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Abstract
Reliable access to safe, economic and nutritious food was at increasing risk many decades ago, burdening society and
social relations, especially in urban areas. It is now known that climate change, the pandemics and the economic crisis
are directly responsible for food security. For this reason, science has undertaken to safeguard the future of food. Any
proposal to reduce the catastrophic effects of the climate crisis on cities must be based on ecological farming methods to
achieve sustainable urban horticulture. Co-cultivation is an old forgotten cultivation method, beneficial to mankind and
the environment. It can make a positive contribution to the agri-food planning of a city and to tackling the effects of
climate change. A bibliographic review is carried out in the Mediterranean region concerning the co-cultivation
(companion planting) of aromatic-medicinal plants and vegetables on the University premises (USAMV Bucharest). An
attempt is made to evaluate the adaptability of Mediterranean plants and the evolution of their co-cultivation. The results
of this research will be useful to city managers, architects, agronomists, etc. This work aims to prove through a
comparative method that the use of co-cultivation is a critical factor in sustainable urban agriculture and, consequently,
food security and that climate change can affect people's eating habits.
Key words: co-cultivation, sustainable urban horticulture, food security, climate and pandemic crisis.

INTRODUCTION

the modern way of life has undergone many
changes affecting health, diet, environment,
society. Thus, despite the recognized benefits of
the Mediterranean diet, its observance has been
significantly reduced (Lamy et al., 2022). In this
case, alternatives are sought for the transition to
sustainable food cultivation and food justice by
introducing the concept of Food Well-Being
which includes the food producer, i.e. the
gardener (Giraud et al., 2021). To achieve the
transition, it is necessary to propose alternatives
that align with the values of permaculture,
seeking to meet human survival needs
(Gabowitsch, 2021).
Urban and suburban gardening, through cocultivation, is valued as the best solution to
address food insecurity, mitigating the effects of
climate change and connecting humans to nature
(Lucertini & Di Giustino, 2021). It is also argued
that urban gardens could be used as social

There is no doubt that lower-income developing
countries have been more affected by the Covid19 pandemic (Dasgupta & Robinson, 2022) or
that globalization has emerged as a driving force
behind the current global pollution, poverty and
disease crises (Florea, 2020), creating difficulties for survival. The food industry, markets,
agriculture, and access to affordable food are not
easily guaranteed (Roubík et al., 2022).
Undoubtedly, in addition to the climate and
economic crisis, the health crisis has highlighted
the food system's vulnerability, creating
insecurity even in developed countries (Food
and Agriculture Organization of the United
Nations, 2021).
The effects of food insecurity on hunger,
malnutrition, health and quality of life were first
studied in 1974 (Akbari et al., 2022). Since then,
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The long period of economic and health crisis
has deepened inequalities in individual
countries, exacerbated ecological collapse,
climate change and public health (Gray & Gills,
2022) more sustainable and durable food system
(Macnea et al., 2021). Apart from the food crisis
that monopolized the discussions in the relevant
European committees, climate change is now
listed as a critical pillar in everyday political
discourse. Although it has not yet been
addressed, the threat of environmental crises
results in worsening eco-anxiety and ecological
grief for the climate (Hamdon et al., 2021).
In conclusion, it has become clear that the crises
facing humanity affect the food and security of
both developing and developed countries,
leaving the way open for the introduction of
urban gardening as an activity of the sustainable
food system (Abeliotis & Doudoumopoulos,
2019).

catalysts to protect the environment and mitigate
greenhouse gases in cities (Puigdueta et al.,
2021) by helping to build resilience in the city
and socio-economic systems (BurchardDziubińska, 2021).
Although the personality of the grower shapes
the application of urban gardening, the goals do
not change. On the contrary, goals are
prioritized based on moral values, such as access
to fresh vegetables, claiming free space,
strengthening solidarity, improving mental and
physical health, nutritional education, etc.
(Hammelman, 2022). It is also worth
mentioning the opportunities community urban
vegetable gardens offer to women to gain selfconfidence through alternative forms of political
action, such as "beyond gender" (Bizarria,
2022). Therefore, there is a need to highlight and
promote urban gardening using sustainability
criteria that are expressed through the cocultivation of many plant species. Therefore,
this work aims to promote the role of cocultivation in the design of sustainable urban
gardening using a literature review and an
experimental co-cultivation of aromatic plants.
It is a method of utilizing resources that enhance
overall crop productivity and disease
suppression (Verma et al., 2021).

Sustainable urban gardening - Co-cultivation Permaculture
Dealing with the crisis requires a simple but
sustainable approach to the planet's challenges
in recent decades to facilitate the inhabitants,
collectively and individually. Permaculture is
considered a simple approach based on the
principle that man must protect nature and vice
versa (Gika, 2016). The concept of permaculture
includes crops with different plant species and
varieties (Feldmann & Vogler, 2021), evaluates
alternative uses of ecological pesticides, is a
solution to support biodiversity and increase
food security by supporting the criteria of
sustainable urban gardening (Thiesen et al.,
2022). This interconnection can provide
solutions at the institutional level for protecting
the planet (Shrestha, 2021) while respecting the
principle that the diversity of systems is aimed
at balancing the environment and productivity
(Gika, 2016).
An example that highlights the Principle of
Diversity is the comparison sought in studies on
monoculture of plant species, which uses
chemical solutions to increase production,
versus co-cultivation, which enhances the selfsufficiency of plant systems (Gika, 2016).
Urban
gardening,
which
focuses
on
permaculture varieties (Feldmann & Vogler,
2021), has many advantages over conventional
agriculture, such as improved seed and plant

Consequences of economic, climatic and health
crisis
Developments in urbanization predict that by
2050, 68% of the world's population will live in
cities, and by 2100 the rate will have risen to
85%. The same situation prevails in Europe,
where urbanization will reach about 82.7% in
2050. Also, the built-up areas will expand by 3%
of the territory, by 2030, with Romania and
Belgium being in the first position (European
Commision, n.d.), while the European Union
envisages no horizontal approach to reduce
uncontrolled urbanization (Committee of the
Regions, 2020).
Urbanization is a significant anthropogenic
factor of decline in ecology, economy and
polluters (Ayers & Rehan, 2021), significantly
affecting the urban food system, mainly
production, processing and consumption (Zhong
et al., 2021). Therefore, the applicable European
policy guidelines promote biodiversity (Ayers &
Rehan, 2021), food security, and reduce food
waste (Zhong et al., 2021).
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data are limited, several studies with qualitative
data have shown that urban gardening can offer
a wide range of benefits (Lampert, 2021) for
physical, mental, social health and can be a
strategy for promoting public health (Gregis et
al., 2021).
The significant contribution of co-cultivation
with aromatic and medicinal plants in a vegetable garden has gained renewed interest in
developed countries (Sánchez et al., 2020) and
is increasingly recognized by the elderly population (Van den Berg et al., 2010). However, the
pandemic also positively affected human
relationships by increasing communication with
friends and relatives over the telephone,
gardening, and other similar activities (Thyrian
et al., 2020), providing opportunities for older
people to engage in activities that stimulate
social behaviours (Gagliardi et al., 2019).
Another particular approach to co-cultivation is
the promotion of the Mediterranean diet, which
has been associated with increasing the
population's life expectancy; therefore, the
elderly should adopt or maintain it (Bonaccio et
al., 2018). Supporting and enhancing the
Mediterranean diet is crucial for sustainable
development and response to malnutrition in the
Mediterranean region (Ciheam, 2015). Starting
at school age, with the creation of vegetable
gardens, the Mediterranean standard of nutrition
is adopted by children and reinforced by adults
(Xanthidis, 2021). Some Mediterranean countries,
Italy, Greece, Spain, and France dynamically
support urban gardening by cultivating
aromatic/medicinal plants and vegetables.
In Italy, a program of involving volunteers in
urban vegetable gardens was used in parks in
Rome, where the co-cultivation of aromatic and
medicinal plants and vegetables was the
occasion for the acquisition of professional
skills in order to contribute to unemployment
(Social Farming, 2015).
In France (Nantes), to deal with the crisis, the
Municipality has created fifty vegetable gardens
throughout the city for needy families to feed the
poor. The urban and solidarity gardens are
located in parks, in public gardens, in the
surrounding area of the City Hall, in flower
beds, squares, etc. (Rosso, 2020).
In Thessaloniki (Greece), thirty families manage
a garden of 600 sq.m. through the Kipos3urban
program under the supervision of the

health, better absorbed substrates, higher crop
yields, etc. (Xi et al., 2021). In practice, it is
expressed by appropriate selection of plants,
with co-cultivation of plant species and
avoidance of chemical pesticides while covering
a wide range of plant uses varieties (Feldmann
& Vogler, 2021).
Co-cultivation in a vegetable garden reinforces
the view that its application provokes positive
attitudes among growers, improves environmental awareness, contributes to increased
vegetable consumption (Nova et al., 2020), and
develops rural the culture and spirit of rural
entrepreneurship. It is also believed to promote
innovations that positively affect the sustainable
development of urban gardening (Drikvand et
al., 2021), such as the cultivation of landless
vegetables (Aminatulhawa & Amaddin, 2020)
or green roofs, which are considered an
alternative to limited space, for tackling climate
change (Calheiros & Stefanakis, 2021).
An essential factor of co-cultivation is the
appropriate selection of plants (Feldmann &
Vogler, 2021) for mutual assistance and
protection against diseases, contributing to the
cultivation of greater plant diversity (Conboy et
al., 2019). Research has shown that plants
communicate through the root system by
secreting chemicals and that touching the leaves
of different plants determines their strategic
growth based on their character (Devlin, 2018).
By highlighting the benefits of co-cultivation,
sustainable farming is promoted as a vital factor
for food security. It can also support sustainable
development goals (Viana et al., 2022) by
addressing the health, social, economic and
environmental impacts through a series of
coordinated actions to improve this situation
(Hutton et al., 2021).
Initially, it is necessary to understand the role of
urban gardening, as income, as a contribution to
nutrition (Ponge, 2020) and as a cooperative
structure on the one hand for the revitalization
of open spaces (Vargas-Hernández, 2020) in
metropolitan suburbs on the other hand for its
preservation in the old food landscape North
(Darly et al., 2021).
As mentioned, sustainable urban culture, which
is expressed by permaculture, contributes both
to self-sufficiency through various techniques
(The Permaculture Kitchen Garden, 2021) and
the protection of health. Although quantitative
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(Central Macedonia Region) at the USAMV
Bucharest and concerns the effort to adapt them
by measuring their growth. The plants selected
with multiple criteria (nutrition, landscape
architecture, seasonality) thrive throughout
Greece and have been adapted in recent years in
Central Macedonia. Some of them are
considered endemic to Crete, and the rest come
from various parts of Greece.
The main selection criterion was their use as
edible plant species, and then the nutritional and
medicinal criteria and the appearance were taken
into account. These are the plants: Aloysia
citrodora, Οriganum dictamnus, Sideritis
syriaca,
Origanum
majorana,
Thymus
citriodorus, Satureja thymbra, Thymus vulgaris,
Salvia officinalis, Rosmarinus officinalis,
Mentha piperita, Mentha spicata, Artemisia
draconiana, Origanum vulgare, Pelargonium
graveolens, Tomato red, Capsicum annumm (De
Cayenne). For the cultivation of the seventeen
plant species, among which fifteen are aromatic
and medicinal plants, the method of cocultivation in solar 60 sq.m. was chosen on the
University premises (Figure 6). The
compositions of four plant species were
preferred in areas of 1 sq.m. to transfer nature at
home scale to make it easier to understand the
possibility of using them.
Each plant composition was designed with
criteria that refer to the co-culture theory and the
SWOT Analysis listed in the results chapter.
Initially, a table was created with data from the
analysis of each plant, and then the desired
combinations were selected. The co-cultivation
criteria
considered
are
plant
family,
evergreen/annual, flowering period, watering
needs, brightness, soil quality, final height, root
system and the approach of beneficial insects.
Initially, a table was created with data from the
analysis of each plant, and then the desired
combinations were selected. The co-cultivation
criteria considered are plant family, evergreen/
annual, flowering period, watering needs,
brightness, soil quality, final height, root system
and the approach of beneficial insects.
The growth of each plant was examined by the
process of measuring height and width, i.e. one
measurement was made at the time of planting
and one after about four months. The
measurements were passed to Excel and
processed accordingly.

Municipality (Dimitrova, 2018), while the
claims for the creation of urban gardening areas
such as vegetable gardens in inactive military
Camps continue, with the aim of their
utilization, socially equitable development and
the use of available natural resources in a
sustainable way (Maknea & Georgi, 2019).
The lack of building land in Barcelona (Spain)
has led residents to turn to other forms of urban
gardening, such as growing on the roofs of
municipal buildings through the Rooftop
Garden program run by the Municipal Institute
for People with Disabilities (Municipal Institute
for People with Disabilities, 2019).
As it turns out, the Principles of permaculture
define a list of messages that can express more
science. Together with Landscape Architecture,
as two separate sciences, they contribute to the
landscape, to nature and try to develop them.
Landscape Architecture uses elements of
permaculture and vice versa (Gika, 2016).
MATERIALS AND METHODS
Initially, with the help of the literature review,
the material was collected to present the effects
of global crises in recent years, sustainable
urban farming, permaculture and co-cultivation
as an alternative. The keywords were used for
the review: sustainable urban horticulture/
agriculture / gardening, co-cultivation / companion gardening, permaculture, sustainable food
system, selecting all languages for 2020-2022.
Then, the SWOT Analysis method was selected
to process the collected data for co-culture. The
method will also help identify the strengths and
weaknesses and examine the opportunities and
threats it faces by helping to strengthen the
strengths, maximize the opportunities offered,
and address the weaknesses and risks that
threaten them (Dori et al., 2018). The practical
significance of the tool is presented in the results
(Table 1) to develop long-term institutionalization strategies and the integration of
elements in the design of a sustainable city
(Orekhov et al., 2018).
However, the work aims to highlight cocultivation, as a method of sustainable urban
cultivation, through a study that tests the
adaptability of different plant species.
This is the co-cultivation of aromatic and
medicinal plants and vegetables from Greece
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Table 1. SWOT Analysis for evaluation of advantages and disadvantages of co-cultivation

RESULTS AND DISCUSSIONS

In particular, when selecting the varieties to be
co-cultivated, the height of the plants, the
watering requirements, the type of root system
(Loehwing, 1937), the flowering and harvesting
period, the possibility of attracting beneficial
insects, etc. should be taken into account.

As a sample, Figures 1 and 2 show the growth
rate in each co-culture group for Rosmarinus
officinalis and Aloysia citrodora, respectively.
Figures 3, 4, 5, 6, show the attracting beneficial
insects and the visual effect of the co-cultivation
from which data are collected specifically for
landscape architecture.
After analysing the advantages and disadvantages of co-cultivation, the possible applications
of urban gardening, its criteria were studied. The
reference point for each crop is the personal or
collective purpose and then follows the
application of the criteria of the viability of the
co-crop. In particular, when selecting varieties
to be mixed, the height of the plants, the
watering requirements, the type of root system
(Loehwing, 1937), the flowering and harvesting
season, the possibility of attracting beneficial
insects should be taken into account.

Figure 1. Rosmarinus officinalis growth
in different co-cultivations
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Figure 6. Co-cultivation of different plant species in solar
Figure 2. Aloysia citrodora growth
in different co- cultivations

As observed in experimental co-cultivation,
groups of plants where the varieties differ
significantly in height can not be easily cocultivated. The reason is that the taller plant has
a greater advantage in terms of light intake,
while plants that grow at almost the same height
can easily co-cultivate with each other and
usually reach an average height. Another
conclusion from the results is that it does not
make sense to plant a varied composition if a
passage is foreseen between the plants. The
growth of disturbed plants is slowed down while
the possibility of the disease spreading among
the plant's increases.
From the above, it appears that co-cultivation is
not considered a science. As the review shows,
both in scientific research sources and on the
free internet, knowledge of co-cultivation is
limited to the practical part. At the same time,
there is no accurate and sufficient data for the
interaction of plants. This lack is because
amateur growers apply most co-cultivations in
urban gardening and not for scientific research.
Therefore most of the elements suggested by the
internet are based on experience and are
considered extremely useful for a city dweller
seeking to improve his quality of life. However,
the ecological significance of the observed
responses needs to be investigated.
The SWOT table grouped the advantages and
disadvantages of "co-cultivation" to be correctly
interpreted and applied in design. This table is a
comprehensive approach to co-cultivation,
based on the literature findings, dynamically
identifying a researcher who wants to delve into
scientific criteria. The essence of the results
should be emphasized, which arises from the
advantages expressed through strengths and
opportunities, despite the weaknesses and

Figure 3. Beneficial insects as a result of co-cultivation

Figure 4. Co-cultivation medicinal aromatic plants

Figure 5. Co-cultivation medicinal aromatic plants
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