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Abstract: Sustainability transitions in agriculture are explored through an analysis of niche initiatives
within a common production system, relying on sustainable transitions, multi-level perspectives,
and agroecological frameworks, and involving multi-actor, agricultural knowledge, and innovation
systems (AKIS). The article focuses on how experimental niches and sustainable activities affect
farmers’ relationships with nature, and the reconceptualisation of the production system in which
they operate, particularly where this system is embedded in less sustainable conventional or dominant
regimes and landscapes. The need for fundamental changes, in the way that humans interact with
nature, is widely argued for in order to achieve sustainable development, and farmers occupy a
central role through participation in complex networks of agri-food systems. They have also found
themselves disconnected from nature through conventional agri-industrial production practices.
Four niches (biological control, ecological restoration, soil health, and ecological pond management)
within the greenhouse sector of Almeria (SE Spain) are explored in a case study. Our results indicate
that a farmer’s interaction with nature is functional, but through agroecological practices, a deeper
understanding of the ecosystems in which greenhouse landscapes are embedded may be gained. As
they become more connected to nature and benefit from ecosystem services, they can transition to
more sustainable agricultural systems.

Keywords: human nature connectedness; sustainability transitions; agricultural innovations; multi-
level perspective; agroecology; agricultural knowledge and innovation systems (AKIS); conserva-
tive agriculture practices; knowledge co-production; mediterranean horticulture; integrated pest
management; greenhouses; soil health; biological control; pond naturalisation; collective action;
socio-ecological systems
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1. Introduction

In this paper, we explore processes of sustainability transitions in agriculture through
the analysis of four niche initiatives in Almeria, South-East Spain, within a common inten-
sive greenhouse production system, involving diverse multi-actor, agricultural knowledge
and innovation systems (AKIS). A central focus of our research is to understand how
involvement in niche experimental and sustainable activities affects a farmer’s relationship
with nature, and the reconceptualisation of the production system in which such niches
operate, particularly where this system is heavily embedded in less sustainable conven-
tional or dominant regimes and landscapes. The need for fundamental changes in the
way that humans interact with nature is widely argued for in order to achieve sustainable
development [1] and farmers; both, in their roles as humans and producers within the
complex network of agri-food systems, occupy crucial roles. Through agricultural activity, a
farmer’s interaction with nature is functional and economic. However, through the practice
of agriculture, a deeper understanding of the ecosystems in which farming activities are
located may be gained by farmers, their organisations, and, in general, their AKIS. As they
become more connected to nature through practice, they can transition to more sustainable
agricultural systems.

Agricultural activity has a significant social, economic, and environmental impact, partic-
ularly in intensive systems. Recent studies based on Crippa et al. [2] and Rockstrom et al. [3],
amongst others, demonstrate that dominant agricultural and food systems have led to serious
and ongoing resource depletion and severe and inequitable environmental and social impacts.
In addition to academic calls for transformation, social and political stakeholders are also
calling for change in agri-food systems [4—7]. The United Nations Environment Programme
(UNEP) [8] has made it abundantly clear that making the transformation of food and water
systems more equitable and resilient is an urgent goal, citing the need to implement a
wide range of agricultural management systems and approaches, including conservation
agriculture, organic farming, agroecology, integrated pest and nutrient management, soil
and water conservation, agroforestry, and irrigation management, to name a few (p. 121),
applicable to various farming systems.

More specifically, the UNEP report refers to the need for a reduction in nitrogen
and phosphorus imbalances to reduce pollution of freshwater, groundwater, and coastal
zones. In addition, overuse of pesticides and fertilisers can produce several negative con-
sequences, including damage to ecosystems, biota and human health, and environmental
pollution, among others [9-13]. Biodiversity loss is taking place rapidly due to various
human activities, agriculture being one of them [9,10,14,15], and for this reason, to ensure
food security, as well as for other non-anthropocentric reasons, it is crucial to reconcile
agricultural production and biodiversity conservation.

“Humanity is waging war on nature” is the more direct, non-academic language used
by the Secretary General of the United Nations, Antonio Guterres, who stated bluntly
“Making peace with nature is the defining task of the 21st century. It must be the top, top
priority for everyone, everywhere” [16].

However, globally, agricultural business generally appear to have difficulties in calling
a truce: market influences, supported by policy, have resulted in increased farm size and
vertical and horizontal integration [17], as well as intense power concentration in the
inputs and distributor ends of global supply chains [18], leaving little bargaining power for
small and medium farmers. Agricultural liberal market policy measures in Europe (and
elsewhere) have often favoured increased production and intensification at the expense
of biodiversity and ecosystem services [19]. According to the European Environmental
Bureau (EEB), Dupeux [20], and Poore and Nemecek [21], food systems are responsible for
26% of greenhouse gas emissions worldwide; they not only contribute to climate change,
but also to the deterioration of ecosystems and unprecedented levels of species loss [22].
Natural resources in which farmers rely on are under such pronounced overexploitation
that an extinction crisis is a threat [23]. The same EEB report observes that “European
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farmers are lurching from crisis to crisis with an ageing farming population which struggles
to attract new young farmers”.

All of these influences have had an impact on agri-food systems, from seed to fork.
Farmers, their advisors, and their relevant AKIS, which include networks of individuals,
research and education, bridging institutions, business and enterprise, and the enabling
environment institutions and policies, have also been influenced by agri-food system pres-
sures and the demand to increase production and optimise efficiencies, while at the same
time, becoming aware that farming activity depends on ecological sustainability. AKIS
is considered a key concept in identifying, analysing, and assessing the various actors in
the agricultural sector, as well as their communication and interaction for innovation pro-
cesses [24]. It should be noted that certain literature also refers to Agricultural Innovation
Systems or “AIS”, which are similar to AKIS, but with a more pronounced focus on system
innovations [25]. For the purposes of this article, we will refer to AKIS, which is understood
to include agricultural knowledge, and the various technical, organisational, social, and
institutional organisations involved in innovation and transition processes.

Calls for changing agri-food systems are increasingly framed in the context of sustain-
ability transitions [4,26-28], including in the agri-food sector [1,29-34]. The Sustainability
Transitions: Policy and Practices report was published in 2019 by the Sustainability Tran-
sitions Research Network (STRN) [35], and studies a wide range of sectors, agriculture
being recently added as an “official” group. Sustainability transitions are sociotechnical
transitions that are associated with sustainability targets and that switch systems to more
sustainable modes of production and consumption [28]. They deal with fundamental
changes that are complex, multi-dimensional (technical, organisational, institutional, po-
litical, and sociocultural), and generally are long-term and uncertain [36,37]. They can
be disruptive, contested—that is, they involve tradeoffs for different actors—and affect
different parts of the value chain. Sustainability transitions and pathways are also highly
dependent on the context of sectors, places, and social or technical maturity /readiness
levels. These transitions are a multi-actor process, which co-evolve, navigating between
both stability and change. The sustainability transitions literature does not ignore that
power and politics also play a central role, although it is not reductionist.

Coupled with the framework of sustainability transitions, is the multi-level perspec-
tive (developed by Rip and Kemp 1998 [38]) with reference to climate change, and further
developed by Smith et al. [37] and Geels [39,40], which develops three central concepts
that will be utilised in this paper: niche, regime, and landscape. Niche (micro level) refers
to small networks of actors that carry out innovative activities and by virtue of their ex-
perimental, limited nature, or shared “space” are protected from the dominant systems,
whether the market or otherwise. Regime (meso level) refers to the dominant, incumbent
social-technical system including formal and informal rules. The regime includes technolo-
gies, institutions, and actors, and they offer coherence, stability, and are not prone to radical
transformation, but rather incremental adjustments. Landscape (macro level) refers to
broad societal trends, macro economic trends, political developments, cultural, and societal
values, and exogenous events, such as crises, demographic changes, climate change, etc.
Changes in the landscape can open up opportunities for niches and put pressure on regimes
to change [41].

Because of the context dependent nature of sustainability transitions and the various
levels in which they operate, existing AKIS may enhance innovation niches to support
sustainable transitions across the various systems implicated in agricultural activity through
leveraging collective and integrated innovation from different levels of activity [25].

This article focuses mainly on farmers and the production phase of agriculture. While
some criticism has been directed at scholars for not “adequately addressing food sys-
tems” [5,26,41], by involving the whole of the classic supply chain actors, such as consumers,
distributors, and processors, it should be recognised that there are multiple systems at play
in agri-food, which are not focused only on linear supply chain relationships, but also on
agro-ecological, socio-ecological, sociotechnical, or nexus systems (i.e., food, water, energy),
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which are often implicated mainly in production activities. Analysis of the production
stage, as this article does, is not necessarily based on a more limited approach to systems,
but rather on various different interacting systems that may include non-market as well as
market systems. In particular, the production system, which encompasses much more than
agricultural production activity within farm boundaries, also implicates social-ecological
or human-environment systems that describe human behaviour and the interaction with
other systems, such as the water, biodiversity, and ecosystems, as well as sociotechnical
systems, where ecological, biophysical, and geographical dependencies occur [25,30,42].
Necessarily, any study of transitions, even in the agri-food sector, implicates a wide range
of disciplines [14,43-45].

Returning to the main theme then, of connecting farmers to nature, this paper engages
with the imperative to “make peace with nature” from what may seem a rather surprising or
unsuitable candidate for an argument for sustainability transition: an intensive agricultural
system involving 32,000 ha of fruits and vegetables (plastic) greenhouse farming in a
semi-arid region of Almeria, South-East Spain.

Part of the process of “making peace with nature” implies a deeper understanding of
and relationship with nature. “Connectedness” to nature is proven to have a positive impact
on an expanded sense of valuing non-human species and also leads to pro-environmental
and conservation behaviour [46,47], particularly amongst farmers [48]. This connection
has been defined as the extent to which individuals include nature in their emotional and
cognitive perspectives [49,50]. In arguments for a transition to a more sustainable agricul-
ture, much emphasis has been put on consumers and their power to reshape production
through market demand [51,52]. In agroecological transitions, the consumer relationship
to growers is noted as being transformative [53]. However, this begs the question of what
a relationship with growers will achieve if the growers themselves are not connected to
nature and engaging in sustainable agriculture.

As a consequence of industrial agri-food systems, coupled with demographic trends
that have seen a significant shift of people from rural to urban areas, not only has there been
a disconnection of a large proportion of the European population with agroecosystems,
within which such agricultural activity is carried out, but farmers themselves have also
found themselves disconnected from nature by virtue of their participation in conventional
agri-industrial production [54,55]. A farmer’s relationship with nature is a fundamental
cornerstone of any attempt to transition to sustainable agricultural systems. Consequently,
the relationship with nature is also influential in shaping other people’s understanding of
agriculture, including, but not limited to, local communities, consumers, and civil society.
The question then is whether farmers themselves can reconnect with nature through the
adoption of more sustainable agricultural practices, and more importantly, how, given the
constraints of markets, path dependencies and lock-ins. Recent European initiatives, such
as the Farm to Fork or the European Green Deal, have refocused on the importance of
farmers in sustainable agricultural transitions, as well as their advisors and other AKIS [56],
but putting this into practice at a system level is challenging.

This article addresses this challenge by combining several analytic approaches, which
are then applied to four niche initiative case studies.

2. Material and Methods

This article employs mixed methods, triangulating desk research, experimental and
project results, and is centred around four case studies representative of related niche activ-
ity within the Almeria intensive farming system. It is a result of a multi-actor authorship
approach. We use several overlapping frameworks to explore these niches: sustainabil-
ity transition frameworks [57]; multi-level perspective [39]; and Gliessman’s five levels
of food system change [53], coupled with multi-actor AKIS, as well as Geels [36] and
Pereira et al.’s [58], analysis of multi-level transitions and the dangers of lock-ins [59],
which inhibit transitions.
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FOOD SYSTEM LEVELS
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AGRO Eﬁ SYSTEM LEVELS

Gliessman'’s five levels of agroecology provide us with a conceptual link for classifying
“levels” of agri-food system change based on the relationship of growers to other actors
in food systems and also their role in bringing about sustainability transitions through
incremental and transformational change [53] (Figure 1). Level 1 is concerned with op-
timising resource use efficiencies, level 2 with the substitution of conventional practices
with agroecological practices, and level 3 with the redesign of agroecosystems, the latter
being part of transformational change. The fourth and fifth levels go beyond the farm
into the food system and the societies in which they are embedded. These five levels
altogether represent a roadmap to outline a process for transforming a food system into an
agroecological one.
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Figure 1. Focus of article and Almeria’s location in the five levels of agroecology and four niche
experiments in the multi-level perspective; authors” elaboration based on Gliessman, S. [53], Geels,
EW. [36], and Pereira, L.M., et al. [58].

This article is concerned with the implementation of level 2 (via niche innovations
and experiments) and the transition to level 3, wherein growers transition away from
conventional agricultural systems. The multi-level perspective, previously described
above, will be utilised to set out the development necessary to effect the transformation
from one level to another [36], considering niche activity, existing regime characteristics,
and landscape, corresponding to: individual, collective, and organisational behaviour
of farmers, their advisors, businesses, and other actors in discreet experiments, projects
and activities; the dominant pattern of actors and structures in agri system; and broad
exogenous factors; or prevailing meta narratives, respectively.

The inclusion of AKIS provides a context in which to describe in more detail the
multi-actor approach, and more importantly, the local system in which the niche activities
operate to bring farmers and their advisors closer to nature, so as to bring about sustainable
transitions. Activation of resources and capabilities within AKIS, along with co-creation
and collective action through niche activities, have begun to create shared visions of
more sustainable (and realisable) paths [24,33,60]. More specifically, projects are able to
“dynamically configure capabilities” for agricultural systems innovation [61].

In line with the above approach, this consideration of several niche initiatives within
the Almeria AKIS related to the greenhouse sector in southeast Spain, is an example of
how agricultural transitions can utilise niche activities and the dynamic characteristics of
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farming systems and specific contexts to “reset” narratives and development paths. We
also refer to various regional, national, and European projects and initiatives that have been
leveraged to accelerate such change, providing a “safe space” to experiment outside of a
dominant market logic [61].

Finally, we will consider the outcomes of the four case studies in terms of their transi-
tion pathways from niche to influencing a new regime, relying on Geels and Kemp [62],
Joffre et al. [59] and Pereira et al. [58].

3. Results and Discussion
3.1. Application to Almeria Agricultural Production System

Almeria represents a particular agricultural development model, one which in the
last 50 years has undergone a profound technical, socio-economic, and agricultural system
transition and transformation. Five decades ago, one would have found subsistence
farming conditions. It was one of the poorest regions of Europe, suffering from inept
policies of autarky and the isolation of Franco’s dictatorship. Many of its inhabitants had
to migrate to other parts of Europe and the Americas to survive. However, in the 1960s
and 1970s, the installation of electrical infrastructure allowed more efficient exploitation of
underground aquifers and the Franco government put into place development schemes,
which lured farmers to the area. Rudimentary greenhouses were set up using cane sticks
and old posts from a defunct table grape trade, with plastic strung over the top. Cooperative
finance, based on knowledge of the German credit cooperatives, was quietly set up for the
farmers by a small group of people who were searching for alternatives between fascism
and communism [63,64], as well as markets so that farmers did not have to sell individually,
at the low prices of the farm gate, to intermediaries. With the death of Franco in 1975, other
institutional structures were put in place, such as an export association, an experimental
agricultural farm initiated by the cooperative bank, and the establishment of farmer owned
agricultural cooperatives, encouraged by local and state entities [65].

Throughout the remainder of the 1970s, technical, institutional, and socio-economic
infrastructure was put into place. By the 1980s and 1990s, Almeria’s production was in-
creasingly influenced by European (and then global) trade, subject to increased competition
and downward pressure on prices and increased calls for higher production [66]. Almeria
agriculture has often been characterised as an agricultural industrial district or cluster [67].

Over the last five decades, Almeria has fostered an economic base of family farmers,
which still survives to this day. The farmland is divided into small side-by-side parcels
amongst 16,000 small-scale family farmers, each cultivating an average of approximately
two hectares. These small growers are predominantly organised around packaging and
marketing cooperatives and producer organisations, and the production activity is comple-
mented by a significant agricultural auxiliary industry (plastics, seeds, fertilisers, natural
enemies and pollinators, etc.) which is almost exclusively non-cooperative. The cooperative
entities play an important role in the AKIS, as do public and private advisors, public and
private research centres, universities, and companies.

The share of product marketed by cooperatives, as opposed to capitalistic companies,
has actually increased [68]. Over 70% of sales are handled by marketing cooperatives, with
an annual turnover of over EUR 2200 million and annual production of over 3.5 million
tons (the total being somewhat higher if auctions are included). More than 90 farmer-
owned cooperatives are currently operating in areas providing either specialised or general
services. The agricultural cooperatives of Almeria represent 21% of all fruit and vegetable
(F&V) cooperative turnover in Spain, and about 75% of Almeria’s production is for export,
accounting for 25% of the total Spanish F&V exports.

The farmers and their cooperatives have evolved locally, generating networks among
the farms and interrelationships with the other stakeholders in the sector and territory.
There are cooperative associations (e.g., the Association of Fruit and Vegetable Producers
Organisations of Almeria, COEXPHAL, and the Federation of Agrarian Cooperative Entities
of Andalusia, CAA), as well as research institutions such as IFAPA, the Cajamar cooperative
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bank experimental station, and the University of Almeria. Collectively, they form an
intertwined AKIS cluster.

In the last ten years, due to both market and social forces, various actors in the sector
have become aware of the need for increased economic, social, and environmental sustain-
ability [69]. Like much of European agriculture, the product has become commoditised
and the margins increasingly small. Farmers and their cooperatives and producer organisa-
tions constantly seek new ways to optimise resources, differentiate products, and compete
within the intensive agricultural system in which they find themselves. However, there
is a growing sense that the optimisation of resources (Level 1), is not enough to ensure
sustainability and that the system itself is in need of change.

Over the last 50 years, agriculture has been under scrutiny due to the impact it
has on natural ecosystems and its repercussions on global warming. Several decades of
“Green Revolution” principles have led to a high level of intensification of agricultural
systems. Almeria’s intensification began in the late 1970s as a response to poverty and
food insecurity, and technologies that allowed easier exploitation of natural resources,
gaining strength in the 1980s when markets liberalised, generated a sudden growth of
the greenhouse area during the 1990s. Recent works highlight the involvement of such
intensive agricultural models in the decline of biodiversity worldwide. For instance, insect
biomass is falling, with an average of 2.5% annually, and every year, 1% of species are
added to the list of declining ones. Among the main potential determining factors of
this decline are habitat loss, agrochemical pollution, the introduction of invasive species,
and climate change [70,71]. Habitat loss is the primary driver of insect declines in 49.7%.
Chemical pollution, mainly due to synthetic fertilisers and pesticides, not only lowers insect
numbers and other biodiversity, but also degrades their ecosystem functions [72]. This
trend is worrying, as insects constitute essential items for trophic networks and secure the
integrity and sound functioning of the world’s terrestrial ecosystems—e.g., by providing
USD 400 billion annually worth in ‘natural biological pest control’ [73].

The Green Revolution was founded on technological ability, based on scientific prin-
ciples, with the underlying assumption that science was better than nature at providing
better conditions for crops. While this assumption has been erroneous, for avoidance
of doubt it does not signify a return to subsistence farming. The total area of protected
cultivation is steadily increasing in the EU. In 2015 the estimated total area in the EU
was about 175,000 ha, and the rate of increase was close to 4.5% between 2005 and 2013.
Although in Almeria province, greenhouses constitute about 4% of the total surface [74],
the development of intensive horticulture in the province has registered a huge increase in
greenhouse surface area along last decades, reaching 32,368 ha in 2020 [75], where two agri-
cultural regions (i.e., Campo de Dalias and Campo de Nijar) comprise up to 85-90% of that
area. The greenhouses in Almeria produce over 3.7 million tons per year of F&V providing
direct employment to more than 40,000 workers annually. More than 250 complementary
or auxiliary businesses, both cooperative and investor-owned have been created with a
turnover of more than EUR 1500 million. In a relatively short period (50 years), the people
of this province went from suffering abject poverty to having a thriving, internationally
focused economy [65]. However, this socio-economic development has had certain negative
environmental impacts on a region with exceptional ecological value, and at times, this,
together with the loss of natural capital, including the maintenance of ecosystem functions,
has not been fully recognised by its population or policymakers.

To help to redress this situation, a critical rethinking of the current agro-production
paradigm is necessary. During the early 1980s, agroecology emerged as a reaction opposing
the current paradigm proposed by the Green Revolution. At that time, the focus of agroe-
cology occurred at the farm level, where farmers were encouraged to increase productivity
by substituting agrochemical inputs for sustainable, ecological principles provided by
biodiversity. The concept of agroecology evolved during the 1990s to become the “ecology
of the entire food system’ [76]. Currently, the agroecosystem view has expanded beyond the
farm level to include all participants in the food system, by re-establishing the connection
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between farmers and consumers, while minimising the negative impact of all the actors
between both groups. A further step was taken more recently by including a political
economy focus to include all aspects of the food system and develop alternatives to the
lock-ins that prevent a change in the food systems. The term agroecology is now defined as:

“The integration of research, education, action and change that brings sustain-
ability to all parts of the food system: ecological, economic, and social. It’s
transdisciplinary in that it values all forms of knowledge and experience in
food system change. It’s participatory in that it requires the involvement of all
stakeholders from the farm to the table and everyone in between. And it is action-
oriented because it confronts the economic and political power structures of the
current industrial food system with alternative social structures and policy action.
The approach is grounded in ecological thinking where a holistic, systems-level
understanding of food system sustainability is required”. [77]

In this study, we incorporate Gliessman’s vision of agroecology (and its incremental
levels) to characterise four areas (each one presented as a separate niche study). We explore
how agroecology can transform conventional agricultural systems into systems that shield
arthropods and other biodiversity, as well as consistently improve both production and
environmental outcomes in which farmers are increasingly experimenting, relying on
biodiversity-derived solutions through the gradual recognition and appreciation of nature,
supported by their local AKIS. Section 3.2 sets out the current problems presented by
the conventional agricultural systems, followed by each of the four niche transitions in
Section 3.3.

3.2. Current Problems in Conventional Agricultural Systems
3.2.1. Pest Management

Due to the Mediterranean climate, the high concentration of greenhouses, and the
overlap of different crop cycles, the area is extremely vulnerable to pests and diseases. Pest
and disease management in greenhouse horticulture is more complicated than in most open
field crops because the greenhouse microclimatic conditions and high plant density favour
them [78]. In most horticultural crops, there is a prolonged period of harvest, so high pest
levels cannot be tolerated by growers at any moment during the crop cycle. Furthermore,
most crops are vulnerable to insect-transmitted viruses, potentially causing considerable
crop losses [79]. These characteristics have influenced risk-aversion attitudes among most
farmers towards pests and diseases, who, until the mid-2000s, based their management on
chemical control with pesticides.

However, excessive reliance on chemical management of pests has led to an intensive
use of pesticides and to pests developing resistance to insecticides [80]. Excessive pesticide
treatments can produce multiple negative impacts on the health of farmers, workers,
consumers, biodiversity, and ecosystems. In addition to these direct negative effects, there
are potential indirect socio-economic consequences, such as the accumulation of pesticide
residues on harvested vegetables. In the past, this has led to severe commercial and image
problems, mostly in the form of rejection of Spanish horticultural products in other EU
countries [81]. An alternative strategy to managing greenhouse pests with chemicals
is biological control. Biological control is based on releasing natural enemies of pests
(predators and parasitoids) in the greenhouse, to reduce their numbers and associated
damage. The use of biological control in the greenhouse has proven to be a viable alternative
to pesticide use from both an economic and environmental perspective [82]. Currently,
thirty billion beneficial arthropods are released annually to deliver pest control protection
in the greenhouse crops of Almeria. This practice enhances the quality of F&V consumed
in the EU, while promoting pesticides reduction and environmental sustainability.

3.2.2. Habitat Management

Greenhouse horticulture is the biggest cause of habitat loss in Almeria. In particu-
lar, protected horticulture is clustered over the distribution area of a semi-arid habitat
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characterised by the endemic shrub Maytenus senegalensis subsp. europaea (also known as
Artineras). This habitat is under serious threat because over 26,000 ha, representing ca. 43%
of its distribution area is nowadays occupied by greenhouses. As a result, the landscape is
highly fragmented and only a few poorly conserved patches of native vegetation remain in
the area [15,83,84].

The role of biodiversity in securing crop protection has gained recognition, focusing
on the regulation of undesirable organisms by their natural enemies (indigenous predators
and parasitoids). The natural biological pest control enabled by biodiversity provides an
ecosystem service of extremely high economic value [85]. However, enhancing pest control
ecosystem services via the conservation and/or plantation of native vegetation is still a
pending subject in the integrated pest management (IPM) programs in greenhouses in
Almeria. Currently, as a result of intensive cooperative research and training activity, there
are an increasing number of growers interested in planting hedgerows with native vegeta-
tion around their greenhouses. These initiatives, coupled with the ecological restoration
of vegetation at the landscape level, could serve as green corridors for biodiversity and
reduce the habitat fragmentation in the region.

3.2.3. Soil Management

In Almeria, sand mulch (or “arenado”, as it is known locally) is the main type of
soil management with more than 85% of the greenhouses using it [86-88]. “Arenado”
consists of covering the surface of the crop field with an upper layer of silica sand, and
a second layer of manure or organic matter underneath. Organic matter amendment
application (locally called “retranqueo”) is becoming less common over time, mainly due to
the work involved in removing the sand layer and the increasing use of mineral fertilisers,
which have replaced organic fertilisers in most cases. This fact, together with the common
practice of monoculture in the greenhouses of Almeria, has led to a loss of soil health,
which has resulted in an increased occurrence of soil-borne diseases and plant-parasitic
nematodes in some cases, as well as soil fatigue [54,89]. For several years, the dominant
strategy to avoid soil fatigue and reduce pathogen load in soils of Almeria greenhouses
has been chemical soil disinfestation, mixing solarisation (i.e., covering the crop area with
a thin transparent plastic sheet) with chemical fumigants, mainly metam sodium and
dichloropropene, which negatively affect soil biodiversity. This practice is also carried out
for preventive purposes with no evidence of pathogens or symptoms of soil fatigue. In
addition, the agricultural waste biomass produced by horticulture in Almeria, estimated
at 1,370,743 tons annually [90], has led to environmental problems [74,90]. One smart
and sustainable practice is the reutilisation in situ of this valuable material as organic
amendment, which can also be used for the control of soil pathogens in a more sustainable
way compared to chemical soil fumigants [91-94]. Moreover, with this practice, growers
contribute to cost savings [95] through the elimination and reduction of dependence on
new (and in many cases harmful) inputs.

3.2.4. Management of Irrigation Ponds

The United Nations has forecast that freshwater resources will be reduced by 40%
by 2030, generating a critical situation worldwide due to water crisis [96]. Strategies to
optimise water management, particularly in agricultural systems, are necessary. In Almeria,
most of the water resources for greenhouse agriculture come from underground water (80%)
and the remaining 20% from seawater desalination plants, transfers, and other sources [97].

The lack of water resources, especially surface waters in this semi-arid region has
generated the need to store water for its intensive cultivation system, which has resulted in
the creation of a large number of water reservoirs and artificial irrigation ponds, which feed
efficient drip irrigation. The expansion and intensification of irrigated agriculture has given
rise to the construction of a high number of artificial irrigation ponds in Mediterranean
regions. Over 8700 ponds have been inventoried in Almeria, most of which are used for
irrigation and located in the coastal areas where greenhouses have spread [98].
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Clogging of irrigation tube emitters is considered to be one of the most serious prob-
lems for drip irrigation systems and is usually more severe when treated wastewater is
used [99]. This problem is closely related with water quality characteristics, particularly
with the presence of suspended solids and algae [99,100]. In this sense, water and pond
management by farmers is crucial to achieve good water transparency and quality charac-
teristics. Maintaining submerged aquatic vegetation (SAV) (i.e., plants that grow completely
under water) in water ponds can reduce clogging while improving water quality, without
the need to use biocides, but to date a minority of farmers are aware of this technique [98].

3.3. Four Niche Experiments and Innovations to Transition from Conventional Agriculture to
Agroecological Systems

In the transition to a more sustainable society through a reconnection to nature through
agriculture (the subject of this special issue), the relationship that farmers have with nature,
expressed through production approaches and practices, and their collaborative activ-
ities with related organisations is fundamental to changing the agroecosystem-nature
relationship. To document these transitions, we explore below the components and pro-
cess of four niche developments, which create the foundation for a transition to a more
sustainable system.

3.3.1. Niche 1: Transitions in IPM and Biological Control

The first important step before the uptake of IPM in Almeria greenhouses was the
introduction of bumblebees for pollination in tomato crops. Until bumblebees were avail-
able for natural pollination, tomato plants were pollinated manually [101] consuming
20 labour days per hectare per month. In contrast, natural pollination by bumblebees
offered a more profitable option, with lower production costs, increased yields and im-
proved fruit quality [102,103]. In Almeria, after a few years of commercial small-scale
trials, bumblebees were massively introduced in tomato crops around 1995 [104,105]. Some
initial tests with bumblebees were not successful because of the lack of technical knowl-
edge. Furthermore, there was little experience concerning the transition towards successful
biocontrol in greenhouses with a long history of chemical management. For these rea-
sons, the results with biological control initially were unpredictable, and the success rate
was low [106], often leading to contrasting opinions on biocontrol efficiency amongst the
growers. However, the emergence of the auxiliary industry and technical support they
brought, as well as a supportive AKIS, helped to enable change. The presence of natural
pollinators obliged greenhouse tomato farmers in Spain to radically change their pest
control system, since many of the formerly used pesticides were totally incompatible with
the bumblebees [105,107]. Thus, for the first time, growers reduced the number of pesti-
cide treatments, and substituted broad spectrum products for more selective and/or less
persistent pesticides to respect the bumblebees [104]. In crops other than tomato, pesticide
use was extremely high in greenhouses in the 1990s, exposing farmers and workers to
toxicological risks. According to Parron et al. [108], 37% of farmers who applied pesticides,
showed toxic signs and symptoms after spraying.

In this regard, working with pollinators helped farmers to experience the behaviour
and associated benefits of bumblebees, possibly improving their attitude towards insects,
reducing pesticide usage, and facilitating the transition towards an IPM system, as it
similarly occurred in other countries (e.g., Beck et al. [109]). In other words, the introduc-
tion of pollinators facilitated the transition to the biological control of pests and diseases
in greenhouses.

In Spanish greenhouses, biological pest control first became important in sweet pepper
crops (Capsicum annuum), where the most important pest was thrips (Frankliniella occi-
dentalis), which damages fruits and spreads economically important viruses [79,110,111].
Perceived as a major threat by farmers, their presence caused a significant increase in
pesticide use, which produced complete resistance of thrips to most available active in-
gredients [80,112]. The massive use of insecticides caused intolerable levels of pesticide
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residues on the fruits, leading to major economic consequences for the horticultural sector.
In 2007, the rapid alert on food safety was issued by European authorities after isofenphos-
methyl residues were found in sweet pepper from Spain [81,113]. Immediately after this
incident, the regional government reacted by creating a surveillance program to monitor
illegal pesticide practices [114], and fines were imposed on 24 fruit export companies and
25 farmers in Almeria [115]. In response to market pressure, companies and growers looked
for alternatives to chemical control, but the transition was neither easy nor automatic, since
new tools were needed for pests and diseases management.

Ultimately, a number of factors resulted in the broad adoption of biological control
programmes in sweet pepper, which is primarily based on the release of mass-reared
predatory mites and bugs. This system had already been researched and fully working in
the early 1990s in greenhouse crops in northern European countries [81]. However, this
system needed thorough adaptations to enable massive implementation in the south of
Europe. New biocontrol tools had to be developed against pests that were not present in
the Northern countries. Since the first successes of IPM in northern countries, there was
a clear interest from official research and extension institutes, such as the Universities of
Granada and Almeria, and the regional government’s institute for applied horticultural
research (IFAPA) [116,117]. Research projects, such as BIOPROTECT, ‘Biological Control in
Sweet Pepper and Strawberries’, were valuable for the optimisation of biocontrol, while
other results showed the growth inhibiting effects of pesticides [118].

During this period, and until the mid-2000s, important advances were made: biocon-
trol companies made significant economic investments to guarantee the availability, quality
and competitive selling prices from 2004 onwards, of key natural enemy species, as well
as to better understand the effects of pesticide residues on the development of natural
enemy populations [106,114]. Other AKIS actors and initiatives included government
policy on economic subsidies and the coordination of technical seminars, where public re-
search centres, cooperative organisations, and the private sector taught more than 750 field
technicians over two years how to successfully establish biological control programs in
greenhouses [114]. The result of all these factors produced an exponential increase in
farmers’ adoption of biological control in Almeria, from 8% in the 2006-2007 harvest to
almost 85% of a total of 8000 ha of sweet pepper in 2008-2009 [106,114].

A few years afterwards, the application of the Directive 2009/128/EC in 2014 resulted
in an additional reduction of the use of pesticides and increased use of biocontrol agents.
Growers increasingly moved from chemical-based crop protection to novel biological pest
control practices, reconnecting with the benefits of nature-based solutions. Research to
test the efficiency of new strategies and/or new biological control agents was carried out
by universities and biological control companies after the wide scale adoption took place
around 2007 [113,114,119]. These studies, combined with the technical assistance carried
out by technicians from biocontrol companies and field advisors contributed to reinforce
biocontrol uptake by farmers and expansion into other crops.

More recently, H2020 projects, such as NEFERTITI (www.nefertiti-h2020.eu; accessed
on 5 October 2021) and IPMWorks (www.ipmworks.net; accessed on 5 October 2021), have
contributed to increase farmers’ and technicians’ understanding of the functionality of
biological control techniques in most crops through demonstrative, participatory activities
in commercial greenhouses. Both projects share a common view (also shared with the
EU Green Deal) about the need to reduce the amount of pesticides used and to substitute
chemical control for alternative, sustainable practices, such as biological control. Feedback
received during field demonstrations suggest that a large majority of participant farm-
ers understand and are keen on improving their IPM practices. It is becoming common
among farmers in Almeria to be able to recognise a wide diversity of species of natural
enemies, secondary pests and other insects, which shows increasing interest in biodiversity.
Throughout the activities carried out in the field, groups of farmers, technicians and other
actors share their experiences and know-how on aspects related with biodiversity and bio-
control strategies, thus deepening their connection to nature through the appreciation of the
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ecosystem services (i.e., pest regulation) that beneficial arthropods provide. COEXPHAL,
the association of cooperatives and producer organisations, have actively contributed to
training and knowledge exchange among >1000 farmers, and the interprofessional, HortiEs-
pafia has launched a collaborative and multi-actor campaign of biological control campaign
(www.ilovebichos.com accessed on 5 October 2021). The joint effort between cooperatives,
auxiliary industry, administration, field advisors, research centres and universities, and,
most of all, an important number of proactive farmers, made possible the transition to
IPM. Currently, in Almeria, there is a significant adoption of biological control in most
greenhouse crops, with 50.5% of the crop surface using it [75].

3.3.2. Niche 2: Transitions in Ecological Restoration and Landscaping for Pest Control

Non-crops habitats could provide growers with ecosystem services like natural pest
control and benefit biodiversity at a small scale [120]. However, in protected horticultural
systems growers have been reluctant to incorporate margin habitats near their greenhouses
because numerous species of weeds are known to harbour both pests and plant viruses
transmitted by insects [121]. On the other hand, results have demonstrated that the main
viruses affecting greenhouse crops in Almeria are not found on native perennial plants [122].
Thus, restoration habitat by design in Almeria landscapes seeks to replace these weeds by
integrating perennial native vegetation with greenhouse landscape to disadvantage pests,
and advantage the natural enemies that attack pests, while biodiversity is enhanced. In
this sense, IFAPA together with the cooperative Cajamar Foundation co-led the knowledge,
innovation, key findings, and outlined plans with local governments for future adoption
measures of integrating native vegetation around greenhouses.

With the reduction of broad-spectrum insecticides since 2007, and application of the
general principles of IPM in the EU (Directive 2009/128/EU), naturally occurring beneficial
insects began to colonise the crops spontaneously, but also, other pests simultaneously
emerged in protected horticulture. With the increasing recognition that pest management
needs to be considered beyond the greenhouse boundary, growers sought information
on the role of biodiversity as a source habitat for natural enemies and pests. Therefore,
the following step to biodiversity implementation was to ascertain how pests and natural
enemies used native vegetation in greenhouse surroundings. To fill this knowledge gap,
the RECUPERA 2020 European funded project entitled “New technologies to increase the
efficiency of biological pest control in greenhouse areas” sought to identify the key native
shrubby insectary-plant species for revegetation programs among greenhouses. To do
this, four plots arranged in a semi-natural patch were newly planted among greenhouses.
The patch was designed to simulate plant species associations naturally [123,124]. Plant
species chosen had to meet a range of criteria for enhancing pest control: (1) non-host for
plant viruses; (2) provide refuge and food for natural enemies, e.g., phenology flowering,
architecture, provide nectar and pollen, shelter, flower colour, flower morphology, etc.;
(3) native to the region; (4) commercial availability; and (5) workable around greenhouse
practices [125]. Finally, 28 key native plants were identified from 18 different botanical
families, suitable for habitat restoration by design in Almeria horticultural production
systems. More than 1000 growers, advisors, agricultural school students, researchers, and
others, have visited these ecological infrastructures since they were planted in 2010 and
expanded in 2015.

Research outcomes indicated that two of the most important greenhouse pests had
consistently lower abundance through the year in native plants than in crops. These results
confirmed that the studied plant species were not a major source for pests’ reproduc-
tion [123]. In addition, models showed that certain predators were using these plants
to prey on both pests [123]. Native plants also hosted other potential providers of pest
regulating services [124]. Research also revealed the tight interdependence of diversity
above ground vegetation and soil biodiversity [126] and that soil biotic communities might
provide benefits to pest biological control, for instance, by improving indirect plant defences
and enhancing recruitment of generalist natural enemies [127]. The RECUPERA project
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subsequently triggered the project “New Biological Control Strategies against Aphids in
Greenhouses: Ecological Infrastructures and Disruption of the Ant-Aphid Mutualism”,
funded by the Spanish National Institute for Agricultural and Food Research and Technol-
ogy (INIA), which aims to use stable isotopes as an insect marking technique to explore
pest and natural enemy movement from native vegetation to horticultural crops.

Two technology transfer projects aimed to encourage growers to change their practices
towards biodiversity implementation: (1) “Participatory innovation for protected agricul-
ture (PP.TRA.TRA201600.9)” funded by the EU-FEDER program, and (2) the BIOPLAN
project “Biodiversity and biological control against the effects of global warming in inten-
sive agriculture in the Mediterranean coastal areas”, were presented to the climate change
call of the Spanish Biodiversity Foundation. The BIOPLAN project involved several pilot
projects where growers were interested in setting up hedgerows with native vegetation on
their greenhouses. Finally, a recent Spanish EIP-Agri Operating Group project GOIDEAS
“Implementation of ecological developments for sustainable agriculture” (www.goideas.es;
accessed on 5 October 2021) illustrated the benefits of vegetation management around green-
houses, which will encourage more growers to plant hedgerows in their farms. Scientific
impact, training impact, and dissemination impact has been achieved by the development
of two applications for smart phones for promoting applied (IFAPA GUIA) and natural pest
control (PlantEN), and a webpage (https:/ /www.goideas.es/; accessed on 5 October 2021)
for promoting the plantation of hedgerows in Spanish Mediterranean agricultural systems.
Technology transfer talks (>50 talks), training for students (>2500 h) and dissemination
additionally supported the initiative. Finally, all of these changes carried significant impli-
cations for local-level governance: for instance, regulations that oblige the establishment of
hedgerows in the surroundings of new creation greenhouses (B.O.P. of Almeria number 148
of 3 August 2017); and the existence of incentives by regional administration to subsidise
the establishment of green infrastructures (BOJA number 69 of 11 April 2017).

As aresult, the horticultural sector is increasingly interested in the biodiversity concept
and associated benefits of native vegetation, with over 80 growers applying for design
of ecological infrastructures. Once growers have expressed interest in these strategies,
they require support to design appropriate functional hedgerows able to act as habitats
for the natural enemies, but also adapted to their needs. To respond to this need, IFAPA
and Cajamar Foundation developed in 2020 a new tool, DisenEN, which is a free DSS,
(www.dise~nen.es; accessed on 5 October 2021), which helps anyone interested, without any
knowledge about plants or arthropods, to design a habitat for the natural enemies adapted
to the characteristics of their farms. Interest is increasing, and in the 2021/22 season, over
100 km have been planted in total. For instance, the Association of Producer Organizations
of Andalucia (APROA) offers a specific service of revegetation by design to their affiliated
members. Increasing interest in revegetation by design has created new job opportunities
for local nursery companies that specifically offer native plants for pest control. Currently,
most biological control companies offer insectary plants and other services to promote
biodiversity for biological control management in greenhouses. Similarly, a number of
farmers’ cooperatives, cooperative associations (COEXPHAL), and environmental associ-
ations (ANSE), are engaging growers about how to integrate biodiversity in and around
their greenhouses. Finally, local agricultural schools include landscape management for
biodiversity issues in their formation programmes.

Nevertheless, important work remains to be done related to the connectivity of natural
vegetation patches through hedgerows. One important task is to give awareness about the
available agri-environmental aids which let us increase revegetation by design at a higher
scale. A survey carried out about 91 growers showed that they considered these aids useful
(GO IDEAS, unpublished data). Moreover, almost 80% observed an increase in useful fauna
present in the crops, and more than 70% of growers reduced the number of phytosanitary
applications. The most notable result was the willingness of growers to carry out actions
by themselves, aimed at achieving more sustainable horticulture even though they had
not applied for any aid, for example, using biological control, or implementing measures
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to promote functional biodiversity in their crops. Many growers are starting to consider
other biodiversity conservation and are starting to set up nesting boxes to encourage
the presence of pollinators, birds, and bats, which indicates significant improvements in
growers’ perception of nature.

3.3.3. Niche 3: Transitions in Sustainable Soil Management

Soil health [128] takes into account the importance of a living soil. Healthy soils
contain a high soil biodiversity and are more resilient to constraints, such as pests and
diseases. Sufficient soil organic matter (SOM) content is the basic factor for this because
it is the first level of the soil food web. Consequently, SOM and soil biota are considered
essential to maintain and improve agricultural soil health and fertility [129,130]. Thus,
sustainable greenhouse soils management should favour soil biodiversity and avoid the
use of environmentally harmful substances and materials [131]. The norm among the
majority of Almeria greenhouse farmers is to disinfect the soil to reduce pathogen load,
but also to avoid soil fatigue. A total of 98% of farmers disinfected their greenhouse soils
in the 2013/2014 season, once per year for 63% of the cases, and every two years for
28%. The largest proportion of farmers prefer using a combination of solarisation with
broad spectrum chemical disinfectants (46.1%), [87,88,132], which negatively affect soil
biodiversity. However, there has been a slight gradual transition in the techniques used to
manage the soils, from a paradigm based on using chemical disinfectants to avoiding their
use or substituting them for other, more sustainable methods. The impact of soil health
loss, together with the EU restrictions on the use of fumigants, as well as the demands
of European markets, demanding healthier and safer products, including organics, has
over the last 20 years changed the perception of soil as being an inert substrate to an
agroecological concept, where living organisms with different functions, are necessary to
maintain the fertility and health of soils and crops. Local research and extension actions
have assisted farmers and advisors to become aware of soil health. An additional role has
been played by the auxiliary industry, promoting its own biological products.

Biofumigation and (bio)solarisation, as well as green manures and cover crops are
considered among the best practices for promoting soil health, with a high efficacy on
controlling soil-borne diseases [133,134]. In Almeria, an increase in practising soil solari-
sation (with no organic amendments) was observed between 2006 and 2013, with 30-45%
of farmers applying it in their greenhouses in 2013 [87,88]. During the same year, the
use of biosolarisation began to be referenced (i.e., 0.4% of farmers; [88]). In a national
congress held in Almeria in 2004, local scientists reported promising results regarding the
management of soil-borne diseases by means of biofumigation and biosolarisation. In
2005, only 180 ha of greenhouses were certified for organic agriculture in the province
of Almeria [86]. In 2020, this grew to 3693 ha [135]. This significant increase of organic
farming indicates a higher interest of greenhouse growers in biodiversity and sustainability,
without losing sight of business opportunities.

Polyethylene plastic (black type) is the most common material used for biosolarisation,
also used as the main material for mulching in greenhouses [87]. However, due to the
difficulties and costs of plastic residues management, there are few farmers starting to use
alternative products based on biodegradable or biocompostable films, paper-based or hay
mulches [136,137]. However, these alternative products are more expensive for the farmer,
thus limiting their extended use. The involvement of the auxiliary industry (sustainable
inputs) reflects the demand of greenhouse growers willing to be more connected to nature,
thus avoiding non-degradable materials.

Arenado (sand mulch) is the predominant soil type in the greenhouse sector in Alme-
ria [138]. The frequency of organic matter repositioning (mainly sheep manure) is decreas-
ing [87], and it is increasingly common for farmers to incorporate organic material only
below the crop lines, mainly to reduce costs [88]. In addition, a lack of organic amendments
use was reported for 28.5% of farmers surveyed in 2012/2013 season in contrast to 6.5% for
season 1999/2000 [87], and a survey conducted in 2020, showed that only 22% of farmers
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incorporated manure or plants before planting season (Hortyfruta, unpublished data).
In this regard, the benefits derived from the organic amendments [139,140], which has
strongly contributed to maintain soil health and fertility in the greenhouses of the province
for decades, could also be obtained from other sources of organic matter, such as plant
debris obtained at the end of the cropping season. The practice of directly removing and
chopping plant debris, but letting the debris on the surface of the sand, is now broadly used
mainly by pepper growers. This contributes to cost savings through a more sustainable
agricultural practice according to principles of circular economy [95]. Furthermore, the in-
corporation of the vegetal biomass into the soil provides fertilising elements and improves
soil quality [141,142]. When combined with solarisation (i.e., soil biosolarisation) it reduces,
or even eliminates, the extra inputs of fertilisers for the correct development of a greenhouse
tomato crop [92,143,144], reducing nitrate leaching [94,143], mitigating the soil fatigue and
monoculture effects through the restoration of the soil productive capacity [145], while
also being economically beneficial for growers. It has also been proven to be an alternative
method for the control of relevant soil pathogens in horticultural crops in the area, even
when the material used was infested by the pathogen itself [93]. Indeed, studies focused
on the impact of biosolarisation technique on soil microbiota conclude that, even when
treatments have a detrimental effect on soil fungi and bacteria population, they tend to
regrow along the crop cycle [146-148]. In this context, since 2017 there are public subsidies
for farmers who use their own crop debris for organic amendments [149], and according
to data from season 2013/2014, more than 11% of farmers reported self-management of
plant debris [86], which included its use as organic amendment, as well as for composting.
In 2020, new measures had been incorporated as part of the European operational funds
for producers’ organisations dealing directly with the measure reincorporation of plant
debris into the soil. During 2021, a total of 68 ha of greenhouses from farmers affiliated to
producer organisations have received this public subsidy (APROA, unpublished data).

In terms of biological control of diseases and nematodes, there is also noticeable change
in recent years, with an increase of registered products based on biological microorganisms
to control diseases, moving from zero biological antagonists registered in Spain in 2003 to
24 different microorganisms species authorised as fungicides or nematicides in 2021 [150].
In addition to biopesticides, microbiological fertilisers have also increasingly being used
in greenhouses in recent years. Most of these products and organisms require specific
management, different to the conventional chemical treatments, implying in many cases an
advanced knowledge and awareness about life in soils by growers.

The AKIS actors and initiatives include the University of Almeria, IFAPA, and the
Cajamar foundation, among others, who together with private research institutions, have
been working in cooperation with farmers’ associations, growers and advisors, interested
on improving soil knowledge and soil agroecological management. In the last 20 years, a
number of growers’ associations and farm companies have funded research projects focused
on soil management and soil microbiology. Other stakeholders have also funded research
linked with soil microbiology. These projects always combined research and transfer, and
normally concluded with seminars or workshops open to farmers and advisors. Together
with other local specific dissemination actions in terms of agroecological soil management,
there were over 2200 attendees in more than 30 activities held since 2014, indicating a
rather successful outreach. It is worth noting the increase of workshops and seminars in
the last two years, under the framework of the H2020 project ‘Best4Soil” (https://www.
best4soil.eu/; accessed on 5 October 2021), which is actively disseminating knowledge on
soil health, and promoting, via a growing network of stakeholders, knowledge exchange
about the best real-world practices by organising regional and local workshops in which
growers, advisers, researchers, students, and educators interact and learn from each other.
For the time being, the real impact of these workshops on ready-to-use soil management
practices carried out in the greenhouse sector in Almeria is not clear, but their promotion
may encourage growers to improve their soil health management, by better understanding
the benefits of promoting soil biodiversity, ultimately supporting them to connect with
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nature. The feedback obtained shows a great interest for soil topics and for biological
control of diseases, as well as a high receptivity of growers for incorporating innovations.
However they are reluctant to incorporate practices that increase the workforce, even if the
cost is lower than other practices.

3.3.4. Niche 4: Transitions in Ecological Management of Irrigation Ponds in Greenhouses
of Almeria

Greenhouse farmers have traditionally used two main pond management techniques
in Almeria: dredging and biocide treatment [151]. On the one side, dredging is done to
avoid sediment accumulation and preserve all pond volume. On the other side, biocide
treatments are used to avoid algae and aquatic vegetation development. These two main
techniques have been carried out since the first irrigation ponds were built in the 1970s.
There are two main types of ponds in the area, concrete made (oldest and shallowest) and
polyethylene-lined (comparatively newer and deeper) [151].

In a study conducted in Almeria to better understand pond management practices
among farmers, two thirds of the interviewed growers dredged their ponds. However, this
practice was not effective at eradicating the presence of microalgae in the long term, as it
was found in 38% of the ponds after a few weeks, even when biocides were applied [151].
The reduction or suppression of this practice would significantly reduce the economic
cost of pond management, while increasing biodiversity (particularly SAV) in ponds [98].
As it occurred with dredging, two thirds of the interviewed farmers in Almeria used
biocides [151]. According to farmers, they used this technique to prevent the appearance
of biological activity in the water column (i.e., mainly algae and SAV, both perceived by
this group as detrimental). Juan et al. [151] found that most farmers with SAV (almost 60%)
applied biocides despite the fact that they noticed that water turbidity increased after their
removal [152]. However, some farmers had a positive opinion about SAV (almost 26% of
those who had aquatic vegetation), and conserved it by stopping the use of biocides. Based
on their experience, they concluded that SAV presence had a positive influence on the
water quality, showing significantly better water quality (clearer water) for drip irrigation.
Indeed, results on chemical pond treatment have shown a worsening of water quality for
drip irrigation systems since biocides increase the values of planktonic chlorophyll a and
total suspended solids [152], key parameters to ensure a correct uniformity of irrigation
and reduce the probability of clogging by algae and other organic matter. The use of
biocides, such as copper sulphate, keep nutrients available to microalgae in the water
column, so their use may favour episodes of algae bloom and death and microorganisms
decomposition that lead to reduced water quality. Thus, research indicates that biocide
treatments do not improve water quality, and sometimes can worsen it. In this sense, the
presence of SAV (e.g., Chara spp.) can improve water clarity for drip irrigation systems by
reducing the concentrations of planktonic chlorophyll 2 and total suspended solids [152].
In addition, many studies show the benefits of the presence of SAV versus phytoplankton,
competing with it by reducing available nutrients and producing a clear water column free
of microalgae, but also free of sediment, since the roots of aquatic plants help to fix the
substrate [153]. Therefore, avoiding or reducing treatments with biocides would favour the
presence of SAV in ponds, improving water quality for drip irrigation, while increasing the
ecological value of water ponds for biodiversity conservation.

Although there is no data available on the use of pond covers, it appears that it is
becoming more predominant among farmers in Almeria, partly because this technique
is subsidised through the operative funds for those affiliated to producer organisations
(APROA, unpublished data).

However, some farmers have shown positive opinions about SAV, because they re-
alised (through practical experience) that without doing anything (i.e., covering, dredging
or treating with biocides), they had optimal water quality in their ponds (and they saved
money). Water ponds managed ecologically, by preserving SAV showed better water qual-
ity values compared to the other three techniques [152], while at the same time developing
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an authentic aquatic ecosystem with greater biodiversity. Currently, most farmers do not
know the advantages offered by the maintenance of aquatic vegetation in irrigation ponds,
quite possibly because of the scarce knowledge dissemination activities that have been
carried out based on the studies previously done by various research organisations.

The University of Almeria studied different techniques of pond management in the
province of Almeria and concluded that of all of them, the maintenance of the SAV con-
tributes significantly to maintaining better water quality while greatly enhancing the
environmental value of them [152]. In this way, SAV could provide, at the same time, a
shelter for many other species of animals as macroinvertebrates, amphibians, fish, and
birds [154]. If adequate dissemination of studies were done, it could help to change the
farmers’ attitudes with regard to pond management techniques and nature, favouring
those that are environmentally sustainable, while avoiding the use of biocides.

The AKIS actors involved in this initiative were public universities in Almeria and
Seville (the importance of pond management in aquatic ecology, especially the presence
of SAV and phytoplankton and water quality for drip irrigation systems), laboratories
of COEXPHAL, the association of producer organisations (study of relationship between
fungal communities and pond management), and the EU project IPMWorks (monitor
farmers who implement SAV in their ponds with the objective of improving water quality
using aquatic vegetation). Dissemination was carried out through local and national
farmers’ technical journals. Most importantly was the involvement of over 100 farmers, all
of whom based their pond management in their practical experience, without any previous
knowledge. Techniques used in their ponds were learned from their parents or peers.

3.4. Summary of Niche Initiatives, Transitions, and Farmers Relationship to Nature

The transition towards a sustainable agricultural system is not a linear path, but a
complex process consisting of distinct phases towards system transitions. Regime systemic
change generally emerges after a long period of preparation and trial and practice, where
niche experimental innovations form a new coalition at the local production or micro-level
of the system. Learning processes and knowledge exchange amongst niche actors are
fundamental to create synergies and navigate transitions. Innovations, particularly those
tested and demonstrated, start to change the agroecosystem, although some innovations
become stunted for lack of uptake. When a “window of opportunity” emerges [58], for
example, a new technology, new legislation, or even a crisis, innovation can become more
rapidly institutionalised at the regime level. The symbols below in Figure 2 show how
niche innovations have progressed in intensive greenhouse agriculture in Almeria.

The four niches referred to in Figure 2 above have had somewhat distinct development paths.

3.4.1. Niche 1: IPM and Biological Control

IPM and biological control are already established and are now widespread across
most greenhouse crops in SE Spain, with the release of natural enemies for key pests. A
consolidated regime exists, heavily supported by auxiliary industry and other AKIS actors
(Figure 3). IPM continues to develop as new biopesticides become available across the EU
and the pressure to reduce the use of synthetic pesticides continues.

Throughout the years, growers have gained the knowledge and experience needed
to manage pests with biological control. Growers now recognise several other positive
outcomes: that there are no phytotoxic effects associated with biological control; there is no
withholding period after their release; no pest resistance build-up occurs; and releasing of
natural enemies is far more amenable to workers, and positive for their own well-being
and health [82,118].
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The massive adoption of biological control with beneficial arthropods has proven to be
an efficient method to address a sustainable pest management system. After starting with
the introduction of commercially reared biological control agents, growers now recognise
the fundamental role of beneficial species that appear spontaneously in the crops from
the surroundings, and have come to at least a functional appreciation of nature. This has
led to a whole new approach to pest management, with a leading role for conservation
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biological control and restoration of biodiversity. Thus, Niche 1 has set the stage for further
development of Niche 2.

3.4.2. Niche 2: Ecological Restoration and Landscaping for Pest Control

Several examples of projects, experiments, demonstrations, and farmers having al-
ready planted hedgerows in multiple niche initiatives are evident (Figure 4), but there is no
institutionalised regime as of yet, although local legislation requires new greenhouses to
plant hedgerows. There is a progressive alignment of elements and a trend (via empirical ev-
idence in the field and scientific/innovation projects) to consolidate the technical advances.

Ecological restoration Transition pathway: Inbetween niche-regime

Research and innovation
projects and actors

[ AKIS Knowledge & experience ]

[ Knowledge transfer and ]

§ 3 A PlantEN and DiseAEN
dissemination

Growers
interest

1
1
1
1 4§ New tool
) 1
hlnt'ensllve : Biological
orticulture ! control by Ecological
1 | High pest B : conservation and
s g2 ressure and 1 >
Biodiversity loss | P { ecosystem
o vulnerability 4 BUategtes : ‘ servicies
Biocontrol as 1 restoration
main pest : European policies
control | GREEN DEAL
1
1

system

New companies offering
services for functional
biodiversity restoration

D AKIS actors

Figure 4. AKIS and ecological restoration transition pathways (authors’ elaboration).

The growing criticism of intensive agricultural practices that lead to a deterioration of
natural resources and a decrease of biodiversity has progressively led to pressure at the
landscape level, where environmental constraints have been put on agricultural activities
through more ecological European public policies. These landscape level policies have been
geared towards protecting environmentally sensitive areas, improving groundwater quality,
and more recently, developing organic farming and/or reducing pesticide use. However,
these regulations are still very far from applying truly “ecological” agricultural practices.
While the concept of integrated IPM has been accepted and incorporated in public policies
and regulations in Europe, signifying not only a regime change, but also a consolidation at
landscape levels, a holistic implementation of IPM has not yet been developed. For instance,
though applied biological control programs have been successfully implemented in a wide
range of horticultural crops in the greenhouse of Almeria, the loss of the natural habitats
goes on, and the adoption of the strategies described herein for conservation biodiversity
and revegetation by design is still slow and punctual rather than widespread.

Well-designed communication campaigns, applied (greenhouse-level) research, and
supportive policies could ensure implementation. Small-scale IPM programs in green-
houses could include the active plantation of hedgerows with native plant species around
greenhouses by growers and, at a landscape scale, the regional government should ur-
gently invest in revegetating degraded land and reconnecting habitat remnants. These
two actions together would generate interconnected green corridors, able to strengthen
biocontrol services and other ecosystem services throughout the greenhouse landscapes.
These combined efforts would most likely improve farmers’ appreciation of nature through
an increased acknowledge of biodiversity and the inherent benefits derived from it.
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3.4.3. Niche 3: Sustainable Soil Management

Soil health is a main concern of EU agricultural policies, but few programmes offer
specifically the implementation of management practices linking farmers to Nature. How-
ever, several research, dissemination and networking initiatives on agricultural soil are
currently ongoing in Mediterranean greenhouses because, compared to other greenhouse
cropping systems in Northern EU countries, in which crops are mostly grown in artificial
substrate or soilless systems, the vast majority of greenhouses in Almeria grow in soil.
This fact clearly indicates growers” acknowledgement of the soil as a key factor linked to
the horticultural activity. These soils have been managed for over 50 years following the
principles of conventional (chemical) agriculture. The two predominant practices have
been the continuous application of mineral soluble fertilisers and soil chemical fumigation
as a preventive measure to prepare the soil for the new seasonal crop.

However, over the last years, these two practices have been confronted with sustain-
able alternatives that are gaining interest among the growers: the use of microbiological
fertilisers and the implementation of biosolarisation and biofumigation, as opposed to
soil fumigation. The increasing scientific and technical knowledge about biosolarisation,
biofumigation and the importance of organic matter content in soils, on one side, together
with the recognition of the microbiological fertilisers as specific inputs in the national
regulations, are facilitating farmers and advisors to gain awareness of the biodiversity of
soils and their associated benefits.

Thus, the transition of the model for soils, from a chemically-based model to an
agroecological biologically-based model, occurs via two main paths: (1) a path of inputs
substitution (level 2 of Figure 1), where mineral fertilisers are replaced by microbiological
fertilisers. Simultaneously, as new biocides are being approved by the EU and promoted by
auxiliary industry, it might trigger a gradual decrease of current fumigants in the short-to-
mid term; and (2) a holistic approach path, improving soil health by means of increasing
organic matter to enrich soil fertility (mineral and biological functions), managing soil-
borne diseases and parasitic nematodes using biosolarisation, biofumigation, or organic
amendments (level 3 of Figure 1). The coexistence of these two paths (inputs substitution
and holistic) with the conventional (chemical-based) path is a realistic scenario for the next
several years (Figure 5).
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Figure 5. Soil transition pathway (authors’ elaboration).

Growers’ acceptance of any of these two paths will be primarily based on its profitabil-
ity, as well as the regulatory (legal) limitations and subsidies. Technical constraints will
likely be faced for the two alternative paths to progress, because of the high diversity of
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greenhouses and soil types in Almeria. Therefore, alternative paths must guarantee their
success for different crops, crop cycles, water and soil types, etc. To enable most farmers to
choose the agroecological transition, the big challenge involves recovering the biodiversity
and fertility of natural soils, while maintaining economic profitability.

3.4.4. Niche 4: Ecological Management of Irrigation Ponds

Out of the four niches, the ecological pond management is the least developed
(Figure 6). Knowledge is available (e.g., scientific papers and even technical reports pub-
lished), but there seems to be a lack of scaling up, so it remains as an isolated niche
experiment. The current pond management practices in Almeria’s intensive horticultural
systems are misguided in their target to eliminate biological water activity, and have clearly
failed at improving the water quality for drip irrigation. The predominant conventional
(chemical) practices are not compatible with biodiversity conservation. Pond dredging and
biocide treatment are two of the most widespread management practices among farmers
with the aim of avoiding biological activity, mainly SAV and algae development [151].
These management practices are not effective in the medium- or long-term as they do not
improve nor maintain the water quality for drip irrigation systems. It would be advisable to
reduce or eliminate these practices, which could achieve better water quality values of these
ponds and increased potential for biological conservation [152]. Scientific studies have
shown the importance of irrigation ponds as complementary habitats to natural wetlands,
especially in semi-arid regions [155]. Therefore, the naturalisation of greenhouse water
ponds (with spontaneous presence of SAV) could have an important environmental role
at local, but also regional scale, while providing their important agronomical function by
clearing the water for drip irrigation.
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Figure 6. PONDs transition pathway (authors’ elaboration).

However, there are some farmers who have already realised the benefits of maintaining
aquatic biodiversity. They are aware that in their ponds the water quality values were better
than those with biocide treatments or dredging. In addition, these farmers spent significant
less money because they neither needed chemical treatments nor additional labour. Based
on these experiences, it seems necessary to disseminate and demonstrate scientific results
to farmers and other stakeholders, which could benefit both the greenhouse sector and the
environment, and in doing so, reconnect farmers to nature.

4. Conclusions

During the last decade, sustainable strategies have been extensively studied and
experimented on at the niche level, with the support of AKIS actors. These strategies and
techniques are gradually being adopted by farmers and their cooperatives and produce
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organizations. Based on the wide-scale adoption of biocontrol, there has been a significant
increase of farmers establishing auxiliary flora between their crops (e.g., flower strips and
banker plants) and ecological infrastructures around their greenhouses (e.g., hedgerows,
biodiversity islands, and even nest-boxes for bird and microbat species). These efforts,
led by individual farmers, collectively foster the presence of spontaneously appearing
arthropods and other animals that play a major role reinforcing biological pest control and
other ecosystem services, while helping to preserve the natural habitats in the surrounding
landscape. With far less pesticides currently being used, several species of arthropods can
now be commonly observed inside and around greenhouses [156].

Moreover, soil health and water pond management have been key areas used to help
farmers recognise the importance of biodiversity. Instead of using biocides, techniques,
such as biosolarisation and biofumigation in combination with organic matter addition,
help to preserve soil micro- and macrobiota, gradually restoring soil fertility. The conser-
vation of SAV in ponds offer another profitable example in which biodiversity supports
processes directly related with crop production and environmental quality. Altogether,
the development of these four niches have also contributed to the rise of organic farm-
ing interest in greenhouse horticulture, which now occupies approximately 12% of the
total production area in Almeria. Ultimately, the adoption of sustainable strategies and
certifications (e.g., Demeter, Naturland, Bio Suisse) by farmers also favours the presence
of autochthonous flora and fauna around greenhouses, transforming these anthropised
landscapes and the people living and working on them more connected with nature.

From all four niche cases presented, we can conclude that the “connection to nature”
of the majority of farmers in Almeria comes from an appreciation of the functionality (i.e.,
ecosystem services) that different biological elements (e.g., soil organisms, invertebrates,
terrestrial and aquatic plants) provide for farm activity.

On-farm demonstrations have been the most influential tools used to support knowl-
edge transfer to (and between) farmers, based (particularly) on the experiences drawn from
three of the studied niches: biological control (e.g., IPMWorks, NEFERTITI), ecological
restoration and soil health (e.g., experimental farm installations and demos, workshops and
farm days, Best45o0il and NEFERTITI). In the majority of cases, farmers clearly understand
the positive impacts that conserving and promoting biodiversity brings to their crops. In
this regard, both research and innovation projects are useful to produce positive changes
and to highlight the benefits of agricultural practices becoming more embedded in nature.

Based on the four niche case studies, and returning to Gliessman’s five levels of
agroecology, we consider that the greenhouse sector in Almeria is well advanced and
continues experimentation at level 1 (increasing efficiencies of inputs), and is currently in
level 2 (substitution of alternative practices and inputs) with the beginnings of a strong base
for transition to level 3 (redesign of the whole agroecosystem based on ecological processes),
aided by the reconnection with nature which is implicated in the transition from level 2 to
level 3. In order to reach further levels, it is necessary to re-establish the communication
between growers and consumers (level 4). Initiatives, such as Cute Solar (www.cutesolar.eu;
accessed on 5 October 2021) or CO-FRESH (www.co-fresh.eu; accessed on 5 October 2021),
are helping consumers and other stakeholders across Europe to visualise the process of
how crops are grown in greenhouses by farmers, thus serving as a first step to enable a
closer communication and ultimately a reconnection between both groups.

The multiple-level perspective has shed light on how transformations take place from
one level to another. The analysis of local, multi-actor niche activity and experimentation
has allowed us to consider the individual, collective and organizational behaviour of
farmers, business, and related research and market institutions as well as policy actors.
We have traced how niches or discreet experiments and projects have gone from isolated
activities to dominate regime level patterns within the agri system. In some instances,
we also demonstrated how the landscape or prevailing meta-narrative of HNC can be
influenced, with farmers recognising ecosystem services as an integral part of their farming
activity. The activation of resources and capabilities within the AKIS, along with co-
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creation, have been key factors in creating realisable and feasible paths and enabling
sustainable transitions.

With respect to the roles of different types of AKIS actors, we can observe that research
centres have provided a solid base in all four cases, but only IPM and biocontrol (and
currently, to a lesser degree, ecosystem restoration and soil health) have received enough
attention through dissemination/transfer activities to farmers to result in regime change
and landscape influence. The auxiliary industry has also played an important role in IPM
(but indirectly in ecological restoration) and soil health (“biostimulants”), but less so in
ecosystem restoration and pond management niches. In this regard, water pond manage-
ment is clearly the least developed area, but opportunities exist to broaden the adoption of
this technique through the involvement of more AKIS actors and demonstrations. Public
administrations have played an important role in promoting biocontrol, ecosystem restora-
tion and soil health, but in the case of pond management, policies, such as subsidies for
pond covers, have actually jeopardised the adoption of ecological pond management.

5. Limitations and Further Research

Further research is required to understand farmers” more profound appreciation of
nature, not just the benefits, but the deep appreciation of living entities and the surround-
ing ecosystems in which their economic activities take place. Although these benefits
(i.e., ecosystem services) are important, the farmers’ knowledge and beliefs (i.e., cultural
services) are determinants of whether they protect, ignore, neglect, or even destroy bio-
diversity [157]. In this regard, social scientists could work, documenting farmers’ recog-
nition of these cultural services. This research, together with the agroecological research
carried out in greenhouses in the region, could be combined to create specific environ-
mental education programs, to encourage farmers’ appreciation of nature, and support
biodiversity conservation.

We have illustrated that farmers’ reconnection with nature has been mediated by
on-farm practices. The main driver for adoption has generally either demonstrated benefits
(farm demonstration or peer-to-peer learning) or external crises and “windows of oppor-
tunity” from landscape level influences. This implies that further research is needed on
economic benefits and costs for adopting more sustainable practices that place farming
within a recognition of nature, so as to encourage adoption by farmers. However, cost—
benefit analysis is often a result of scale, and if there is not widespread adoption, then a
lack of scale remains an issue.

In particular, with respect to IPM, although the use of biological control agents is
common among farmers, there is still some reliance on the use of pesticides, particularly
against some pests for which no natural enemies are currently commercially available.
Further research is necessary to identify predators and/or parasitoids of these pest species
and revise and optimize the already existing IPM protocols with additional compatible tools
(e.g., biological products). Moreover, with respect to ecological restoration of Almeria’s
greenhouse area, it is necessary to quantify natural pest control, which is found in semi
natural habitats and to determine which species or functional traits are responsible to exert
this biological control. This knowledge would optimize revegetation designs and their
functionality for pest control. More importantly it would encourage a paradigm shift in the
agricultural sector and society regarding the importance of conserving semi natural habitats
and biodiversity in the agricultural landscape. Indicators of healthy, living soils are scarce
but they are a key to facilitate the reconnection with nature by means of soil management.
The visualisation of the soil as a natural system is not so obvious. Traditional methods, i.e.,
the incorporation of animal manure for building the “arenado’ system, persist in the mind
of most of the growers in Almeria, who appreciate and identify the characteristics of a good
soil, by means of the structure and content of organic matter. Overall, there is willingness to
change, but further research would support this transition, particularly surveys identifying
the connection of farmers with nature, by means of their knowledge and beliefs towards
soil. The main limitation to continue the spread of knowledge among farmers on ecological
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pond management techniques involves the lack of dissemination of results by public or
private entities, particularly on-farm demonstrations to and between farmers. AKIS actors
can move the transition forward to a more sustainable model in the most practical sense,
by demonstrations in situ, showing agronomic, environmental, and economic advantages,
motivating more farmers to take the step towards an agroecological transition.

Finally, even though the four niches are interconnected, the strategies to improve
sustainability are managed separately. Further research on designing and organising
coupled innovations, including the reconnection of farmers with nature as part of the
process, is needed [158].
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