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ABSTRACT: Community gardens provide a wide diversity of ecosystem services (ES) in urban areas, such 

as microclimate regulation, habitat provision for biodiversity, and increased access to fresh produce. In 

addition to provisioning, regulating, and supporting services, community gardens also provide cultural 

ecosystem services (CES), such as opportunities for education, connecting with nature, and stress relief. 

These different types of ecosystem services can interact, influence each other, and produce synergistic 

effects. This study investigates ecosystem service synergies and the drivers of ecosystem service 

production in community gardens in the cities of Syracuse and Binghamton, New York. Using a 

combination of questionnaires, in-depth interviews, and plant community analysis, we quantitatively 

assess the relationship between perception of cultural ecosystem services by community gardeners and 

the agroecological characteristics of their garden plots, such as presence and prevalence of species that 

provide provisioning, regulating, and supporting ES. The results show that gardeners use their plots 

predominantly for food production, but highly value CES as well, especially opportunities for relaxation, 

socialization, and connecting with nature. The perceived importance of many of these CES increased due 

to the COVID-19 pandemic. Although no significant relationships were found between perception of CES 

and garden agroecological characteristics, place attachment of gardeners was found to be correlated 

with local ecological knowledge and use of certain sustainable garden management practices. 

Community garden management structure (allotment-style vs. communal) was also found to influence 

both CES perception and garden biodiversity.  These results provide insight into the role that CES can 

play in supporting the generation of other types of ES in urban green spaces.  
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1. Introduction 

 Urban community gardens provide a wide diversity of ecosystem services (ES), such as 

microclimate regulation, habitat provision for biodiversity, and increased access to fresh produce 

(Lawson & Lawson, 2005; Cabral et al., 2017). A consistent, balanced, and diverse supply of these urban 

ES is necessary for human health, well-being and quality of life (Bolund & Hunhammar, 1999; Andersson 

et al., 2007; McPhearson et al., 2015); it is also both a requirement for and a source of social-ecological 

resilience in cities (McPhearson et al., 2015).   

 In addition to their food security and ecological benefits, urban community gardens support 

human well-being by facilitating community building, nature-based and spiritual experiences, relaxation 

and stress reduction, and maintenance of cultural heritage and traditional knowledge (Camps-Calvet et 

al., 2016). A growing body of work examines the importance of these types of benefits, also known as 

cultural ecosystem services, in urban areas (Andersson et al., 2015; Bertram & Rehdanz, 2015; Dickinson 

& Hobbs, 2017; Riechers et al., 2016). Chan et al. (2012) define cultural ecosystem services as 

“ecosystems’ contribution to the nonmaterial benefits (e.g., experiences, capabilities) that people derive 

from human–ecological relations.” These immaterial benefits, while difficult to assess using traditional 

economic valuation methods, are important to consider in the urban landscape because cities are 

inherently social spaces which are shaped by human preferences and actions (Andersson et al., 2015).  

 ES production is a complex process which depends on biophysical and social factors, including 

landscape features, governance structures, and management practices (Andersson, 2007). Because of 

the complex and interdependent structure of social-ecological systems such as cities, social and 

ecological changes in service production are fundamentally interlinked (Chan et al. 2012; Martín-López 

et al., 2012). Different types of ES can interact and produce synergistic effects if they respond positively 

to a common external driver (Howe et al., 2014). For example, biophysical features of the urban 
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landscape that generate regulating or supporting services can have quantifiable social benefits. Studies 

utilizing participatory mapping methods have shown that hotspots of CES correlate with specific 

landscape features, such as increased canopy cover (Rall et al., 2017). These “win-win outcomes” are 

ideal because they allow multiple needs to be met simultaneously (Howe et al., 2014).  

  Ecosystem service bundles refer to groups of ecosystem services that consistently co-occur 

(Raudsepp-Hearne et al., 2010; Martin-Lopez et al., 2012). Bundling of cultural and noncultural ES has 

been observed in several studies (Raudsepp-Herne et al., 2010; Andersson et al., 2015; Dennis & James, 

2017; Young et al., 2020). A mechanism that may explain this type of bundling is that strong perception 

of CES fosters attachment to place, which motivates civic engagement and ecological stewardship; this 

can improve biophysical conditions in a positive feedback loop (Andersson et al., 2015). Experience of 

some CES, such as connection to nature or environmental education, may also provide the knowledge 

necessary to effectively engage in these stewardship actions (Barthel et al., 2010; M. Krasny & Tidball, 

2009). Further research is needed on whether bundling between biophysical and cultural ES varies 

across contexts, and if so, what social and ecological conditions affect it (Raudsepp-Hearne et al., 2010). 

 There is strong consensus in the community garden literature that social and ecological benefits 

of gardens are related (Andersson et al., 2007; Barthel et al., 2010; Dennis & James, 2017; Egerer et al., 

2018; Gregory et al., 2016; Langemeyer et al., 2015; Petrovic et al., 2019). For example, Langemeyer et 

al. (2015) characterize urban gardens as “coupled socio-ecological systems that include humans as an 

integrated and interacting part of the garden ecosystem”. Interest and work in this research area have 

grown recently, with several studies empirically exploring the relationship between sociocultural and 

biophysical characteristics of gardens. For example, Gregory et al. (2016) examined the relationship 

between agroecological and social characteristics of community gardens in New York City and found 

that there are significant gaps in gardener knowledge that affect their implementation of agroecological 

garden management practices. Dennis and James (2017) examined site-specific trade-offs in ES 
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generation in urban gardens and found that learning and well-being were positively correlated with 

biodiversity. Egerer et al. (2017) found that soil fertility in community gardens was related to 

sociodemographic factors such as mobility and housing opportunity as well as to environmental 

education and placemaking opportunities. A recent study by Young et al. (2020) found that garden 

biodiversity increased perceived restorative benefits of gardening. This range of work on the topic 

demonstrates the practical potential of understanding how sociocultural aspects of the community 

garden experience relate to ecological characteristics. 

 Although many studies have assessed the social and ecological dynamics of urban community 

gardens, there has been little empirical research which explicitly examines the relationship between 

gardeners’ perception of different types of CES provided by their community gardens and the 

agroecological characteristics of their plots. Additionally, this research takes place during the height of 

the COVID-19 pandemic in the United States, which has aggravated food insecurity in urban areas due to 

loss of income and supply chain disruptions (Kinsey et al., 2020). While COVID-19 has impacted people’s 

social, emotional, and physical well-being in several ways, gardening has been found to counteract some 

of these negative effects (Lades et al., 2020; Theodorou et al., 2021). The timing of this work thus 

provides a unique opportunity to examine how public health crises affect ES generation and valuation in 

community garden settings.  

 In this mixed-methods study, we utilized a structured online survey, qualitative interviews, and 

plant community analysis to answer four main research questions related to ecosystem services in 

urban community gardens:  

1. What types of ecosystem services are produced in community garden settings? 

2. Which of these ecosystem services do gardeners value most?  

3. What synergies or trade-offs exist between different categories of ecosystem services? 
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4. How has the COVID-19 pandemic impacted ecosystem service production?  

 We hypothesized that CES, especially those which facilitate knowledge development and 

sharing, such as environmental education and social opportunities, would co-occur in bundles with the 

production of other categories of ES. We also hypothesized that the COVID-19 pandemic would result in 

stronger valuation of food provisioning and cultural ecosystem services in the garden.   

2. Methods 

 Social science and ecological data collection methods were used in a nested design to assess ES 

bundling in community gardens in the study cities and their surrounding suburbs. Both quantitative and 

qualitative methods were used to facilitate an in-depth understanding of ES interactions. 

 

 

Figure 2.1: Summary of data collection methods and sampling structure. Agroecological assessments 
were conducted in plots associated with a subset of survey respondents. In-depth interviews were 
conducted with a subset of gardeners whose plots or gardens were sampled, with the exception of 2 
interviewees whose gardens were closed due to the COVID-19 pandemic. One interviewed gardener did 
not complete the survey due to lack of access to the required technology.  

 

2.1. Study area and population 
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 This study considers social and ecological characteristics of community gardens in the cities and 

surrounding suburbs of Syracuse and Binghamton, New York in the United States. A community garden 

was defined as land which is collectively cultivated by a group of people to produce fruits or vegetables 

(Lawson and Lawson, 2005). There are 19 gardens in each city which met this definition, ranging in year 

of establishment from 1995 to 2020 (Syracuse Grows, 2021; VINES, 2021). School gardens were 

excluded from the sample as they were outside of the scope of this study. 

 Permission to conduct research was obtained from the organizations which oversee community 

garden management in Binghamton and Syracuse (VINES and Syracuse Grows, respectively). 

Organizations distributed the survey through their member listservs to recruit research participants. 

Permission was also obtained to visit garden sites and collect agroecological data from individual garden 

managers and plot owners.  

 Two types of gardens and associated gardeners were sampled in this study, “allotment” and 

“communal”. Allotment gardens consist of raised beds or small garden plots which are assigned to 

garden members and individually cultivated each growing season. In communal gardens, all areas are 

managed collectively by a group of gardeners, and the harvested produce is typically shared equally 

(Lawson & Lawson, 2005). Some communal gardens were excluded from plant community analysis 

because they were closed or operating on a limited scale due to the COVID-19 pandemic. Survey 

responses were still collected from gardeners from these sites.  

2.2. Structured questionnaire 

 A structured online questionnaire (Appendix A) was used to assess gardener perception of 

various benefits of community gardening and determine whether these perceptions were linked with 

other social or ecological factors. The questionnaire was designed based on a literature review of 

previous research on ES provided by community gardens and other urban green spaces (Andersson et 
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al., 2007; Barthel et al., 2010; Cabral et al., 2017; Camps-Calvet et al., 2016; Clarke & Jenerette, 2015; 

Gregory et al., 2016; Langemeyer et al., 2015; Menconi et al., 2020; Rall et al., 2017). Survey participants 

were asked about their motivations for community gardening, the benefits they receive from 

community gardening, and how the COVID-19 pandemic had impacted their gardening experience. 

Response options for questions about benefits and motivations included a list of CES commonly noted in 

the community garden literature (Andersson et al., 2007; Camps-Calvet et al., 2016; Menconi et al., 

2020). The survey also included questions about gardeners’ management habits, which were used to 

understand broader trends in cultivation practices that may affect ES production. 

 Survey responses were collected between June and August 2020. The survey was advertised 

through the email listservs of community garden organizations in Syracuse and Binghamton, on social 

media pages of garden organizations and individual gardens, and with posters at garden sites. 

Approximately 600 community gardeners were eligible to participate. Email reminders were sent every 

two weeks for two months. The organization listservs to encourage participation. Collected responses 

were assessed for quality; those which were more than 50% incomplete were removed from the data 

set. In total, 99 valid responses were collected. This response rate of approximately 15% is generally 

considered adequate and statistically valid for descriptive research (Alreck et al., 1995). 

 Qualitative responses to open-ended survey questions were inductively coded into categories to 

facilitate analysis. “Other: please specify” replies were recoded into existing categories when possible, 

and inductively coded otherwise. 

2.3. Semi-structured interviews 

 Follow-up interviews were conducted with a subset of survey respondents to better understand 

the drivers of garden cultivation and management choices (see Supplemental Material A for interview 

guide). Except for people whose gardens were closed due to the COVID-19 pandemic, the plots or 
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gardens of all interviewed gardeners were subsequently sampled to assess agroecological 

characteristics, which are summarized in the following section. Interviews were used to understand 

motivations for and perceived benefits of community gardening in more depth. Interviews also provided 

insight into why gardeners planted certain crops and how they personally categorized the functional or 

symbolic values of different plants.  

 Fourteen gardeners from Syracuse and 16 gardeners from Binghamton were interviewed 

between July and September 2020. All interviews were transcribed verbatim and coded in NVIVO 12+ 

using directed content analysis, in which coding categories were determined both prior to and during 

the data analysis process (Assarroudi et al., 2018). 

2.4. Field assessments of plant biodiversity and food provisioning capacity 

 Total cultivated species diversity and plot area used to grow crops were used as indicators for 

supporting and provisioning ES, respectively. Data were also collected on cultivated edible diversity and 

the presence of supporting or regulating species in allotment garden plots. Because permission to visit 

gardens had to be obtained from garden managers or plot owners, sampling was based on accessibility. 

Field surveys of 2 communal gardens and 45 garden plots across 9 allotment gardens were conducted 

during a three-week period during August and September 2020, which ensured that phenology was not 

a confounding factor in plant community analysis. 

 In allotment garden plots, percent cover of each taxon present was calculated based on 

measurements taken along the plot’s edge. In approximately 10% of plots, where percent cover was 

difficult to visually estimate due to multiple or irregular plantings, aerial photos of the plot were taken 

using an extendable monopod, and percent cover was more precisely assessed by overlaying a grid onto 

the photo. Because a few garden plots had multiple layers of crops, the summed percent cover of all 

plantings could exceed 100%. However, because percent cover was being used as a proxy for the value 
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placed on each type of ecosystem service (i.e. percent area used to grow food crops represented the 

value placed on the food provisioning capacity of the garden), this did not affect data analysis.  

 Observed taxa were grouped based on the ecosystem services they provide: provisioning, 

supporting, regulating, or cultural. An additional grouping, “disservice” plants, was developed to classify 

species which impeded a garden plot’s ability to provide other ES (Table 1). Plant categorization was 

determined based on follow-up interviews with gardeners, in which they were asked to describe the 

reasons they cultivated each crop. All regulating and supporting species were identified to at least genus 

and to species when possible. Edible crops were identified to type based on differences in the plant part 

used. For example, delicata squash, yellow squash, and zucchini, cultivars of Cucurbita pepo, were not 

considered distinct because there is no variation in edible plant parts. However, kale, broccoli, and 

kohlrabi, cultivars of Brassica oleracea, were recorded as separate crops because they provide distinct 

food products.  

Table 1. Ecosystem service groupings for categorizing garden plants.  

Service Category Definition 
Provisioning Plants which provide food or have medicinal uses 
Supporting Plants grown to support local pollinator or bird biodiversity  
Regulating Plants grown to regulate pests or control weeds 
Cultural Plants grown primarily for aesthetic or educational value 
Disservice Plants which negatively impact the ability of the garden plot to provide other ES 

 

 To compare communal and allotment garden agrobiodiversity, all edible crops grown in the two 

communal gardens and a subset of five allotment gardens were counted and identified, including crops 

in communal areas of allotment gardens. Total food cultivation area in this subset of gardens was also 

measured. Food cultivation area was defined as any area, individually or communally managed, that 

could be used to grow edible crops. 
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 Most sampled allotment plots were between 32 and 40 square feet. However, plots in one 

Syracuse garden were larger (between 200 and 400 square feet of cultivated area). In these larger plots, 

service areas and walkways used to access garden space were not included in total plot area; only the 

area available for cultivation was considered when calculating food provisioning capacity. Some 

gardeners managed multiple beds at the same site, increasing their total plot area. To account for these 

discrepancies, measures of food provisioning capacity and species richness were standardized by total 

available cultivation area for comparative data analysis.  

2.5. Statistical methods 

 Field and survey datasets were manually integrated and analyzed in SPSS Statistics 26. Normality 

of the data was assessed using the Kolmogorov-Smirnoff test on each variable. Because several variables 

were non-normally distributed, non-parametric tests were used to evaluate synergy, trade-offs, and 

drivers.  

 An exploratory factor analysis (EFA) was utilized to determine which ecosystem services 

frequently co-occur with each other based on survey responses about perceived garden benefits. EFA 

was chosen as there were no a priori hypotheses about the relationships among perceived ecosystem 

services. Principal component analysis was used to extract factors from the data, representing “bundles” 

of ecosystem services. Factors with Eigenvalues greater than one were retained (Kaiser, 1958; Hayton et 

al., 2004). Varimax rotation with Kaiser normalization was used to ensure that each variable loaded onto 

only one factor (Kaiser, 1958). Variables with a rotated factor loading of less than |0.5| onto a given 

factor were considered unimportant for explaining variance and therefore ignored (Fabrigar & Wegener, 

2011). 

 Mann-Whitney U-tests were used to compare differences in food provisioning percentage, area-

standardized edible species richness, and area-standardized total cultivated species richness across 
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groups of gardeners based on perceived CES. Chi-square tests of independence determined how 

perceived CES correlated with cultivars providing other ES.  

 Gardener place attachment, which can impact perception of cultural ecosystem services, was 

quantitatively measured using a three-item Likert scale question (Supplemental Material A) which 

considered both place dependence (functional attachment) and place identity (emotional attachment). 

Crobach’s 𝛼, which determines the extent to which all items in a multi-item scale measure the same 

construct or concept, was used to measure the internal consistency of the scale (Cronbach, 1951). A 

value of 0.890 was obtained, indicating high internal consistency (Gliem & Gliem, 2003). The responses 

to the three items were assigned numeric values (1=strongly disagree; 7=strongly agree) and summed to 

obtain a single numeric variable for place attachment. Mann-Whitney U tests were used to determine if 

place attachment scores were significantly different between groups who did or did not perceive a 

specific ES to be provided by their gardens or between groups who did or did not use a specific 

management practice.Spearman’s rank correlation was used to assess relationships between place 

attachment and food provisioning capacity or cultivated and edible species richness. Another three-item 

Likert-scale question was used to obtain a measure of gardener’s self-reported local ecological 

knowledge, which may influence the gardening practices they use. A Cronbach’s 𝛼 value of 0.680 was 

obtained for this scale. Spearman’s rank correlation was used to assess the relationship between 

gardeners’ place attachment and knowledge.  

 Mann-Whitney U tests were used to determine whether food provisioning capacity, edible 

species richness, or cultivated species richness of plots differed based on gardeners’ demographic 

characteristics. Chi-square tests of independence were used to explore differences in perception of 

cultural benefits across demographic categories, including age and gender, as well as to compare 

demographic characteristics of groups of gardeners who did or did not have species in their plots that 

provide regulating or supporting ecosystem services. Fischer’s exact test was used in place of chi-square 
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when more than 20% of cells had expected frequencies of less than 5 due to small sample sizes (Kim, 

2017). A series of chi-square tests determined difference significance in perceived benefits of 

community gardening between communal and allotment gardeners. An α value of 0.1 was chosen for 

this set of analyses because of the small sample of communal gardeners (n=13) and the heightened risk 

of Type II errors in sociological datasets due to increased levels of variance (Shrestha, 2019).  

3. Results 

3.1. Gardener characteristics 

 Table 1 provides descriptive statistics for key demographic characteristics of the survey 

respondents in Syracuse and in Binghamton. Two key differences between the cities are noteworthy. 

First, the city of Binghamton has no communal gardeners. All gardens in Binghamton have an allotment 

structure; the survey sample is therefore representative of the population in this regard. The second 

major difference is that on average, respondents in Syracuse have been members of their community 

gardens longer than respondents in Binghamton, potentially reflecting the longer history of the primary 

community garden organization in the city. 

Table 1. Demographic characteristics of surveyed community gardeners in the cities of Syracuse and 
Binghamton, New York.  
 

  Syracuse 
(n=38) 

Binghamton 
(n=61) Overall (n=99) 

     
Gender Male 9 14 23 

Female 28 40 68 
 Nonbinary 0 2 2 
 Unspecified 1 5 6 
     
Ethnicity Asian/Pacific Islander 2 4 6 

Black/African American 6 2 8 
Native American 1 0 1 
White/Caucasian 26 50 76 

 Unspecified 0 2 2 
     
Age 18-24 5 3 8 
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25-39 7 20 27 
40-60 11 12 23 
60+  14 22 36 

 Unspecified 0 2 2 
     
Number of Years at Garden 0 4 23 27 

1-2 8 12 20 
3-4 11 16 27 
5+ 15 10 25 

     
Garden Structure Communal 13 61 74 

Allotment 24 0 24 
 Unspecified 1 0 1 
     

 
3.2. Cultural ecosystem services in the garden 

3.2.1. Motivations for and perceived benefits of community gardening 

 Perception of the benefits of community gardening included in the survey ranges from 18% for 

the least widely perceived benefit (“maintaining my cultural heritage”) to 81% for the most widely 

perceived benefit (“access to healthy food”). Other widely perceived benefits include “relaxation and 

stress relief”, “socializing with members of my community”, and “connecting with nature”. The most 

common motivations for gardening matched the most perceived benefits. However, when asked to 

choose a single most important motivation, nearly 60% of gardeners chose “to grow food for myself, my 

friends, or my family”. As shown in Figure 2.4., a higher number of gardeners experienced each 

ecosystem service as a benefit than as a motivation for community gardening, indicating that gardeners 

typically perceive sociocultural benefits that they were not necessarily expecting. The largest difference 

is observed with “environmental education”, which more than twice as many gardeners perceive as a 

benefit than have as a motivation. Large differences are also observed with the “socializing with my 

community”, “exercise or physical health benefits”, and “neighborhood beautification” categories. 
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Figure 4. Percentage of surveyed gardeners that selected each ecosystem service as a motivation for, a 
primary motivation for, or a perceived benefit of community gardening. 

 

 Survey questions about motivations and benefits also included an “other: please specify” option 

so respondents could highlight experiences they felt were not reflected in the response choices. A 

general theme identified in these open-ended responses, as well as in follow-up interviews, was the 

importance that gardeners place on the personal fulfillment of raising plants from seed to fruit. Other 

commonly described benefits include being more motivated to eat different fruits and vegetables, the 

opportunity to connect with others over a shared interest, and the opportunity to educate children 

about the process of growing food and caring for plants. The nuance and variety in these open-ended 

responses reflects the multidimensionality in how gardeners value the provisioning services of their 

garden plots.  

3.2.2. Differences in perceived benefits between groups 

 Three significant differences were observed in perception of CES between communal and 

allotment gardeners.  Communal gardeners were more likely to perceive “leisure and recreation” 

(p=0.078) and “maintain my cultural heritage” (p=0.062) as benefits of their community garden than 
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allotment gardeners. They were also more likely to perceive the benefit “socializing with members of my 

community” (p=0.017), with all surveyed communal gardeners selecting this response option. First time 

gardeners were less likely than returning gardeners to perceive “socializing with members of my 

community” as a benefit (p=0.049), which potentially reflects the impact of the COVID-19 pandemic on 

opportunities for informal interaction in the community garden.  There were no significant differences 

observed in perception of CES between gardeners of different genders, age groups, or ethnicities. 

3.2.3. Ecosystem service bundles 

 The three ecosystem bundles identified using the exploratory factor analysis are depicted in 

Table 1.2. below. These bundles represent groups of perceived ecosystem services which co-occurred 

most often in gardeners’ survey responses. The first bundle, which centers around individual 

experiences in nature, includes “environmental education”, “connecting with nature”, “leisure or 

recreation”, “relaxation or stress relief”, and “exercise or physical health benefits”. The second bundle, 

consisting of CES that relate to community building and community pride, includes the benefits 

“neighborhood beautification”, “socializing with community”, “maintaining cultural heritage”, and 

“restoring local environment”. The third factor consists only of “access to healthy food”, indicating that 

the food provisioning benefit does not consistently co-occur with any of the other benefits. Together, 

these three factors explained 55% of the variance in the data.  

Table 2. Summary of perceived ecosystem service bundles derived from exploratory factor analysis. 
Observed variables (cultural ecosystem services) displayed on left, with associated factor loadings 
representing the effect of the variable on the bundle. Variables with factor loadings displayed under the 
same bundle were found to be related in the survey dataset.  
 

n=99 Rotated Factor Loadings 

Variable (Ecosystem Service) BUNDLE 1 
(individual) 

BUNDLE 2 
(community) BUNDLE 3 

Environmental education 0.574   
Connecting with nature 0.723   
Neighborhood beautification  0.602  
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Leisure or recreation 0.673   
Relaxation or stress relief 0.729   
Exercise or physical health benefits 0.685   
Socializing with community  0.698  
Maintaining cultural heritage  0.724  
Access to healthy food   0.891 
Restoring local environment  0.588  
% of Variance Explained 31.4% 13.9% 11.2% 

 

3.2.4. Place attachment and cultural ecosystem services  

 On average, gardeners who perceived each of the benefits included in the survey, with the 

exception of “access to healthy food”, had higher place attachment scores as determined by their 

response to the relevant survey question than groups of gardeners that did not. As shown in Table 2.3, 

these differences were found to be statistically significant for the benefits “connecting with nature” and 

“exercise and physical health benefits”.  

Table 3. Significance values of Mann-Whitney U tests comparing place attachment score (PAS) between 
groups of gardeners who did (“Yes” group) or did not (“No” group) perceive different cultural ecosystem 
services. Significant differences at α=0.05 are highlighted.  

Variable (Ecosystem Service) Mean PAS for “Yes” group Mean PAS for “No” group p-value  
Environmental education 17.34 16.14 0.112 
Connecting with nature 17.40 15.72 0.025 
Neighborhood beautification 16.97 16.78 0.675 
Leisure or recreation 16.47 17.24 0.239 
Relaxation or stress relief 17.15 15.70 0.150 
Exercise or physical health benefits 17.41 16.11 0.048 
Socializing with community 17.04 16.50 0.448 
Maintaining cultural heritage 17.33 16.80 0.525 
Access to healthy food 16.84 17.36 0.351 
Restoring local environment 17.44 16.58 0.163 

 

3.2. Garden management practices 

3.2.1. Overview of garden management practices and behaviors  

 The majority of gardeners visit their plots frequently and for relatively short amounts of time: 
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over 60% of respondents visit at least every other day, and three quarters of the respondents spend less 

than an hour at the garden each time they are there. 78% of allotment gardeners participate in 

communal management practices beyond cultivating their own personal garden beds; this includes 

weeding and mulching common areas, tending compost piles, and helping build or repair garden 

structures. Of the options presented in the survey, the most common management practices utilized by 

community gardeners are composting garden waste (77%), using organic or homemade pesticides or 

fertilizers (71%), and planting a wide variety of species (67%). Other common management practices 

observed in the field and mentioned during interviews include planting cover crops, mulching soil to 

minimize weedy species, and rotating crops from season to season. 

  

Figure 7. Percentage of surveyed gardeners that use each garden management practice. 

 

3.2.2. Influences on garden management decisions 

 Nearly 80% of gardeners report that they make cultivation and management decisions based on 

the desire to improve food yield or quality. The follow-up interviews reveal that management decisions 

are often motivated by the desire to reduce use of and exposure to chemical fertilizers and pesticides, 

with most gardeners indicating that the quality of produce is typically more important than the quantity 

harvested. Management decisions were less frequently influenced by ecological motivations, with about 
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30% of gardeners interested in biodiversity enhancement and 40% interested in conserving natural 

resources. However, approximately half of the surveyed gardeners were interested in promoting soil 

fertility, and there is a highly significant correlation between gardeners who were interested in soil 

fertility and improving food yield or quality (p<0.001). Social norms did not influence garden 

management strongly, with less than 20% of gardeners making decisions based on expectations of 

others. 

 

Figure 8. Percentage of surveyed gardeners that have each motivation for making management 
decisions about their gardens.   
 

 Nearly half of returning gardeners (49.3%) indicated that their garden management practices 

had changed in some way since they had first joined a community garden. However, whether 

management practices had changed over time or not was not correlated with number of growing 

seasons at the garden or with participation in communal management activities. The most common 

management changes described in the open-ended follow-up question were better plant spacing and 

selection, using companion planting methods, increased awareness and use of organic gardening 

practices, application of integrated pest management strategies, and increased participation in 

communal management tasks.  Interviewed gardeners explained that these management changes were 

0% 10% 20% 30% 40% 50% 60% 70% 80%

Other gardeners expect this type of management

Other gardeners recommend this type of management

To improve garden aesthetics

To preserve or promote biodiversity

To conserve or protect natural resources

To comply with rules enforced by the garden manager

To promote soil fertility

I use practices I am familiar/comfortable with

To improve food yield or quality



20 
 

typically motivated by increased familiarity with successful gardening methods through trial and error, 

interaction with other community gardeners, and consultation of formal or informal educational 

resources. Most gardeners also report that they typically grow crops which are familiar and useful to 

them. This is consistent with the second most common reason reported for garden management 

decisions in the survey: “I use practices I am comfortable/familiar with”.  

 Management decisions are informed by a variety of sources. The most popular source of 

information used to learn about gardening was gardening websites or blogs, with about three-quarters 

of surveyed gardeners reporting that they used these sources. About two-thirds of gardeners consult 

other gardeners at their community gardens, while about half consult gardeners outside their 

community garden (such as friends or family with home gardens).  

 

Figure 9. Sources of information used to learn about gardening and number of surveyed gardeners that 
use each source.  
 

3.2.3. Garden management, local ecological knowledge and place attachment 
  

 There is a moderate correlation (r=0.466, p<0.001) between summed scores for place 

attachment and self-reported local ecological knowledge (Figure 10), indicating that gardeners who felt 

more attached to their gardens also felt more knowledgeable about effective and sustainable garden 

management which supports ecosystem service production. Summed scores for local ecological 
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knowledge and place attachment tended to be higher for gardeners who used each management 

practice listed than for gardeners who did not.  

  

Figure 10. Scatter plot of gardeners’ self-reported place attachment vs. local ecological knowledge. 

 

Table 4.  Average local ecological knowledge (LEK) and place attachment (PA) scores of gardeners who 
do (“Yes” group) or do not (“No” group) use each of the listed management practices. Differences 
significant at α=0.05 are highlighted in gray.  

 

Management Practice LEK mean of “Yes” group LEK mean of “No” group p-value  
Composting garden waste 16.81 16.27 0.418 
Water conservation practices 17.55 16.30 0.026 
Planting a wide variety of species 17.23 15.45 0.006 
Planting native species 18.05 16.32 0.010 
Planting species that will attract beneficial insects 17.42 16.15 0.038 
Using organic or environmentally friendly fertilizers 17.42 14.73 <0.001 
Testing soil quality before using additional fertilizer 18.15 16.45 0.045 
Integrated pest management strategies 17.07 16.53 0.506 

 

Management Practice PA mean of “Yes” group PA mean of “No” group p-value 
Composting garden waste 16.62 17.64 0.40 
Water conservation practices 17.10 16.75 0.455 
Planting a wide variety of species 17.61 15.10 <0.001 
Planting native species 18.10 16.53 0.063 
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Planting species that will attract beneficial insects 17.62 16.30 0.067 
Using organic or environmentally friendly fertilizers 17.35 15.59 0.044 
Testing soil quality before using additional fertilizer 18.08 16.66 0.130 
Integrated pest management strategies 17.52 16.59 0.187 

 

3.3. Garden plant community characteristics 

3.2.1. Summary of agrobiodiversity and food provisioning in allotment gardens 

 Of the 45 gardeners’ plots sampled, 44 included at least one type of edible crop. In total, the 45 

sampled plots contained 48 unique cultivated edible crop types; 15 of these crops were cultivated in 

only one plot. The most commonly cultivated crops were tomatoes and peppers with approximately 

three-quarters and half of garden plots containing them, respectively. The average number of edible 

crop types cultivated by a single gardener in their allotment plot(s) was 6.4 [SD=5.3]. The average 

number of total cultivated taxa was 7.3 [SD=6.2].    

 

Figure 11. Crops cultivated in allotment garden plots and percentage of surveyed plots that contained 
each crop (does not include communal gardens).  
 

 Thirty-eight percent of sampled garden plots contained cultivated species which were primarily 

valued by gardeners for the regulating or supporting ecosystem services they provide. One-third of plots  
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contained species primarily used for pest regulation and sometimes weed control, and one-fifth 

contained plants which have the primary purpose of attracting or supporting pollinators and sometimes 

birds. About 15% of plots included both regulating and supporting species. Species in the regulating 

category include varieties of geraniums (Geranium spp.), marigolds (Tagetes spp.), and nasturtium 

(Tropaeolum spp.), as well as companion herbs such as lavender (Lavandula spp.). Although some of 

these species are edible or have medicinal uses, most gardeners indicated that they did not use the 

plants for these purposes. Species in the supporting category include black-eyed susans (Rudbeckia 

hirta), bee balm (Monarda didyma), sunflowers (Helianthus annuus), and varieties of zinnias (Zinnia 

spp.), cosmos (Cosmos spp.), and snapdragons (Antirrhinum spp.). Based on the follow-up interviews, it 

is evident that many species categorized as provisioning, regulating and supporting also provide certain 

CES, such as aesthetic and educational values; however, these cultural services are typically not the 

primary reason the flowers are planted. 

 Species categorized as providing supporting and regulating services usually occupied less area 

than cultivated edible crops in the garden plots in which they were present. In the 15 plots that included 

species which provide regulating ecosystem services, the average amount of space allocated to these 

plants was 11.3% [SD=10.3%] of the available cultivation area. The average amount of space dedicated 

to supporting species was slightly higher at 16% [SD = 16.6%], although this is considerably influenced by 

one gardener who dedicated 55% of their plot to species meant to attract bees; the median is 10%. 

There is a significant correlation (p<0.001) between gardeners who have planted regulating and 

supporting species. Of the 15 plots that included regulating species, 40%  were in the same community 

garden, which may indicate that garden plant community composition is influenced by what 

surrounding gardeners grow. There was no significant influence of plot area on the presence of 

regulating or supporting species. 
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 Nearly 80% of plots (n=35) also contained “disservice” species, primarily common garden weeds, 

such as wood sorrel (Oxalis spp.), dandelion (Taraxacum officinale), purslane (Portulaca oleracea), 

plantain grass (Plantago lanceolata), ground ivy (Glechoma hederacea), lamb’s quarters (Chenopodium 

album) and petty spurge (Euphorbia peplus). Although many of these species are edible, nearly all 

interviewed gardeners stated that they thought of these plants as nuisances in the garden, and typically 

did not harvest them to eat. On the other hand, some species which may otherwise be considered 

disservice species due to their invasive or aggressive nature were categorized as supporting species if 

gardeners allowed the plants to remain in their plots for the purpose of attracting pollinators. One 

example of such a species is spotted knotweed (Polygonum persicaria).  

 There was no significant difference in presence of regulating or supporting species based on age, 

gender, or number of years at the garden. There were also no significant differences in food provisioning 

capacity or cultivated species richness across these demographic categories. 

3.2.2. Differences between communal and allotment gardens  

Table 5. Agroecological characteristics of sampled allotment gardens (AG) and communal gardens (CG).  

Garden  Total Area 
(sq ft.) 

Food cultivation 
area (sq ft.) 

% garden area 
used to grow food 

Total # of 
edible crops 

Edible crop 
density (crops/ft2) 

# of Perennial 
Crops 

CG 1  4500 700  15.5% 29 0.041 8 
CG 2  1000 480 48% 32 0.067 7 
AG 1  17000 1800 10.6% 31 0.017 6 
AG 2 5625 840 14.9% 22 0.026 0 
AG 3  4200  900 21.4% 29 0.032 2 
AG 4  9000 980 10.9% 27 0.028 3 
AG 5  7800  1060 13.6% 27 0.026 4 

  

 On average, the two communal gardens contained a slightly greater number of cultivated edible 

plants than allotment gardens (27.2 vs 30.5, respectively). The difference is especially pronounced when 

crop diversity is standardized by available cultivation area (see Table 4). Eight crops were found in the 
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two communal gardens which were not found in any allotment garden: apples, raspberries, black 

raspberries, blackberries, rhubarb, honeydew melon, cucumelon (a hybrid species), sweet potatoes, and 

fennel. On average, the two sampled communal gardens also contained more perennial edible crops 

than allotment gardens. The relative amount of space dedicated to food cultivation is not significantly 

different between the two garden types.  

3.4. Relationship between cultural and biophysical ecosystem services 

 Gardeners who perceived “environmental education” to be a benefit had a lower average food 

provisioning percentage than gardeners who did not (p=0.024). Interestingly, the lower food 

provisioning percentage did not impact species richness among gardeners who perceived this benefit. 

No other statistically significant differences were observed between perceived benefits and food 

provisioning capacity (Figure 12), area standardized edible species richness (Figure 13), or area 

standardized total cultivated species richness (Figure 14). There were also no statistically significant 

correlations between place attachment or local ecological knowledge and the agroecological 

characteristics discussed above.  

 There was a negative correlation between planting species used for pest regulation and 

perceiving “neighborhood beautification” as a benefit of the community garden (p=0.015). There were 

no significant relationships observed between perception of any other benefits and presence of 

supporting or regulating species, or total cultivated species richness. There were also no significant 

differences in place attachment or local ecological knowledge between groups of gardeners who did and 

did not plant regulating or supporting species in their plots. 

3.5. Impacts of COVID-19 on ecosystem service generation 

 Of the 27 respondents who had joined their current community garden during the 2020 growing 

season, nearly half of them indicated that their decision to join had been influenced by the COVID-19 
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pandemic. Common reasons cited included having more free time due to being furloughed or working 

from home, a desire for self-reliance in the face of food supply uncertainties, and wanting to participate 

in a socially distant recreational activity. 12 returning gardeners indicated that their primary motivations 

for gardening had changed as a result of COVID-19, and 24 indicated that their management practices 

had changed in some way. The changes described included taking precautions in the garden to avoid 

contracting the virus, such as visiting at less busy times, wearing masks, maintaining social distance, and 

sanitizing shared tools. Some gardeners also mentioned that they grew a greater volume or variety of 

crops this year, due to having more time to dedicate to gardening, wanting to provide more of one’s 

own food supply, or wanting to grow extra produce to donate to those in need. 

 More than a third of all gardeners reported that the relative importance of benefits of their 

community gardens had changed due to COVID-19. Of these gardeners, about a quarter stated that food 

security and knowing who had touched their food had become more important to them this year. The 

remaining gardeners’ responses centered on the value of stress relief and connecting with both nature 

and other people during the pandemic. One gardener wrote: “Gardening has turned out to be the 

perfect COVID-19 activity. It provides a reason to get out of my house on a fairly regular basis and 

occasionally connect with community members. In a time of great uncertainty in many aspects of my 

life, gardening provides a tangible connection and something concrete I can do with my hands that is 

useful and healthy.”  Another stated “I think it’s more of a stress relief to have somewhere to go and 

something that needs to be taken care of.” Several gardeners also highlighted that they strongly valued 

the social dimensions of their community gardens this year, such as one who said: “Without many 

opportunities to socialize during this time, the gardens keep my family and community connected, safe 

and healthy”. These responses demonstrate that COVID-19 typically did not detract from community 

gardeners’ experiences; on the contrary, the value of both food provisioning and cultural ES in the 

garden increased during the pandemic.  



27 
 

4. Discussion 

 The aim of this study was to determine what types of biophysical and cultural ES are provided by 

urban community gardens and to investigate how production and perception of ES is impacted by 

sociocultural factors. Using a structured online survey combined with field data from community 

gardens, we examined whether the perception of CES provided by urban community gardens was 

correlated with the ecological characteristics of plant biodiversity and food provisioning capacity. We 

discuss and interpret key findings below.  

4.1. Ecosystem service production, synergies, and trade-offs 

 The survey and interview data show that community gardeners a variety of different types of 

CES. Relaxation and stress relief, connection with nature, and the opportunity to socialize with people 

from the community were the CES which gardeners experienced most often, which is consistent with 

past research on community gardening (Camps-Calvet et al., 2016; Martin et al., 2017; Petrovic et al., 

2019). The results of the exploratory factor analysis show two bundles of these perceived CES in the 

community garden. The first bundle, focused on individual natural experiences, consists of 

“environmental education”, “connecting with nature”, “leisure or recreation”, “relaxation or stress 

relief”, and “exercise or physical health benefits”. The second, which centers around social interactions 

and community pride, includes the benefits “neighborhood beautification”, “socializing with 

community”, “maintaining cultural heritage”, and “restoring local environment”, These results echo the 

findings of both Plieninger et. al. (2013) and Rall et al. (2016), who each found that there were two 

clusters of CES provided by urban areas, “recreational/social” and “immaterial/nature focused”. 

However, these studies assessed how CES perceptions varied across different types of urban green 

spaces, such as parks, gardens, and zoos. In contrast, our results show that CES perception can vary 

within the same green space type, and that different groups of gardeners feel that their gardens provide 
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different sets of benefits. These results invite further investigation of why gardeners simultaneously 

value these benefits and what factors affect perception of CES provided by the same green space.  

 The agroecological data show that food provisioning is another key benefit of community 

gardens, as most gardeners predominantly use their plots to grow edible crops. The survey data 

corroborates this finding, as the most common motivation for and benefit of community gardening were 

related to growing food. However, contrary to initial expectations about bundling between biophysical 

and cultural ES, there was no positive relationship observed between perception of any CES with garden 

plots’ food provisioning percentage, biodiversity, or presence of regulating or supporting species. In fact, 

there was a negative relationship between perception of “environmental education” as a benefit and 

percentage of the garden plot used to grow food provisioning crops, which demonstrates a potential 

trade-off rather than a synergy between the two. This contrasts with the findings of other studies on ES 

synergies in community gardens; for example, Dennis and James (2017) found that learning and well-

being in communally managed gardens was positively correlated with biodiversity. It is possible that this 

disparity is due to a difference in scales; we primarily examined ES relationships at the individual plot 

level rather than in the garden as a whole. Based on follow-up interviews, this surprising result may be 

due to the fact that gardeners who are most interested in understanding how plants interact with each 

other and the local environment are not overly concerned with yield. Rather, they value the opportunity 

to care for plants and learn how crops grow, and do not need to grow a large volume of food to receive 

this benefit. More generally, the lack of significant correlation between cultural and other categories of 

ecosystem services may demonstrate the particularly strong value that gardeners place on the symbolic 

and educational dimensions of their garden, regardless of their ecological awareness or attitudes. 

4.3. Drivers of ecosystem service generation 

4.2.1. The role of place attachment 
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 The finding that place attachment is significantly higher among gardeners who feel their gardens 

provide opportunities to connect with nature and to exercise shows that the unique functional value of 

community gardens is an important driver of forming a meaningful relationship to place. In other words, 

community gardens may offer specific opportunities to regularly interact with nature that cannot easily 

be found elsewhere in the urban environment. This finding is supported by follow-up interviews, in 

which many gardeners described their weekly time at the garden as a peaceful escape from city life. 

Similarly, the garden provides a unique set of physical health benefits, both by offering opportunities for 

low-impact and accessible exercise and by encouraging gardeners to more regularly eat fresh produce. 

These findings agree with research that shows how functional attachment, or the compatibility between 

a place’s characteristics and a person’s needs, strengthens connection to place (Williams & Vaske, 2003).  

 Place attachment among gardeners was also positively correlated with self-reported local 

ecological knowledge, demonstrating that connection to place is related to environmental awareness 

and familiarity with sustainable garden management.  This finding supports a growing body research 

which shows that there is a relationship between environmental education, sense of place, and pro-

environmental behavior (Scanell & Gifford, 2010; Kudryavstev, 2012; Masterson et al., 2019). 

Interestingly, scores for place attachment and local ecological knowledge were also significantly higher 

among groups of gardeners who utilized more complex management practices in their plots, such as 

planting a wide variety of species or using only organic pesticides and fertilizers. These practices may 

support ecosystem services such as biodiversity and soil fertility, indicating that while perception of 

individual cultural ecosystem services may not influence garden cultivation choices, a broader sense of 

place may indirectly support ES generation by influencing knowledge about place and consequently 

management decisions.  

4.2.2. Ecosystem services in communal vs. allotment gardens 
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 Although there were few significant differences in ES perception and production based on 

gardener demographics, communal and allotment gardens vary in a few important ways. For example, 

the communal gardens surveyed in this study had higher average edible species richness than the 

allotment gardens sampled. This finding agrees with a study by Cabral et al. (2016) which shows that 

communal gardens in Leipzig, Germany have higher agrobiodiversity than allotment gardens in the same 

area. Based on the interviews, a potential explanation for this trend is that a communal harvest 

structure encourages gardeners to grow many different crops, rather than focusing exclusively on a few 

household staples.  

 Communal gardens also featured greater numbers of perennial food crops than plots in 

allotment gardens. This disparity may represent a difference in investment – because allotment 

gardeners often do not cultivate the same bed in consecutive years, they do not typically plant crops 

which will re-establish in future seasons. Research shows that perennial crops provide several important 

ecological benefits, including improved carbon sequestration, soil nutrient retention, water filtration, 

and food security (Glover et al., 2010).  

 In terms of cultural ecosystem services, we found that communal gardeners are significantly 

more likely than allotment gardeners to feel that their gardens provide opportunities for recreation, 

socialization, and maintaining cultural heritage. This finding  is supported by a significant body of 

empirical literature which asserts the value of local, community-based resource management systems 

for creating a sense of community and strong collective identity (Barthel et al., 2010; Berkes et al., 2000; 

Krasny & Tidball, 2009; Okvat & Zautra, 2011).    

 Together, these three findings indicate that including more communally managed areas in 

allotment gardens may encourage gardeners to grow and eat new foods while supporting other ES.  

4.3. Limitations and future research 
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 A limitation of this research is the difficulty of quantitatively measuring CES, as the symbolic 

value of a given benefit may vary significantly based on personal and social factors (Chan et al., 2012). 

This is particularly evident in this study with the food provisioning benefit; although three-quarters of 

gardeners reported that their primary motivation for gardening was to grow food, it is clear from the 

open-ended responses and qualitative interviews that symbolic and functional values ascribed to the 

garden harvest differ significantly from person to person.  

 Another limitation of this work is that we did not assess perceived importance of many 

biophysical ES commonly acknowledged to be provided by community gardens, such as microclimate 

regulation, providing habitat for wildlife, and increasing stormwater retention. The wide variety of 

environmental concerns highlighted in the interviews suggest that it would be valuable to quantitatively 

assess gardeners’ perception of these benefits in future work. Additionally, because only active 

community gardeners were included in the sample, the study did not capture how other community 

members who live near the garden may value its benefits, which may have influenced the results. Future 

studies can address these limitations by broadening the study population to include non-garden 

members and by assessing the perceived importance of a wider variety of ES.  

  Due to small sample sizes, findings related to differences in ES provision between 

communal and allotment gardens are not conclusive, but do highlight interesting potential trends in the 

relationship between garden type and agrobiodiversity.   Additionally, although we were unable to 

collect data on differences in regulating and supporting services between garden types, this finding 

invites further investigation of these features.   

 Future studies could utilize citizen science to provide more accurate measures of food 

provisioning. Future research could also focus on directly measuring other ES provided by gardens, such 

as soil nutrient cycling, microclimate regulation, and pollinator or bird biodiversity. Assessing how these 
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features are affected by sociocultural factors can provide insight into the most effective and efficient 

way to ensure the social and ecological resilience of cities moving forward.  

5. Conclusion 

 Urban community gardens are inherently multifunctional spaces which provide important ES 

that improve personal, social and ecological well-being. The results of this study suggest that in addition 

to providing access to healthy food, urban gardens are important sources of CES, such as connection to 

nature, relaxation and stress relief, and social interactions, especially during times of unexpected change 

such as the COVID-19 pandemic. Although experience of CES was not found to be directly related to 

agrobiodiversity or volume of food production, the results suggest that considering how these 

immaterial benefits manifest in specific social-ecological contexts can support better decision-making, as 

they highlight the things that people truly care about and can therefore inform how limited space should 

be allocated. Cities could therefore benefit from using a CES approach to expand or modify existing 

community garden networks. 
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