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Abstract: The integration of the circular economy in agriculture has promoted sustainable innovation
in food production systems such as horticulture. The present paper illustrates how horticulture is
transitioning to the circular economy. This research field’s performance approaches and trends were
assessed through a bibliometric and text-mining analysis of the literature. Our findings revealed
that circular horticulture is a recent research field that is constantly growing. Its approach has been
neither systemic nor integrative but fragmented. Bioeconomy, urban agriculture, recycled nutrients,
biochar, fertigation, and desalination have been positioned as research hotspots. Vegetables and
fruits are the most studied crops. Resource circulation has focused primarily on biowaste recovery to
provide benefits such as biofertilizers and linear-substrate substitutes, and on water reuse for the
establishment of hydroponic systems. The One Health approach is scarcely explored and, therefore,
weakly articulated, wherein the absence of assessment methodologies encompassing the health
of ecosystems, animals, and people is a notable limitation. Science-policy interfaces between One
Health and food systems need to be improved. Lastly, greenhouse technologies are aligned with
bioenergy, sustainable materials, and sensing technologies. Challenges and directions for future
research have been raised to promote the redesign of horticultural production systems, integrating
long-term circularity.

Keywords: circular economy; sustainability; One Health; food systems; bibliometrics; biomass;
greenhouse structure

1. Introduction

Food waste and loss are global issues affecting agriculture systems’ sustainability. It is
estimated that approximately 35% of the food produced for human consumption is lost or
wasted [1]. Food wastes generate approximately 8% of global greenhouse gases, occupy
23% of all croplands, and consume approximately 25% of all water used by agriculture
annually [2]. Consequently, disturbances of fundamental earth system processes and
the transgression of planetary boundaries such as overexploitation of natural resources,
soil-air-water pollution, altered biogeochemical cycles, changes in land use, and loss of
biosphere integrity have increased [3]. Prospects point to these effects becoming more
pronounced as agricultural production must be increased to ensure food security for a
growing population [4]. Key strategies will thus need to be deployed on a large scale to
promote resource sufficiency by addressing agricultural waste and food production in a
less-polluting way [5].
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The circular economy proposes a paradigm shift that allows slowing down the natural
deterioration of the planet through regenerative systems of material, water, and energy
cycles [6]. The circular economy is a model that seeks to close cycles of the traditional linear
economy pattern that follows the take-make—dispose scheme [7]. Relevant potential thus
exists for the circular economy to be applied in the agri-food sector. It implies systemic
thinking to reduce the waste generated, valorize waste, reuse food, recycle nutrients and
water, and establish more sustainable diets [8]. The integration of the circular economy in
agriculture has led to the emergence of circular agriculture as a new field of research. Today,
circular agriculture is being implemented worldwide, from small agricultural fields to large
countries, mainly in Europe [9]. Although the challenge of consolidating circular agriculture
continues, the generation of new knowledge that standardizes indicators, processes, and
products has recently been reported [10].

Horticulture, seen as a subfield of agriculture, has shown progress in adopting circular
principles. The use of greenhouse structures in horticulture has been relevant for circularity
due to their high potential for recycling water and nutrients, their higher production
capacity compared to open field-based agriculture per hectare, and their high productivity
with reduced use of water and agrochemicals per production unit [11]. Research linking
the circular economy and horticulture has focused on resource circulation and greenhouse
technologies for intensive agricultural production from protected crops [12]. Examples
are the use of circular organic fertilization, the implementation of by-products in crop
fertigation, the application of wood fiber as an organic substrate to replace peat, and the
launch of public policies for sustainability and water security [13]. A minority of growers
even use the recirculation of nutrients and water in the Almeria region, especially to
cultivate tomatoes and lettuce [14].

The transition to a circular model has intensified several health risks of reusing by-
products, components, and materials, where the horticultural sector is no exception [15].
The recovery of animal waste is the main critical point [16,17]. Research in this context
has been aligned with techniques to inactivate pathogens, eliminate veterinary antibiotics,
reduce potentially harmful agrochemicals in food, and investigate the microbiome and
resistome transmission pathways from manure to soil and crops [18,19]. However, the
health effects are only partially understood, and much more comprehensive evidence
to better inform the policy debate is lacking [20]. In response, the ‘One Health’ concept
drives the assessment of the health impacts of the circular economy. This concept promotes
balanced well-being between humans, animals, and the environment, providing a global
strategy that highlights the need for holistic and transdisciplinary approaches to improve
the connection of all components of an ecosystem [21]. Horticulture presents an intrinsic
closeness to this tripartite interaction, playing an essential role as food represents the link
between soil, plants, and animals for human health [19]; therefore, circular horticulture,
especially for the valorization of animal biomass, can be strongly influenced by the One
Health concept. The need for circular practices based on One Health is expected to increase
in the future [22].

Circular horticulture is increasingly recognized in sustainable agriculture transitions.
However, the lack of systemic efforts to map the existing scientific literature on circular
horticulture led us to ask what the research advances on the circular transition of horticul-
ture are. Consolidating its state-of-the-art and identifying its actors is key to guiding future
initiatives, projects, and approaches [23]. Bibliometrics allows the unraveling of evolution-
ary nuances of a specific field while shedding light on emerging areas in that field [24].
This is complemented by text mining that identifies patterns or correlations between terms,
exploring the dynamics of the information in the publications [25]. The present work aimed
to explore trends in circular horticulture research to provide an overview of the publication
landscape and knowledge structure from a bibliometric and text-mining perspective. Four
research questions were defined, motivated by the dissemination of knowledge and topics,
circulation of resources, the One Health approach, and greenhouse technologies. The
research questions were the following:
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(i) How has the dissemination of circular horticulture knowledge evolved worldwide,
including countries, affiliations, and authors?

(i) What are the salient research topics of circular horticulture?

(iii) What is the trend of crops, resource circulation strategies, implications of One Health,
and greenhouse technologies in circular horticulture research?

(iv) What are the challenges and directions for future research on horticulture toward the
circular economy transition?

The presented work represents an interdisciplinary analysis that helps to design
more specific interventions to close the circular gap in horticulture. Likewise, it serves
as a reference document for various actors in environmental research and public health,
sustainable horticultural production, and government decision makers.

2. Materials and Methods

The methodological structure of this study was carried out in three steps. The first step
consolidates the literature on circular horticulture by defining the search equation, selecting
the database, and filtering publications. The second step represented the bibliometric
analysis with the numerous parameters used in the publications. The third step was text
mining applied to relevant topics of circular horticulture reported in the literature.

2.1. Data Sampling, Collection, and Cleaning

The search equation was composed of two parentheses with the main keywords of the
two associated topics together and four Boolean operators (“ “, OR, AND, *). To create an
overview of the impact of the circular economy on agriculture and horticulture, we used
Equations (1) and (2), respectively.

((“food system*”) OR (agr*)) AND ((“circular *economy”) OR (“circular agr*”)) (1)

(horti*) AND ((“circular *economy”) OR (“circular horticult*”)) 2)

The database was selected by comparing Web of Science and Scopus using the total
number of publications as a parameter. These two databases mostly cover a wide range of
research fields and are therefore widely used to perform multidisciplinary analyses [26].
For the first search equation, 1488 and 1731 publications from Web of Science and Scopus
were examined, while for the second, 59 and 73 publications were examined, respectively.
Hence, Scopus contained a larger number of publications and was selected. As we sought
to consolidate the research reported to date bibliometrically, we did not define a range of
years for the search. The search period was limited solely by the coverage of the databases.
The search was carried out in a single day (2 March 2022), with “subject” as the scope, which
included the title, abstract, and keywords. During the search in the databases, research and
review articles were selected, all available in English.

We used three types of sequential filters to select the final set of circular horticulture
publications, as follows: (i) exclude duplicates, (ii) exclude publications with an abstract
that were unrelated to the topic, and (iii) exclude publications that were cost reasons could
not be downloaded. Therefore, the 73 publications were reduced to 67 (Table S1), exported
as comma-separated value (csv) files and imported into Microsoft Excel 2016.

2.2. Bibliometric Analysis

Bibliometric parameters associated with scientific productivity were used in this study.
The parameters at the general level of the research field were the number of types of
documents (research articles and review articles) and the number of publications per year.
The country parameters were the number of publications, citations, and keyword frequency.
The scientific production was measured by the frequency of the countries associated with
the authors’ affiliations in the publications. The parameters by institution and authors
were the number of publications per institution, the number of publications per author,
the annual number of publications per author, and Lotka’s law. Keyword dynamics were
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shown by keyword frequency in all publications and keyword co-occurrence. All these
parameters were provided by Bibliometrix software (version 4.0.0, R Core Team).

Particularly, Lotka’s law denotes the number of authors by the number of publications
to understand productivity patterns. This indicates that the relative frequency of authors
(y) with publications (x) can be described by the following Equation (3):

y=c/x" 3)

where c is constant, and n approximately equals 2 [27].

The keyword co-occurrence map shows the connection between keywords. Co-occurrence
is measured when two keywords appear in the same document. The most reported keywords
were extracted from the publications’ title and abstract using the complete count method and
were selected for a minimum of five occurrences. Subsequently, Bibliometrix generated the
map of co-occurrence with grouped keywords and the figure associated with the frequency
of keywords in all publications. The other figures related to bibliometric parameters were
performed with Prism 8 software (Graphpad, San Diego, CA, USA).

2.3. Text-Mining Analysis

The topics for the text-mining analysis were associated with horticultural crops, re-
source circulation, and greenhouse technologies (Figure 1). The crops were searched
through the categories of vegetables, fruits, ornamental plants, and aromatic plants. The
resources were addressed from the biowaste reuse, water management, and One Health
implications. Greenhouse technologies were focused on sensing technologies, sustainable
materials, and bioenergy.
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Figure 1. Text-mining analysis framework on the trend of relevant topics in circular horticulture—
own elaboration.

The normalized relative frequency of the specific topics per year was calculated
using an in-house Python script (available at https://github.com/LeonardoMorenoG/
textMiningCH.git; accessed on 9 May 2022). Publications in PDF format were first parsed
to text using the package pdfminer (https://github.com/euske/pdfminer.git, accessed
on 10 July 2022). Any punctuation signs were removed, and all uppercase letters were
converted to lowercase before counting the frequency of each keyword related to each
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specific topic (Table 52). The relative frequency, R, of the ith specific topic at a year, t, was
then calculated as:
Riy = Y lni/qix Ny 4)

where g; is the number of keywords associated with the specific topic, i, 1; is the number
of occurrences of its jth keyword, and N; is the total number of words in all publications
at year f, as reported by Dayeen et al. [28]. Finally, a relative frequency heatmap was
generated using seaborn and customized using matplotlib.

3. Results
3.1. Interest in Research on Circular Agriculture and Horticulture

The computational analyzes of the literature, such as bibliometrics and text mining,
have contributed substantially in the last decade to the profound review of scientific
knowledge. To understand the impact of the circular economy on horticulture, we compiled
insights on knowledge dissemination and research progress from a bibliometric perspective.
Firstly, we explored the interest in research on applying the circular economy to agriculture
and specifically to the horticultural sector through the number of publications per year.
In this sense, we have addressed the first research question on knowledge worldwide
dissemination. We found that circular agriculture research led to 1731 publications, wherein
77% were original and 33% were review articles (Figure 2). Circular horticulture research
has led to 73 publications, with 80% and 20% original articles and reviews, respectively.
This comparison indicates that circular horticulture research represents approximately 4%
of circular agriculture. Moreover, circular agriculture presented its first report 17 years ago,
while circular horticulture presented 5 years ago. Despite this notable difference, circular
agriculture publications have grown sharply since 2017. Interestingly, the largest increase
for both research topics was seen during the period 2020-2021.
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Figure 2. Annual publication trend on circular agriculture and circular horticulture from Scopus
database. The number of publications per year is the sum of original articles and reviews. The left Y
axis of the figure corresponds to circular agriculture, while the right Y axis corresponds to circular
horticulture—own elaboration.

3.2. Most Outstanding Countries

Next, we examined the scientific production of the most relevant countries in circular
horticulture to understand the research dynamics in a geographical context and thusly
continue to answer our first research question. The scientific production was measured by
the frequency of the countries associated with the authors’ affiliations in the publications.
Thirty-nine countries worldwide are researching circular horticulture (Figure 3). Notably,
Spain is the most productive country. Italy and Belgium are in second and third place,
respectively, with a frequency of one-third and one-half compared to Spain. Singapore,
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Germany, the Netherlands, Portugal, Poland, Australia, and the USA complete the top 10
in their respective order. Therefore, the continent that unquestionably leads is Europe. The
remaining countries, from 11th to 20th place, are Denmark, Lithuania, Norway, Canada,
China, the UK, Cyprus, Ireland, New Zealand, and Peru.

Singapore o @

Number of publications
0

1-10 { .
| 11-20 \ Australia
W 21-50 ! o
W 50-50 3 v X,
I +30 4 . L New Zealand ¢
e I\
BIBLIOMETRIC INFORMATION EUROPE No’“‘atﬂ :‘~\ i
Top most countries by number per publications between Netherlands — 7, s
2017-2022 from Scopus database Denmark ‘ -
Region Number of publications United i
Spain 94 Kingdom
ltaly 60 kge.\‘?
Belgium 51 I 4 il
Singapore a3 reland .
Germany 28
Netherlands 26 Belgium :
Portugal 22
Poland 19
Australia 13 Portugaiw
United States 1 ‘

Figure 3. Geographical dynamics of most productive countries in the research of circular horticulture—
own elaboration.

Country cooperation was assessed by measuring whether a single country or multiple
countries appeared in a publication. We noted that Italy ranks first, with the largest number
of both single-country publications and multiple-country publications (Figure 4A). China
and Spain rank second and third, respectively, in both types of cooperation. Interestingly,
single-country publications dominate the entire ranking. The total number of citations in
the countries was also analyzed. Italy is the most-cited country in its publications, with 3810
citations (Figure 4B). With less than half of the citations are the other countries, wherein
Spain, China, and France complete the ranking of countries that exceed 1000 citations. The
UK is fifth with 817 citations and the USA is tenth with 539. Additionally, we described
the topics that the countries are researching through the association with the keywords
reported in a Sankey diagram (Figure 4C). Spain is focusing its research on the circular
economy, sustainable and intensive agriculture, horticulture, and bioeconomy. Italy and
Germany also contribute markedly to reporting on the circular economy. Singapore is
the country that has the most reports regarding biochar and anaerobic digestion, while
Belgium has the most reports regarding circular horticulture, fertigation, peat replacement,
and greenhouses. Finally, resource recovery and recycling are promoted in publications
mainly by Spain, Italy, and Germany.
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Figure 4. Geographical dynamics of research in circular horticulture. Cooperation between countries
(A), most cited countries (B), and most reported keywords by country (C)—own elaboration.

3.3. Most Prolific Institutions and Authors

We also analyze the scientific production of the most relevant institutions and authors
to know their cooperation interactions and provide the main references of circular horticul-
ture. The top 10 affiliations present a range of publications between 33 and 6 (Figure 5A).
The most productive affiliation in circular horticulture is the University of Almeria. Then
there are the National University of Singapore, Flanders Research Institute for Agriculture,
Fisheries and Food, the University of Bologna, and the University of Bonn, with over
ten publications.

In regard to authors, we observed slight differences in the top 10 (Figure 5B). Bart
Vandecasteele is the leader in publications. Interestingly, the second and third authors are
Jane Debode and Fien Amery. There are then five authors tied with three publications:
Luis Belmonte-Urefia, Francisco Camacho-Ferre, Sarah Ommeslag, Caroline De Tende, and
Rian Visser. Over time, the top authors showed that Bart Vandecasteele and Jane Debode
have the most constant productivity in the five years of circular horticulture (Figure 5C).
Luis Belmonte-Urefia and Francisco Camacho-Ferre stand out for their productivity and
citations in the last two years. Finally, we analyze the authors using one of the main pillars
of bibliometric analysis: Lotka’s law. This law indicates the distribution of authors during
a specific period or within certain subject areas. One interpretation that can be deduced,
for instance, is that many authors publish solely one study, while a small group of prolific
authors contribute many publications. We found a dramatic decrease in the number of
authors as the number of publications increased (Figure 5D). The largest concentration
of authors (379) reported one publication, representing 92%. Two publications have been
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written by 24 authors (5%), while five authors have three publications. From four to six
publications, one author was found. Based on the findings found in the institutions and

authors, we finished answering the first research question.
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Figure 5. Publications productivity of institutions and authors on circular horticulture. Top 10 institutions
with the highest number of publications (A), Top 10 authors with the highest number of publications (B),
production over time of the authors (C), and use of the Lotka’s Law (D)—own elaboration.

3.4. Research Hotspots: Keyword Frequency and Cooccurrence

Because keywords denote salient research topics, we next explored the trend of key-
word usage to determine what they reveal, thus answering the second research question.
The most-used keyword in circular agriculture research is circular economy, with 31%,
as expected (Figure 6A). Sustainability ranks second, less than a third (8%) as often as
circular economy. This is then followed by sustainable agriculture, bioeconomy, circular
horticulture, biochar, and greenhouse, between 6% and 3%. The remaining keywords (i.e.,
composting, bioplastics, fertigation, desalination, etc.) in the top 25 have 2%.

We constructed a co-occurrence map to study how keywords interact. The occurrence
was the parameter that allowed description of the interaction. Two words are defined as
co-occurring if they appear in the same document. The size of the node represents the
frequency of the keyword and the thickness of the link the co-occurrence, which gener-
ated seven clusters, distinguished by colors (Figure 6B). The keywords that dominated by
cluster were circular economy (red), sustainability (blue), sustainable agriculture (green),
nutritional recycling (brown), and circular horticulture (orange); fertigation and disease
suppression are tied (purple), as are life cycle assessment and urban farming (pink). Like-
wise, the red cluster displays the largest size in the number of keywords, followed by the
green one. Strong links were noted between circular economy and sustainable agriculture,
circular economy and horticulture, circular economy and sustainability, circular economy
and bioeconomy, and circular economy and biochar.

Additionally, we analyzed the ranking of the 10 most influenced publications, based on
their citations (Table S3). The research questions addressed in these publications revealed
that barriers in farmers’ perceptions need to be identified, opportunities in related industries
improved, and existing circular farming practices transferred.
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Figure 6. Use of keywords in research on circular horticulture. Frequency and percentage of the top
25 keywords (A) and co-occurrence map (B)—own elaboration.

3.5. Text-Mining Findings: Discovering Major Research Topics and Trends

To scrutinize the horticultural literature in the circular economy and address the third
research question, we conducted text-mining analyses in the set publications, focussing
on three aspects: crops studied, resource circulation strategies used, and implemented
greenhouse technologies. The most studied crops were vegetables and fruits (Figure 7).
Aromatic and ornamental plants have had a slight prominence. Nevertheless, we did not
observe a pronounced growth trend in any crop. Research efforts on resource circulation
have focused primarily on biowaste. The most significant relative frequency was obtained
with biowaste in 2018, which decreased slightly until 2020. Water circulation is the second-
most discussed topic, being the only one that has appeared since 2017. One Health approach
displayed a notable prominence in 2018, coinciding with biowaste, but their trend was not
constant in the following years. Greenhouse technology was the least prominent focus. Its
trend was similar to crops. Bioenergy gave increases in 2018 and 2021, while sustainable
materials increased in 2019. In contrast, the inclusion of sensing technology was scarce.
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Resource Water T
Circulation ©
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. . 0.002 %
Sensing technologies =
Q
Greenhouse Sustainable materials b
Technologies 0.001
Bioenergy
2017 2018 2019 2020 2021
0.000

Publication year

Figure 7. Trends in circular horticulture research topics—own elaboration.
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4. Discussion
4.1. Knowledge Dissemination and Research Progress

A redesign of agricultural production systems based on the circular economy is a
promising solution to sustainably transform the food system [29]. In the present study, we
consolidated the first literature mapping of reported research linking the circular economy
and horticulture.

Our findings showed that circular horticulture is a recent research field, and its num-
ber of publications has grown continuously, yet it still represents a small niche of circular
agriculture. Europe markedly leads the dissemination of circular horticulture knowledge
in terms of the most prominent countries, institutions, and authors. These results agree
with a recent bibliometric mapping, where Italy, Spain, and China stand out in scientific
production on circular agriculture, while the United States, China, and Germany are pio-
neers in crop-livestock systems research, with a strong circular influence [10,30]. Moreover,
the geographical centralization of the circular economy worldwide has been found with
certainty in Europe in most economic sectors, such as agriculture and horticulture. Gov-
ernment actions of the European Union have placed the circular economy as a pillar of the
European Green Deal for its development policy, international cooperation, and research
leverage [31].

We noted that vegetables and fruits are the most used crops to investigate circular
innovations in horticulture. Lettuce, potato, carrot, onion, tomato, and pak choi are the
most reported vegetables, while several studies have used fruits such as apple, avocado,
pineapple, papaya, and strawberry. Conversely, ornamental and aromatic plants have been
slightly prominent, with reports of Diplotaxis tenuifolia and Valerianella locusta. Vegetables
and fruits play a key role in circular horticulture. From a practical perspective, these account
for nearly 90% of global horticulture production, and their consumption can increase
substantially by being included in healthy diets, which has shown that their production
slightly affects the environment compared to ultra-processed foods [32]. Moreover, the
United Nations” Food and Agriculture Organization (FAO) estimated that higher than
60% of fruit and vegetable waste is reusable, suggesting that the circular management of
vegetables and fruits requires intelligent and advanced management for the sustainable
reuse of waste that covers its entire life cycle [33].

We found that resource circulation strategies have mainly been applied to biowaste
for biofertilizers in nutrient recycling. Its main objective is the reduction of mineral and
fossil fertilizers. Biowastes based on alfalfa, lupine meal, castor cake, tomato, tea, fish,
algae, cow horn shavings, and cattle and chicken manure are raw materials that demon-
strate their biofertilizer potential for both agricultural production and the maintenance
of soil health [34-36]. Various works have shown that the enrichment of biowaste with
microbial biostimulants, biological controllers, and plant extracts is a promising practice
to stabilize certain conditions of the biowaste as well as to improve seedling growth fur-
ther, mitigate abiotic stress, and control pests [37-39]. We identified that studies focused
on biowaste management are associated with its conditioning, characterization, and ap-
plication effect in crop production. These methodological approaches are necessary to
consolidate biowaste’s nutritional categorization and technical standardization. In spite
of this, current valorization techniques must be simplified and improved to massively
increase efficiency [40]. However, the economic value, technology transfer potential to
other crops, and environmental conditions cannot be ignored [11].

We noted how biowaste has also been investigated to replace the substrates conven-
tionally used under the linear economy model. This is very important, considering that
the manufacture and accumulation of conventional single-use substrates carries a sizeable
environmental burden, such as greenhouse gas emissions, soil acidification processes, and
the depletion of non-renewable resources [41]. Consequently, the reuse of linear substrate
or the biowaste that replaces it should be strongly encouraged, together with the reduc-
tion of its use quantity [42]. We observed that the biowastes assessed that have led to
promising findings are mushrooms, grape pomace, miscanthus, reeds, Eucalyptus globulus
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bark, coconut, wood, flax, and biochar. Their use through composting, vermicomposting,
pyrolysis, and anaerobic digestion processes have proven to be a sustainable substitute
for peat for horticulture [12,43,44]. It is essential to monitor and record the physical and
chemical quality of the substrate to ensure high efficiency in water and fertilizers, which
will allow maintaining adequate crop yields so as not to affect food security [45].

Our data suggest that resource circulation strategies have influenced water manage-
ment to a lesser extent than biowaste. Closed-loop micro-irrigation practices with sensing
technologies have been implemented in greenhouses [46]. Research has been advanced
in hydroponic systems that improve water management by applying low-cost automated
systems based on Raspberry Pi and Arduino to cyclically manage water replenishment [47].
Wastewater recycling as a fertigation method continues to receive attention, but it still
represents a bottleneck in standardizing processes with suitable conditions for reuse [48].
Some authors have proposed the cradle-to-cradle system to recycle phosphorus as a heavy
metal-free struvite from wastewater to fertilize a lettuce crop [49].

We also found that the coverage of the One Health implications of circular horticulture
has been relatively limited. Its approach has been associated with the recovery of biowaste,
mainly animal manure [50]. The actions promoted by One Health include improvements
in antimicrobial use regulation and policy, infection surveillance and control, and animal
husbandry and sanitation [51]. One Health has also fostered the supply of probiotics and
postbiotics to manage viral diseases in animals and humans and increased biodiversity by
producing of locally adapted crops and livestock breeds [52]. From a research perspective,
the integration of quantitative indicators of human health and animal welfare into life-cycle
sustainability assessments has been reported. Human health considerations have been
dimensioned using epidemiological dietary risk data, expressed as disability-adjusted life
years related to the top three diet-related diseases in the study area [53]. For animal health,
indicators such as years of animal-life years suffered and loss of animal lives have been
proposed [54].

Greenhouse technologies are a fundamental aspect that dramatically influences the
efficient and safe production of horticultural crops in a protected environment linear
processes, however, have predominated in their operation. We noted that the circular
economy is primarily integrated bioenergy sources, followed by sustainable materials and
sensitivity technologies in greenhouse structures for horticultural production.

Circular research on energy resources has shown progress in substituting fossil fuels
for bioenergy sources to improve the microclimatic management of greenhouses and
thus reduce greenhouse gases [55]. This need has drawn attention to the identification
that the processes that maintain optimal conditions for plant growth, such as cooling,
heating, humidifying, and adding light, emit 96% of the greenhouse gases produced in
protected horticulture models [56]. The bioenergy sources implemented are solar, biomass,
geothermal, and wind [57]. For example, switching from diesel-based to biomass-based
systems for heating greenhouses has substantially reduced heating costs [58]. Biomass
sources such as firewood, wood chips, wood pellets, paper pellets, grains (corn, rye), and
passive solar techniques are recommended [4].

The most prominent goal of using sustainable materials in greenhouses is to reduce
the so-called plastic footprint by developing and implementing bioplastics, long-lasting
recycled plastic films, biodegradable plastic films, and compostable plastic films [59]. A
similar trend occurs with other plastic materials used in crop management, such as clips,
rings, trellis ropes, and mulch plastics [11]. Sensitivity technologies in greenhouses adapted
to circularity principles are related to water recycling systems and crop irrigation and
fertigation control systems [60]. All these innovations in greenhouse technologies have
unfortunately been applied separately and do not form a closed-loop system. Based on this
purpose, the GreenFarm model has been reported, which combines greenhouse soilless
cultivation, efficient energy conversion technology connected to the greenhouse, and
closely cultivated biomass crops [58]. Two benefits of the GreenFarm model are reduced
greenhouse heating costs and soil fertility restoration. A third benefit, the most prominent,
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is using the CO; generated through the biomass-energy conversion process to fertilize
crops, which shortens the growth cycle of plants and improves their yield [61,62].

4.2. Challenges and Directions for Future Research

The current literature has shown that the circular economy has not been addressed as
a system in the entire production cycle of horticulture. Its approach has been fragmented
based on evaluating the potential for the reuse of resources. While these assessments are
necessary and represent the first steps, circular horticulture requires a systemic transforma-
tion involving several challenges that guide the direction of future research, as expressed
by our fourth research question. We outline the following recommendations.

Redesigning current horticulture production systems requires holistic approaches
that allow the development of both circular flows of resources and circularity indicators.
Circular practices do not guarantee sustainability; therefore, their scope and effects must
be measured through indicators. Implementing the life cycle assessment with material
circularity indicators of the productive system is suggested as a solution strategy. This
strategy has recently been conceptualized in the literature and is crucial in improving
circular decision making [63]. Likewise, the redesign process requires more extensive
automation capabilities to support intelligent decision making based on data [64].

The recovery of biowaste is the hallmark of the circular economy, and there is still a
long way to go for horticulture. Challenges have been raised in frequently addressed issues,
such as the standardization of processes for the proper conditioning, use, and mixing of
biowaste [57]. Nonetheless, some aspects that require research are collecting, transporting,
and storing biowaste [65].

The circular approach shows many ecological, social, and economic interdependencies
between a system’s actors, drivers, and outcomes. Farmers and consumers are prominent
actors who represent a social challenge to reframe that biowaste is a valuable resource [66].
Consequently, we must educate regarding the different productive uses of biowaste and its
environmental and economic benefits [67].

The circular transformation of agricultural production systems and the One Health
concept should not be seen as isolated issues [19]. We highlight four challenges: (i) its
weak research; (ii) the transmission of pathogens from the soil, water, and biomass to food
and humans; (iii) the spread of antibiotic resistance genes; and (iv) the limited evaluation
methodologies and frameworks with an interdisciplinary approach encompassing the
environment, animals, and human health. More research with a significant policy interface
is needed to develop targets and roadmaps in national, regional, and global visions [68].
Research should be articulated with economic, social, and environmental stakeholders to
improve the scope of current impact monitoring and assessment frameworks and meth-
ods, such as environmental strategy, environmental impact, social impact, and life cycle
assessments [53,69].

Finally, an innovatively tangible future in circular horticulture requires government
actions with financial investments that leverage research. Target 12.3 of the Sustainable
Development Goals seeks to halve global food waste at retail and consumer levels and
reduce food loss during production and supply [70]. There the Food Waste Index is
suggested as a methodology to monitor progress. Although results driven by this target
have been reported, several studies have recommended specifying critical issues by sector,
redefining the index, and increasing its scope [71,72], and there is a need to prioritize the
consolidation of circular food systems more broadly in global environmental initiatives.

We acknowledge two limitations of our research approach that are intrinsic to the
nature of bibliometrics. The first limitation is associated with the language. The present
study was conducted solely considering publications written in English, and therefore there
is an underrepresentation of non-English speaking publications. The second limitation is
the sole use of peer-reviewed publication databases, which excludes gray literature and
non-indexed journals. Nonetheless, these two sources were used for the definition of the
search equation and the discussion of the results.
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5. Conclusions

Circular horticulture is a recent research field that is gaining attention. Europe has led
the dissemination of knowledge. The most productive countries, institutions, and authors
are Spain, Italy, and Belgium; the University of Almeria; and Bart Vandecashteele and Jane
Debode. The most outstanding research topics of circular horticulture are bioeconomy;,
urban agriculture, nutrient recovery, soilless farming, biochar, fertigation, and desalination.

Current research has prioritized fruits and vegetables as study crops. The circulation
strategies have been aligned with biowaste recovery and water reuse. Multiple biowastes
from animals and crops have been investigated, which provide benefits as biofertilizers and
substitutes for linear substrates. Water management has featured innovations in wastewater
treatments, hydroponic systems, and automated technologies. Understanding the One Health
approach shows substantial gaps, in which methodologies and evaluation frameworks with
an interdisciplinary approach that cover the health of ecosystems, animals, and people are
lacking. Greenhouse technologies have shown progress in the development and incorporation
of sustainable materials, as well as bioenergy sources, for microclimatic management.

Some challenges that need to be addressed to innovate future research directions in
circular horticulture lie in promoting a systemic or integrative perspective to redesign hor-
ticultural production systems circularly; formulating circularity indicators; investigating
aspects of the collection, transport, and storage of biowaste; training all actors in horticul-
tural value chains on the positive impact of the proper reuse of biowaste; broaden the scope
of impact assessment methods framed in the life cycle; and prioritize the consolidation of
One Health and circular food systems integrated initiatives.
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