and to reduce the risk for human health related to high copper 

residues on vegetables and fruits. 

3) Companies involved in the production and marketing of plant products, which will have 

economic benefits for the introduction of an innovative and low impact solution to bacterial 

diseases of plants. 

4) Universities, researchers and students, which are involved and work at different levels in 

several sectors related to the core objectives of the project.  

5) Public opinion and civil society, which have a strong interest in the development and 

application of low impact and safe technologies for a more sustainable agriculture, and  for 

environment conservation and protection. 
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Long term indicators of the project success 

Some parameters and indicators are needed to properly evaluate the long-term success of the 

application of the AFTER Cu approach and peptides. In particular, this approach will be very 

useful to help the organic farmers which more than those devoted to traditional agriculture 

have to face the European legislation about the reduction copper in plant protection. 

In the EU, oorganic farming is one of the most dynamic sectors and in 2004 had an average it 

accounts for more than 3.5% of total agricultural lands. In recent years, the EU organic 

market has grown significantly (19,700 millions of Euros, and a growth rate of 9% in 2011), 

driven by a steady increase in demand. During the period 2000-2012, the organic farming 

increased the total surface with an average annual increase of 6.7%. In addition, following the 

adoption in 2009 of a number of provisions to EU level, it is also seeing a rapid growth in the 

production of organic aquaculture. Spain is the EU country with the largest area under organic 

farming and one of the largest in the world (1.8 million hectares), followed by Italy (1.1 

million hectares), and Germany (1 million hectares) (Source EU, 2012) 

 

According to the data of the Italian Ministry of Agriculture, Food and Forestry Policies 

(MIPAAF) available at December 2013, the number of organic operators in Italy reached 

52,383 units, of which 41,513 were producers, 6,154 were processors (including companies 

engaged in retail), 4,456 were engaged in the production and processing, and 260 were 

importers. The MIPAAF also indicated that the number of "operators" has increased to more 

than 55,000 farmers, occupying thus the top positions in the EU together with Spain. Organic 

farming in Italy was thus confirmed as an important sector of the food industry, with more 

than € 3 billion turnover and an exponential growth in consumption. These results are very 

positive from an economical point of view, and are also symptom of the growing awareness 

of society towards a type of agriculture with less environmental impact, and practiced with 

methods that are less likely to use synthetic chemicals. Copper is about the only chemical still 

allowed in organic agriculture. As far as copper sulphate is concerned, its world market in the 

form for food quality is an industry of about 1,200 billions of Euros, and it grows to about 

15% per year. Copper sulphate can be produced directly from ore leaching solutions ideal for 

use in agriculture, by using simple technologies, such as evaporation plant-coupled 

crystallisation solvent extraction circuit which can produce 120,000 kg of crystals of copper 

sulphate pentahydrate per day equivalent to 30 Ton copper per day, with an average price of 

about 11 Euros per kilo. Among the most promising strategies to substitute copper in 

agriculture, there are AntiMicrobial Peptides (AMPs), with prices varying from about 10 to 20 

Euros per gram, with a 75% purity when from chemical and recombinant synthesis, 

respectively. 

Now in absence of an industrial production, the evaluation of the AFTER Cu peptides cost 

requires a simulation based on the process that has been developed during the project, with 

are quite close to the prices for AMPs. However, the economic benefits deriving from the use 

of the AFTER Cu peptides take advantage also by an increase in production and the added 

value of the plant products obtained, with a more marketable value. 

 

The final considerations on the convenience to use the AFTER Cu peptides in plant protection 

against Gram negative bacteria are the following: 

1. The cost of production is not well defined yet, because the possible scale economies 

are not known, although a cost lower than 100 Euros/kilo can be hypothesized on the 

basis of the elements collected so far. 

2. Although a disease control strategy based on the AFTER Cu peptides has today higher 

cost compared to that of traditional copper compounds, it must be taken into account 
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that this approach provides benefits for agrosoil, with a lower need of mineral 

fertilization; 

3. the use of the AFTER Cu peptides did not give the same successful results on all the 

plant species tested as a model, but the most promising were demonstrated on 

kiwifruit, which has got an important economic weight for Italy which fully justify the 

higher costs; 

4. the characteristics of total null toxicity of the AFTER Cu peptides and their activity 

against copper- resistant bacterial strains are highly positives for a low-impact 

strategy; 

5. the importance of spread of the AFTER Cu peptides use goes definitely beyond the 

immediate economic convenience, and it must be considered as a pivotal investment to 

maintain a safer and more fertile agroecosystem for the future generations. 

 

In this general frame, during and after the end of the AFTER Cu project, the coordinator has 

been contacted by several stakeholders, companies and organization interested to apply the 

AFTER Cu anti-infective peptides to avoid the negative effects deriving from copper 

treatments in agroecostystems, as detailed in the Action by Action description of this Final 

Report. The dissemination was pivotal to make the AFTER Cu anti-infective peptides known, 

also by the 37 articles published on general newspapers and on scientific journals, having as a 

target technicians and not just scientists. Similarly, the dissemination was operated 

successfully by sending to agricultural, plant and soil companies a total of 250 copies of 

AFTER Cu manual, on which we already received positive feedback. Moreover, clusters were 

set up with other 12 LIFE projects having similar targets, through specific meetings. The 

specific actions focused to get the long term success of this project are described and fully 

detailed above into the table Dissemination products.  
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6. Comments on the financial report 

All the project beneficiaries define all the main cost deviations from foreseen budget 

providing the following explanations:  

 DISPAA: 

 Personnel: 

o Stefania Tegli during year 2015 achieved a carrier advancement from researcher to 

associate professor: for this reason its cost is higher, compared to the budget 

forecast. This promotion was effective since November 2015. In the year 2015, the 

cost for Stefania Tegli was 53.599,22 for months January to October and 

10.899,51 for months November and December. 

o Carlo Viti during year 2014 achieved a carrier advancement from researcher to 

associate professor: for this reason its cost is higher, compared to the budget 

forecast. This promotion was effective since November 2014. In the year 2014, the 

cost for Carlo Viti was 41.582,22 for months January to October and 10.899,51 for 

months November and December. 

o Stefano Biricolti during year 2015 achieved a carrier advancement from researcher 

to associate professor: for this reason its cost is higher, compared to the budget 

forecast. This promotion was effective since November 2015. In the year 2015, the 

cost for Stefano Biricolti was 54.557,5 for months January to October and 

10.899,51 for months November and December 

o referring to the higher daily rate costs of prof. Maria Rosa Moncelli in the project, 

we underline that the involved person, not foreseen in the proposal phase due to 

unexpected project development and internal reorganization, had specific technical 

capacities and knowledge necessary for the development the project itself. Prof. 

Maria Rosa Moncelli, full professor, for her role, technical-scientific profile and 

experience is an important staff member, as demonstrated by her curriculum in 

respect of the project topics. 

 External Assistance: 

o The unforeseen external assistance by PROTEOGENIX was essential for 

obtaining high yields from conventional chemical synthesis of AFTER Cu 

peptides to satisfy the needs for pilot and field scale experiments. 

o The unforeseen external assistance by Fondazione Parco Tecnologico Padano was 

mandatory to carry out the economic analysis/studies related to the future wide 

use/application of the AFTER Cu peptides, accordingly to what planned during the 

last AFTER Cu meetings. The Fondazione Parco Tecnologico Padano is an 

excellence for analysis related to the development of biotechnological approaches 

for the agri-food sector, and for the dissemination of technology services. 

 CEBAS CSIC  

 Personnel: 

o Carlos Garcia has a cost euro/hour higher than indicated in the initial proposal. 

However, we want to point out that his participation, not foreseen in the proposal 

phase due to foreseen participation of another professor of different level, was 

particularly important for AFTER Cu project since he is was the coordinator of 

this project in Spain. The monitoring of the Spanish work during AFTER Cu 

project by Prof. Garcia was considered of paramount important for the successful 

development of the same. Also, the participation of the Dr. Garcia in various 

meetings justify some of the hours worked, which should be considered in the 

project. His Curriculum is attached to this Final Report. 

o Teresa Hernandez and Jose Luis Moreno are members of the research group in 

Spain; it was considered necessary their inclusion in the project, despite being not 
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initially considered. The participation of these researchers for AFTER Cu project 

has been considered as necessary in order to carry out the enzymes analysis and 

microbiological works on some plants and soils included in the project. The 

expertise of these researchers can see showed with the CV attached to this Final 

Report. The meetings carried out between the Spanish Group in order to know the 

project development justify some hours in the AFTER Cu project. 

 ASTRA 

 Personnel: 

o Referring to the higher daily rate costs of Dr. Simoni Marco in the project, we 

underline that the involved person, have an experience of twenty five years old on 

research and experimental project. His salary is due to the professionalism and 

length of service. He is a senior agronomist who in Astra have a rule of quality 

assurance so he suggest the experimental design of the test in field and control the 

data keeping and the analysis results. Astra being a private company needs to 

occupy all its employees before assuming external staff even if it could cost less 

(see Annex - CV Marco Simoni). 

o Referring to the personnel cost, ASTRA involved also three technicians (Nicola 

Graziani. Massimo Scannavini and Angelo Sarti) not foreseen in the early project 

proposal with a small higher daily rate. Their involvement was necessary during 

the project in order to investigate in detail different plants with unforeseen 

specific diseases in different locations. They are three agronomists expert in 

variety trials and fertilizer test with a long experience on pest and disease control. 

 External Assistance: 

o It was necessary the assistance of CRPV because Vanni Tisselli Director of 

ASTRA, as well as coordinator for the partner ASTRA of AFTER Cu project is 

paid by ASTRA to CRPV on the basis of a contract. Vanni Tisselli participated to 

all AFTER Cu project meetings and played a direct role in the handling of the test 

in field, development of experimental protocols, in the dissemination management 

and reporting initiatives. 

o ASTRA has a long experience on the copper use and relative diseases monitoring 

but need the unforeseen involvement of the external company Amek which is 

expert in persistence and relative environmental impact of copper use 

 ICCOM CNR 

 Personnel: 

o The cost/hour of almost all ICCOMCNR personnel are little higher than that 

planned in the proposal due to the variation in the cost from the time of proposal 

up to now and to the involvement of a technician specialized in plant and soil 

chemical field. In particular the cost/hour of Dr Alessandro D’Ulivo is higher than 

the cost foreseen in the proposal. Dr D’Ulivo is a senior researcher of ICCOM 

CNR group and its specific chemical know and experience for the technical 

demonstration activities were fundamental in order to reach the project objective 

in a due time.  

 External Assistance: 

o The unforeseen renting of LC-ICP-MS instrumentation was mandatory in order to 

study the complexation of copper and other metals in plant samples of AFTER Cu 

project. LC-ICP-MS is the only instrumentation that allows a multi element 

detection and  to perform metal speciation studies. These studies were planned 

during the kick off and the following meetings of After Cu project and were 

fundamental to reach goals of the project. The renting was preferred to the 
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purchase because the ICP-MS is really expensive (about 200.000 euros) and it was 

not allowed by ICCOM budget nor it was convenient. 

 SOLDANO 

 External Assistance: 

o SOLDANO sustained some unforeseen external costs due to the need of some 

specific local support for the demonstration fields management (soil preparation, 

plant installation and cleaning stumps and fertilization) and monitoring (analysis 

of some specific local environmental parameters and product quality analysis). 

 

6.1. Summary of Costs incurred  

The following table concerning the incurred project costs from the start of the project 

01/01/2014 until the end of the project 31/12/2015.  

 

PROJECT COSTS INCURRED 

Cost category Total cost in € Costs incurred 

within the project 

duration 

% 

1. Personnel 651,000 722,137.70 110.92 

2. Travel and subsistence 62,500 25,409.78 40.65 

3. External assistance 170,500 195,162.65 114.46 

4. Durable goods     

Infrastructure    

Equipment    

Prototype    

5. Land purchase / long-term 

lease 
   

6. Consumables 315,000 261,832.07 83.12 

7. Other Costs    

8. Overheads  83,930 82,999.65 98.89 

TOTAL 1,282,930 1,287,541.85 100.35 

 

6.2.Accounting system 

Each beneficiary has a specific payment responsible 

• DISPAA: Stefania Tegli selects the project cost formally approved by department 

director or DISPAA council 

• ASTRA: Vanni Tisselli as director selects and decides till an amount of € 20.000. If the 

cost are bigger than 20.000€ the decisions are assumed in accordance with Legal 

Representative. 

• SOLDANO: Maurizio Soldano as manager selects and decides  

• CEBAS CSIC: Carlos Izquierdo selects the project cost formally approved by department 

director 

• ICCOM CNR: Emilia Bramanti selects the project cost formally approved by department 

director 
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All the beneficiaries have defined the following internal specific code (codice commessa) 

which identifies the project and all costs and income related to the project: 

 DISPAA: B18C13001830006  

 ASTRA: X02R14 AFTER CU LIFE12  

 CEBAS CSIC 201920  

 ICCOM CNR: B18C13001830006  

 SOLDANO: AFTER Cu 

 

For DISPAA, CEBAS and ICCOM CNR, VAT is a cost. DISPAA, CEBAS and ICCOM 

CNR used public tender for selecting the project costs, or other in respect of the internal 

procedures the “best value for money”. All beneficiaries respect the procedure of the “best 

value for money” for selecting all the project costs. All the beneficiaries approved only the 

costs: 

 directly linked to, and necessary for carrying out the AFTER Cu project;  

 reasonable, justified and comply with the principles of sound financial management, in 

particular in terms of economy and efficiency;  

 compliant with applicable tax and social legislation; and  

 actually incurred during the lifetime of the project, as defined in the grant agreement, and 

which could be identifiable and verifiable  

 

All the beneficiaries completed in the electronic way all the project financial documents 

before printing them for the original signatures. 

All the beneficiaries charged to the project only invoices contain a clear reference to the 

AFTER Cu project. 

 

6.3. Partnership arrangements  

DISPAA, as coordinating beneficiary, carried out all the appropriate AFTER Cu payments to 

the other beneficiaries without unjustified delay in accordance with the agreements concluded 

with the associated beneficiaries in the Partnership Agreement. 

All the beneficiaries entered directly the information in the financial tables of the AFTER Cu 

project. 

 

6.4. Auditor’s report  

The selected auditor is Simone Vannucci, Order of Certified Public Accountants of Pistoia n. 

308 sect. A, Registration no. 87586 in the Register of Auditors. 

 

6.5. Summary of costs per action 

The following table presents the allocation of the incurred project costs per Action from the 

start of the project 01/01/2014 until the end of the project 31/12/2015. 

 

  

 

Actio
n no. 

Short name of action 

1. Personnel 2. Travel 
and 

subsistence 

3. External 
assistance 

6. 
Consumable

s 

TOTAL TOTAL 
FORESEEN IN 
THE PROJECT 

B.1 

Demonstration of the use 

of copper compounds for 

the control of bacterial 

diseases of plants 

important for the EU. 

20,000.2 
 

9,300 
 

29,300.2 24,000 

B.2 
Demonstration of the 

qualitative and quantitative 
28,000.2 

 
2,262.64 29,000 59,262.84 54,000 
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yields of conventional 

chemical synthesis and 

biotechnological synthesis 

of the anti-virulence 

peptides at laboratory scale 

B.3 

Demonstration of the 

chemical and biological 

stability of anti-virulence 

peptides produced by 

conventional chemical and 

biotechnological synthesis 

35,000 
 

826.38 27,511 63,337.38 60,000 

B.4 

Demonstration of Kilo-

scale biotechnological 

synthesis of the anti-

virulence peptides by 

recombinant technology 

31,010 
   

31,010 30,000 

B.5 

Demonstration of the null 

toxicity profile of the anti-

virulence peptides on 

model organisms and 

microorganisms 

41,000 
  

26,811 67,811 60,000 

B.6 

Demonstration of the anti-

virulence peptides in vivo 

performances at pilot scale 

level in field screenings 

90,000 
 

33,050 102,550 225,600 217,500 

B.7 

Demonstration of the 

effectiveness of the anti-

virulence peptides in the 

presence of contamination 

by copper compounds at 

pilot scale level in field 

screenings 

20,500 
 

4,279 
 

24,779 22,500 

C.1 

Monitoring on the 

environmental impact of 

copper compounds for the 

crop defence against 

bacterial phytopathogens 

24,001 
  

15,510 39,511 38,000 

C.2 

Monitoring of the in vitro 

anti-virulence 

performances of peptides 

at laboratory level 

24,000 
 

3,904 18,200 46,104 44,000 

C.3 

Monitoring of the absence 

of side effects for the anti-

virulence peptides on 

common targets of any 

living organism at 

laboratory level 

29,001 
  

16,700.07 45,701.07 44,000 

C.4 

Monitoring of the absence 

of a direct selection 

operated by the anti-

virulence peptides towards 

the emergence of bacteria 

resistant to the anti-

virulence peptides 

themselves at laboratory 

level 

26,000 
 

9,396.36 14,600 49,996.36 44,000 

C.5 

Monitoring of the short 

term environmental 

benefits from the use of the 

anti-virulence peptides in 

59,501 
 

9,999.97 
 

69,500.97 64,500 
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plant disease control at 

pilot scale level in field 

screenings 

C.6 

Monitoring of the absence 

of an indirect selection 

operated by the anti-

virulence peptides on 

copper compound and 

antibiotic resistant bacteria 

at pilot scale level in field 

screenings 

70,510 
 

2,000 
 

72,510 67,500 

C.7 

Monitoring of technical-

socio-economic 

assessment of the AFTER 

CU project 

67,501.1 
   

67,501.1 67,500 

D.1 
Demonstration workshop 

in Italy 
5,000 

   
5,000 4,000 

D.2 
Demonstration workshop 

in Spain 
1,200 

   
1,200 4,000 

D.3 Project website 1,000 
 

5,000 
 

6,000 6,000 

D.4 Notice boards 500 
 

3,000 
 

3,500 4,000 

D.5 Layman's report 2,500 
   

2,500 2,000 

D.6 
Diffusion material 

preparation 
2,000 

 
33,511.21 

 
35,511.21 40,100 

D.7 Articles and press releases 1,000 
 

7,200 
 

8,200 12,400 

D.8 Networking 5,500 
   

5,500 5,000 

D.9 
AFTER Cu technology 

manual 
5,500 

   
5,500 5,000 

D.10 

Demonstration workshop, 

seminars, conferences and 

other events 

5,000 
 

27,301.11 10,950 43,251.11 63,000 

D.11 

Dissemination to 

Institutions and policy 

makers 

6,000 
   

6,000 5,000 

D.12 
After-LIFE 

Communication Plan  
0 

   
0 0 

D.13 
International fairs and 

other events 
5,000 11,103.24 25,612.12 

 
41,715.36 66,500 

D.14 
Digital supports for 

international diffusion 
32,000 

 
16,931.22 

 
48,931.22 52,000 

E.1 Project management 64,912.1 14,306.54 
  

79,218.64 72,500 

E.2 Monitoring 19,001.1 
   

19,001.1 18,000 

E.3 Audit 
  

3,552.64 
 

3,552.64 2,000 

Over

heads 
     82,999.65 83,930 

 
 TOTAL 722,137.70 25,409.78 195,162.65 261,832.07 1,287,541.85 1,282.930 

 

The following major discrepancies per action are explained: 
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 in Action D.2 CEBASCSIC spent less than foreseen in the budget due to the 

organisation of the AFTER Cu workshop in same day of a workshop of another 

project, sharing and reducing the specific organisation costs 

 in Action D.10 the beneficiaries spent less than foreseen in the budget due to the 

substitution of specific informative workshops with more participation at already 

fixed events 

 In Actions D.6, D.7, D.13 and D.14 the beneficiaries spent less than foreseen in 

the budget due to variable unexpected cost definition during the project life of 

specific dissemination activities implementation and of dissemination material 

production 
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7 Annexes 

 

7.1.Administrative annexes  

The AFTER Cu Partnership agreement was already sent as attachment of the Inception 

Report. 

 

7.2 Technical annexes 

In attachment the following Deliverables: 

 ANNEX 1: The original version of Deliverable for Actions B1 

 ANNEX 2: The original version of Deliverable for Actions C1 

 ANNEX 3: The definitive version of the Deliverable linked to action B2 

 ANNEX 4: The definitive version of the Deliverable linked to action B3 

 ANNEX 5: The definitive version of the Deliverable linked to action B5 

 ANNEX 6: The definitive version of the Deliverable linked to action C2 

 ANNEX 7: The definitive version of the Deliverable linked to action C3 

 ANNEX 8: Deliverable Action B.4: Demonstration of the kilo-scale biotechnological 

synthesis of the anti-virulence peptides by recombinant technology 

 ANNEX 9: Deliverable Action B.6: Demonstration of the anti-virulence peptides in vivo 

performances at pilot scale level in field screenings 

 ANNEX 10: Deliverable Action B.7: Demonstration of the effectiveness of the anti-

virulence peptides in the presence of contamination by copper compounds at pilot scale 

level in field screenings 

 ANNEX 11: Deliverable Action C.4: Monitoring of the absence of a direct selection 

operated by the anti-virulence peptides towards the emergence of bacteria resistant to the 

anti-virulence peptides themselves at laboratory level 

 ANNEX 12: Deliverable Action C.5: Monitoring of the short term environmental benefits 

from the use of the anti-virulence peptides in plant disease control at pilot scale level in 

field screenings 

 ANNEX 13: Deliverable Action C.6: Monitoring of the absence of an indirect selection 

operated by the anti-virulence peptides on copper compound and antibiotic resistant 

bacteria at pilot scale level in field screenings 

 ANNEX 14: Deliverable Action C.7: Monitoring of technical-economic viability of the 

AFTER Cu project 

 ANNEX 15: Deliverable Action D.9: AFTER Cu technology manual 

 ANNEX 16: Deliverable Action D.12: After-LIFE Communication Plan 

 ANNEX 17: Deliverable Action D.5: Layman’s Report Layman’s Reports in English, 

Italian and Spanish 

 

In attachment also a CD with all the documents in electronic format. 

 

7.3. Dissemination annexes 

 ANNEX 18: AFTER Cu Annex Dissemination activities 

 AFTER Cu technology manual as ANNEX 15: Deliverable Action D.9 

 After-LIFE Communication plan as ANNEX 16: Deliverable Action D.12  

 Layman’s report as ANNEX 17: Deliverable Action D.5 

 A project brochure in English and Italian 

 An AFTER Cu pen drive as project gadget 

 CD with all project photos 

 AFTER Cu video DVD 
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7.4. Final table of indicators 

 In attachment the Final output indicators table 

 

7.5 AFTER Cu Annex – Answers to EC recommendations 

In attachment a document as ANNEX 19 with the Answers to EC recommendations  

 

7.6. Curricula: 

In attachment the following curricula: 

 ANNEX 20: DISPAA: Maria Rosa Moncelli and Carlo Viti 

 ANNEX 21: CEBAS CSIC: M. Teresa Hernandez Fernandez, Carlo Garcia 

Izquierdo and Jose Luis Moreno  

 ANNEX 22: ASTRA: Marco Simoni, Nicola Graziani. Massimo Scannavini and 

Angelo Sarti 

 ANNEX 23: ICCOM CNR: Alessandro D'Ulivo and Marco Mascherpa 

 

8 Financial report and annexes 

In attachment the following Financial report and annexes: 

 "Standard Payment Request" - duly signed original 

 "Consolidated Cost Statement for the Project" - signed original 

 "Financial Statement of the Individual Beneficiary" completed for each project 

beneficiary, signed, originals. 

 ANNEX 24: VAT declarations of public beneficiaries DISPAA, CEBAS CSIC and 

ICCOM CNR 

 ANNEX 25: Copy of the timesheets, payslips, contracts and tables of salary calculation 

of Maria Rosa Moncelli, Carlo Viti (2014) of DISPAA 

 ANNEX 26: Copy of the timesheets, payslips, contracts and tables of salary calculation 

of M. Teresa Hernandez Fernandez, Carlo Garcia Izquierdo (2015) of CEBAS CSIC 

 ANNEX 27: Copy of the timesheets, payslips, contracts and tables of salary calculation 

of Nicola Graziani, Marco Simoni (2014) of ASTRA 

 ANNEX 28: Copy of the timesheets, payslips, contracts and tables of salary calculation 

of Alessandro D'Ulivo, Marco Mascherpa (2015) of ICCOM CNR 

 ANNEX 29: A printout of the costs centre / unique code / analytical account which has 

been used for separating the project costs from other costs by the associated beneficiary 

ICCOM CNR 

 ANNEX 30: Copy of the proof of payment of invoice nr. 26 of 9/12/2015 (issued by Az. 

Agr. Torre Marrana), accounted by the associated beneficiary SOLDANO 
 ANNEX 31: Copies of the full related tendering documentation (including the report on 

assessment and evaluation of tenders, proof of publication of the procurement, the offer of 

the selected supplier, the contracts concluded with the selected supplier, etc.) and all 

respective invoices and proofs of payments, explaining in what way Articles 8 and 11 of 

the Common Provisions have been fully abided by (covering questions of a conflict of 

interest and provisions linked to subcontractors).  

 ANNEX 32: Copies of invoices and relevant proofs of payment for the five cost items 

with the highest value incurred since project start (including VAT, at the level of the 

entire project).  

 Audit report. 

 
 


