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Abstract: The next challenge of organic farming, according to many authors, is to overcome the
horizon of a method of agricultural production towards a wider agroecological perspective whose
main objective is to change the dominant agri-food system. In parallel with the discussion on
the future of organic farming, in the European Union (EU), the more intensive systems of organic
production in protected conditions have been the object of debate among the main actors of organic
farming in the Member States (MS). The introduction of common measures for greenhouse production
in the new European regulation on organic production represents the first important step in the
implementation of more resilient cropping systems in protected conditions. This paper has the
ambition of describing the evolution of the scientific and technical debate on organic greenhouse
production in Europe over the last decade, and aims to show how the new regulation on organic
farming has partially embedded some of the conclusions of the multi-actor discussion on the main
production issues in protected conditions.

Keywords: agroecology; agri-food system; protected condition; input substitution

1. Introduction

Many scientific papers and reports have been written during the last few years on the need for
transforming food systems to meet the next global challenges. Starting from different viewpoints,
they often reach the same conclusions. Food should be produced respecting the planetary boundaries
to reach the UN Sustainable Development Goals (SDGs) while reducing agriculture’s environmental
footprint [1–3]. Similarly, at the European level, a comprehensive analysis of the EU food system
came to the conclusion that, as a consequence of the high import of soybean for animal feeding, it is
increasingly outsourcing its environmental footprint and is not sustainable any longer [4]. According
to Eyhorn and co-authors [2], while the analysis of the global food system is widely shared, the way
to achieve the global food transformation needed to feed the increasing world population while
reducing the environmental footprint of food production, is debated and controversial. From one
side, conventional agriculture, characterized by high productive performance, is suggested as a
solution by improving resource use efficiency while reducing its negative externalities. On the other
side, a transformative redesign of farming systems based on agroecological principles is proposed.
In this framework, an organic farming method of production, which has been proven—in respect to
conventional agriculture—to improve soil quality [5–7], to reduce the rate of biodiversity loss [8,9] and
to reduce the environmental impact in terms of greenhouse gases (GHG) emissions [10], represents
one of the viable alternatives.

Even though organic agriculture, at a global level, still represents no more than a niche sector
of agricultural production systems, it has passed through different stages, over time [11]. Organic
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1.0 is the period during which the vision of organic agriculture developed, Organic 2.0, which has
characterized the last three decades, is the period of the rapid growth of organic agriculture, due
to the activities of organic associations and the development of organic research institutions and
regulations. Organic 3.0 refers to a new period in which organic agriculture is globally diffused and
contributes to solving the global challenges of agri-food systems in the near future [11]. So, the next
most important challenges of organic agriculture will be to overcome the horizon of a method of
agricultural production, to embrace the wider perspective of a new approach to the whole agri-food
system, from producers to consumers, from farm to fork. An agroecological perspective that takes into
account not only the primary production, but the entire supply chain (processing, transportation and
logistics), encompassing health, cultural, social and ethical aspects of the agri-food systems needs to be
adopted [4,12–16].

In the last decade, in parallel with the debate on the need of an agroecological approach to organic
production, a strong discussion on the principles of organic farming has been carried out by the main
actors of the sector (producers, consumer association and policymakers) as a consequence of the
diffusion of organic systems of production characterized by a high level of intensification.

The main objective of this paper is to describe the evolution of the scientific and technical debate
in Europe on organic greenhouse production systems and the regulatory development in EU organic
regulation regarding this specific subject. It is known that organic production systems in protected
conditions implement some of the more intensive systems of production and, despite their relatively
low agricultural area in Europe (estimated around 6000 ha, according to Tittarelli and co-authors [17]),
play a pivotal role in the trading of organic vegetables within EU boundaries. Their economic value in
some European regions and the concern relative to their more intensified systems of production have
induced the research for alternatives, adapted to specific local climatic conditions, and the introduction
of specific rules in the new Regulation on organic production (EU) 2018/848 [18].

2. Input Substitution Approach/Conventionalized Organic Methods of Production

In the European Union, Article 5 of Reg (EC) No 834/2007 [19] on organic production and labeling
of organic products states that “ . . . organic farming shall be based on the following specific principles:

a. the maintenance and enhancement of soil life and natural soil fertility, soil stability and soil biodiversity
preventing and combating soil compaction and soil erosion, and the nourishing of plants primarily through
the soil ecosystem;

b. the minimisation of the use of non-renewable sources and off-farm inputs;
c. the recycling of wastes and by-product of plant and animal origin as input in plant and livestock produce;
d. taking into account of the local or regional ecological balance when taking production decisions;
f. the maintenance of plant health by preventative measures, such as the choice of appropriate species and

varieties resistant to pests and diseases, appropriate crop rotations, mechanical and physical methods and
the protection of natural enemies of pests . . . ”.

Nevertheless, especially in the more intensified organic systems of production, the limitless use
of off-farm inputs often takes over the agronomic practices and organic principles reported in the
European Regulation on organic production. This is the basis of the so-called “input substitution”
approach [20].

In systems of production mainly based on input substitution, soil fertility is managed only with
the use of off-farm fertilizers listed in Annex I of Reg (EC) No 889/2008 [21]. Plant nutritional needs
are treated on a case by case basis by “substituting” off-farm synthetic inputs (typically used in
conventional agriculture) with off-farm organic inputs. Even though this method of production is
based on the application of products allowed by the ruling standards of organic farming (and can be
certified as organic), it is often considered by organic stakeholders as an imitation of conventional
methods of production [22]. That is why it is often referred to as a “conventionalized” organic farming
system [23]. Of course, the level of “conventionalization” can differ from one system to the other over
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a wide range of possibilities and is reasonable to think that the more “conventionalized” systems of
production cannot be considered environmentally friendly just because they are certified organic if the
main difference respect to a conventional system of production is the simple substitution of a synthetic
fertilizer with a certified organic fertilizer [24,25].

3. Intensive Systems of Production and Their Compliance with Organic Principles

Vegetable production in protected conditions (plastic tunnels or greenhouses) is probably the
most intensive agricultural system of production both in conventional and organic conditions.
High productive performances are obtained in a heated greenhouse by a high level of energy
use. The climatization of greenhouses is responsible for great part of energy consumption, mainly by
fossil fuel. Organic greenhouse production, to reduce the risk of fungal diseases, requires even more
accurate climatic management—for humidity control, with higher energy consumption with respect to
conventional production [26]. The use of renewable energy is technically feasible, but its economic
sustainability is still debated. Moreover, the use of fossil fuel is often preferred because CO2 produced
by its combustion can be used to enrich atmospheric air (up to 1200 ppm) with a significant increase in
productivity [27]. Energy consumption in high-tech greenhouses depends on many factors, but mainly
by the insulation of the greenhouse and by the difference between the internal required temperature
and the external temperature. Of course, different cultivated crops have different heat requirements,
being, for example, leafy vegetables more resistant to low temperatures, as reported by Theurl and
co-authors [28], with respect to other commonly cultivated vegetables like tomato, sweet pepper or
eggplant. Stanghellini and co-authors [26] reported that the yearly energy consumption for tomato in
high-tech greenhouses is around 36 m3

gas m−2
soil (corresponding to around 360,000 m3

gas ha−1) with a
yield of around 500 t ha−1 [29]. Unheated greenhouses have lower energy consumption, of course,
but relatively lower productivity because growing conditions cannot be optimized like in the high-tech
heated greenhouses. Moreover, a widespread and increasing concern all over Europe is related to
the high amount of copper-based fungicides which are usually sprayed in unheated greenhouses,
especially in Mediterranean regions, and is responsible for copper contamination of food and soil.

In any case, both heated and unheated organic greenhouses are characterized by highly intensified
systems of production. According to Reg (EC) No 834/2007 [19] and to Reg (EC) No 889/2008 [21],
the approach to soil and to soil fertility management is what discriminates more conventional systems
from the organic systems of production. Based on what is written on the “Whereas” section of (EC) No
889/2008, which states as follows:

“(4) Organic plant production is based on nourishing the plants primarily through the soil ecosystem.
Therefore hydroponic cultivation, where plants grow with their roots in an inert medium feed with
soluble minerals and nutrients, should not be allowed.”

Soil grown crops are the only ones that can be labeled as organic. The use of fertilizers and organic
amendments listed in Annex I—Fertilizers and soil conditioners referred to in Article 3(1) of (EC) No
889/2008 [21], fixes further boundaries between conventional and organic production.

At the same time, such a “simplified” approach to organic production, according to which an
agricultural system of production can be defined “organic” by substituting the not allowed inputs
with the allowed ones, simply does not work or generates unbalanced systems.

In their work, Zikeli and co-authors [30] clearly explained why the input substitution approach
to organic production, in protected conditions, increases the risk of negative externalities on the
environment. Organic greenhouse production is characterized by high yields of high nutrients
demanding crops. Huge amounts of animal manure and compost with slow-release N and low N/P
ratio, respect to crop needs, are applied and integrated with high supply of organic fertilizers rich in
easily mineralizable organic N. Input–output balances of nutrients for organic greenhouse production
carried out in Germany and the Netherlands put in evidence nutrients imbalances with high surplus
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of N, P and S [30,31] which can negatively affect the environment by soil nitrate leaching and possibly
by the emission of nitrous oxides.

To maintain soil fertility and avoid negative environmental impacts, organic farmers can use
a wide range of soil fertility management tools such as soil tillage practices, crop rotations, organic
amendments and agroecological services crops (ASCs) [17], but to be effective, they must be applied to
less intensive production systems.

If the main objectives of organic greenhouse production are the same of conventional greenhouse
production (i.e., to maximize the yields of few fruit vegetables) and the agronomic practices adopted
are based on a simple substitution of synthetic inputs with allowed organic inputs, the negative
consequences of unbalanced systems of production cannot be avoided. Moreover, the application to
soil of huge quantities of organic amendments derived by the transformation of agricultural wastes can
also have a negative environmental effect on soil and reduce the level of sustainability of such practice.

The maximization of yields per square meter and the need for rapid economic returns for the high
investment costs in greenhouse construction are important aspects to be taken into account for assessing
the economic sustainability of organic greenhouse production, but are responsible for unexpected
side effects. In particular, the process of “conventionalization” of organic greenhouse production
has led to the peculiar situation, within the greenhouse sector, in which “conventional” producers,
who use less water and in a more efficient way, fewer nutrients and substitute fossil fuel with renewable
energy, affirm to be more sustainable than some organic producers who implement more intensive
systems of production [32]. Furthermore, the lack of specific standard rules for organic greenhouse
production in the European regulation has been filled up with different interpretations of Reg (EC)
No 834/2007 [19] by the Member States of the European Union and mutual blame of unfair competition
among producers [32]. The real challenge was to set common rules that were compliant with the
principles of organic farming and that took into account the climatic differences among the European
Union countries, respecting the cultural diversity of people and accepting agricultural practices and
methods based and developed on the sustainable exploitation of local natural resources. In case this
challenge is not taken up, the risk could be the weakening of standards for organic production with an
immediate effect in lowering the bar to entry to the organic market allowing the inclusion of industrial
models of agriculture [33].

4. The Report on Greenhouse Production (Protected Cropping)

In 2009, the European Commission established the expert group for technical advice on organic
production (EGTOP) with the main tasks, among the others, of “ . . . assisting the Commission in evaluating
products, substances and techniques which can be used in organic production taking into account objectives
and principles laid down in Regulation (EC) No 834/2007 and in improving existing rules and developing new
production rules” [34]. In 2012, the Expert Group for technical advice on organic production, under a
specific mandate, was requested to elaborate a report on the more controversial aspects of organic
greenhouse production in the European Union.

The final report on greenhouse production [27] starts with the consideration that, at the moment,
EU regulation on organic farming contains no specific rules for greenhouse production, apart from
a ban on hydroponic production. The lack of specific rules has led the Member States and national
organic associations to adapt general rules to their own climatic conditions and geographical position,
with the consequence that practices implemented in one region are often banned in another one.
On the basis of this premises, even though the report stated that organic greenhouse production must
comply with the principles and rules of organic farming reported in Reg (EC) No 834/2007 [19] and
(EC) No 889/2008 [21], some specific rules for organic production in protected conditions are needed.
In particular, the report claimed that organic greenhouse production had an “outstanding performance”
in the responsible use of energy, water, soil and organic matter because they play an important role in
the environmental sustainability of the adopted organic cropping system. Moreover, EGTOP expressed
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its concern on the high level of cropping intensification of some organic greenhouse production systems
which could reduce the public trust in their sustainability.

In the following sections, conclusions and recommendations are presented regarding just three
of the main controversial issues discussed in the report on Greenhouse Production (soil fertility
management, energy use and use of growing media for plant production), because they were the object
of strong debate after the publication of the report.

4.1. Soil Fertility Management

As a general consideration, in organic greenhouses, the same criteria applied for open-field plant
production (laid down in Reg (EC) No 834/2007 [19] and (EC) No 889/2008 [21]) can be used. Anyway,
even though the inclusion of legumes and green manures in crop rotations is explicitly mentioned in
Art. 12(b) of Reg. (EC) 834/2007 [19], according to EGTOP, these practices were intended for arable
cropping and are inadequate for other production systems such as permanent crops, pastures and
greenhouse production. Starting from the consideration that greenhouse rotations are simpler than
arable rotations, the cultivation of annual legumes and green manure crops cannot be proposed for
greenhouse production, “ . . . but shorter-term green manure crops including legumes can be grown”.

4.2. Energy Use

As pointed out above, in greenhouses, light, temperature and CO2 concentration can be strongly
modified and controlled by farmers. The added value of controlling the greenhouse environment is
to optimize the growing conditions of cultivated crops with a significant increase in yields. The side
effect is potentially high energy consumption. Article 3 (iii) in Reg (EC) No 834/2007 [19], generically
mentions the environmental issue of energy use by inviting farmers to a “responsible use of energy”,
while the need of reducing the consumption of fossil fuels comes from the request of minimizing
the use of non-renewable resources and off-farm inputs (Art 5 (b) in Reg (EC) No 834/2007) [19].
The need for artificial light and heating varies greatly among different geographical areas in Europe
and EGTOP recognized that different strategies can be utilized to reach the objective of a responsible
use of energy. In any case, the report put in evidence that since CO2 enrichment is more effective,
in terms of productivity, in summer rather than in winter, it is quite common that farmers use fossil
fuels not only in winter (for heating), but also in summer to obtain CO2: “ . . . in this case, the main
purpose of fossil fuel burning would be CO2 production and the heat produced would represent a by-product”.
The EGTOP also observed that the lack of the added value of CO2 emission, as a consequence of fossil
fuel combustion, could prevent farmers from switching to the use of renewable sources of energy like
geothermal, wind and solar power. This would be a clear conflict with the organic principles of the
minimization of the use of non-renewable resources and of a responsible use of energy.

In order to induce a more responsible use of energy, EGTOP proposed to allow greenhouse
heating to 5 ◦C, without limitation, to guarantee frost protection (derogation to higher temperatures
are allowed if greenhouses are insulated).

4.3. Use of Growing Media for Plant Production

Article 4 of Reg (EC) No 889/2008 [21] clearly states that hydroponic production is prohibited.
Reg (EC) No 889/2008 [21] does not explicitly ban plant production in organic substrates and
some Member States see no contradiction with organic principles in cultivating on active organic
substrates [32]. Moreover, some authors published papers on the environmental sustainability
of demarcated bed-grown vegetable crops and on the quality of vegetables grown on organic
substrates [35–37].

In its report, EGTOP started from the consideration that production of organic plants should
take place in soil, and then, to reduce the degrees of freedom in the interpretation of the word “soil”
reported that “ . . . ‘soil’ means that the upper soil is in contact with the subsoil, so that roots can grow into
the subsoil”.
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At the same time, EGTOP individuated exceptions to this general rule, accepting the cultivation
in substrates for seedlings and transplants (for organic plant nursery), and, to preserve the common
habit of many consumers to buy herbs and ornamentals in pot, for plants which are sold to the public
together with the pot in which they were grown.

The criteria at the basis of this derogation from the soil-grown condition are that, for consumers,
it is very clear that the plant they are buying was grown on a substrate. As a consequence of this
derogation, EGTOP clarified that “ . . . organic produce harvested out of sight of consumers should always
come from plants grown in soil, and not from horticultural substrate cultures”. In this way, consumers buying
organic products seen on the shelves of a supermarket or of a greengrocer are sure that they were
produced in soil.

A special issue, in the framework of plant production on substrate, is the production of vegetables
in so-called “demarcated beds” “which is a form of substrate culture, where the plants are grown in large
containers, bags or beds surrounded by plastic sheets/fleece where the roots may or may not be in contact with
the soil” [27]. This is a method of vegetable production that is quite diffused in northern European
countries like Sweden, Norway, Finland and Denmark, where it is certified as organic [38]. The EGTOP
recognized that production on the demarcated bed had been locally certified organic for a long time,
but, at the same time was concerned by the fact that this method of production is in contradiction with
the principles and objectives of organic farming. Since the total area covered by greenhouses where
this production method was implemented was quite small (around 18 ha), it was decided to keep the
organic certification to those farms which had used demarcated beds in the past (before 2013, date of
publication of the report), but EGTOP opposed, for the future, to any enlargement of such area in any
European Union Country.

5. The New Regulation (EU) 2018/848 on Organic Production and Labeling of Organic Products

The new Regulation (EU) 2018/848 [18] on organic production and labeling of organic products
shall apply from the 1st of January 2021. After many years of debates, the new regulation on organic
production has not even mentioned the problem of energy consumption in an organic greenhouse.
Just a generic “responsible use of energy” is mentioned in the General Principles paragraph (Article
5—letter c). Anyway, apart from the aspect of energy consumption, some of the more controversial
issues regarding organic greenhouse production have been included in Reg (EU) 2018/848 [18].
A comparison with the main rules on soil management and fertilization in Reg (EC) No 889/2008,
is reported in Table 1.

Common rules were set to reduce the interpretation and adaptation of general rules for organic
farming to the climatic condition of each Member State. The more relevant changes respect to the
previous regulation on organic production are reported in Annex II—Part I: Plant production rules,
as follows:

1.1. Organic crops, except those which are naturally grown in water, shall be produced in living soil, or in living
soil mixed or fertilized with materials and products allowed in organic production, in connection with the subsoil
and bedrock;

1.4. By way of derogation from point 1.1, the following practices shall be allowed:

(a) growing plants for the production of ornamentals and herbs in pots to be sold together with the pot to
the final consumer;

(b) growing seedlings or transplants in containers for further transplanting.

1.5. By way of derogation from point 1.1, growing crops in demarcated beds shall only be allowed for the surfaces
that have been certified as organic for that practice before 28 June 2017 in Finland, Sweden and Denmark.
No extension of those surfaces shall be permitted.

That derogation shall expire on 31 December 2030.
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By 31 December 2025, the Commission shall present a report to the European Parliament and the Council on
the use of demarcated beds in organic agriculture. That report may be accompanied, where appropriate, by a
legislative proposal on the use of demarcated beds in organic agriculture.

1.9.2. The fertility and biological activity of the soil shall be maintained and increased:

(b) in the case of greenhouses or perennial crops other than forage, by the use of short-term green manure
crops and legumes as well as the use of plant diversity.

Table 1. Comparison of main criteria for soil management and fertilization in Reg (EC) No 889/2008
and Reg (EU) 2018/848.

Reg (EC) No 889/2008—Plant Production Reg (EU) 2018/848—Annex II—Part I: Plant Production Rules

Art. 3—Soil Management and Fertilization 1.9. Soil Management and Fertilization

1. Where the nutritional needs of plants cannot be met by measures
provided for in Article 12(1)(a), (b) and (c) of Regulation (EC) No
834/2007, only fertilizers and soil conditioners referred to in Annex I to
this Regulation may be used in organic production and only to the
extent necessary. Operators shall keep documentary evidence of the
need to use the product.

1.9.1. In organic plant production, tillage and cultivation practices shall
be used that maintain or increase soil organic matter, enhance soil
stability and soil biodiversity, and prevent soil compaction and
soil erosion.

1.9.2. The fertility and biological activity of the soil shall be maintained
and increased:
(a) except in the case of grassland or perennial forage, by the use of
multiannual crop rotation including mandatory leguminous crops as the
main or cover crop for rotating crops and other green manure crops;

2. The total amount of livestock manure, as defined in Council Directive
91/676/EEC (8) concerning the protection of waters against pollution
caused by nitrates from agricultural sources, applied on the holding
may not exceed 170 kg of nitrogen per year/hectare of agricultural area
used. This limit shall only apply to the use of farmyard manure, dried
farmyard manure and dehydrated poultry manure, composted animal
excrements, including poultry manure, composted farmyard manure
and liquid animal excrements.

(b) in the case of greenhouses or perennial crops other than forage, by
the use of short-term green manure crops and legumes as well as the use
of plant diversity; and
(c) in all cases, by the application of livestock manure or organic matter,
both preferably composted, from organic production.

1.9.3. Where the nutritional needs of plants cannot be met by the
measures provided for in points 1.9.1 and 1.9.2, only fertilizers and soil
conditioners that have been authorized pursuant to Article 24 for use in
organic production shall be used, and only to the extent necessary.
Operators shall keep records of the use of those products.

3. Organic-production holdings may establish written cooperation
agreements exclusively with other holdings and enterprises which
comply with the organic production rules, with the intention of
spreading surplus manure from organic production. The maximum
limit as referred to in paragraph 2, shall be calculated on the basis of all
of the organic-production units involved in such cooperation. 1.9.4. The total amount of livestock manure, as defined in Directive

91/676/EEC, used in the in-conversion and organic production units
shall not exceed 170 kg of nitrogen per year/hectare of agricultural area
used. That limit shall only apply to the use of farmyard manure, dried
farmyard manure and dehydrated poultry manure, composted animal
excrement, including poultry manure, composted farmyard manure and
liquid animal excrement.

4. Appropriate preparations of micro-organisms may be used to
improve the overall condition of the soil or the availability of nutrients
in the soil or in the crops.

5. For compost activation appropriate plant-based preparations or
preparations of micro-organisms may be used.
(d) wood, not treated with chemical products after felling;
(e) mineral products referred to in Annex I, water and soil. 1.9.5. Operators of agricultural holdings may establish written

cooperation agreements exclusively with operators of other agricultural
holdings and undertakings which comply with the organic production
rules, for the purpose of spreading surplus manure from organic
production units. The maximum limit referred to in point 1.9.4 shall be
calculated on the basis of all of the organic production units involved in
such cooperation.

1.9.6. Preparations of micro-organisms may be used to improve the
overall condition of the soil or to improve the availability of nutrients in
the soil or in the crops.

1.9.7. For compost activation, appropriate plant-based preparations and
preparations of micro-organisms may be used.

1.9.8. Mineral nitrogen fertilizers shall not be used.

1.9.9. Biodynamic preparations may be used.

So, the new regulation on organic production has tried to give an answer to some of the more
debated agronomic issues regarding organic greenhouse production. In particular, the clear definition of
soil as “living soil in connection with subsoil and bedrock” does not leave any margin for interpretation.
Only soil-grown crops can be defined as “organic” (apart from some little derogations made to respect
consumer habit to buy organic herbs or ornamentals in a pot).

The connection of soil with subsoil and bedrock clarified that any soilless method of production
or methods in which soil is taken out of the site where it naturally developed from the bedrock and
is utilized, in any form of container, alone or in mixture with other materials (mineral or organic,
natural or synthetic), to grow plants, cannot be certified as organic. A special derogation to this rule,
for a limited period of time, is given to crops grown in demarcated beds in Sweden, Finland and
Denmark, in order to take into account that this method of production has been traditionally used in
these countries for many years and is widely accepted by the local population.
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But the introduction of short-term green manure crops and legumes as valid agronomic practices
to maintain and increase fertility and biological activity of soil also in organic greenhouse is probably
the more relevant measure, in the new regulation, to start the implementation of more resilient cropping
systems and to reduce the level of intensification of organic greenhouse production.

6. Knowledge Gaps and Research Needs

Agroecological service crops (ASC) can be defined as “all crops used in agroecosystems to
provide or enhance its environmental functions (i.e., as buffer zones, living mulches and break crops),
irrespective of their position in the crop rotation and/or independently of the method (green manure
vs flattened crop) that can be applied to terminate them” [39]. ASCs improve long-term soil fertility
and reduce potentially negative environmental impacts. So, the cultivation of plant species not
for yield purposes, but for the ecosystem services they provide is one of the pillar of organic soil
management. At the same time, their introduction in organic greenhouse production is challenging [17]
because of the high investment costs, high organic matter turnover [31], the high nutrients demand
and the high risk of unbalanced fertilization [29,30]. In southern and central European countries,
the introduction of ASCs in the rotation is a common practice also in organic greenhouses [40–44]
and in Italy is reported in the recent decree from the Italian Ministry of Agriculture [45] as one of
the alternative agronomic practices to reduce the level of crop intensification in organic farming in
protected conditions. The effects on fruits and vegetable yields and quality and on soil arthropods
biodiversity of the introduction of ASCs in the rotation of organic fruits and vegetables cultivated in
protected condition have been recently investigated. For strawberry, no significant differences on yields
were observed in the comparison of organic systems at different levels of intensification [24], while for
kohlrabi, zucchini, lettuce and lamb’s lettuce in rotation, more intensive systems of production showed
yields significantly higher than organic systems where agroecological practices were implemented [25].
In the same compared organic systems, on the other side, results demonstrated high potential of ASC
cultivation as a technique for beneficial soil arthropod conservation in protected conditions. Moreover,
functional group analysis revealed that systems where agroecological practices are implemented show a
strong potential for pest suppression and for higher resilience in a long-term evaluation respect to more
intensive organic systems [46]. In the same experimental site, the economic viability of introducing
agroecological practices within a two-year organic greenhouse rotation was also demonstrated [47].
It could also be interesting to investigate more in-depth on water management, organic amendment
application and its environmental impact. Furthermore, the assessment of the effects of introducing
short-term green manure crops on soil microbial activity and diversity, on nematode biodiversity and
on soil suppressiveness, is needed for a comprehensive evaluation of cropping system resilience and
sustainability. Very little has been studied on the environmental impact of soil-grown winter leafy
crops systems of production in unheated greenhouses [28] and very often studies have been carried
out in a perspective of comparison between organic and conventional systems of production [48,49]
and not of comparison among different organic production systems.

The new perspective of an agroecological approach to organic greenhouse production has been the
object of discussion among researchers during the meetings organized in the framework of COST Action
FA1105 “Towards a sustainable and productive EU organic greenhouse horticulture– Biogreenhouse”
(2012–2016). Furthermore, more recently, the viability of implementing resilient agroecosystems in
protected conditions was considered as one of the strategic research topics in Europe [50] and recently
funded in the framework of the Core Organic Cofund research program [51]. But more general
considerations, actions and studies are requested for the implementation of a real agroecological
approach to organic greenhouse production. As well described by Levidow and co-authors [52],
a transformative perspective of agroecology takes into account the integration of its three main forms:
the scientific discipline, the agricultural practices and the social movements with the main aim of
changing the food system. In this conceptual framework, the introduction of some agricultural practices
in greenhouses as mandatory measures to be certified as organic is just a first step in the implementation
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of an agroecological approach to organic greenhouse production. The social dimension of sustainability
complying worker rights and gender issues [53], consumer-citizens involvement through a process of
increasing awareness on the sustainability of different production systems (food citizenship), the ethical
aspects of the values of human health and of natural resources, the individuation of short food
chains alternative to dominant food system and a sort of farmer–scientist cooperation to promote
agroecological knowledge exchange are some of the actions and studies requested, in the future, for a
real implementation of an agroecological approach to organic greenhouse production and for finally
“lift the bar of what is acceptable in farming in the twenty-first century” (Figure 1) [2].
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7. Conclusions

According to some actors, organic production is moving towards a new stage in which it is
globally diffused and contributes, in an agroecological perspective, to solve the global challenges of
agri-food systems. At the same time, organic greenhouse production has been the object of discussion
for the implementation and wide diffusion in the European Union of some of the more intensive
systems of production, which can affect the consumer trust in organic food. The lack of specific rules
for crop production in protected conditions in the existing regulation on organic production (Reg (EC)
No 834/2007 [19] and (EC) No 889/2008) [21] has induced Member States to adapt general rules to
their own climatic conditions and geographical position, implementing sometimes practices which are
banned in other countries of EU, exacerbating the commercial conflicts within the EU and favoring
the contraposition among farmers and organic associations of different European regions. A long
debate, lasting an entire decade and involving all the actors of organic production sectors has led to
the identification of the more controversial issues and to proposals for overcoming them. The concern
relative to some very intensified systems of production has induced a request for applied research for
alternative organic greenhouse production systems and, more recently, the introduction of specific
rules in the new regulation on organic production (EU) 2018/848 [18]. Important aspects of organic
production, which have been disregarded in protected conditions during the last decade, are now
common criteria for the certification of organic production. Although some encouraging results have
been reported in the scientific literature for the Mediterranean countries, knowledge gaps on the
economic, social, ethical and environmental sustainability of organic greenhouse production still exist
and researches on cropping system redesign for the individuation of innovative cropping systems at
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different latitudes and climatic condition are needed. In order to move towards an agroecological
approach, organic greenhouse producers should and can participate to a new agri-food system in which
the complete redesign of the cropping system is associated with a deep change in processing, logistics
and transport for the implementation of short food chain, in a framework of increased consumer
awareness on food quality production and environmental sustainability.

Funding: The author acknowledges the financial support for the GREENRESILIENT project provided by
transnational funding bodies, being partners of the H2020 ERA-net project, CORE Organic Cofund, and the
co-funding from the European Commission.

Acknowledgments: Special thanks are due to Elena Testani and Corrado Ciaccia for their critical revisions of the
paper which significantly improved the quality of the manuscript.

Conflicts of Interest: The author declares no conflict of interest. The funders had no role in the design of the
study; in the collection or interpretation of data; in the writing of the manuscript; or in the decision to publish
the manuscript.

References

1. Foley, J.A.; Ramankutty, N.; Brauman, K.A.; Cassidy, E.S.; Gerber, J.S.; Johnston, M.; Mueller, N.D.;
O’Connell, C.; Ray, D.K.; West, P.C.; et al. Solutions for a cultivated planet. Nature 2011, 478, 337–342.
[CrossRef] [PubMed]

2. Eyhorn, F.; Muller, A.; Reganold, J.P.; Frison, E.; Herren, H.R.; Luttikholt, L.; Mueller, A.; Sanders, J.; El-Hage
Scialabba, N.; Seufert, V.; et al. Sustainability in global agriculture driven by organic farming. Nat. Sustain.
2019, 2, 253–255. [CrossRef]

3. Willett, W.; Rockström, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.;
DeClerck, F.; Wood, A.; et al. Food in the Anthropocene: The EAT–Lancet Commission on healthy diets from
sustainable food systems. Lancet 2019. [CrossRef]

4. IPES—Food. Towards a Common Food Policy for the European Union: The Policy Reform and Realignment
that is Required to Build Sustainable Food Systems in Europe. 2019. Available online: http://www.ipes-food.
org/_img/upload/files/CFP_FullReport.pdf (accessed on 5 November 2019).

5. Carpenter-Boggs, L.; Kennedy, A.C.; Reganold, J.P. Organic and biodynamic management effects on soil
biology. Soil Sci. Soc. Am. J. 2000, 64, 1651–1659. [CrossRef]

6. Birkhofer, K.; Bezemer, T.M.; Bloem, J.; Bonkowski, M.; Christensen, S.; Dubois, D.; Ekelund, F.; Fließbach, A.;
Gunst, L.; Hedlund, K.; et al. Long-term organic farming fosters below and aboveground biota: Implications
for soil quality, biological control and productivity. Soil Biol. Biochem. 2008, 40, 2297–2308. [CrossRef]

7. Mazzoncini, M.; Canali, S.; Giovannetti, M.; Castagnoli, M.; Tittarelli, F.; Antichi, D.; Nannelli, R.; Cristiani, C.;
Barberi, P. Comparison of organic and conventional stockless arable systems: A multidisciplinary approach
to soil quality evaluation. Appl. Soil Ecol. 2010, 44, 124–132. [CrossRef]

8. Bengtsson, J.; Ahnström, J.; Weibull, A.C. The effects of organic agriculture on biodiversity and abundance:
A meta-analysis. J. Appl. Ecol. 2005, 42, 261–269. [CrossRef]

9. Letourneau, D.K.; Bothwell, S.G. Comparison of organic and conventional farms: Challenging ecologists to
make biodiversity functional. Front. Ecol. Environ. 2008, 6, 430–438. [CrossRef]

10. Skinner, C.; Gattinger, A.; Krauss, M.; Krause, H.M.; Mayer, J.; van der Heijden, M.G.A.; Mäder, P. The
impact of long-term organic farming on soil-derived greenhouse gas emissions. Sci. Rep. UK 2019, 9, 1702.
[CrossRef]

11. Rahmann, G.; Reza Ardakani, M.; Bàrberi, P.; Boehm, H.; Canali, S.; Chander, M.; Wahyudi, D.; Dengel, L.;
Erisman, J.W.; Galvis-Martinez, A.C.; et al. Organic Agriculture 3.0 is innovation with research. Org. Agric.
2017, 7, 169–197. [CrossRef]

12. Francis, C.; Lieblein, G.; Gliessman, S.; Breland, T.A.; Creamer, N.; Harwood, R.; Salomonsson, L.; Helenius, J.;
Rickerl, D.; Salvador, R.; et al. Agroecology: The Ecology of Food Systems. J. Sustain. Agric. 2003, 22, 99–118.
[CrossRef]

13. Wezel, A.; Bellon, S.; Doré, T.; Francis, C.; Vallod, D.; David, C. Agroecology as a science, a movement and a
practice. A review. Agron. Sustain. Dev. 2009, 29, 503–515. [CrossRef]

14. Gliessman, S. Transforming food systems with agroecology. Agroecol. Sust. Food 2016, 40, 187–189. [CrossRef]

http://dx.doi.org/10.1038/nature10452
http://www.ncbi.nlm.nih.gov/pubmed/21993620
http://dx.doi.org/10.1038/s41893-019-0266-6
http://dx.doi.org/10.1016/S0140-6736(18)31788-4
http://www.ipes-food.org/_img/upload/files/CFP_FullReport.pdf
http://www.ipes-food.org/_img/upload/files/CFP_FullReport.pdf
http://dx.doi.org/10.2136/sssaj2000.6451651x
http://dx.doi.org/10.1016/j.soilbio.2008.05.007
http://dx.doi.org/10.1016/j.apsoil.2009.11.001
http://dx.doi.org/10.1111/j.1365-2664.2005.01005.x
http://dx.doi.org/10.1890/070081
http://dx.doi.org/10.1038/s41598-018-38207-w
http://dx.doi.org/10.1007/s13165-016-0171-5
http://dx.doi.org/10.1300/J064v22n03_10
http://dx.doi.org/10.1051/agro/2009004
http://dx.doi.org/10.1080/21683565.2015.1130765


Agronomy 2020, 10, 72 11 of 12

15. IPES—Food. From Uniformity to Diversity: A Paradigm Shift from Industrial Agriculture to Diversified
Agroecological Systems. International Panel of Experts on Sustainable Food Systems. 2016. Available online:
http://www.ipes-food.org/_img/upload/files/UniformityToDiversity_FULL.pdf (accessed on 2 January 2020).

16. Migliorini, P.; Wezel, A. Converging and diverging principles and practices of organic agriculture regulations
and agroecology. A review. Agron. Sustain. Dev. 2017, 37, 63. [CrossRef]

17. Tittarelli, F.; Båth, B.; Ceglie, F.G.; García, M.C.; Möller, K.; Reents, H.J.; Védie, H.; Voogt, W. Soil fertility
management in organic green house: An analysis of the European context. Acta Hortic. 2017, 1164, 113–126.
[CrossRef]

18. Regulation (EU) 2018/848 of the European parliament and of the Council of 30 May 2018 on organic production
and labelling of organic products and repealing Council Regulation (EC) No 834/2007. OJ L 2018, 150, 1–92.

19. Council regulation (EC) No 834/2007 on organic production and labeling of organic products and repealing
Regulation (EEC) No 2092/91. OJ L 2007, 189, 1–23.

20. Darnhofer, I.; Lindenthal, T.; Bartel-Kratochvii, R.; Zollitsch, W. Conventionalisation of organic farming
practices: From structural criteria towards an assessment based on organic principles. A review. Agron.
Sustain. Dev. 2010, 30, 67–81. [CrossRef]

21. Commission Regulation (EC) No. 889/2008 laying down detailed rules for the implementation of Council
Regulation (EC) No. 834/2007 on organic production and labelling of organic products with regard to organic
production, labelling and control. OJ L 2008, 250, 1–84.

22. Contreras, J.L.; Giménez-Miralles, M.A.; Baeza, R. Characterización de la instalación de fertiriego y la gestión
de la fertilización en la agricultura ecológica en invernadero. In Proceedings of the XI congreso of the
Sociedad Española de Agricultura Ecológica, Vitoria, Gasteiz (Álava), 1–4 October 2014; Sociedad Española
de Agricultura Ecológica, Ed.; pp. 463–470.

23. Goldberger, J.R. Conventionalization, civic engagement, and the sustainability of organic agriculture. J. Rural.
Stud. 2011, 27, 288–296. [CrossRef]

24. Tittarelli, F.; Ceglie, F.G.; Ciaccia, C.; Mimiola, G.; Amodio, M.L.; Colelli, G. Organic strawberry in
Mediterranean greenhouse: Effect of different production systems on soil fertility and fruit quality. Renew.
Agric. Food Syst. 2017, 32, 485–497. [CrossRef]

25. Ciaccia, C.; Ceglie, F.G.; Burgio, G.; Madžaric, S.; Testani, E.; Muzzi, E.; Mimiola, G.; Tittarelli, F. Impact
of agroecological practices on greenhouse vegetable production: Comparison among organic production
systems. Agronomy 2019, 9, 372. [CrossRef]

26. Stanghellini, C.; Baptista, F.; Eriksson, E.; Gilli, C.; Giuffrida, F.; Kempkes, F.; Muñoz, P.; Stepowska, A.;
Montero, J.I. Sensible Use of Primary Energy in Organic Greenhouse Production. Available online: https:
//edepot.wur.nl/373582 (accessed on 5 November 2019).

27. EGTOP. Final Report on Greenhouse Productions (Protected Cropping). 2013. Available
online: https://ec.europa.eu/agriculture/organic/sites/orgfarming/files/docs/body/final_report_egtop_on_
greenhouse_production_en.pdf (accessed on 5 November 2019).

28. Theurl, M.C.; Hörtenhuber, S.J.; Lindenthal, T.; Palme, W. Unheated soil-grown winter vegetables in Austria:
Greenhouse gas emissions and socio-economic factors of diffusion potential. J. Clean. Prod. 2017, 151,
134–144. [CrossRef]

29. Voogt, W.; de Visser, P.H.E.; van Winkel, A.; Cuijpers, W.J.M.; van de Burgt, G.J.H.M. Nutrient Management in
Organic Greenhouse Production: Navigation between Constraints. Acta Hortic. 2011, 915, 75–82. [CrossRef]

30. Zikeli, S.; Deil, L.; Möller, K. The challenge of imbalanced nutrient flows in organic farming systems: A study
of organic greenhouses in Southern Germany. Agric. Ecosyst. Environ. 2017, 244, 1–13. [CrossRef]

31. Voogt, W. Soil fertility management in organic greenhouse crops; a case study on fruit vegetables. Acta Hortic.
2014, 1041, 21–35. [CrossRef]

32. Blom, M. Organic greenhouses: Development of the regulatory framework within Europe. Acta Hortic. 2011,
915, 31–37. [CrossRef]

33. Jaffee, D.; Howard, P.H. Corporate cooptation of organic and fair trade standards. Agric. Hum. Values 2010,
27, 387–399. [CrossRef]

34. Commission Decision of 3 June 2009 establishing the expert group for technical advice on organic production
(2009/427/EC). OJ L 2009, 139, 29–31.

35. Gravel, V.; Ménard, C.; Dorais, M. Organic greenhouse tomato production in raised bed containers: A two
year study. Acta Hortic. 2011, 915, 69–74. [CrossRef]

http://www.ipes-food.org/_img/upload/files/UniformityToDiversity_FULL.pdf
http://dx.doi.org/10.1007/s13593-017-0472-4
http://dx.doi.org/10.17660/ActaHortic.2017.1164.15
http://dx.doi.org/10.1051/agro/2009011
http://dx.doi.org/10.1016/j.jrurstud.2011.03.002
http://dx.doi.org/10.1017/S1742170516000417
http://dx.doi.org/10.3390/agronomy9070372
https://edepot.wur.nl/373582
https://edepot.wur.nl/373582
https://ec.europa.eu/agriculture/organic/sites/orgfarming/files/docs/body/final_report_egtop_on_greenhouse_production_en.pdf
https://ec.europa.eu/agriculture/organic/sites/orgfarming/files/docs/body/final_report_egtop_on_greenhouse_production_en.pdf
http://dx.doi.org/10.1016/j.jclepro.2017.03.016
http://dx.doi.org/10.17660/ActaHortic.2011.915.9
http://dx.doi.org/10.1016/j.agee.2017.04.017
http://dx.doi.org/10.17660/ActaHortic.2014.1041.1
http://dx.doi.org/10.17660/ActaHortic.2011.915.3
http://dx.doi.org/10.1007/s10460-009-9231-8
http://dx.doi.org/10.17660/ActaHortic.2011.915.8


Agronomy 2020, 10, 72 12 of 12

36. Dorais, M.; Antón, A.; Montero, J.I.; Torrellas, M. Environmental assessment of demarcated bed-grown
organic greenhouse tomatoes using renewable energy. Acta Hortic. 2014, 1041, 291–298. [CrossRef]

37. Dorais, M.; Thériault, M.; Pepin, S.; Lefort, J. Fertilisation management for organic cucumber grown in raised
demarcated beds. Acta Hortic. 2016, 1137, 27–32. [CrossRef]

38. IFOAM. Position Paper on Organic Greenhouse Production. Available online: https://www.ifoam-eu.
org/sites/default/files/page/files/ifoameu_reg_greenhouse_production_position_201302.pdf (accessed on
5 November 2019).

39. Canali, S.; Diacono, M.; Campanelli, G.; Montemurro, F. Organic no-till with roller crimpers: Agro-ecosystem
services and applications in organic mediterranean vegetable productions. Sustain. Agric. Res. 2015, 4, 70–79.
[CrossRef]

40. Iapichino, G.; Puleo, L.; Vetrano, F.; Sciortino, A. Effects of solarization and biofumigation on tomato
greenhouse production in the southern coast of Sicily. Acta Hortic. 2008, 801, 1557–1562. [CrossRef]

41. Michel, V.V.; Ançay, A.; Fleury, Y.; Camps, C. Green manures to control soilborne diseases in greenhouse
production. Acta Hortic. 2014, 1041, 187–196. [CrossRef]

42. Morra, L.; Cerrato, D.; Bilotto, M.; Baiano, S. Introduction of sorghum [Sorghum bicolor (L.) Moench] green
manure in rotations of head salads and baby leaf crops under greenhouse. Ital. J. Agron. 2017, 12, 40–46.
[CrossRef]

43. Védie, H.; Mazollier, C.; Sassi, A. Summer green manuring in organic greenhouses under French
Mediterranean climate. Acta Hortic. 2017, 1164, 143–150. [CrossRef]

44. Gandariasbeitia, M.; Ojinaga, M.; Orbegozo, E.; Ortiz-Barredo, A.; Núñez-Zofío, M.; Mendarte, S.; Larregla, S.
Winter biodisinfestation with Brassica green manure is a promising management strategy for Phytophthora
capsici control of protected pepper crops in humid temperate climate regions of northern Spain. Span. J.
Agric. Res. 2019, 17, 22. [CrossRef]

45. Disposizioni Per L’attuazione dei Regolamenti (CE) n. 834/2007 e n. 889/2008 e Loro Successive
Modifiche e Integrazioni, Relativi Alla Produzione Biologica e All’etichettatura dei Prodotti Biologici.
Abrogazione e Sostituzione del Decreto n. 18354 del 27 Novembre 2009. (Decreto n. 6793). Available
online: https://feder.bio/wp-content/uploads/2017/07/DM-2018_07_18-n.-6793-Disposizioni-per-l%E2%80%
99attuazione-dei-regolamenti-CE....pdf (accessed on 2 January 2020).

46. Madzaric, S.; Ceglie, F.G.; Depalo, L.; Al Bitar, L.; Mimiola, G.; Tittarelli, F.; Burgio, G. Organic vs.
organic-Soil arthropods as bioindicators of ecological sustainability in greenhouse system experiment under
Mediterranean conditions. Bull. Entomol. Res. 2018, 108, 625–635. [CrossRef]

47. Mohamad, R.S.; Cardone, G.; Mimiola, G.; Tittarelli, F.; Al Bitar, L.; Ceglie, F.G. Analysis of Mediterranean
organic greenhouse production economics and the impact of introducing agro-ecological practices. Biol.
Agric. Hortic. 2018, 34, 154–172. [CrossRef]

48. Foteinis, S.; Chatzisymeon, E. Life cycle assessment of organic versus conventional agriculture. A case study
of lettuce cultivation in Greece. J. Clean. Prod. 2016, 112, 2462–2471. [CrossRef]

49. Tasca, A.L.; Nessi, S.; Rigamonti, L. Environmental sustainability of agri-food supply chains: An LCA
comparison between two alternative forms of production and distribution of endive in northern Italy. J. Clean.
Prod. 2017, 140, 725–741. [CrossRef]

50. TP Organics. Strategic Research and Innovation Agenda for Organic Food and Farming. Available
online: http://www.sinab.it/sites/default/files/share/ifoameu_ri_strategic_research_and_innovation_agenda_
for_organic_food_and_farming_brochure_20150129.pdf (accessed on 5 November 2019).

51. Core Organic Cofund. Call Announcement of the CORE Organic Cofund-Call 2016 with Cofunds from the
EU 2016. Available online: https://www.coreorganic.org/CO_Cofund_2016_Call_Announcement_minus_
Bulgaria.pdf (accessed on 2 January 2020).

52. Levidow, L.; Pimbert, M.; Vanloqueren, G. Agroecological Research: Conforming—or Transforming the
Dominant Agro-Food Regime? Agroecol. Sust. Food 2014, 38, 1127–1155. [CrossRef]

53. Rossignoli, C.M.; Moruzzo, R. Retail power and private standards in the agri-food chain. Agroecol. Sust. Food
2014, 38, 1108–1124. [CrossRef]

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.17660/ActaHortic.2014.1041.35
http://dx.doi.org/10.17660/ActaHortic.2016.1137.4
https://www.ifoam-eu.org/sites/default/files/page/files/ifoameu_reg_greenhouse_production_position_201302.pdf
https://www.ifoam-eu.org/sites/default/files/page/files/ifoameu_reg_greenhouse_production_position_201302.pdf
http://dx.doi.org/10.5539/sar.v4n3p70
http://dx.doi.org/10.17660/ActaHortic.2008.801.192
http://dx.doi.org/10.17660/ActaHortic.2014.1041.21
http://dx.doi.org/10.4081/ija.2016.753
http://dx.doi.org/10.17660/ActaHortic.2017.1164.18
http://dx.doi.org/10.5424/sjar/2019171-13808
https://feder.bio/wp-content/uploads/2017/07/DM-2018_07_18-n.-6793-Disposizioni-per-l%E2%80%99attuazione-dei-regolamenti-CE....pdf
https://feder.bio/wp-content/uploads/2017/07/DM-2018_07_18-n.-6793-Disposizioni-per-l%E2%80%99attuazione-dei-regolamenti-CE....pdf
http://dx.doi.org/10.1017/S0007485317001158
http://dx.doi.org/10.1080/01448765.2017.1402705
http://dx.doi.org/10.1016/j.jclepro.2015.09.075
http://dx.doi.org/10.1016/j.jclepro.2016.06.170
http://www.sinab.it/sites/default/files/share/ifoameu_ri_strategic_research_and_innovation_agenda_for_organic_food_and_farming_brochure_20150129.pdf
http://www.sinab.it/sites/default/files/share/ifoameu_ri_strategic_research_and_innovation_agenda_for_organic_food_and_farming_brochure_20150129.pdf
https://www.coreorganic.org/CO_Cofund_2016_Call_Announcement_minus_Bulgaria.pdf
https://www.coreorganic.org/CO_Cofund_2016_Call_Announcement_minus_Bulgaria.pdf
http://dx.doi.org/10.1080/21683565.2014.951459
http://dx.doi.org/10.1080/21683565.2014.925530
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Input Substitution Approach/Conventionalized Organic Methods of Production 
	Intensive Systems of Production and Their Compliance with Organic Principles 
	The Report on Greenhouse Production (Protected Cropping) 
	Soil Fertility Management 
	Energy Use 
	Use of Growing Media for Plant Production 

	The New Regulation (EU) 2018/848 on Organic Production and Labeling of Organic Products 
	Knowledge Gaps and Research Needs 
	Conclusions 
	References

