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1. INTRODUCTION
Organic farming is a production method that preserves the structure and soil fertility, promotes a
high standard of animal welfare, and avoids the use of products authorized in conventional
agriculture products such as synthetic pesticides, herbicides, chemical fertilizers, growth
stimulants as antibiotics, or genetically modified organisms. Farmers use techniques that help to
sustain ecosystems and reduce pollution. In the transformation of organic food a very limited
number of additives and processing aids may be used only number. EU rules guarantee the
authenticity of organic farming products wherever they occur and ensure that the labelling of
organic products is accurate. According to the law, when it comes to food, the use of the word
'organic' and its equivalent in other languages is reserved exclusively for products from organic
farming. Thus guaranteeing consumers the quality and reliability of the organic produce they buy.
Organic farming is therefore a way of producing food that respects the natural life cycles.
Minimize human impact on the environment and operates naturally as possible, in accordance
with the objectives and principles include the following:
 Crops are rotated so that the resources on the ground are used efficiently.
 Chemical pesticides, synthetic fertilizers, antibiotics and other substances are severely
restricted.
 Genetically modified organisms (GMOs) are prohibited.
 On-site resources are put to good use, such as manure for fertilizer or feed produced on the
farm.
 Plants and animals resistant to diseases are used adapted to the local environment.
 The cattle are raised in a free-range environment outdoors and are fed with organic feed.
 Animal husbandry practices are adapted to the various livestock species.
Organic farming is therefore part of an extensive supply chain that includes food processing,
distribution and retailing. Organic food is that which has been produced without pesticides and
synthetic fertilizers but only natural and avoid all kinds of transgenic alteration respecting the
natural system or ecosystem where the product is developed.
As far as bacterial diseases of plants are concerned, copper is the only chemical allowed in
organic agriculture to control these diseases and to preserve quality and yields, similarly to
what occurring in convential agriculture. However, the problem related to copper accumulation
and its ecotoxicity is more stringent in organic agriculture, where there are less instruments which
is possibile to adopt for plant disease control. This is extremely important to be considered also in
the view of the fact that organic farming is growing significantly worldwide, and its economical
impact is constantly increasing, as well as the personell units occupied on this sector globally.
However, also in conventional/traditional agriculture the trend towards a more sustainable and
ecofriendly agriculture is increasing also, with low impact strategies and methods for plant disease
control as one of the first mandatory issues to be addressed.
In particular, it is crucial to remind that copper compounds are among those active
substances for plant protection whose approval will expire by the 31st of December 2018
(Com. Impl. Regulation EU N° 686/2012, 26 July 2012), with a dramtic impact both on
traditional and organic agriculture, unless alternative solutions are already available for
that date.
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2. ECONOMIC IMPACT OF ORGANIC and LOW IMPACT AGRICULTURE

Organic farming in the EU is one of the most dynamic sectors: in 2004 accounted for about 5.8 million
hectares (3.5% of total agricultural area) on 150 000 holdings distributed. In recent years, the EU
organic market, driven by a steady increase in demand has grown significantly (19 700 million and a
growth rate of 9% in 20111). Similarly, both the number of organic farmers and the area devoted to
organic production has grown over the last decade at a rapid pace. Each year, we are witnessing in the
Union to step organic production of 500,000 hectares of farmland. During the period 2000-2012, the
total organic surface had an average annual increase of 6.7%, reaching an estimated at 9.6 million
hectares, representing 5.4% of the utilized agricultural area (SAU) Total Union. 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.
Organic production covers both producers of agriculture and aquaculture, but also their suppliers, to
food manufacturers and distributors (operators). All meet strict standards. Organic farming is a sector
of the EU is growing rapidly. During the last decade, the EU area under organic production has
increased at an average rate of 500,000 hectares a year. At present there throughout the EU over
186,000 organic farms. 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 you have.) and Germany
(1 million has.).

2.1 Organic farming in Spain
According to the Ministry of Agriculture, in a period of twelve years (2000-2012) the Spanish
domestic market for organic products has increased 6; but it has not yet reached an optimum. Spending
on organic products is around 20 or 21 euros per person, equivalent to 1% of the total expenditure
made in the Spanish food and beverage.

Table 1. Evolution of production structures (MAGRAMA, Ministerio de Agricultura, Alimentación y Medio
Ambiente).
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Despite the crisis in 2012 the growth of the Spanish market for organic products has remained positive,
demonstrating its strong growth potential. The year 2012 represented a period of consolidation of the
broad support of the Spanish organic production structure. Although it has fallen very slightly green
area registered, certified organic area has increased compared to 2011 (10 %), which is a very
important the behaviour aspect of this structure (Table 1). The value of organic production at source
(calculated in spring holding) has increased by over 400% between 2000 and 2012 (Table 2).

Table 2. Basic Structure (MAGRAMA)

In a period of 12 years, from 2000-2012, the internal market for organic products has increased almost
five, reaching in 2012 around 998 million euros, an increase of 3.4% over the previous year, produced
similar to the last three years growth (Table 3).

Table 3. Organic Production in Spain (MAGRAMA)

The high percentage of organic market growth in Spain is mainly because it started from a market with
very low levels 15 or 20 years ago, which has enabled strong initial growth. However, this rate has
been slowing down over the past four or five years, although it should be noted that in the period 20092012 the growth of spending on organic food has been 10.15% (Table 4).
A significant dependence between internal market and fresh and organic production of vegetable
origin is observed. In this sense, the share achieved by organic products in total food and beverage
market in our country is still limited, at least compared with what happens in other countries around
us.
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Table 4. World market for organic products. Year 2012 (MAGRAMA)

In the production of plant origin emphasize the significant growth of product lines such as oil, wine,
citrus fruits, legumes, nuts, subtropical fruit, subtropical crops and industrial crops. While production
decreases very intensely in cereals and feed crops and vegetables and less intensely in temperate fruits
Organic agriculture combines best environmental practices, a high level of biodiversity, protection of
natural resources and high levels of production from natural substances and processes. It is oriented
towards a specific market responding to a specific demand from consumers with products want to be
sure that public goods such as environmental protection, animal welfare and rural development are
respected.
Demand for organic products are growing, and more products are added to this must be added
processed and imports from other countries. It is expected that this trend will continue in the future due
to ideal natural conditions of our country, its ability to satisfy current social demand booming, and its
ability to serve as an instrument to various environmental policies and economic and social
development, not forgetting the impact of public support measures are carried out.
In the current economic context it is also necessary to mention the dynamism registered in this due to
the higher added value of organic products and excellent foreign demand that industry enjoyed our
products

2.2 Organic farming in Italy
The Ministry of Agriculture, Food and Forestry Policies Italy (MIPAAF), based on the data available
at December 31, 2013, we provide data on the number of organic operators in Italy reaching 52,383, of
which: only 41,513 are producers, processors 6,154 (including companies engaged in retail); 4,456
engaged in the production and processing; 260 single or importers involved in production activities or
process importers.
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The Ministry of Agriculture indicates that the number of "operators" has increased to more than 55,000
farmers, occupying the top positions in the EU. Organic farming is confirmed as an important part of
the food industry with more than € 3 billion turnover and an exponential growth in consumption (Table
5).

* Importers also includes other activities

Table 5. Percentage of the type of "operators".

When comparing the data related to the previous year (2012), it seems relevant to an increase of 5.4%
of all certified operators (Table 6). The distribution of operators in the national sample area between
Sicily and Calabria regions with greater presence of organic farms. These data allow us to analyse the
evolution that has taken Organic Agriculture in Italy during the last century.

Table 6. Operators and Area (ha) in Italy from 1900 to 2013 (Italian agricultural mystery).

The area under AE, in conversion or fully converted to organic agriculture has reached 1.317.177
hectares, an increase of 12.8% compared to 2012, the main forage crops, pastures, cereals and olive
(Table 7).
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Table 7. Surface (ha) and crops Year 2013 (SINAB, Sistema di Informazione Nazionale sull’Agricoltura Biologica).

These results are very positive, are accompanied by awareness of Italians towards agriculture with less
environmental impact, or at least practiced with methods that are less likely to use synthetic chemicals
it has been growing over the last years. According SINAB, the National Information System on
Organic Agriculture of the Ministry of Agriculture, the number of consumers has increased, as the
demand for organic food in supermarkets increased by almost 20% in the first half of the year 2013
(Table 8).

Surface

Year

Región

in conversion

Biological

Total

2013

Italia

339.470,00

977.707,00

1.317.180,00

Table 8. Organic Agriculture in 2013 (SINAB)

The data to 2014 continue to confirm this trend: the cultivated areas with organic farming methods
amounted to 388.000 million hectares, an increase of 5.4% over 2013. And it is noteworthy that in one
year, in absolute terms, more than 80,000 hectares were converted from conventional to organic
farming.
The incidence of this surface in the total agricultural area in Italy was 10.8%, compared with 10.1%
the previous year, an increase of 6.9%. The number of operators has also increased (+ 5.8%), with
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55.433 certified members, of which almost 77% (42,546) were represented by agro business, just
under 23% (12,628) of processors and a fraction (259 units, equivalent to less than 0.5%) by importers.
Meanwhile, the trend of increased consumption has continued, estimated between 15% and 20% in the
first six months of this year increased.
According to the latest Nielsen data ISMEA-sales in large retail chains (hypermarkets and
supermarkets, discount and convenience stores), buying packaged organic products had increased by
11% in 2014 (Table 9). And the product range on the shelves it has increased, up from 14% in organic
products offered by most retailers. According to the Families of the GfK-Eurisko Ismail, in the first
five months of 2014 household purchases of organic products packaged in modern commerce
increased by 17.3% in monetary value, while at the same period, spending decreased food industry (1.4%).

Table 9. Evolution of domestic consumption trend and organic products packaged (Ismea, Families Panel - Nielsen
data till 2010, GFK Eurisko data from 2011)

So the organic sector seems still going on strong tendency contrary, compared to the entire food sector,
showing a promising increase and raising hopes of a possible enlargement of participation in the total
national consumption of food products. The trend in 2014 depends on mainly large gains for pasta, rice
and bread substitutes and the category of "sugar, coffee and tea." For fresh and processed fruits and
vegetables, biscuits, cakes and snacks increases is 11 to 15%.
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3. LAWS and REGULATIONS on ORGANIC AGRICULTURE in EU

The significant potential of this production model for our country was reflected in the forward
regulatory focus of organic production in Spain. Since early this regulation, with clear vision, it has
been evolving in stages to its current account as highlighted in the policies of government, both
nationally and Community sector.

3.1 European legislation
Agricultural and organic livestock production is regulated by European legislation (Regulation (EC)
834/2007) which establishes rules of production, labelling and how to control these products from the
farm to the consumer, and repealing the Regulation (EEC) No 2092/91.
Regulation (EC) No 889/2008 of 5 September 2008, laying down provisions for implementing
Regulation (EC) 834/2007 established. On the other hand, due to the remarkable increase in trade
between regions, the rate of imports of organic products from third countries must have been
developed through Regulation (EC) 1235/2008 of December 8, 2008.
Regulation (EC) No 1235/2008 of 8 December 2008 laying down provisions for implementing
Regulation (EC) No 834/2007 as regards imports of organic products from established third countries.
Regulation (EEC) 2092/91 of 24 June 1991 on organic production of agricultural products and
indications referring thereto on agricultural products and foodstuffs.
Similarly, consider that organic production is not alien to compliance with the general legislative
requirements. Being a prime example, as the control system the provisions referred to in Regulation
(EC) 882/2004 of the European Parliament and of the Council of 29 April 2004 on official controls
performed to ensure the verification of compliance with the legislation on feed and food law and
animal health and animal welfare, it is fully applicable to this sector

LIFE12 ENV/IT/336 AFTER CU Deliverable Action C7
10

3.2 Spanish legislation
Organic production is regulated for the first time in Spain by Real Decreto 759/1988 including
organic farming in the generic term regime established by Law 25/70 of the Statute of Vine, Wine and
Spirits, linking their products to a quality label, the third European country to regulate this type of
production, after France and Denmark.
Subsequently, by Order of October 4, 1989, the Regulations of the generic name "Organic Farming",
which applied until the entry into force of Regulation (EEC) 2092/91 on organic production and
indications approved products agricultural and food products, in force until 1 January 2009, initially
being the Regulatory Council of the Ecological Agriculture in charge of control at that stage organic
production throughout the country.
After the first Community regulation Real Decreto 1852/1993 developed aspects necessary for
national coordination of Regulation (EEC) 2092/91, while the CCAA established to assume the powers
of control of the production system, and created the Organic Farming Regulatory Commission (CRAE)
configured as a collegiate body attached to the Ministry. It should recognize the essential role that
developed this Commission at the time of transition from the system, amply meeting its objective.
Today the functions of the Commission are carried out through regular meetings and ministry-AASector Ministry.
Orden ECC / 1936/2014 of 16 October, laying down rules on control and inspection of imports of
organic products from third countries are held.
Real Decreto 833/2014 of 3 October, establishing and regulating the General Register of organic
operators and the Bureau of coordination of organic production is created.
Orden of July 23, 2012, the Ministry of Agriculture and Water, by the Internal Regulations of the
Organic Farming Council of the Region of Murcia are approved.

3.3 Italian legislation
The national regulatory framework governing the production and labelling of organic products defined
by Decreto Legislativo n. 220/1995, implementing Articles 8 and 9 of Regulatio No (EEC) No
2092/91, did not expire with the entry into force of reg. (EC) No 834/07, but continues to apply in the
implementation of Articles. 27-31 of the new regulation, except for potential incompatibility with
subsequent Community legislation. It is accompanied by the Decreto Ministeriale n. 18354, of 27
November 2009, which lays down the rules for implementing the new EU regulations; in addition,
specific decrees of transposition and explanatory or prescriptive measures, as listed in the box below,
were subsequently issued by MIPAAF.
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Decreto Ministeriale n. 18354 del 27 novembre 2009: Provisions for the implementation of
Regulations (EC) No. 834/2007, n. 889/2008, n. 1235/2008 as amended on organic production and
labeling of organic products.
Circolare Ministeriale n. 16157 del 23 ottobre 2009: Import of organic products from third
countries.
Circolare Ministeriale n. 92541 del 11/11/2002 Indications and logo according to the inspection EC
Nota Ministeriale n. 13349 dell'11 luglio 2011 on the ministerial decree n. 309 of 13 January 2011 on
"accidental or technically unavoidable contamination of plant protection products in organic farming" Application criteria for processed organic products.
Decreto Ministeriale n. 18321 del 9 agosto 2012: Provisions for the computerized management of the
annual programs of crop production, livestock, aquaculture, preparations and imports of organic and
the computerized management of evidence and the certificate of conformity in accordance with Reg.
(EC) No. 834 of 28 June 2007 and subsequent amendments and additions "
Decreto Ministeriale n. 2049 del 1° febbraio 2012: "Provisions for the implementation of Council
Implementing Regulation No. 426/11 and the computerized management of the notification of
activities organically pursuant to art. 28 of Reg. (EC) n. 834 of 28 June 2007 and subsequent
amendments, on organic production and labeling of organic products, repealing Reg. (EEC) n.
2092/91".
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4. COPPER USE in PLANT PROTECTION: a common challenge for ORGANIC and
CONVENTIONAL AGRICULTURE

4.1 Copper use and related problem in agriculture
In modern agriculture, for long time it was ignored the sustainability of agricultural productivity. The
use of agrochemicals has led to substantial increases in production; however, adverse effects
significantly impacting the sustainability of agriculture. The practice of monoculture and
contamination by the indiscriminate use of agrochemicals have reduced the biodiversity of agroecosystems, causing instability thereof, which is manifested, among other harmful effects in an
increased incidence of pests and diseases in crops. This and the problems of public health and safety
inherent in the manufacture and use of agrochemicals have led to the search and development of
alternative pest management and disease. Thus arises the interest in organic control that can be defined
as "any form of control to reduce the incidence or severity of the disease, or increased crop production,
even when there is apparently a significant effect in reducing the disease or inoculum, and its harmful
impact on the environment is minimal or no" (Zavaleta-Mejía, 1994).

Copper is an essential chemical element for all living beings. In the vegetable kingdom this element is
absorbed in its bivalent form and healthy plants concentrations expressed on dry ground, varies
between 4 ppm up to 30 ppm. With iron and molybdenum, form the group of redox reagents; elements
that catalyze redox reactions through various valence states, participating or influence such important
processes as:
•

Oxidation of the substrate, as part of a group of enzymes such as tyrosine, laccase, ascorbic
acid oxidase phenolases, all characterized by the direct use of oxygen in the oxidation of the
substrate (Barcelo et al, 2001).

•

Photosynthesis: As part plastocyanin, protein involved in photosynthetic electron transport
between the photosystems I and II (Barceló et al, 2001).

•

Secondary metabolisms: Synthesis of lignin phenols.

•

Reproduction: The lack of this element is a limiting factor for the viability of the pollen and
seed production.

•

Resistance to diseases: copper deficiencies involve increased sensitivity to diseases and which
is the accumulation of soluble nitrogen compounds

•

And the synergistic action of copper with manganese, boron, cadmium and zinc, gives the
plant increased resistance to diseases.
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The copper compounds have activity as fungicides and/or as bactericides, generally used for
preventive purposes, to avoid the spread of plant pathogenic bacteria fungi and bacteria and thus new
infections. The diversity of interference on many cellular processes is likely to generate resistance, as
already known. Although its use must be minimized anyway, also for economical reasons, it is
important to remind that copper is a heavy metal, which accumulates into the environment. Therefore
its use is increasingly limited both in traditional and organic farming.
The current rules of organic production limit the use of copper metal to a maximum of 6 kg per hectare
per year. The EEC regulation 2092/91 allows the following copper products in organic farming:
• Copper sulphate: This was the first antimildew (Millardet, 1885), you need to be neutralized with a
base, and having an acid behaviour and may cause photo toxicity. Industrial preparations and are
neutralized, having between 20% and 25% copper metal and because of its amorphous structure has a
high persistence. It is the most persistent, but is also the most phytotoxic since the particle size is very
small (<1micra). This group includes the broth Bordeaux or copper calcium sulphate and tribasic
copper sulphate.
• Copper oxychloride: prior neutralization need not, have a 50% copper metal, its crystal structure has
poor adhesion and persistence, and therefore is less phytotoxic. It is little aggressive with the
machinery of treatments and has a high compatibility with other treatments, except with organic
fungicides with which is not compatible.
• Cuprous oxide: copper is red, has between 50 and 80% copper metal, good efficiency and high
persistence. Spatially is highly resistant to washing, precipitation resisting 50 to 60 mm.
• Copper hydroxide: Characterized by a rapid release of copper ions has shock effect and good
efficacy but low persistence. It owns 50% copper metal and is obtained by treating copper sulphate
with sodium hydroxide. It was recently approved for use in organic agriculture, copper octanoate.

As far as Italy is concerned, copper is widely used also both as bactericide and as fungicide (in
2002, 3,941 tons of 80,000 tons of marketed bactericides and fungicides, Source Agrofarma).
The use of copper is particularly marked in some sectors such as those for cultivation of
grapevine, fruit trees and horticultural. It was estimated that in Italy there is an intake of more than
300g / ha of copper into the soil as an average (Source AgroFarma).
The use of copper per unit area is obviously higher in organic crop as there are few active
ingredients usable for the defense against fungi and bacteria, as well as less integrated and
conventional farming that can have a greater number of pesticides synthesis, which are used
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in admixture with the copper or which completely replace. If we consider that organic
represents only a small percentage of the cultivated area in the various sectors, one can well
understand how the use of copper reduction in the sector of integrated production or
agreement would impact quantitatively superior to that obtained with a significant
reduction on a more limited number of hectares biologically. The analysis of possible
environmental risks must however take into account the phenomena of accumulation in 'unit area
and also of the total quantity distributed on crops; the accumulation per unit area is much higher in
the biological that does not have valid alternatives from which the greater attention to this sector.
In the integrated cultivation there is a limit imposed by law, but the quantities used are
much lower because copper is an integration with other active ingredients. However, it must
be taken into account that the copper is also present in most of the fertilizer, and then there is to
add the copper amounts present in fertilizers in addition to those distributed for the defense.

In Italy, the concentration of copper in the soil varies from 2 to 375 parts per million (Fregoni and
Coral, 2001). These values are in relation to the different geological origin, the different
equipment and different weaving and the reaction: for example, the higher clay content (mineral
colloids) determines a higher copper content. It is not simple to determine which is the
concentration value of copper in the ground which causes the overcoming of the threshold of
toxicity. This value depends on certain properties of the soil, such as the pH, and the presence of
colloidal substances. As part of a project "copper accumulation in the soil" funded in EmiliaRomagna by Regional Law 28/98, a survey was conducted after several years in organic farming
management. They were compared 30 plots on three crops (vines, pear and arable) with a different
copper level of use and on soils with different characteristics related, in particular, to the limestone
content (total limestone greater than 10% and less than 3% ). The copper values comparable found
in 50 samples taken were well below the 100 milligrams / kilogram, therefore within the
maximum limits set by law (Decree Law 99/92 on the use of sewage sludge in agriculture and DM
471/99 on the remediation of contaminated sites). The total copper values have exceeded the
threshold of 100 milligrams / kilogramm in 14 cases out of 50 and always on the parcels planted
with vines or pear tree.
In herbaceous it was found, also, that the higher copper content is more localized on the surface
layer, showing that the metal has a poor for leaching mobility in the soil profile. The values
obtained in the plots of arable land were generally lower than those of vineyards.
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The reduction of the use of copper, however, is not easy since often this product is also used to
cope with possible resistance of the pathogens against the pesticides of synthesis or to a decreased
effectiveness of the same.

It is not easy to estimate what would be the socio-economic impact of the use of copper reduction in
agriculture. For sure, in the absence of effective alternatives the risk of having negative effects on crop
yields following copper elimination would be run, and thus on the incomes of agricultural companies,
with negative effects cascade also throughout the sector linked to primary production.
If for example the amount of copper was reduced by 50% in organic viticulture, losses for the attacks
of late blight could be reach 40-60% of the whole production. The complete elimination of copper
tested within experimental tests would created a damage up to 100%, with full reset of production and
hence with economical losses variables from 2400 € / ha to 6000 € / ha, with variable amounts from
region to region in function of the value of grapes.
The elimination of the copper on pear would involve further risks linked to fire blight, and also in this
case in addition to the risk of impairment of the systems is they would lower qualitative and
quantitative production. A reduction of the copper treatment on kiwi would provide less opportunity to
defend against P. syringea pv. actinidiae, resulting in die-off of plants and a reduced production, as
well as a decline in quality of the fruits that would be of smaller size.
The reduction of copper on tomato could determine the presence of bacteria in the event of a reduced
production and quality deterioration especially for effect of defoliation of the plant; in any case it
would lose the parallel effect of controlling diseases such as downy mildew and Alternaria spp.. The
data obtained from experimental tests show that could be envisaged losses from 25% to 40% of
product with relative failure of 2000 variable income to 3200 € / ha. The assessment of the adverse
effects can not stop at one lost production but must take into account a multiplier effect and
consequences that would be reflected on the marketing structures and / or processing and employment.
It 'also clear that the partial replacement of copper by products with less impact on the environment,
the safest of toxicological, such polypeptides would represent a great opportunity to spend especially
in terms of product enhancement. In this case they would not have the potential damage just described
but new development opportunities.
While in fact there has been a greater return on the organic product that is guaranteed the absence of
pesticides and synthetic fertilizers, certainly the public aware of the possible negative effects of copper
might be willing to pay for legal representation product that has as its purpose the greater safety for
humans and for the environment.

LIFE12 ENV/IT/336 AFTER CU Deliverable Action C7
16

4.3 Alternatives to the use of copper in plant protection
Today, we know that the fungal pathogens are the main infectious agents in plants, causing diseases
and / or toxic substances to human health that affect economically important losses in crop yields
(Knogge, 1996a). Their control has been increasingly dependent on the use of chemical fungicides, as
well as occurring for plant pathogenc bacteria. However, many of the bactericides/fungicides
commonly used are toxic to non-target organisms and animals, and also for humans. Today, much of
the research in plant pathology focuses on the search for new alternatives to the use of these
compounds can reduce the output losses without reducing its quality, while safeguarding our health
and the environment.
The problems arising from the use of copper salts in agriculture justify the search for new active
compounds and control strategies that replace an effective and safe for both the environment and
consumers.
Agriculture sector plays an important role to improve the economic growth of developing countries
apart from fulfilling the food security of the growing population globally. About one billion people
lack access to adequate food and nutrition worldwide. The expected agricultural production has to be
doubled so as to cater the needs of estimated 9 billion people during 2050. Presently, more than 870
million people are chronically hungry, many of whom are small farmers. In this juncture agricultural
production is facing increasing challenges like water scarcity, climate change and volatility, raising the
risk of production shortfalls. Since agriculture has potential for food security, environmental
sustainability and economic opportunity worldwide, the future vision of the world is to adopt new
strategies to increase agricultural production sustainably
The Green Revolution (GR) technology adoption between 1960 to 2000 has increased wide varieties of
agricultural crop yield per hectare which increased 12-13% food supply in developing countries.
Southeast Asia and India were the first developing countries to show the impact of the GR on varieties
of rice yields. Similar yield trends were observed for wheat and maize in Asia. In later days, crop
genetic improvement focused mostly on producing high-yielding varieties, which resulted in early
maturity in many crops allowing for an increase in cropping intensity. Other improved inputs,
including fertilizer, irrigation, and to a certain extent, pesticides, were also critical components of the
GR intervention. Poverty and food insecurity persisted despite the GR success.
In Asia, it has been estimated that each 1% increase in crop productivity reduces the number of poor
people by 0.48%. The poverty still remains high in unfavorable areas like in poorest rain fed
agriculture and marginal production environments as the GR was concentrated only in favorable areas
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where also yield growth was slowdown since the mid-1980s. During these periods of GR utilization of
chemical pesticides and fertilizers to improve the agricultural productivity has caused detrimental
impact on environment by affecting soil fertility, water hardness, development of insect resistance;
increase the toxic residue through food chain and animal feed. The current trends in developed and
developing countries in food habits among people are focused towards organic agricultural produces.
Hence, it has become indispensable to harness the best of scientific knowledge and a technological
breakthrough which are crucial to meet today’s complex challenges. Biofertilizers and biopesticides
are important areas to fulfill the challenges in a sustainable way.
Biopesticides are derived from natural materials such as animals, plants, bacteria, and certain minerals
widely used for controlling insects and disease causing pathogens. As of early 2013 there are
approximately 400 registered biopesticide active ingredients and over 1250 actively registered
biopesticide products. The biopesticides are categorized under microbial pesticides, plantincorporated-protectants and biochemical pesticides, which are produced through naturally occurring
substances that control pests by non-toxic mechanisms. Biopesticides are usually inherently less toxic;
generally affect only the target pest, effective in very small quantities, easily biodegradable, thereby
resulting in lower exposures and largely avoiding the pollution problems. When used as a component
of Integrated Pest Management programs, it can greatly control major pest menace while crop yields
remain high.
Increasing demand for residue free crop protection products is expected to boost the demand for
biopesticides in near future globally. Growths in organic food market are other driving factors for
increasing trend in global biopesticides market, since future organic industry is solely dependent upon
the chemical free crop protection products to safeguard crops. The global biopesticide market was
valued at $1.3 billion in 2011 and is expected to reach $3.2 billion by 2017. North America
dominated the global biopesticide market, contributing for around 40% of the global
biopesticide demand in 2011. Europe is expected to be the fastest growing market in the near
future owing to the stringent regulations for pesticides and increasing demand for organic
products.
Biofertilizers is one of the important components of integrated nutrient management, as they are cost
effective and renewable source of plant nutrients to supplement and/or replace the chemical fertilizers
for sustainable agriculture. These are preparations containing living cells or latent cells of efficient
strains of microorganisms that help crop plants’ uptake of nutrients by their interactions in the
rhizosphere when applied through seed or soil. They accelerate certain microbial processes in the soil
which augment the extent of availability of nutrients in a form easily assimilated by plants.
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Artificially multiplied cultures of efficient selected microorganisms play a vital role in accelerating the
beneficial microbial processes in soil. Several microorganisms and their association with crop plants
are being exploited in the production of biofertilizers. They can be grouped in different ways based on
their nature and function as N2 fixing, Phosphate Solubilizing, Phosphate Mobilizing, Biofertilizers for
Micro nutrients and Plant Growth Promoting Rhizobacteria. The benefits of biofertilizers are longer
shelf life, cause no harm to ecosystem and do not lose properties due to storage up to 45°C, hence
greater potentials to compete with native population, cost effective, easier to processing viz.,
pulverization, neutralization, sterilization, packing and transport. Further it has the benefits of better
survival on seeds and soil, very much easy to use by the farmer and very high enzymatic activity since
contamination is nil.
The demand for biofertilizers is on the increase since the last decade owing to its eco-friendly
characteristics and a worldwide trend to reduce the reliance on chemically derived fertilizers. The
global market for biofertilizers is expected to exceed a market worth of USD 10.2 billion by 2018.
Asia-Pacific shared approximately 34% of the total demand in 2011. European and Latin American
countries are the leading consumers of biofertilizers, owing to stringent regulations imposed to
chemical fertilizers which would eventually be replace by biofertilizers.
Biopesticides and biofertilizers are two important cornerstone needs intensive research to improve the
quality primarily to achieve food security for the growing population and restore soil fertility. Nature
has provided countless avenues for research in these fields which needs to be explored. The
development of new biopesticides with multiple mode of action against pests and biofertilizers with
multi-crop growth promoting activities are most important for sustainable global agriculture. These
two needs to be prioritized in agricultural research by universities, research organizations, R & D
wings of manufacturers for technology development to the farming community. The technologies so
developed need to be transferred worldwide to achieve maximum benefits to the society. The services
of this journal disseminating knowledge on recent trends in biopesticides and biofertilizers in the
previous issues were well appreciated by the scientific community
Worldwide, the pesticides industry has been witnessing a relatively steady growth, which has been
primarily attributed to advancements in the biopesticides industry. As far as Spain is concerned,
consumption of biopesticides is likely to register a increase of 14.7% between 2015 and 2020.
Other key drivers in the market are growing demand for food safety and quality, increasing consumer
demand for organic products thus encouraging organic farming practices and governments promoting
bio control products. The market however is mainly constrained by the grower's low awareness on the
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use of bio control agents and availability of the products. Also low shelf life of products results in
farmer's frequent application of biopesticides thus resulting in increased costs.
Segmentation of this market includes further segmentation of biopesticides to include bioherbicides,
bioinsecticides, biofungicides and other biopesticides. Bioherbicides and biofungicides form the
largest and fastest growing sub-categories within the Spanish market for biopesticides. Demand for
biopesticides in the region has been growing consistently, as exemplified by the fact that the area
under biocontrol-based integrated pest management in Murcia and Almeria increased from just 250
hectares in 2005 to about 7000 hectares in 2008, with several other areas also following suit. Based on
application the market gives a share of pesticides used on crop based applications like grains &
Cereals, Oilseeds, Fruits and vegetable and Non crop application on Turf & Ornamental grass.
Biopesticides are gaining popularity as lower environmental impact alternatives to conventional
synthetic pesticides. Attributes like low-to-no re-entry intervals following applications and less
restrictive (sometimes non-existent) maximum residue limits are enticing growers to trade portions of
their synthetic crop protection portfolios for biocontrol options. Especially popular are integrated pest
management (IPM) strategies that employ a combination of synthetic and biological crop protection
products in order to achieve synergies of action and lowered overall use. In these strategies, properly
timed applications of biological products can decrease a grower’s total need for synthetic pesticides.
This sets up a unique growth situation for biopesticides. Part of the market’s growth comes from
gaining market share previously held by synthetic crop protection. Additional growth of biopesticides
is due to new applications for biocontrol that are not possible with synthetic crop protection.

4.4 Overview of Anti-Microbial Peptides (AMPs)
A promising alternative to copper are are antimicrobial peptides (AMPs), which are inhibitors of the
growth of several pathogenic microorganisms, produced in nature by any living organism.
The AMPs are part of the immune system of very different living organisms such as bacteria, fungi,
plants, insects and vertebrates, invertebrates, constituting the main defense in innate immunology and
vertebrates additionally also makes important part of the adaptive immune system modulation in the
defense against pathogens. AMPs can be readily synthesized low metabolic cost, stored in large
quantities and be available at the time of infection (Zhao 2003).
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Table 10. Classification of AMPs according to Antimicrobial Peptide Database (Wang, 2010).

Although AMPs are listed with antimicrobial activity, its functions are not limited only in this area and
may also have other spectra of activity, it is how we classify and divide into peptides with
antibacterial, antifungal, antiviral, anti-tumour, anti-parasitic activity, spermicide and insecticide
(Table 10).
For decades AMPs are known to make fundamental part of the defense systems of many organizations,
enabling them to combat pathogens, not only because they have microbicidal capability, but because
they can also enhance the immune response to intervene in the process signalling improving the innate
response of an organism (Tellez & Brown, 2010). These molecules have evolved to compensate for the
high mutation rate presented by pathogens resistant to conventional antibiotics. AMPs success lies in
its mechanism of action, although not well elucidated for all; It is known that is mainly based on the
interaction of AMPs with the components of the plasma membrane of the pathogen, forming ion
channels and pores that increase the permeability and eventually trigger the disruption of the cell
membrane and intracellular structures and functions, leading to autolysis or apoptosis. The evolution
of AMPs allowed to have different spectra of action, being consistent with the heterogeneity of the
membranes of different target cells (Epand & Vogel, 1999;. Hong, et al, 2001; Yeaman & Yount,
2003; Wang, 2010).
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5. COPPER AND POSSIBLE ALTERNATIVES: ECONOMIC STUDY

5.1 Costs related to copper used in plant protection
Most of the world's copper sulphide minerals obtained as chalcocite, covellite, chalcopyrite, bornite
and engargita. Of the hundreds of copper compounds, only a few are manufactured industrially on a
large scale. The most important is copper sulphate (II) pentahydrate; Cu SO4, 5H2O; cuprous oxide,
Cu2O; cupric chloride, CuCl2; cupric oxide, CuO, etc. We will do an economic analysis of the costs of
production for copper sulphate (II) pentahydrate, also known as cupric sulphate is copper compound of
chief industrial importance and is used as fertilizer and fungicide in agriculture.
Demand is growing rapidly for use in agriculture and livestock. Over 50% of current world production
is made of copper scrap containing dioxins, which are not recognized as food grade by Canada, the
United States, Australia and Brazil and other European consumer countries.
The market for copper sulphate food quality is an industry of $ 1.200 billion, 216.253 Ton and
grows to about 15% per year. Producing copper sulphate product directly from ore leaching
solutions, it produces copper sulphate ideal for use in agriculture and livestock food grade.

By using simple technologies such as evaporation plant-coupled crystallisation solvent extraction
circuit can produce 120,000 kg of crystals of copper sulphate pentahydrate per day equivalent to
30 Ton copper per day (Figure 1).

Figure 1. Flowsheet copper sulfate pentahydrate process.
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The price of copper sulphate presents variance according to their quality, which is determined by the
degree of impurities, its grain size, which can be selling prices oscillating (Table 11).
Cost €

Cu SO4, 5H2O
1 Tm

900

1 kg

11.11

1 gr

0.01111
Table 11. Cost of industrial production method.

5.2 AMPs production
Currently AMPs obtaining by chemical or biological synthesis is an expensive process, requiring many
processing steps with expensive laboratory equipment, so it is impractical for agriculture (Table 12).

Process technology

Technical Scientific
Basis

Raw Materials Used

Attack proteins
Acid hydrolysis of
animal protein

decomposing them

Obtained
products

Observations
Advantages /
Disadvantages

Peptides and
Slaughterhouse waste. amino acids. High Cheap. Very limited

with strong acids in

Dairy products

content of

use. Rudimentary

peptides and amino

industries.

impurities from

technology.

acids.

acids.
Peptides and

Enzymatic
hydrolysis of
vegetable proteins

amino acid
Disintegration of

Vegetable waste.

derivatives.

proteins by enzymes.

Vegetable Proteins.

Difficult process
control and

Relatively cheap.
Risk of changes in
cells.

products.
Activation of
Microbial synthesis

microorganisms

of microorganisms

capable of

genetically

synthesizing amino

engineered crops

acids. Japanese
technology.

Chemical Synthesis

Chemical reactions.

Microorganisms.
- Brevibacterium.
- Genetically
engineered
Corynebacterium.
Several chemical

Only nine amino
acids.
Difficult
elimination of
toxins from the
culture broth.
No biologically

Cheap amino acids
for livestock feed.
Not suitable for
agricultural use or
doctor.
Use as standards in
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Union of chemical

components

active pure amino chromatography. Its

elements.

acids are obtained

high cost prevents

in small, high

its use in other areas.

purity and
expensive
amounts.
All essential

Biological
Engineering

amino acids. Very

Very pure,

pure and

biologically active

Cellular biosynthetic

Similar to the pre

biologically

and stable. Universal

pathways. Solid state

cellular synthesis

active.

use: agriculture,

chemistry. HPLC.

(pyruvate).

Polypeptides

medicine, cosmetics,

similar to cellular

etc. Competitive

transcription

price.

factors.

Table 12. Different processes for obtaining peptides.

SPSS on a Rink amide resin with an amino acid
Fmoc-α-protected.

Peptide Synthesis in solid phase
Source: Mathews and van Holde.
Biochemistry 2ª ed. 1998 McGraw-Hill
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5.3 Costs for AMPs production and synthesis
Prices related to chemical and biological synthesis were reported in Table 13.

Chemical synthesis AMPs

Cost €

1 mg ( 75% purity)

1.000 €

1 gr

10.000 €

Biological synthesis AMPs
1 mg ( 75% purity)

2.000 €

1 gr

20.000 €
Table 13. Prices of synthesis.
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6. THE AFTER Cu PEPTIDES, A BRIDGE BETWEEN AGRICULTURE AND
BIOTECHNOLOGY
Although they have no antimicrobial activity but anti-infective, the AFTER Cu peptides have
currently the same costs for production than those for AMPs, both by chemical and recombinant
synthesis.
As demonstrated in specific Actions fo the project, at the moment the major limitation to the
widespread use of the AFTER Cu peptides against phytopathogenic bacteria consists in their costs that
are definitely still higher than those of traditional copper compounds. Without going now into issues
related to the costs that would not be paid in environmental terms as a consequence of the replacement
of copper with the AFTER Cu peptides, it is important to make an objective assessment of the current
situation of biotechnology sector in Italy, which theoretically should be the first sector to be interested
in the production of the AFTER Cu peptides, once proven their effectiveness against phytopathogenic
Gram negative bacteria.
Agricultural biotechnology or “green biotech” is the introduction into agriculture of the most advanced
biotechnological approaches. Agricultural biotechnology could offer the opportunity to dramatically
change the outlook towards the improvement concerning both yields and quality of many agricultural
productions, while fully respecting sustainability, the environment and even the quality of the food
along the whole chain. Moreover, the increase in productivity are often associated with other important
benefits, for instance the reduction of greenhouse gas emissions due to lower fuel consumption for the
lower number of pesticide treatments and fertilizers applied.
However, agricultural biotechnology is still in its infancy, as far as Italy is concerned and
similarly to other european mediterranean Countries such as Spain.
According to the study developed on 2016 by Assobiotec and ENEA, at the end of 2015, the
biotech companies present in Italy were about 500, with a total of about 9,200 employees,
working in all areas and applications of biotechnology. More than half of these companies (i.e. 256)
are R&D biotech companies, which devote more than 75% of their total investments in R&D on
biotechnological researches. The total biotech turnover is over € 9.4 billion, with R&D investments for
€ 1.8 billion as an average. The biotech industry is a research-intensive sector: in fact, the impact of
R&D investments on the turnover of the biotech companies based on italian capital is around 25%,
with peaks up to 40%.
The most part of Italian biotech companies (75%) is made up of micro businesses or small size
enterprises. This percentage rises up to 90% when considering only the companies exclusively
dedicated to R&D on biotech, which therefore constitute the driving force behind the entire industry.
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As occurring in other Countries, also in Italy the health biotechnologies (Red Biotechnogies)
represent the main driving engine of the whole biotech sector, with 261 companies involved on
researches of new therapeutics and diagnostic tools, with incomes for € 7.1 billions and
investments in R&D for € 1.4 billions.
Besides the clear dominance of companies working in the field of biotechnology applied to human
health (53%), in Italy there are also companies active on industrial biotechnology (24%), on the so
called Omics Enabling Technologies (13%), to end with those working on biotechnology applied to
agriculture and livestock (9%) (Figure 2).

Figure 2. Biotech companies in Italy, organizaed in theri main sectors (Assobiotec, 2016)

As far as the Green biotech is concerned, half of the 44 companies active in Italy on this specific
sector are dedicated to biotech R&D, having a micro size, and aiming to improve the potential of
biotechnological applications in agriculture and livestock. All these R&D companies are funded by
italian capitals. Furthemore, more than half of these micro-enterprises are spin-offs, mainly
generated by universities (Figure 3).
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Figure 3. Biotech companies in Italy: investiments, R&D activities, units (Assobiotec, 2016)

The companies active in the health sector or Red biotechnologies generate more than 75% of the total
biotech turnover in Italy, that is over € 9.4 billions, 3.8 of which originate the contribution of biotech
companies exclusively dedicated to R&D (Figure 4). Although the biotech companies present in Italy
but funded on foreign capitals account for only 14% of the total, they contribute to 78% of the total
incomes per year.

Figure 4. Biotech companies in Italy: incomes for each biotech sector
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Concerning those companies funded by italian capitals, around 80% of their turnover is from Red
biotechnologies/biotechnogies applied to the health sector (Figure 5).

Figure 5. Biotech companies: incomes of companies fully based on italian capitals

According to the 2016 Assobiotec/ENEA report, only 63% of the biotech companies present in
Italy reported a profit in 2014. This value is strongly influenced by the high percentage of microor small-size biotech companies dedicated to R&D, which have not any product on the market
yet. During 2014, more than half (56%) of the biotech companies in Italy was self-financed, while
about a quarter (26%) had access to capital grants (public or private), 16% have debt capital,
and only 4% could access funding of venture capital.

In particular, as far as Tuscany is concerned, that is the italian region where the Coordinating
beneficiary University of Florence is based, four biotecnological parks were found (Fondazione
Toscana Life sciences, Parco Scientifico e Tecnologico dell'Area Livornese S.r.l., Polo Scientifico e
Tecnologico di Navacchio, PONT-TECH S.c.r.l.), mainly working on Red biotechnologies (data 2016,
Osservatorio Regionale delle Biotecnologie per l'innovazione Tecnologica, O.R.B.I.T.). In these parks,
basically based on university spin off, no companies are invoved in R&D about agrochemicals.
Conversely, a couple of companies (RSM Montale ricerca e Sviluppo and Next Genomics, both of
them in Prato) could be interested in develp a process for the recombinant produciotn of the AFTER
Cu peptides.
In fact, in a similar frame the low-cost production of the AFTER Cu peptides in Italy is still a major
challenge, limiting their widespread use. In the next future, during the After Plan of the AFTER Cu
project, several actions would be undertaken together with stakeholders and policy makers, such a
deep analysis of the so called NPV (“Net Present Value”). This is a method used to check the
economic viability of the production and use of the AFTER Cu peptides.
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Basically, NPV assesses whether the incoming and outgoing cash flows over a specific period of time
result in an overall gain or loss, considering economic values at time zero (when the assessment is
done). The NPV method is based on 4 variables, like all methods using the Discounted Cash Flows
(“DCFs”): the amount of cash flow; the time at which those cash flows are available; the duration of
the investment; the opportunity cost of capital used to finance investment (represented by the expected
rate of return from an investment in the financial market which has the same risk).
Investment for a period of N years must be made with a sum of cash each multiplied by the discount
factor for the year of the project. We obtain a sum over an incremental time index t, through which it is
a kind of balance between the positive items (receipts) and negative (outflows):

where
Ft = net cash flow (revenues - disbursements) in year t;
N = the economic life of the project;
r = the cost of capital
i and the discount factor of the cash flows is expressed as a function of the opportunity cost of capital
(r):
i = l / (l + r).

If the NPV is positive the project is economically advantageous. However, similar analysis have
necessarily to be performed on a longer time that that of the AFTER Cu project, generally sevral years
iwth a minimum of 5.
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7. CONCLUSIONS
One of the problems is the use of copper in plant protection is that is retained in the soil, becuase it has
a high affinity for the soil colloids and can form stable complexes with organic compounds. Copper
does not degrade in the environment, so it can accumulate in plants and animals, where it can heavily
alter many of their biological activity, as well as that of many ecosystems.
The trend towards a more judicious use of copper pesticides in agriculture, in conjunction with
forecasting systems to predict risk of disease outbreaks, has been used in the past and it can be
expected to continue in the future. This will help to reduce the environmental pollution deriving from
continuous and repated use of copper in plant protection. Among the main new interesting areas of
research at a global level, there is the use of AMPs, even using transgenic plants both as biofactories
and as resistant to phytopathogenic bacteria and fungi. Large multinational companies focused on their
future integration of genetic traits and agricultural chemicals. The agrochemical market projected
growth of 3.4% over the next five years, while the features are forecast to grow by 7%. The average
current (2005) expenditure on R&D of the six major companies is 64.5% Agro chemistry and 35.5%
for seeds. This ensures that the new plant protection products will continue to be developed to protect
the increasingly productive varieties, whern they do not have sufficient genetic resistance to diseases.
This balance between resistance and disease control gene products of chemical, biochemical or
biological nature remain, it is not likely to change dramatically in the near future. Equally important to
sustainable disease control is the intelligent integration of these technologies with cultural practices.

It clear that an economic evaluation of the possible positive effects data from partial or total
substitution of copper can not be separated from the assessment of the total costs related to this
replacement. In the case of the AFTER Cu peptides, the production costs of small quantities today
would represent the main obstacle to their widespread use. However, if conditions for their mass
production would be created, this could obviously determine scale economies making their use more
attractive. Economic evaluations must also be complemented as mandatory by social evaluations and
assessments of the costs that would be needed in the future to clean up/remediate agrosites following
copper accumulations. However, on this issue data are still lacking as well as very difficult is to
quantify those dangerous changes on the environment and on humans. The encouraging results
obtained in this project, both in the laboratory and field tests, strongly support future succesfull
prospectives, but a development mode of industrial production for the AFTER Cu peptides needs to be
implemented. Similarly, in the next future, it will be necessary to assess the most appropriate dosages
into the field of the AFTER Cu peptides as well as their formulations with other active ingredients in
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order to create positive synergies. All these challenges will have implications on the economic analysis
of the use of the AFTER Cu peptides and could eventually move the point of convenience. At last, it
should be considered that any assessment is not absolute but it is relative to the context in which it
operates. Attempting an analogy with the problem of exhaustion of land in greenhouses, until the
agronomic practices and the availability of products for the disinfection of soils, show to be effective,
none theorize about the replacement of a layer of soil. However, when this was not longer in a position
to grow the crop then the farmer is prone to replace a layer of soil or to adopt the culture "Out of the
ground" with the investments that these solutions could entail.
Summarizing:
•

Only from an environmental point of view the use of AMPs and of the AFTER Cu peptides, as
well as the study of technical and / or processes more profitable acquisition is justified, as there
is a need for new active substances adapted to the rules of organic farming, especially with low
toxicity and are biodegradable and these peptides offer good prospectives in the new context of
plant protection (Montesinos 2007, Mark et al. 2008). However, the main problem for
implementation and marketing lies in the high costs of production by conventional synthetic
methods.

•

From the economic point of view will be profitable use, only when its use is widespread and
allows, therefore industrial-scale production, reducing production costs and selling price

•

The use of the AFTER Cu peptides, as well as of AMPs, as an alternative in the control of
infections caused by phytopathogens is of great interest in the field of plant protection. This
opens great potential for the rational design of them aimed at improving their anti-infective
properties.

•

Organic farming is more profitable although less productive than conventional agriculture.
Experts believe that the economic factor is crucial for farmers to change from one model of
conventional agriculture to an organic farming model.

•

Despite the fact that yields are still lower in organic than in conventional agriculture, the
benefits are significantly higher in every sense, both economic and environmental. In reaching
this conclusion have analysed dozens of studies comparing the two types of agriculture in an
economic context, something that had not been analysed in a broader sense.

•

Therefore, in order to achieve sustainability as mandatory for EU it is necessary that organic
farming is more profitable, to make this type of agriculture to expand/spread. Currently, it only
represents 1% of agriculture worldwide, so the researchers believe that there is room for
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organic farming expands offering environmental benefits, health and economic course, all
issues for which it is mandatory the involvement of stakeholders and policy makers.
•

The additional cost of organic food, as well as of agrofood production obtained with low
impact practices and compounds, is an incentive to adopt more sustainable farming practices

•

Therefore, as requested by EU the Member States should encourage and promote both the
production and consumption of these products.

•

Any subsidies both to conventional and organic farming play an important role for farmers to
make the transition from model to model conventional agriculture organic farming

In conclusion, the partial success of the biotechnological/recombinat production of the AFTER Cu
peptides represented the true limit of the present work: 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 hypothesised 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.
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