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ABSTRACT

Given increasing evidence of the unsustainable nature of conventional intensive agriculture,
alternative methods of food production must be considered. Urban agriculture (UA) is one
proposed mechanism for increasing food system sustainability, given the potential to provide
social and ecological benefits while increasing access to nutritious food. In conventional
farming, the incorporation of more perennial crops has been proposed to increase sustain-
ability through reduced soil disturbance, increased water retention and supporting higher
biodiversity than annual cropping. However, little research has explored the possible benefits
associated with perennial cropping in UA, or whether perennial crops incur any novel costs in
urban settings. To answer these questions, we interviewed eleven managers of UA growing
sites in England. Thematic analysis identified four key themes in respondents’ answers 1)
issues faced by growers due to their urban locations, 2) negatives and 3) positives associated
with perennial growing and 4) the alternative growing practices utilised. The soil, water and
biodiversity benefits associated with perennial crops in conventional agriculture are also
perceived to be present in perennial UA. The previously reported health and social benefits
for people of UA persist in perennial UA, and the permanent structures perennial crops create
can enhance the benefits of these sites as community spaces. However, growers identified
novel social and ecological costs associated with growing perennials, including their wide-
spreading and long-lasting nature. Growers' experiences of the social and ecological benefits
and costs of perennial UA highlight the need for management of urban growing spaces to
consider multiple perspectives.
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KEY POLICY HIGHLIGHTS

e lack of knowledge among urban growing communities and the wider public regarding
perennial crop cultivation and management, suitable species for local urban environments
and dietary integration were perceived as barriers to successful perennial growing. Greater
investment in food systems education may help address these knowledge gaps.

® Policies that improve land tenure security for urban agriculture sites and strengthen
stakeholder relationships are needed to maintain the perceived benefits of urban perennial
agriculture, as perennial crops can be long-lived and may require several years to establish
and reach full productivity, necessitating long-term investment and continuity of land
access.

® Increased biodiversity was perceived as a positive of perennial crops in urban agriculture,
providing benefits for ecosystem services, environmental education and wellbeing, whilst
simultaneously creating challenges through increased pest pressures. This illustrates the
multifunctional nature of perennial urban agriculture, where ecological, social and practical
outcomes are interconnected; policy and funding frameworks should recognise these
connections.

Introducti
ntroduction able to provide the world’s growing population with

Conventional agricultural systems, typically charac-
terized by large-scale industrial production, are
increasingly recognized as ecologically unsustainable.
Intensive management practices degrade soil and
water quality, contribute substantially to greenhouse
gas emissions and drive biodiversity loss through
habitat destruction (Pretty and Bharucha 2014; West
et al. 2014; FAO 2025). Beyond these environmental
concerns, the current global food system will not be

the nutrients required for a healthy life in the future,
a challenge intensified by rapid urbanisation, global
pandemics, rising conflict and climate change (UN
2019; HLPE 2020). In response, the Food and
Agriculture Organisation of the United Nations
(FAO) has identified the expansion of urban agricul-
ture (UA) as a method for enhancing food system
sustainability, given its demonstrated links to
improved food and nutrition, climate change
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mitigation, poverty alleviation, and increased urban
biodiversity (FAO, Rikolto & RUAF 2022).
Throughout this study we follow the FAO’s definition
of urban agriculture as ‘the production of food and
other outputs and related processes taking place on
land and other spaces within towns, urban centres,
cities and surrounding regions’.

Urban agriculture is practiced around the world,
across an estimated 67.4 mha of urban and peri-
urban land and is most prominent across South and
East Asia, Africa and Latin America (Zezza and
Tasciotti 2010; Thebo et al. 2014). Within Europe,
urban agricultural production has fallen since its peak
during WWII when up to 18% of fruit and vegetable
consumption was attributed to home growing during
the ‘Dig for victory’ campaign in the UK (DEFRA
2017). Post-World War II declines in urban growing
spaces provisioning are likely due to a rapid increase
in urban populations, reduced land available for cul-
tivation, and the development of globalised, less sea-
sonal diets (Edmondson et al. 2020). Within the UK,
a recent resurgence in public interest in UA has led to
pressure on local governments which typically
administer the renting of publicly owned ‘allotments’
(small plots of land, typically 250 square metres in
size) for food growing. For example, in 2019 17,424
people were reported to be on an allotment waitlist in
London, a fourfold rise from 2006 (Fletcher and
Collins 2020).

Recent studies have shown that small urban grow-
ing spaces have the capacity to produce crop yields at
a comparable rate to, or higher than, conventional
commercial agriculture, with minimal reliance on
agro-chemicals (McDougall et al. 2019; Edmondson
et al. 2020; Nicholls et al. 2020). However, this pro-
ductivity has been shown to vary according to loca-
tion, management practices and growers’ motivations
(Caputo et al. 2023; Dorr et al. 2023a). Furthermore,
the resource efficiency of UA systems has been ques-
tioned. For example, McDougall et al. (2019) found
that the average value of labour and material inputs
exceeded the market value of the crops produced in
UA sites in New South Wales, Australia. Common
inputs within UA include organic materials such as
topsoil, compost and manure, as well as, municipal
water and non-renewable materials, often reflecting
limited access to infrastructure that would support
more sustainable practices, such as rainwater harvest-
ing (McDougall et al. 2019; Caputo et al. 2023; Dorr
et al. 2023a; Manente et al. 2025). As with productiv-
ity, both the use and cost of these inputs have been
reported to vary substantially across different urban
growing contexts (Guitart et al. 2015; Dorr et al.
2023a; Manente et al. 2025).

In addition to being productive food growing
spaces and improving access to healthy and nutri-
tional food for wurban residents (Gulyas and

Edmondson 2024), urban growing provides a myriad
of additional benefits to growers, including improved
physical (Audate et al. 2019), and mental health due
to enhanced social networks, access to a stress reliev-
ing refuge, cultivating personal development and
improved connection to nature (Genter et al. 2015;
Soga et al. 2017; Cano-Verdugo et al. 2024; Gulyas et
al. 2024). Alongside the benefits for people, UA and
other urban greenspaces are discussed as areas that
increase ‘urban biodiversity’, defined as the variety
and richness of living organisms and habitat diversity
found in and on the edge of human settlements
(Muller et al. 2010). For example, a study in four
UK cities found allotments and residential gardens
to be ‘hotspots’ for pollinators, having significantly
higher bee and hoverfly abundances than the rest of
the city (Baldock et al. 2019). While the evidence base
regarding the productivity, biodiversity and wellbeing
benefits of UA is growing, there has been limited
research on the intersection between ecological and
social benefits of these agricultural sites and the spe-
cific management strategies used to optimise grow-
ing, nor on the possible disadvantages associated with
urban growing (Church et al. 2015).

Alongside increasing UA, another method sug-
gested to increase the sustainability of food produc-
tion is to increase or switch to perennial crops
(Asbjornsen et al. 2014). Perennial crops are defined
as ‘crops that are planted and do not need to be re-
planted or fully harvested annually to obtain goods’
and include woody fruit and nut trees, fruit shrubs
and herbaceous grasses (Ledo et al. 2020). The cited
benefits of perennial growing in conventional agri-
culture include nutrient uplift and regulation (Power
2010; Asbjornsen et al. 2014), increased soil organic
carbon (Ledo et al. 2020; Shang et al. 2024), decreased
greenhouse gas emissions (Power 2010) and
increased biodiversity, including beneficial insects
(pollinators, pest regulators) (Kreitzman et al. 2022).
However, little to no research has explored whether
the benefits associated with perennial crops are also
present in urban systems. This is important, given
processes associated with perennial cropping, such as
decreased surface runoff arising from improved soil
structure (Asbjornsen et al. 2014), may be even more
beneficial in urban spaces where there are large areas
of impervious land cover. Finding ways of increasing
urban resilience against flooding events is important
in countries such as the UK, which is predicted to
have more extreme precipitation events under climate
change (Ekstrom et al. 2005; Kendon et al. 2023).
Moreover, perennial growing within urban land-
scapes may alleviate urban-specific issues such as
the heat island effect, a phenomenon which may in
turn affect crop growth and the provisioning of eco-
system services required for urban food production,
e.g. pollination (Lin et al. 2018; McDougall et al.



2022). It is therefore critical to explore whether the
benefits of perennial cropping are applicable to UA and
whether any novel positive or negative impacts arise
from growing perennials for food in an urban setting.

A complication in research on urban agricultural
systems is that they differ in type, management needs,
and desired outputs, with 23 different defined types
of UA identified globally (Cilliers et al. 2020).
Furthermore, within the different UA types, a wide
variety of crops are grown, ranging from mostly
annual crops to mostly perennials. For example, one
type of urban growing which is common in the UK
and parts of Europe is allotment growing (Genter et
al. 2015), where commonly grown crops are predo-
minantly annuals such as tomatoes, lettuces, beans of
varying varieties, peppers, cucumbers, courgettes,
carrots and squashes (Gregory et al. 2016; Woods et
al. 2016; Edmondson et al. 2020; Dorr et al. 2023b).
Alternative growing methods exist, however, such as
food forests comprising multilayer agroforestry sys-
tems which produce edible perennial crops at the
ground, shrub and tree layers (Albrecht and Wiek
2021; Oncini et al. 2024). Due to these differences
in crop diversity, studies often consider the different
types of UA independently within research outputs.

While independent studies have quantified the
positive and negative impacts of perennial growing
in conventional agriculture (Power 2010; Asbjornsen
et al. 2014; Ledo et al. 2020; Kreitzman et al. 2022;
Shang et al. 2024) and the benefits of UA more
generally (Genter et al. 2015; Soga et al. 2017;
Audate et al. 2019; Cano-Verdugo et al. 2024;
Gulyas and Edmondson 2024), limited research has
been conducted to see if these impacts also apply to
perennial UA. While the positive impacts to biodi-
versity within perennial UA are beginning to be
explored (Horak et al. 2017; Arnold et al. 2019),
very little work has focused on other potential ecolo-
gical impacts, such as soil organic carbon storage
(Edmondson et al. 2014). Moreover, with the more
recent acknowledgement of the high value of urban
food growing sites for facilitating socio-cultural inter-
actions and improving health and wellbeing (Fletcher
and Collins 2020), more research is needed to evalu-
ate whether there are any positive or negative impacts
unique to perennial urban systems.

To resolve these knowledge gaps, we conducted
semi-structured interviews and questionnaires with
eleven managers of a range of different types of UA
in England, including sites of different ages, sizes and
geographical regions. The aim of this research was to
explore the question ‘what are the views of UA man-
agers towards the growth and management of peren-
nial crops? The intention is for the results to
highlight the key perceived positives and negatives
of growing perennials within UA, encompassing
both social and ecological dimensions. This
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qualitative exploration allows for the collection of
nuanced data covering a wide range of topics sur-
rounding the perceptions and lived experiences of
perennial UA. People involved in urban growing are
privy to knowledge of the benefits and issues sur-
rounding crop yields, biodiversity, human health
and community cohesion which are all from experi-
ence imbedded in the practice; knowledge which
would require great interdisciplinary effort to collate
independent of the growers. Finally, the utilisation of
knowledge and experience of those involved in per-
ennial urban growing allows for information to be
exchanged, leading to transformative research which
is beneficial to both scientists and growers (Streit
Krug and Tesdell 2021).

Methods

To explore the perspectives of urban agricultural
managers on perennial crop growing, we asked the
participants to complete a questionnaire and con-
ducted semi-structured interviews. The questionnaire
consisted of six questions designed to establish quan-
titative data on the age, size and type of each UA site,
along with the inputs used within the management of
the site (see supplementary materials) and took five
minutes to complete. Questionnaires were completed
before the interview commenced as the answers
helped guide the interview questions. We used
semi-structured interviews because they allow for
the drawing out of a wide breadth of knowledge
and the flexibility to focus on specific details in
more depth, gaining large amounts of data (Newing
et al. 2011). The interviews occurred in situ during a
tour of the interviewees’ urban growing site, lasting
~50 minutes. The guiding questions were curated to
answer the key question “What are the views of UA
managers towards the growth and management of
perennial crops’. The questions were designed to
elicit in-depth responses towards the key perceived
negatives and positives of growing perennial crops,
alongside the main barriers to the implementation of
perennials and the individual site variables that may
affect this (see supplementary materials for interview
guide). Interviews were carried out in English from
January to November 2024. Within interviewee
quotes spelling and grammatical errors have been
corrected to improve comprehension of the text;
ellipses within the quotes indicate the removal of
superfluous text.

Participants

Participants were identified through internet searches
for the term ‘urban agriculture’ or one of the cate-
gories of UA described in Cilliers et al. (2020) and
‘England’ or the name of a major town or city within
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England. Inclusion criteria required sites to self-iden-
tify as a form of UA, provide publicly accessible
contact information, demonstrate involvement in
perennial crop growth, and be located within cities,
towns or other urban centres in England. Exclusion
criteria included sites located outside England or out-
side urban areas, the absence of documented peren-
nial crop production, insufficient publicly available
information regarding site size, age, location, or cul-
tivation methods, and sites representing the same
primary UA system as another participant within
the same county. Specific sites were selected to encap-
sulate a broad geographical representation across
England to account for potential climatic, seasonal
and cultural variation. Considerations were also
given to the age and size of the sites during partici-
pant selection, though this information was not
always publicly available and therefore was clarified
within the questionnaires. When recruiting intervie-
wees, a manager of the site was requested for inter-
view, when this was not possible or applicable, a core
active member with knowledge of the site and its
decision making was requested. Interviews were car-
ried out with eleven participants involved in the
management of urban agricultural sites which con-
tained some form of perennial growing. At four of
these sites more than one type of UA was taking
place. Of these eleven participants, four managed
urban allotment sites, three were involved in the
management of urban orchards, four managed
urban community gardens, three managed an urban
food forest, one managed an urban community sup-
ported agriculture site (CSA) and one managed an
urban nursery plot (Figure 1). All participants culti-
vated crops in open field systems, with six sites also
using a small-scale glasshouse or polytunnel.

Ethics

During the initial contact with participants to request
an interview for this study, urban agricultural site
managers were informed of the purpose of the study
and the rationale behind it. They were informed that
without their consent no information on their site
would be collected or reported on. It was made clear
that any information collected as part of the interview
or questionnaire would be stored in a de-identified
manner and kept separate from their contact infor-
mation and that any information was treated as
strictly confidential (subject to legal limitations) and
handled in accordance with the Data Protection Act
1998. Prior to the recording of any information, all
participants signed a consent form (see supplemen-
tary materials) which explicitly stated that involve-
ment in the study is voluntary, that all participants
have the possibility to ask further questions pertain-
ing to the use of their data, retract sections of their

data or remove all their data (by 31 December 2024)
from the study if requested. This research was
approved by the University of Sussex ethics board
(ER/EM682/1).

Data analysis

A thematic analysis was performed on the interview
data collected in this study to identify the key percep-
tions of urban growers about perennial crops.
Thematic analysis is a commonly used method of
qualitative analysis which is flexible and can provide
rich and complex analyses for a wide range of data
types and topics, whilst remaining comprehensible to
those not highly trained in qualitative research
(Braun and Clarke 2006, 2014). This method of ana-
lysis identifies repeated and significant themes within
the data, as well as how these are structured and
related. Within this study an essentialist/realist
approach was adopted, whereby participants’
accounts were treated as direct descriptions of their
lived experiences of perennial UA (Braun and Clarke
2006). Moreover, a deductive style of analysis was
performed. Rather than allowing themes to emerge
solely from the data, the analysis was guided by the
researcher’s a priori knowledge and the published
literature, enabling the analysis to focus on the spe-
cific areas of interest within the interview data and
allowing for direct comparison to previous research
(Naeem et al. 2023). Within this study we were inter-
ested in the semantic themes, derived from the expli-
cit meaning of the participants’ responses.

The analysis of interview data was completed fol-
lowing the six-step method outlined in Braun and
Clarke (2006):

(1) The audio data was transcribed and re-read
prior to the initial analysis, so that the analyst
was immersed within the content.

(2) Working through the entire dataset of tran-
scripts systematically, initial codes (categories
used to organise observations to help identify
patterns or themes) were identified using
NVivo (Lumivero 2023). For example, ‘If you
ask enough people, they will just list every fruit
they have heard of, and they won’t list any of
the fruits they haven’t heard of. was coded
within ‘public engagement” and ‘general
knowledge of perennials’.

(3) The extensive list of codes was collated into
potential themes, containing all the codes
identified. This involved merging codes that
contained the same ideas and grouping linked
codes together, e.g ‘general knowledge of per-
ennials’, ‘crop varieties’ and ‘understanding of
ecological principals’ and were collated into
the sub-theme lack of knowledge. Once a logi-
cal structure of the data was organised, all
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Figure 1. Map of England showing the locations of UA sites which were included in the study. Where multiple sites are located
in the same city, the sites have been jittered for visualisation purposes. Colours indicate the style of UA carried out on the site.

CSA = community supported agriculture.

quotes associated with these themes were com-
piled together.

Themes were then reviewed in relation to the
coded quotes, to check that all themes and sub-
themes have enough data to support them. If
data were lacking, themes were either removed
or merged to create a broader theme, such as the
merging of sub themes ‘management challenges’
and ‘permanent nature’ into ‘nature of peren-
nials’. When this ‘thematic map’ was deemed
satisfactory, a second review took place in rela-
tion to the entire body of data, to confirm that
the themes identified accurately portrayed the
participants’ perceptions and that no relevant
quotes were missing.

Once the themes and sub-themes were fina-
lised, they were named, defined and ordered to
create a comprehensive structure of analysed
data. The defined themes included a clear

(4)

(5)

description of what the theme encompasses,
as well as how the content of this theme fits
into the context of the wider data and why this
is relevant to the key question.

Finally, the results were reported upon, includ-
ing a clear description of each theme and the
diversity within, with key extracts from the
text to support each point. Themes were
explored in relevance to the key question and
wider literature.

Results
Questionnaires

Participants were interviewed from eleven sites in
eight regions of England (Figure 1). The intervie-
wees listed their roles within the urban growing
site, the most common of which were project co-



6 e E. K. MILLERCHIP ET AL.

ordinators/managers (5) and site managers (3).
However, several sites did not have a traditional
hierarchical management system in place and thus
had roles such as a core member (1), grower (1)
and biodiversity officer (1). The age of the sites,
measured as the length of time the sites had been
under continuous management by the current indi-
vidual or organisation, ranged from less than a year
old to 28years old. The area of the sites ranged
from an individual allotment plot which covers
250m* to a site which held both a community
garden and food forest covering 30,351 m° of
land. The most common input to the sites was
irrigation (nine sites). Topsoil and fertiliser were
added to four of the sites. The fertiliser used ran-
ged widely including; wood chip, ash, brewery
waste, manure, comfrey as a green manure and
compost made on site. One site indicated they
have used insecticides and specified this was the
use of organic slug pellets. Four sites listed alter-
native inputs required at the site; these include
mycorrhiza, timber for bird cages and other struc-
tures, and cardboard for ground cover control.

Interviews

The results of the interviews were separated into
four key themes; 1) the issues faced by growers due

to their urban locations, 2) negatives and 3) posi-
tives associated with perennial growing and 4)
alternative sustainable growing practices. Within
the broad theme of negatives and positives of per-
ennial growing eight sub-themes were identified
(Figure 2). Within the negatives, sub-themes con-
sist of the nature of perennials (2.1), lack of knowl-
edge (2.2), hazards (2.3) and pests (2.4). Within the
theme of ‘positives of perennials’, biodiversity ben-
efits (3.1), management (3.2), longevity (3.3) and
soil benefits (3.4) were identified as important sub-
themes. Within the interviews each sub-theme was
identified in at least three of the six unique UA site
types visited (Table 1). Further supporting inter-
viewee quotes can be found in the supplementary
materials Table 1).

Theme 1 - Issues faced by growers due to
their urban locations

For the perceived negatives and positives of peren-
nial growing to be understood within the context
of UA, the nuances of urban growing must be
established. None of the interviewees specified
crop yield or production as the sites main aim;
thus, the comparison between the yield of annual
and perennial crops was not discussed further
within the interviews. Instead, the interviewees

What are the views of urban agriculture actors towards the growth and management of perennial crops?

Issues faced by urban
growers due to their urban
locations

Negatives associated
with perennial growing

Alternative sustainable
growing practices

Positives associated
with perennial growing

7

Hazards Lack of knowledge Nature of perennials Pests Biodiversity Management

N

Longevity Soil benefits

Figure 2. Thematic map, showing the key question, the four themes and the eight sub-themes developed in the thematic
analysis. Solid lines show groupings of sub-themes within their themes. Dashed lines show links between themes discussed in
the analysis, and dotted lines indicate links between sub-themes found during analysis.

Table 1. List of negative and positive sub-themes associated with perennial growing across the six different types of UA site
interviewed, with a cross indicating that a particular site identified the sub-theme listed.

Community Food Nursery Community Supported
Allotment Orchard Garden Forest Plot Agriculture
Negative sub- Nature of perennials X X X X
themes
Lack of knowledge X X X
Hazards X X X
Pests X X X
Positive sub-themes  Biodiversity X X X X X
Benefits
Management X X X X
Longevity X X X X
Soil X X X X




stated that creating a greenspace for the benefit of
themselves and their families, or the wider com-
munity, was their key aim or biggest success of the
site. One of the site managers highlighted the abil-
ity of their work to help vulnerable groups such as
‘children, young people, adults with special educa-
tional needs’.

However, the goal to provide a thriving commu-
nity environment within an urban growing space
leads to reoccurring stresses, particularly from lack
of funding. An interviewee from every type of
urban growing site found the lack of consistent
funding or the expenses of running the site to be
a large strain. Finding the balance between working
at the site and applying for new means of funding
was a clear issue and led to sacrifices such as using
‘low grade materials’. Using ‘cheap’ or recycled
materials was discussed across multiple sites, with
concerns highlighted around the sources of these
goods and what they may contain. Moreover, sev-
eral sites discussed having to wait to build benefi-
cial structures, due to either insecurity of their land
tenancy or the cost of good quality materials and
labour. Thus, leaving the sites less suitable for
public use, in the case of building restrooms, and
less sustainable, in the case of using rainwater run-
off from the structure roofs for irrigation. The
finance issue is exacerbated by the low pay or
volunteer basis of these jobs, leaving people to
make sacrifices of their own take-home pay.

‘Yeah, that’s the biggest, if you had a bit of money or a
bit of investment to throw at it you know, we scrape by,
we don’t pay ourselves enough’.

This lack of funding leads to a reliance on volun-
teer work which was highlighted as a major worry
across all types of growing, bar the CSA and allot-
ments. Issues arise as the numbers of volunteers
fluctuate either seasonally, leading to issues such as
a lack of volunteers for key winter tree pruning, or
yearly, especially among those who are willing to
take on key roles.

“The hardest thing sometimes is recruiting students
that want to take on more responsibility ... recruit-
ing people to the committee’.

Theme 2 - Negatives associated with
perennial growing

2.1 Nature of perennials

The permanent nature of perennial crops was raised
as a perceived negative for their growing success.
Several interviewees mentioned the limited survival
of perennials when transplanted to new locations,
both between and within sites.
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Portuguese kale didn’t survive. I don’t think they like
being moved when we transplant them out.

The concern surrounding the inability to move per-
ennial crops once established was discussed in asso-
ciation with issues surrounding insecure land tenure
of growing sites. Most of the site managers inter-
viewed rent the land they grow on. With the high
demand for urban space and short-term rental con-
tracts, this has led to feelings of land insecurity, fric-
tion with stakeholders and frequent movements of
locations. All of these were cited as additional strug-
gles faced in urban growing and were noted as a
concern surrounding an investment in perennial
crop growing. This overlap demonstrates how chal-
lenges associated with the wider context of urban
growing, particularly land insecurity, directly inter-
sect with the specific challenges of growing perennial
crops (Figure 2).

This would be the best place for building ..., and all
we have is an e-mail saying ... the Forest Garden site
is yours in perpetuity. But there’s always the danger
that somebody might say ... we’ve got other plans.

Another issue often cited was that perennial crops
can be ‘unruly’ and difficult to manage, growing out-
side of the desired space or for longer than expected,
leading to laborious management. The uncontrolled
spreading of crops can lead to conflict with neigh-
bours; this can occur through invasion of the crop
into their property or through shading out their land.
Again, this highlights the tension between the nature
of perennials and the confined, shared nature of
urban spaces, where proximity to neighbours, often
with a different land-use, can increase potential for
conflict.

We've got quite a lot ... of red currant bushes and
things like that along the fence and next door always
keep cutting them back because he doesn’t want
them. Because once they start to grow, they just
grow everywhere.

2.2 Lack of knowledge

One of the limitations stopping people from expand-
ing their perennial growing was the lack of knowl-
edge about what crops are available. Those who have
invested some time in researching perennial crops
had knowledge of a variety of exotic or historic
crops such as ‘Pawpaw’ and ‘Skirret’. This was high-
lighted by an urban orchard manager who noted that
people who had more knowledge in the area often
suggested a ‘wildcard” which they proceeded to grow,
but that these ideas often came from people who were
‘interested” in the topic and had ‘read through some
books’. In juxtaposition, the general public’s lack of
knowledge was highlighted as a limitation to the
expansion of perennial growing (Table SI).
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If you ask enough people, they will just list every
fruit they have heard of, and they won’t list any of
the fruits they haven’t heard of.

A manager of an urban community garden suggested
that people’s knowledge of what grows does not mir-
ror what crops we should be planting ‘in the climate’,
especially with climate change. This concurs with
others’ interviews, which suggest that people want
to grow recognisable fruit even if it is unlikely to
thrive within the site-specific environment. This
introduced environmental considerations into the
perceptions about perennial crop growth, highlight-
ing that UA managers recognise a tension between
the familiar crop choices of urban residence, who do
not have a strong education in agriculture, and the
need to plant for a changing climate.

2.3 Hazards

Another issue associated with perennial growing was
the perceived hazards they may cause in an urban
environment. Being placed within public spaces
means that sites often must work with landowners or
the local council to ensure all their practices follow
health and safety guidelines. One site described its
relationship with the council as a ‘battle’ whilst another
discussed its ‘interesting relationship’ with local devel-
opers. The issues raised by these enforcing bodies to
the UA sites ranged from making an established public
greenspace look less attractive, to the environmental
effects of the crops grown. On one occasion, extreme
but unlikely risks were cited as perceived issues with
perennial growing, such as ‘public realms don’t want
them because the fruit fall and then people slip and
die’. These concerns highlight how the characteristics
of perennial growth can intensify the challenges of
growing within urban spaces, where concerns of safety,
appearance and management are more present, thus
demonstrating the intersection between the perceived
hazards of perennials, their inherent nature and the
wider challenges of urban growing (Figure 2).

2.4 Pests

Adding perennial plants into environments can
increase the biodiversity, a fact which was discussed
in both a positive and negative light. Some of the
concerns of increased biodiversity included novel
perennial fungal pests and encouraging pests which
may steal the crop such as ‘slugs and snails’, ‘birds’,
‘squirrels’ and ‘foxes’ (Table S1). This can lead to
measures such as bird cages and netting crops
which increase the materials needed at a site and
require extra management and labour time.

‘We had hostas there, but the slugs got those this
year here. We don’t have hostas anymore’.

However, several people discussed finding joy in wit-
nessing the species they had classified as pests inter-
acting with the crops despite the loss in crop yield or
productivity. This illustrates a conflict in perennials
growing, where the habitat and structural diversity
provided by perennial crops can increase both the
presence of unwanted pests (2.4) and valued biodi-
versity (3.1, Figure 2). An allotment manager dis-
cussed the contrasting positives and negatives of
tree cover with the benefit to ‘birds and the wildlife
... they’ve got somewhere to hide’ but also providing
the structure for them to ‘sit when they pinch things’.

Theme 3 - Positives associated with perennial
growing

3.1 Biodiversity benefits

Whilst increased biodiversity was seen on some occa-
sions as negative, in the case of increasing pests,
many interviewees highlighted the positive effect
this may have, including those who also identified a
negative side. One of the main positives of perennials
was thought to be the lack of pest damage suffered, in
direct opposition to the novel pests highlighted
above.

We don’t have a lot of insect pest problems on the
fruit trees ... They don’t bother us really because you
know, that’s not going to affect the things that we
grow.

Moreover, on sites where both perennials and
annuals were grown in unison, one of the drivers
for adding perennials was their perceived role in
increasing the wildlife on the site (Table SI1). In
some sites, specific species of native perennial (e.g
‘Alder buckthorn’) were added to increase the diver-
sity of a target taxa or individual species (e.g ‘brim-
stone butterfly’), and as an educational tool to teach
the visiting public ‘about what biodiversity could look
like in their own gardens’. This contrasts with section
2.2 (Figure 2) where lack of knowledge about peren-
nial crops was identified as a barrier to their adop-
tion, suggesting that while limited understanding can
restrict their adoption, perennials themselves can
provide an important educational tool for developing
knowledge of biodiversity.

The biodiversity of perennial plants was also dis-
cussed at one community garden where the different
beneficial roles of species were described with ‘all the
different layers, shrub layers and ground layers’
within fruit tree guilds having a specific role such as
‘pollinator attractors, pest control, nitrogen fixer,
mineral accumulators’. Therefore, the increase of per-
ennial diversity was seen to beget biodiversity and
ecosystem services.



3.2 Management

One of the commonly discussed positives of grow-
ing perennial crops was the ease of management
compared to annuals (Table S1), in direct opposi-
tion to the difficulty in management cited pre-
viously within the nature of perennials (2.1). One
of the key benefits discussed is the ability to spend
less time managing the crops, such as a crop being
‘left to its own devices’ and still surviving and
producing food. This was highlighted as a signifi-
cant benefit as it is ‘less work’ and is especially
beneficial for community plots when ‘there is no
one here’ to manage the crops, reinstating the
reliance of urban growing sites on volunteer
hours, due to lack of funding for staff, highlighted
in theme 1 and how perennial growth may over-
come some of these challenges. This ease in man-
agement was also seen as beneficial from a
stakeholder point of view as it means less resources
are needed to be put aside for long-term manage-
ment or repeated planting costs.

One of the key traits of perennials which allows
for ease of management is their hardiness.
Managers of an urban food forest, nursery plot,
community garden and CSA all independently dis-
cussed the high survival of perennial crops com-
pared to annuals, describing them as ‘stronger’,
‘hardier’, and more ‘resilient’. One of the traits
linked to this resilience was being able to cope
with serious weather events (Table S1), an example
given was fruit bushes not rotting when they have
been ‘flooded so many times’. Another key aspect
of this hardiness is their ability to not only manage
with less watering than annual crops but also thrive
in an environment where other plants experience
drought damage. This again highlights the limited
time needed for management of perennial crops
throughout the year, even during extreme weather
events.

The Portuguese kale goes huge ... And I didn’t water
them ... for the whole summer. Just to see what
would happen and they really were very, very tough
and hardy.

3.3 Longevity

Another perceived benefit of perennials is that, due to
their multi-year nature, they can provide year-round
benefits to other crops and people. Perennial trees
and bushes were described to provide shelter from
weather conditions such as for shade tolerant plants,
or as a shade / windbreak for people.

it will grow up to a really nice kind of native hedge-
row. Your wayfarings, your blackthorn and haw-
thorn and that kind of thing ... bit of habitat and a
windbreak for us too.
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Moreover, the permanent structures that perennial
plants create benefit not only crops or individuals but
have become community meeting spots and sites of
support or celebration, whether that be ‘spreading
ashes’ or ‘hosting a bake sale’. The permanent nature of
sites which include many large perennial trees and
bushes ‘make a statement, this is now a community
space which it wasn’t before’ and can be used as a site
for community events. These examples suggest that per-
ennial crops can be beneficial in urban growing spaces
specifically (Theme 1), by providing permanent recogni-
sable green spaces that can be utilised by the community
for socialisation. However, to foster good community
relations with all groups, careful planning of the peren-
nials in an urban space may be required. One urban
orchard discussed the issues faced with blocking the
view through a fence with a hedgerow as a group of
women in the neighbourhood ‘wanted to have a clear
view through, so they could see if there was a big gang of
lads here before they take that footpath’. To keep com-
munity cohesion, but also use all the growing space
available, the site used espaliered trees so ‘we can train
them ... then you can still be able to see through’. This
careful design of the site allowed the benefits of perma-
nent structures to coincide with creating community
sites which work for all those involved in the community.

3.4 Soil

The final perceived benefit of perennial growing was the
benefit to the soil. Perennials were said to benefit the
soil because ‘you don’t keep uprooting them every year’
leading to less soil disturbance. Lower soil disturbance
was recognised as a benefit as it means carbon and
nutrients are accumulated in the soil and ‘Tocked in’.
Another advantage of having to ‘very seldom dig’ which
was discussed by a food forest manager was the building
of a ‘mycelium internet under the ground’, allowing
nutrients to be transferred and helping a site become
‘self-supporting’, as well as increasing the biodiversity of
the site, linking back to previous discussions about the
benefit of perennial crops for the biodiversity of a UA
site (3.1). Other perennial crops such as ‘sea buckthorn’
were planted due to their ability of nutrient accumula-
tion: ‘fixing nitrogen out of the air and make it available
for other trees as well as producing fruit’. Good soil
health and functioning was highlighted as one of the
most important factors in food growing across the sites
and thus the benefits perceived for this were of great
interest to the growers.

Theme 4 - Alternative sustainable growing
practices

Lastly, many of the sites discussed alternative prac-
tices which were aimed at increasing sustainability
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and involved methods linked to the benefits of per-
ennial growing whilst being separate from it.
Commonly occurring examples of this were reduced
soil disturbance through no dig practices, mirroring
the perceived benefit of reduced soil disturbance by
perennial crops highlighted above (3.4, Figure 2) and
increasing environmental health through organic
farming practices.

fully no dig and no chemical inputs as well. So fully
organic to an extent, not officially fully organic, but
we do everything we can.

Another method often deployed was the ability to
grow crops which are traditionally grown as annuals
as perennials, by protecting them through the winter
so they crop a second year or allowing them to self-
seed so that they re-grow without having to replant
by hand. This approach reflects several benefits asso-
ciated with perennial growing discussed above, parti-
cularly reducing the labour and resources required
for repeat planting which is a benefit to the unpre-
dictable volunteer workforce (Theme 1) and making
use of the self-sustaining characteristics associated
with perennial systems (3.3).

Finally, a sustainable method cited in many of the
interviews was the act of recycling. Seeds were saved
and recycled through years; this was done to keep
costs down but also to allow seeds to adapt to the
environment. The materials used within the sites
were often sourced from volunteers and recycled to
‘not bring in too much or take much off site’ or create
‘a circular economy’, be that woody material from the
perennials on the site or peoples’ waste for compost
and mulching.

In summary, the findings indicate that intervie-
wees perceive perennial crops as offering substantial
ecological, social and management-related benefits
within UA, while simultaneously recognising several
significant barriers to their wider adoption. Recurrent
concerns were raised around the permanent nature of
perennials, especially with insecure land tenure, lim-
ited public knowledge of perennial crops, stakeholder
perceptions and pest pressures. Importantly, many of
the perceived benefits extended beyond food yields,
aligning closely with the aims stated by the partici-
pants, which emphasised community engagement,
wellbeing and education. Furthermore, the discussion
of complementary practices such as no-dig cultiva-
tion and resource recycling suggests that perennial
growing is embedded within a broader system of
sustainable urban growing. Across these findings,
many characteristics of perennial growing were per-
ceived both positively and negatively, with features
such as longevity, management and increased biodi-
versity presenting as benefits in some contexts but
challenges in others, depending on the discipline the
grower was considering. Taken together, these

findings highlight the multifaceted nature of peren-
nial crops in UA, with growers considering ecologi-
cal, social, economic and practical impacts.

Discussion

This study presents first-person accounts from man-
agers of a range of urban agricultural site types, dis-
cussing the perceived positive and negative impacts of
perennial crop growth within UA in England, along-
side the unique challenges faced by urban growing
and the common sustainable growing practices
employed. While sites ranged in growing type, age,
size and geographical location, managers held many
similar opinions regarding growing perennial crops
in urban areas. The key perceived positives included
soil benefits, management benefits, longevity and bio-
diversity benefits whilst the negative perceptions
focussed on the spreading and long-lasting nature of
perennials, the perceived hazards of perennials, lack
of knowledge and issues of increasing pests and pest
damages.

Soil health emerged as a key perceived benefit of
perennial growing, particularly through nutrient
accumulation and carbon storage, while also under-
pinning the use of complementary sustainable prac-
tices such as no-dig cultivation. Poor soil quality has
previously been identified as one of the largest issues
facing urban growers (Gregory et al. 2016). The uti-
lisation of perennial cropping and practices linked to
perennial systems, such as reduced soil disturbance
and increased crop rotations, have been associated
with higher soil nutrient levels (nitrogen, phos-
phorus, carbon) and soil microbial biomass in both
rural and urban allotments (Williamson et al. 2024).
Moreover, a study from Leicester, UK, further sug-
gests that soils under trees and shrubs can have
higher soil organic carbon concentrations than those
beneath annual vegetable plots in urban land,
although this difference was not significant in allot-
ments, potentially reflecting differences in site man-
agement and the turnover of growers and, thus,
perennial plants (Edmondson et al. 2014). Together,
this evidence suggests that, while the perceptions of
soil health benefits may be similar across growing
sites, the results of using these practices may be con-
text-dependent, with site characteristics and manage-
ment practices influencing the extent to which the
perceived benefits are realised. Further research into
the effects growing perennial crops has on soil health
across different urban agricultural types, and the
individual site characteristics which effect this, is
needed to quantify whether the perceived benefits
are in fact occurring in situ.

The hardiness of perennials, especially in terms of
survival longevity through extreme weather condi-
tions, emerged as another perceived positive,



particularly their ability to withstand drought, high
precipitation and, in one case, severe flooding, with
less intervention than annual crops. This perception
of resilience has previously been identified across
styles of agroforestry; however, urban landscapes
were not previously included (McRae 2024).
Scientific literature supports the potential for peren-
nial systems to provide resilience to extreme precipi-
tation, with reduced soil disturbance and extensive
root systems improving soil structure and increasing
the water storage capacity of the soil (Power 2010;
Asbjornsen et al. 2014). However, within this study,
interviewees did not readily demonstrate that scien-
tific knowledge was the basis of these perceptions;
instead, they provided anecdotal evidence about wit-
nessing specific crops being better suited for different
water conditions. This highlights the value of experi-
ential knowledge in understanding the suitability of
perennial crops to local urban growing conditions,
while also demonstrating a gap in understanding how
growers acquire and apply knowledge. Further
research could explore these methods of knowledge
attainment and how experiential and scientific colla-
boration could inform growers on crop selection.
Conventional agriculture has and continues to sig-
nificantly negatively impact global biodiversity
(Green et al. 2005; Goulson et al. 2015; Hallmann et
al. 2017); for this reason, promoting and protecting
biodiversity is often discussed in agricultural settings,
including in UA (Clucas et al. 2018). Within this
study, increased diversity was discussed as an impor-
tant positive of perennial crop growing, including
both increased species diversity and functional diver-
sity. For example, while birds can cause significant
crop damage, their presence was also valued by
growers. This is significant within UA, where
research has found that increasing bird abundance,
or the perception it, increases the mental health and
wellbeing benefits for visitors to urban greenspaces
(Fuller et al. 2007; Cox et al. 2017). Moreover, adding
perennial diversity was also discussed as an educa-
tional tool, aligning with research showing that urban
greenspaces can be designed with perennials to pro-
vide opportunities for environmental learning (Lin et
al. 2018) and that even brief engagement with urban
biodiversity can increase both knowledge and foster
positive attitudes towards nature (White et al. 2018).
Biodiversity was often simultaneously perceived as
a positive and a source of conflict, with birds, mam-
mals, fungi and molluscs commonly discussed as
pests and requiring additional labour through netting
and constructing cages. This broad consideration of
biodiversity contrasts with the scientific literature,
which typically focuses on plant and insect biodiver-
sity, (the latter typically in the context of ecosystem
services (e.g. pollination) and disservices (e.g. pest
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damage) in UA (Clucas et al. 2018; Arnold et al.
2019; Baldock et al. 2019; Philpott et al. 2019;
Nicholls et al. 2023; Royer et al. 2023; Ellis et al.
2025). Comparatively few papers have investigated
avian biodiversity (Horak et al. 2017; Exantus et al.
2021; Téllez-Hernandez et al. 2023). For example, this
differs from the findings in a study of community
gardens in New York, where annual crops were the
most common crop type cultivated, wherein 64% of
growers recognise insect damage as a major concern,
compared with 22% identifying mammalian pests
(Gregory et al. 2016).

This dual perception of increasing species diversity
being a negative, in the case of pest damages, and a
positive, in the case of social benefits, highlights the
need for both researchers and policy to consider UA
spaces through multi-disciplinary perspectives.
Considering factors pertaining to human health,
sociology and ecology when researching urban grow-
ing spaces allows a higher understanding of the ben-
efits and issues found in these spaces. Research which
only factors in one of these aspects would miss the
important differences found between perceptions of
‘positive’ biodiversity for human well-being and
‘negative’ biodiversity acting as crop pests. Future
policy and funding frameworks supporting perennial
UA should recognise the interconnected nature of the
ecological, social and practical outcomes associated
with biodiversity, rather than treating these as inde-
pendent areas of interest, to fully support the multi-
functional role of UA.

A lack of knowledge emerged as a key barrier
against the inclusion of perennial crops. This was
seen through limited knowledge of suitable perennial
crops and varieties for the UK, how to incorporate
novel crops into diets, and an overreliance on familiar
crops that may be poorly suitable to UK climates or
urban landscapes. Various issues surrounding gaps in
public and practitioners’ knowledge have been noted
across the literature. Issues of growers’ lack of knowl-
edge surrounding how to grow, eat and process novel
perennial crops were found in a range of agroforestry
practices, in the Mid-Atlantic USA (McRae 2024). In
urban settings, uncertainty around whether the fruit
on trees was edible for people, and freely available for
the public to harvest, was found to limit their utilisa-
tion (Colinas et al. 2019). More broadly, Gregory et
al. (2016) identified knowledge gaps around sustain-
able growing practices, such as crop rotations, in New
York community gardens, suggesting that more
advanced ecological processes should be incorporated
into standard garden education programmes. These
findings indicate that knowledge is an important
factor shaping the uptake and successful management
of perennial crops. Extending this, we suggest that an
investment in food systems education is needed
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within the general population as well as within urban
growing communities to increase knowledge of suc-
cessful urban agricultural practices.

Importantly, the negative associations with peren-
nial growing found within this study include some of
the defining features of perennial crops, particularly
their longevity and, in some cases, spreading nature
which leads to labour-intensive management. Fruit
trees and other woody perennials can require large
amounts of pruning in the winter season, misaligning
with the volunteer labour force of sites, who were
noted to have limited familiarity with pruning prac-
tices. Similar issues around the labour and knowledge
required to manage perennial crops have been iden-
tiied in non-urban agroforestry systems (McRae
2024). Further concerns were raised regarding the
spatial and temporal control of perennial crops. For
example, certain species of perennials, such as walk-
ing onions (Allium cepa x proliferum) grown at an
urban community garden in this study, spread
through aerial bulb propagation (Crawford 2012)
which is not easily controlled by the grower and
thus, can be more difficult to manage than annual
varieties of the crops. These challenges match those
found in studies on urban fruit trees on a public bike
path in Montreal Canada, where concerns were raised
about the amount of maintenance required, the effort
of harvest and the hazards fruit litter may cause
(Colinas et al. 2019). Together, this suggests that
some of the characteristics that distinguish perennials
from annuals can create significant novel challenges,
especially within urban environments.

The key issue raised within this study around the
permanence of perennial crops was highlighted as an
issue especially in sites where tenancy was not long-
term. Only 18% of the sites in this study owned their
land, while two had been relocated within the pre-
vious two years, one following the end of a tenancy
and the other due to housing construction. These
interviewees raised concerns about whether estab-
lished perennial crops could survive translocation.
This reflects wider concerns around land security in
UA, with insecurity of future land access identified
as one of the common issues facing community
gardens in the USA (Guitart et al. 2012). The loss
of urban growing space is a concern, especially in
deprived areas where the benefits of access to fresh
and nutritious food are most vital; across the UK
allotment closures have occurred at the highest rate
in the most at-risk areas for food insecurity, with
land becoming commercial or industrial sites
(Dobson et al. 2020). The replacement of urban
growing sites with new development has become a
point of contention in the UK, particularly following
media backlash over the 2024 approval of the sale of
eight allotment sites by the Ministry of Housing,

Communities and Local Government (MHCLG
2025).

These wider pressures are of particular relevance
to perennial urban growing because the perceived
benefits of perennial crops depend on their ability to
remain established over time. Studies into the legal
frameworks of UA tenancy have found that the
length and complexity of the current models of
tenancy agreement is a significant barrier to starting
community growing spaces and that the rules of
spaces such as allotments limit the adoptions of
agroecological process such as the use of perennial
crops (Holligan and Howe 2024). The concerns
associated with the uptake of perennials, due to
worries around survival in the case of relocation,
provide supporting evidence of the need for a
wider range of tenancy models for UA to accommo-
date perennial growing and other sustainable grow-
ing practices (Holligan and Howe 2024). Where
insecure land tenure leads to sites being closed or
relocated before perennial crops can become estab-
lished, the longer-term benefits of crop longevity,
soil health improvement, increased biodiversity and
community cohesion identified in this study cannot
fully develop.

Several limitations should be considered when
interpreting these findings. The sites studied were
predominantly open-field systems, although some
included polytunnels or glasshouses, and the study
did not include more technologically intensive
forms of UA. Consequently, some findings may
be less relevant to these systems; for example,
perceptions of soil health are less relevant to soil-
less systems such as hydroponics. Although inter-
views covered a full growing season, data were
collected over only one year, which may have
influenced discussions on the perceptions of
weather  resilience  and  pest  pressures.
Furthermore, this study investigated perceptions
rather than measured outcomes, meaning reported
effects may not reflect actual changes. Quantitative
research across different UA systems and over
multiple years would therefore be valuable for
assessing the extent to which these perceived
impacts occur in practice.

Conclusion

Our study of UA managers across England demon-
strates a complex map of perceived impacts of per-
ennial urban growing. Perennial crops were
associated with a range of ecological, social and prac-
tical benefits, including increased biodiversity,
reduced management, improved soil health and com-
munity cohesion. Simultaneously, their defining char-
acteristics, including longevity and spreading nature



were perceived as challenges, alongside concerns
around hazards, limited knowledge and pest pres-
sures. These contrasting perceptions highlight how
the same characteristics of perennials can produce
both benefits and challenges within the context of
urban growing.

The perceived benefits of perennial growing for soil
health and functioning were highly cited within inter-
views, yet quantitative evidence for this remains limited,
particularly in urban areas. Further research is needed
to assess how perennial cultivation impacts soil health
across different urban growing systems and manage-
ment practices. Another avenue of future research is the
susceptibility to and cost of pest damage in urban grow-
ing spaces. Growers reported diverse pest types and
levels of damage, and perceived notable differences
between annual and perennial crops; direct quantifica-
tion of these impacts would help identify priorities for
sustainable pest management.

Finally, the participants highlighted interconnect-
ing and sometimes conflicting impacts of urban per-
ennial crop growing that extend beyond food
production. Growers considered perennial crops
from ecological, social and environmental perspec-
tives, alongside issues of education, health and well-
being, landscape design and urban policy. The
findings demonstrate that the positives and negatives
of perennial crops cannot be considered separately
from the specific urban context in which they are
grown. The cross-disciplinary scope of these findings
underscores the importance of incorporating
growers’ lived experiences across diverse locations
and growing spaces to fully capture the complexities
of perennial urban agriculture.

Acknowledgements

The authors would like to express sincere thanks to all the
participants for their time, energy and knowledge. Their con-
tributions were essential to the completion of this study.

Author contributions

CRediT: Emily Kate Millerchip: Conceptualization, Data
curation, Formal analysis, Funding acquisition,
Investigation, Methodology, Project administration,
Visualization, Writing - original draft, Writing - review
& editing; Elizabeth Nicholls: Conceptualization, Funding
acquisition, Methodology, Validation, Writing - review &
editing; Dave Goulson: Conceptualization, Methodology,
Validation, Writing - review & editing; Daniel J. Ingram:
Conceptualization, Funding acquisition, Methodology,
Supervision, Validation, Visualization, Writing — review &
editing.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ECOSYSTEMS AND PEOPLE 13

Data availability statement

All data created during this research is available from the
University of Sussex Research Data Repository at https://
doi.org/10.25377/sussex.34886247.

Funding

E.K.M is funded by a Biotechnology and Biological Science
Research Council Studentship with the SoCoBio DTP
awarded to E.K.M Grant ref: [BB/T008768/1]. F.J.I. is
funded by a UK Research. ENN is funded by a UK
Research and Innovation Future Leaders Fellowship
awarded to E.N Grant ref: [MR/T021691/1].

ORCID

Emily Kate Millerchip @ http://orcid.org/0009-0004-6954-
7220

Elizabeth Nicholls @ http://orcid.org/0000-0002-3697-0223
References

Albrecht S, Wiek A. 2021. Food forests: their services and
sustainability. ] Agric Food Syst Community Dev. 1-15.
https://doi.org/10.5304/jafscd.2021.103.014

Arnold JE, Egerer M, Daane KM. 2019. Local and land-
scape effects to biological controls in Urban agriculture
—A review. Insects. 10(7):215. https://doi.org/10.3390/
insects10070215

Asbjornsen H et al. 2014. Targeting perennial vegetation in
agricultural landscapes for enhancing ecosystem ser-
vices. Renew Agric Food Syst. 29(2):101-125. https://
doi.org/10.1017/81742170512000385

Audate PP, Fernandez MA, Cloutier G, Lebel A. 2019.
Scoping review of the impacts of urban agriculture on
the determinants of health. BMC Public Health. 19
(1):672. https://doi.org/10.1186/s12889-019-6885-z

Baldock KCR et al. 2019. A systems approach reveals urban
pollinator hotspots and conservation opportunities. Nat
Ecol Evol. 3(3):363-373. https://doi.org/10.1038/s41559-
018-0769-y

Braun V, Clarke V. 2006. Using thematic analysis in psy-
chology. Qualitative Res Phychol. 3(2):77-101. https://
doi.org/10.1191/1478088706qp0630a

Braun V, Clarke V. 2014. What can “thematic analysis”
offer health and wellbeing researchers? Int ] Qualitative
Stud Health Well-Being. 9(1):26152. https://doi.org/10.
3402/qhw.v9.26152

Cano-Verdugo G, Flores-Garcia BD, Nunez-Rocha GM,
Avila-Ortiz MN, Nakagoshi-Cepeda MAA. 2024.
Impact of urban farming on health: a systematic review.
J Public Health. 46(3):e500-¢509. https://doi.org/10.
1093/pubmed/fdae056

Caputo S, Schoen V, Blythe C. 2023. Productivity and
efficiency of community gardens: case studies from the
UK. Land. 12(1):238. https://doi.org/10.3390/land120
10238

Church A, Mitchell R, Ravenscroft N, Stapleton LM. 2015.
‘Growing your own’: a multi-level modelling approach
to understanding personal food growing trends and
motivations in Europe. Ecol Econ. 110:71-80. https://
doi.org/10.1016/J. ECOLECON.2014.12.002

Cilliers EJ, Lategan L, Cilliers SS, Stander K. 2020.
Reflecting on the potential and limitations of Urban



14 e E. K. MILLERCHIP ET AL.

agriculture as an Urban greening tool in South Africa.
Front Sustain Cities. 2:2. https://doi.org/10.3389/frsc.
2020.00043

Clucas B, Parker ID, Feldpausch-Parker AM. 2018. A sys-
tematic review of the relationship between urban agri-
culture and biodiversity. Urban Ecosystems. 21(4):635-
643. https://doi.org/10.1007/s11252-018-0748-8

Colinas J, Bush P, Manaugh K. 2019. The socio-environ-
mental impacts of public urban fruit trees: a Montreal
case-study. Urban Urban Greening. 45:45. https://doi.
org/10.1016/j.ufug.2018.05.002

Cox DTC et al. 2017. Doses of Neighborhood Nature: The
Benefits for Mental Health of Living with Nature.
biw173. https://doi.org/10.1093/biosci/biwl73

Crawford M. 2012. How to grow perennial vegetables: low-
maintenance, low-impact vegetable gardening. Bloomsbury,
Green Books.

DEFRA. 2017. Family food 2015. Department for environ-
ment, food and rural affairs.

Dobson MC, Edmondson JL, Warren PH. 2020. Urban
food cultivation in the United Kingdom: quantifying
loss of allotment land and identifying potential for
restoration. Landsc Urban Plan. 199:103803. https://doi.
0rg/10.1016/j.landurbplan.2020.103803

Dorr E et al. 2023a. Food production and resource use of
urban farms and gardens: a five-country study. Agron
Sustain Dev. 43(1):18. https://doi.org/10.1007/s13593-
022-00859-4

Dorr E et al. 2023b. Food production and resource use of
urban farms and gardens: a five-country study. Agron
Sustain Dev. 43(1). https://doi.org/10.1007/s13593-022-
00859-/4

Edmondson JL et al. 2020. Feeding a city — Leicester as a
case study of the importance of allotments for horticul-
tural production in the UK. Sci Total Environ. 705:705.
https://doi.org/10.1016/j.scitotenv.2019.135930

Edmondson JL, Davies ZG, Gaston KJ, Leake JR. 2014.
Urban cultivation in allotments maintains soil qualities
adversely affected by conventional agriculture. ] Appl
Ecol. 51(4):880-889. https://doi.org/10.1111/1365-2664.
12254

Ekstrom M, Fowler HJ, Kilsby CG, Jones PD. 2005. New
estimates of future changes in extreme rainfall across the
UK using regional climate model integrations. 2. Future
estimates and use in impact studies. ] Hydrol. 300(1-
4):234-251. https://doi.org/10.1016/j.jhydrol.2004.06.019

Ellis EE, Campbell SA, Edmondson JL. 2025. Drivers of
nocturnal and diurnal pollinating insect declines in
urban landscapes. Proc R Soc B. 292(2052). https://doi.
0rg/10.1098/rspb.2025.0102

Exantus J-M, Beaune D, Cézilly F. 2021. The relevance of
urban agroforestry and urban remnant forest for avian
diversity in a densely-populated developing country: the
case of Port-au-Prince, Haiti. Urban Urban Greening.
63:127217. https://doi.org/10.1016/j.ufug.2021.127217

FAO. 2025. Greenhouse gas emissions from agrifood sys-
tems — global, regional and country trends, 2001-2023.
FAO.https://doi.org/10.4060/cd7300en

FAO, Rikolto, & RUAF. 2022. Urban and peri-urban agri-
culture sourcebook - from production to food systems.
FAO. https://doi.org/10.4060/cb9722en

Fletcher EI, Collins CM. 2020. Urban agriculture: declining
opportunity and increasing demand—how observations
from London, U.K. can inform effective response, strat-
egy and policy on a wide scale. Urban Urban Greening.
55:126823. https://doi.org/10.1016/j.ufug.2020.126823

Fuller RA, Irvine KN, Devine-Wright P, Warren PH,
Gaston KJ. 2007. Psychological benefits of greenspace
increase with biodiversity. Biol Lett. 3(4):390-394.
https://doi.org/10.1098/rsbl.2007.0149

Genter C, Roberts A, Richardson J, Sheaff M. 2015. The
contribution of allotment gardening to health and well-
being: a systematic review of the literature. Br ] Occup
Ther. 78(10):593-605. https://doi.org/10.1177/03080226
15599408

Goulson D, Nicholls E, Botias C, Rotheray EL. 2015. Bee
declines driven by combined stress from parasites, pes-
ticides, and lack of flowers. Science. 347(6229): https://
doi.org/10.1126/science.1255957

Green RE, Cornell SJ, Scharlemann JPW, Balmford A.
2005. Farming and the fate of wild nature. Science. 307
(5709):550-555. https://doi.org/10.1126/science.1106049

Gregory MM, Leslie TW, Drinkwater LE. 2016.
Agroecological and social characteristics of New York
City community gardens: contributions to urban food
security, ecosystem services, and environmental educa-
tion. Urban Ecosystems. 19(2):763-794. https://doi.org/
10.1007/s11252-015-0505-1

Guitart D, Pickering C, Byrne J. 2012. Past results and
future directions in urban community gardens research.
Urban Urban Greening. 11(4):364-373. https://doi.org/
10.1016/j.ufug.2012.06.007

Guitart DA, Byrne JA, Pickering CM. 2015. Greener growing:
assessing the influence of gardening practices on the ecolo-
gical viability of community gardens in South East
Queensland, Australia. ] Environ Plann Manag. 58(2):189-
212. https://doi.org/10.1080/09640568.2013.850404

Gulyas BZ, Caton SJ, Edmondson JL. 2024. Quantifying the
relationship between gardening and health and well-
being in the UK: a survey during the covid-19 pandemic.
BMC Public Health. 24(1):810. https://doi.org/10.1186/
$12889-024-18249-8

Gulyas BZ, Edmondson JL. 2024. The contribution of house-
hold fruit and vegetable growing to fruit and vegetable self-
sufficiency and consumption. Plants People Planet. 6
(1):162-173. https://doi.org/10.1002/ppp3.10413

Hallmann CA et al. 2017. More than 75 percent decline
over 27 years in total flying insect biomass in protected
areas. PLOS ONE. 12(10):e0185809. https://doi.org/10.
1371/journal.pone.0185809

HLPE. 2020. Food security and nutrition: building a global
narrative towards 2030. A report by the high level panel
of experts on food security and nutrition of the commit-
tee on world food security, Rome.

Holligan B, Howe H. 2024. How property relations shape
experiences and transformative potential of urban grow-
ing spaces: connecting land, food, and Earth justice
perspectives. Elem Sci Anth. 12(1). https://doi.org/10.
1525/elementa.2023.00082

Hordak J et al. 2017. Renaissance of a rural artifact in a city
with a million people: biodiversity responses to an agro-
forestry restoration in a large urban traditional fruit
orchard. Urban Ecosystems. https://doi.org/10.1007/
s11252-017-0712-z

Kendon EJ, Fischer EM, Short CJ. 2023. Variability con-
ceals emerging trend in 100yr projections of UK local
hourly rainfall extremes. Nat Commun. 14(1):1133.
https://doi.org/10.1038/s41467-023-36499-9

Kreitzman M et al. 2022. Woody perennial polycultures in
the U.S. Midwest enhance biodiversity and ecosystem
functions. Ecosphere. 13(1): https://doi.org/10.1002/
€cs2.3890



Ledo A et al. 2020. Changes in soil organic carbon under
perennial crops. Global Change Biol. 26(7):4158-4168.
https://doi.org/10.1111/gcb.15120

Lin BB et al. 2018. Local- and landscape-scale land cover
affects microclimate and water use in urban gardens. Sci
Total Environ. 610-611:570-575. https://doi.org/10.
1016/j.scitotenv.2017.08.091

Lin BB, Egerer MH, Ossola A. 2018. Urban gardens as a
space to engender biophilia: evidence and ways forward.
Front Built Environ. 4:4. https://doi.org/10.3389/fbuil.
2018.00079

Lumivero. 2023. NVivo 14 [software]. https://lumivero.
com/products/nvivo-desktop/

Manente V, Caputo S, Lupia F, Pulighe G, Hernidndez-
Garcia J. 2025. Setting the field: an analytical framework
to assess the potential of urban agriculture. Land. 14
(12):2398. https://doi.org/10.3390/land14122398

McDougall R, Kristiansen P, Latty T, Jones ], Rader R.
2022. Pollination service delivery is complex: urban gar-
den crop yields are best explained by local canopy cover
and garden scale plant species richness. ] Appl Ecol. 59
(5):1248-1257. https://doi.org/10.1111/1365-2664.14136

McDougall R, Kristiansen P, Rader R. 2019. Small-scale
urban agriculture results in high yields but requires
judicious management of inputs to achieve sustainabil-
ity. Proc Natl Acad Sci USA. 116(1):129-134. https://doi.
org/10.1073/pnas.1809707115

McRae SM. 2024. Agroforestry in temperate-climate commer-
cial agriculture: feedback from agroforestry practitioners in
the Mid-Atlantic United States. Elem Sci Anth. 12(1).
https://doi.org/10.1525/elementa.2022.00136

MHCLG. 2025 Aug 5. Sale of allotment spaces, ministry of
housing, communities and local government in the
media. GOV.UK Blog.

Muller N, Werner P, Kelcey JG. 2010. Urban biodiversity
and design. Wiley-Blackwell.

Naeem M, Ozuem W, Howell K, Ranfagni S. 2023. A step-by-
step process of thematic analysis to develop a conceptual
Model in qualitative research. Int J Qualitative Methods.
22:22. https://doi.org/10.1177/16094069231205789

Newing H, Eagle C, Puri R, Watson CW. 2011. Conducting
research in conservation. A social science perspective.
Routledge.

Nicholls E, Ely A, Birkin L, Basu P, Goulson D. 2020. The
contribution of small-scale food production in urban
areas to the sustainable development goals: a review
and case study. Sustain Sci. 15(6):1585-1599. https://
doi.org/10.1007/511625-020-00792-Z/FIGURES/1

Nicholls E, Griffiths-Lee ], Basu P, Chatterjee S, Goulson D.
2023. Crop-pollinator interactions in urban and peri-
urban farms in the United Kingdom. Plants People
Planet. 5(5):759-775. https://doi.org/10.1002/ppp3.10376

Oncini F, Hirth S, Mylan J, Robinson CH, Johnson D.
2024. Where the wild things are: how urban foraging
and food forests can contribute to sustainable cities in
the Global North. Urban Urban Greening. 93:128216.
https://doi.org/10.1016/j.ufug.2024.128216

Philpott SM et al. 2019. Local and landscape drivers of
carabid activity, species richness, and traits in Urban

ECOSYSTEMS AND PEOPLE 15

Gardens in Coastal California. Insects. 10(4):112.
https://doi.org/10.3390/insects10040112

Power AG. 2010. Ecosystem services and agriculture: trade-
offs and synergies. Phil Trans R Soc B. 365(1554):2959-
2971. https://doi.org/10.1098/rstb.2010.0143

Pretty ], Bharucha ZP. 2014. Sustainable intensification in
agricultural systems. Ann Botany. 114(8):1571-1596.
https://doi.org/10.1093/aob/mcu205

Royer H, Yengue JL, Bech N. 2023. Urban agriculture and
its biodiversity: what is it and what lives in it? Agr
Ecosyst Environ. 346:108342. https://doi.org/10.1016/j.
agee.2023.108342

Shang Y, Olesen JE, Larke PE, Manevski K, Chen J. 2024.
Perennial cropping systems increased topsoil carbon and
nitrogen stocks over annual systems—a nine-year field
study. Agr Ecosyst Environ. 365:108925. https://doi.org/
10.1016/j.agee.2024.108925

Soga M et al. 2017. Health benefits of urban allotment
gardening: improved physical and psychological well-
being and social integration. Int ] Environ Res Public
Health. 14(1):71. https://doi.org/10.3390/ijerph14010
071

Streit Krug A, Tesdell OL 2021. A social perennial vision:
transdisciplinary inquiry for the future of diverse, per-
ennial grain agriculture. Plants People Planet. 3(4):355-
362. https://doi.org/10.1002/ppp3.10175

Téllez-Hernandez E, Dominguez-Vega H, Zuria I, Marin-
Togo MC, Gémez-Ortiz Y. 2023. Functional and ecolo-
gical diversity of urban birds: conservation and redesign
of biocultural landscapes. ] Nat Conserv. 73:126395.
https://doi.org/10.1016/j.jnc.2023.126395

Thebo A, Drechsel P, Lambin E. 2014. Global assessment of
urban and peri-urban agriculture: irrigated and rainfed
croplands. Environ Res Lett. 9(11):114002. https://doi.
org/10.1088/1748-9326/9/11/114002

UN. 2019. World urbanization prospects: the 2018 revision.
New York: United Nations, department of economic and
social affairs, population division.

West PC et al. 2014. Leverage points for improving global
food security and the environment. Science. 345
(6194):325-328. https://doi.org/10.1126/science.1246067

White RL, Eberstein K, Scott DM. 2018. Birds in the play-
ground: evaluating the effectiveness of an urban envir-
onmental education project in enhancing school
children’s awareness, knowledge and attitudes towards
local wildlife. PLOS ONE. 13(3):e0193993. https://doi.
org/10.1371/journal.pone.0193993

Williamson RF, Reay M, Sgouridis F. 2024. Permaculture
management of arable soil increases soil microbial abun-
dance, nutrients, and carbon stocks compared to con-
ventional agriculture. Agronomy. 14(7):1446. https://doi.
org/10.3390/agronomy14071446

Woods ME et al. 2016. Crop diversity and plant-plant
interactions in urban allotment gardens. Renew Agric
Food Syst. 31(6):540-549. https://doi.org/10.1017/
S1742170515000472

Zezza A, Tasciotti L. 2010. Urban agriculture, poverty, and
food security: empirical evidence from a sample of
developing countries. Food Policy. 35(4):265-273.
https://doi.org/10.1016/j.foodpol.2010.04.007



