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Abstract

Urban agriculture (UA) has emerged as a key response to the challenges associated with urbanization, addressing urban poverty, food
insecurity, livelihood vulnerability and environmental stress. This study examines key catalysts and constraints influencing UA in the
Thiruvananthapuram corporation, Kerala, India. Using mixed-methods research design, data were collected from 124 urban farmers
across 20 purposively selected wards through pre-tested questionnaires and focus group discussions during 2024. The identified catalysts
were categorized into three groups: socio-economic benefits, ecosystem services and fitness and well-being. Analysis revealed significant
differences among these three categories, with fitness and well-being emerging as the most influential catalysts, followed by socio-
economic benefits and ecosystem services. Psychological well-being and reduction of lifestyle disorders were the primary catalysts,
indicating the role of UA in mental and physical health. Socio-economic benefits included improved access to fresh food, income
generation and preservation of cultural practices, while ecosystem services contributed to sustainable development, biodiversity and
improved environmental quality. The constraints were grouped into institutional and socio-economic categories, with the lack of timely
information, extension services and agricultural inputs identified as the major institutional barriers. Socio-economic challenges included
poor soil fertility and high costs of specialized inputs and labour. The findings collectively elucidate the key catalytic factors and
constraints shaping the adoption and practice of UA.

Keywords: constraints of urban agriculture; ecosystem services; health and well-being; key catalysts; socio-economic benefits; urban
agriculture

of 2018, more than half of the world's population lived in urban
areas, which produce over 80 % of the global gross domestic
product and UA, encompassing a range of farming methods, is
widely practiced across urban settings (5-7). These activities may
involve ground-based cultivation or integration into building
structures, with or without environmental control systems (8). The
significance of urban and peri-UA lies in its multifaceted ability to
provide social, economic and environmental benefits, as well as
ecosystem services (9).

Introduction

In 2008, urban dwellers outnumbered rural residents globally for the
first time. Projections suggest that by 2050, the world's population
will reach 9.2 billion, with 70 % expected to live in urban areas (1). In
numerous developing nations, urbanization coincides with a rise in
urban poverty and environmental degradation. These factors
exacerbate food insecurity and malnutrition, particularly among
vulnerable groups, such as children, pregnant women and lactating
mothers. Urban agriculture (UA) has emerged as a promising
approach for addressing these challenges, offering opportunities to
enhance food availability, improve health outcomes, stimulate local

Urban agriculture is primarily motivated by its ability to
facilitate food production close to urban populations (10). The

economies, foster social cohesion and promote environmental
sustainability. UA is a widespread phenomenon, existing in various
forms across the globe, with approximately 25-30 % of urban
residents worldwide participating in agro-food activities (2).

Urban agriculture generally refers to gardening, farming and
related activities conducted on small parcels of land within or near
cities. While the conventional definition emphasizes horticulture and
agriculture, some interpretations encompass animal rearing (3, 4). As

integration of vegetables into diets is essential for maintaining an
optimal nutritional balance, however, global vegetable
consumption remains below the recommended levels in many
regions (11, 12). UA has emerged as a potential solution to address
this shortfall, contributing 5-10 % to the global production of
legumes, tubers and vegetables (12, 13). The increasing market
demand for locally sourced, safe and sustainably produced food has
led to a significant rise in investments in UA in numerous developed
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cities (14). Investments in backyard and vegetable gardening in
urban areas are seen as essential elements for enhancing livability,
positively impacting emotional, psychological and physical well-
being (15, 16).

As per capita arable land decreases and urban migration
increase due to aspirations for better opportunities, the integration
of UA into urban planning has emerged as a feasible concept. The
key aspect of urban planning is repurposing abandoned urban land
(17). These underutilized spaces are an important avenue for urban
green infrastructure. It also provides valuable ecosystem services,
which are increasingly recognized in cities worldwide (18). Green
infrastructure, including urban wastelands, plays a critical role in
improving air and water quality, managing stormwater, regulating
microclimate and promoting human health and recreation (19).
Several European city regions have implemented green
infrastructure initiatives to foster sustainable spatial planning
through the ecosystem service framework (20). These initiatives aid
climate mitigation and adaptation by reducing urban heat island
effect, managing runoff during extreme rainfall events, promoting
urban circularity and conserving urban biodiversity (13,21-23).

Urban agriculture also contributes to household income,
reduces food-related expenses, generates employment
opportunities and fosters social cohesion and public engagement
(22, 24). By enhancing food security, public health, social capital and
sustainable economies, UA can strengthen resilience against diverse
stressors and shocks. Despite these recognized benefits across
social, ecological, environmental and economic dimensions,
significant knowledge gap remains regarding how these impacts
vary across different urban contexts and the mechanisms driving
these outcomes, highlighting the need for further research (25).

Although UA offers a range of opportunities, it also faces
several obstacles. These include social and ecological vulnerabilities
in urban settings and among their inhabitants. Such vulnerabilities
manifest as food shortages under evolving conditions, such as global
climate change, pandemics such as Covid-19 and the growing future
demand for food (26). Additional negative social and environmental
externalities associated with agricultural production and supply
chains, such as urban land teleconnections are overlooked.
Environmental degradation, including deforestation, can occur due
to increased spatial needs, while increased fertilizer demand is
linked to distant monoculture established on previously non-arable
land (27). The misinterpretation of UA multifunctionality remains a
barrier to its effective integration into urban planning (28, 29).

The objective of this study was to identify the key catalysts
driving the growth of UA, defined as the specific and influential
factors that significantly promote the initiation, development and
sustained practice of agriculture in urban environments.
Additionally, the study examines the institutional and socio-
economic constraints that impede the success of urban agricultural
in urban settings.

Materials and Methods
Identification of key catalysts of urban agriculture

The research team initially identified 43 sub-catalytic factors, which
were divided into three dimensions: socio-economic, ecosystem,
fitness and well-being. These items were generated through a desk
review of relevant literature, consultations with subject-matter
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experts and the prior research experience of the study team. The
categorization of sub-catalytic factors into socio-economic benefits,
ecosystem services and fitness and well-being was conceptually
grounded and reflects the multi-functional role of urban food
systems, while clearly distinguishing economic, ecological and
health-related outcomes.

An expert panel of judges comprising university faculty, extension
personnel and practitioners with extensive experience in UA
reviewed the initial list of 43 sub-catalytic factors through a relevancy
rating procedure. Forty-five judges were invited to assess each item
on a five-point Likert scale ranging from 'most relevant' to 'least
relevant'. Of these, 30 judges responded, enabling the calculation of
arelevancy index for each item. To ensure content validity and focus,
only those items with a relevancy index above 0.80 were retained for
inclusion in the final survey questionnaire. This selection process
resulted in 30 statements, evenly distributed with ten items under
each of the three dimensions, thereby maintaining balanced
representation across socio-economic, ecosystem and fitness and
well-being aspects.

The questionnaire was subsequently pre-tested, during which the
research team refined and modified specific items to address
ambiguities that arose during translation into Malayalam, the
regional language of the study area, thereby ensuring clarity,
linguistic accuracy and contextual appropriateness.

Locale of the study

Thiruvananthapuram, the capital city of Kerala, India, is located on
the southwestern coast of the Indian peninsula along the Arabian
Sea at approximately 8.5241° N and 76.9366° E longitude. It covers a
geographical area of 2192 km?and is bordered by the Arabian Sea to
the west, Tamil Nadu to the east and Kollam district to the north. The
city was selected for this study because of its rapid urban growth,
distinctive socioeconomic and environmental conditions and active
engagement in UA (30). The city faces unique challenges related to
urbanization, including limited arable land, rising food demands and
socio-environmental vulnerabilities, making it a pertinent site for
exploring the multifaceted role of UA in promoting urban resilience
and sustainable development (31, 32). The Thiruvananthapuram
city corporation, the primary local governing body, grapples with
specific challenges, such as swift urbanization, limited land
availability and waste management problems. Investigating how UA
responds to these challenges and capitalizes on the available
opportunities yields valuable insights for other urban locales facing
similar challenges.

Selection of respondents

This study employed an expost facto research design, a systematic
empirical inquiry where the researcher does not have direct control
over independent variables, since their manifestations have already
occurred or are inherently non-manipulable. The research was
conducted in the twenty selected wards of Thiruvananthapuram
corporation, Kerala, India. Wards are the basic administrative units of
local self-government (LSG) in Kerala. The research team selected
twenty wards of Thiruvananthapuram corporation with prominent
vegetable cultivation, through purposive sampling in consultation
with officials from the Department of Agriculture Development and
Farmers’ Welfare and allied line departments, Government of Kerala.
The research team further selected ten urban farmers from the
selected wards, who involved in various forms of gardening as home
gardens, kitchen gardens, terrace gardens or combined terrace-
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kitchen gardens through purposive sampling with the assistance of
elected members from the respective LSG wards, yielding a total
sample of 200 respondents.

The questionnaire was developed and pre-tested in non-sample
areas before administration. Following pretesting, the
questionnaires were distributed primarily through email to all
respondents; for those whose emails were undeliverable, postal mail
was employed as an alternative. Additionally, data collection was
incorporated into face-to-face interactions to maximize response
rates. Ultimately, 124 complete responses were obtained,
comprising 30 via email, 25 by postal mail and 69 through in-person
interviews.

Data collection

The questionnaire comprised two major sections: catalytic factors
promoting the initiation and continuation of UA and constraints
impeding its effective practice in the city. Subsequently, the team
collected data from the respondents on a five-point Likert scale
ranging from strongly agreeing to strongly disagreeing,
corresponding to numerical scores from 5 to 1. Data collection was
conducted from September to December 2024 using a mixed-mode
approach (online and direct) to ensure comprehensive
representation of respondents from all selected wards.

Constraints faced by urban farmers

Based on review of the literature, preliminary field interactions and
consultations with subject-matter experts, the research team
identified the constraints experienced by urban farmers in
Thiruvananthapuram corporation and classified them into two
broad categories: institutional and socio-economic constraints. The
team adopted this categorization to distinguish barriers arising from
governance, policy and service delivery systems from those linked to
household-level resources, labour and economic conditions and
assessed each constraints using a three-point continuum: to a larger
extent [3], to some extent [2] and to a lesser extent [1]. The use of a
three-point scale was intentional, as it enabled respondents to
clearly indicate the intensity of constraints without introducing the
response of ambiguity. This approach is widely used in applied
agricultural and extension research, where the objective is to
prioritize limiting factors rather than measure attitudinal gradation.

Data analysis

Both descriptive statistics (frequency, percentage, mean score and
rank) and inferential statistical analyses were used to analyze data.
One-way ANOVA was used to assess differences among the three
catalytic domains, followed by Tukey’s HSD test for pairwise
comparisons of the results. This approach enabled robust
identification of statistically significant differences among domain
means.

Analysis of variance (ANOVA)

The F-statistic for one-way ANOVA (Egn. 1) was computed to test the
null hypothesis of equal group means. Significant F-values (p < 0.05)
warranted post-hoc analysis using Tukey’s HSD (Egn. 2) to identify
specific group differences.
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Asignificant F-value (p <0.05) indicated that at least one group mean
differed significantly.

Tukey’s (HSD) test

When ANOVA showed significant results, Tukey's HSD was
employed to identify the specific group means that differed. The
formula used was:

=number of observations in group

=individual observation

MS Within

HSD = ek d fwithin X n (Egn.2)

where,

ke fwicnin = studentized range value at significance level a,
for k groups and df degrees of freedom

MSyyinin =Meansquare within groups (from ANOVA)
1 =sample size per group (or harmonic mean for unequal n).

If . _

| X; —Xj > HSD,
then X the Xj difference between the two means and was
considered statistically significant at the chosen level of
probability.

Results and Discussion

Key catalysts driving growth and development of urban
agriculture

The total mean scores of the key catalysts under the three
dimensions are listed in Table 1. ANOVA revealed significant
differences among the three categories of UA catalysts (p < 0.05).
Fitness and well-being recorded the highest mean score (41.40),
followed by socio-economic benefits (38.04) and ecosystem services
(36.90), indicating that individual-level psychological and lifestyle-
related motivations were the strongest drivers of UA adoption

Fitness and well-being

Psychological well-being (S1) emerged as the strongest catalyst
within the fitness and well-being dimension, highlighting UA as an
effective pathway for stress reduction, mental restoration and social
reconnection in urban settings (Table 2; Fig. 1). This finding reinforces
the role of urban food production as a nature-linked intervention
that boosts mental health and quality of life, consistent with earlier
studies reporting personal, social and emotional benefits of
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Table 1. Mean scores of items under three catalytic factors of urban agriculture

Fitness and well-being
Statement no.

Socio-economic benefits

Ecosystem services

Mean score Rank Mean score Rank Mean score Rank
S1 4.41 1 4.27 1 3.63 5
S2 4.27 2 4.05 5 3.51 8
S3 4.12 5 4.1 4 3.71 4
S4 4.06 7 2.8 9 3.49 9
S5 4.18 3 2.63 10 3.86 2
S6 4.18 3 3.86 8 3.93 1
S7 4.15 4 4.02 6 3.60 6
S8 4.10 6 4.12 3 3.86 2
S9 4.05 8 3.95 7 3.77 3
S10 3.90 9 4.25 2 3.52 7
Total 41.40 38.04 36.90
Range 38to49 33to45 31to46
SD 2.486 2.947 3.373
ANOVA statistics
Statistic Value
F value 78.598
p value 0.00001*
Mean square deviation (MSD) 0.266
Coefficient of variation (CV %) 7.625

Socio-economic benefits:
S1:1am aware that UA increases access to fresh and healthy food at households.
S2: 1 agree that UA helps in food production for my domestic consumption.

S3: 1 feel UA enhances intimate relations as well as social networks and interactions with different people and institutions, including the officials
and elected representatives.

S4: | feel UA can influence local planning and policies that govern tenure security and shape people’s ability to control and manage land.
S5: 1 can improve my social contact and integration through UA.
S6: | often feel that UA improves dietary diversity.
S7: I believe UA increases subjective well-being.
S8: | trust UA helps in the maintenance of cultural heritage.
S9: | feel urban agriculture augments my income through better access to jobs and livelihood opportunities, or another asset
S10: | like to share farming experience with other farmers.

Ecosystem services:
S1: | feel UA helps in increased species diversity and improved nutrient cycling.
S2: | feel UA provide nature-based solutions through green infrastructure.
S3:1think UA improves air quality.
S4: 1 feel UA improves soil fertility.
S5: | feel UA leads to soil and water pollution due to the overuse of chemical fertilisers.

S6: UA, through its green infrastructure solutions, is often identified as a vehicle to achieve the triple goals of sustainable development, human
well-being and climate action.

S7: UA enhances pollination.
S8: UA maintained biodiversity and regulated microclimate and protected flora and fauna.
S9: | believe UA promotes a clean and sustainable environment.
$10: UA aids in reduction of energy use and greenhouse gas emissions.

Fitness and well-being:
S1:1think UA improves psychological well-being through the de-alienation process with community, nature etc
S2: 1 agree UA reduces lifestyle disorders.
S3: I think being involved in UA employs entertainment and leisure.
S4: It strengthens exercise and physical recreation.
S5: 1 think UA reduces the sense of boredom.
S6: | feel UA helps in improving healthy eating habits.
S7: I believe UA nurtures a soul with pleasure.
S8: | feel that practising UA is helpful for relaxation and stress reduction
S9: | agree UA gives personal satisfaction.
$10: | think the returns on urban agriculture is less substantive.
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Table 2. Summary of primary, secondary and tertiary catalysts identified in each domain

Category Primary catalyst

Secondary catalyst Tertiary catalyst

Socio-economic Access to fresh food (4.27)

Ecosystem services Sustainable development goals (3.93)

Fitness and well-being Psychological well-being (4.41)

Share farming experience (4.25)
Biodiversity and pollution concern (3.86)

Reduces lifestyle disorders (4.27)

Cultural heritage (4.12)

Clean environment (3.77)

Healthy eating and reduces boredom

(4.18)
Fitness and well-being: Ranking of Catalytic factors
S$10: LESS SUBSTANTIVE RETURNS 3.9
S9: PERSONAL SATISFACTION 4.05
S8: STRESS REDUCTION 4.1
“ S$7:SOUL PLEASURE 4.15
E S6: HEALTHY EATING 4.18
= S5: REDUCES BOREDOM 4.18
-
& S4: PHYSICAL EXERCISE 4.06
S3: ENTERTAINMENT 4.12
$2: REDUCES DISORDERS 4.27
S1: PSYCHOLOGICAL WELLBEING 4.41
36 37 38 39 4 41 42 43 44 45
Mean Score 1-5 Scale
Fig. 1. Fitness and well-being: ranking of catalytic factors.
engaging in cultivation and green spaces (33, 34).The present income generation.

findings are also consistent with those of, who emphasized the
contribution of UA to well-being through the promotion of
meaningful relationships, community belonging and a sense of
fulfillment derived from productive engagement with the
environment (35).

The secondary catalyst, reduction of lifestyle-related
disorders (S2), along with high scores for tertiary catalysts, reduction
of boredom (S5) and promotion of healthy eating habits (S6),
underscores UA’s preventive health potential. These results position
UA not only as a food production activity but also as a low-cost,
accessible public health co-benefit, particularly relevant in urban
Kerala, where sedentary lifestyles and non-communicable diseases
areincreasing.

From a policy perspective, these findings support the
inclusion of UA within health and wellness initiatives and its
promotion through community-based programmes such as
“Kudumbashree” neighborhood groups and Integrated Child
Development Scheme (ICDS), which could integrate UA with their
nutrition awareness and lifestyle improvement efforts. UA
contributes directly to multiple aspects of human well-being,
including food and nutritional security, livelihood enhancement,
public health and social cohesion (36). The cultivation of both food
and medicinal plants has further broadened their role in sustaining
community health and resilience.

In contrast, personal satisfaction (S9) and perceived lower
economic returns (S10) recorded comparatively lower mean scores.
The lower ranking of S9 suggests that respondents may not
consciously associate their farming activities with emotional
fulfilment, even though the physical and psychological benefits were
evident in practice (Fig. 1). The lowest score for S10 suggests that
respondents largely perceived UA as offering limited direct
economic returns, reinforcing its role in policy orientation towards
food security, health, environment and well-being rather than

Socio-economic benefits of urban agricutture

The primary catalyst within the socioeconomic benefits dimension
was attributed to the statement access to fresh food (S1), followed
by the secondary and tertiary catalysts share experience (S10) and
cultural heritage (S8) (Table 2; Fig. 2). Access to fresh food (S1) is
ranked as the primary socio-economic catalyst, underscoring the
role of UA in enhancing household food security. Statements related
to sharing farming experiences (S10) and preserving cultural heritage
(S8) formed secondary and tertiary catalysts, revealing a strong
social dimension in community-based cultivation practices. The
tertiary catalyst emphasized the cultural dimension of urban
farming, where traditional practices and local heritage were valued
and preserved through continued engagement in cultivation.
Together, these three drivers demonstrate that UA is not only an
economic activity, but also a social and cultural enterprise that
reinforces household well-being, community resilience and
collective identity (37).

The lowest mean scores within the socio-economic benefits
dimension were recorded for influence policy (S4), indicating that
respondents perceived limited opportunities to impact urban
planning and governance (Fig. 2). This highlights the disconnect
between grassroots practices and formal policy mechanisms in the
city. Strengthening social integration through local cooperatives,
farmer networks and inclusive urban food councils could enhance
the visibility and agency of urban farmers, thereby transforming UA
into a more equitable and policy-supported component of
sustainable city development.

Ecosystem services of urban agricutture

The highest score for sustainable development (S6) reflects the
perceived role of UA as a nature-based solution that contributes to
sustainability goals including environmental protection, climate
action and resource efficiency (Table 2; Fig. 3). This strong positive
orientation coexisted with contrasting secondary perceptions,
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Socio-economic Benefits: Ranking of
Catalystic factors

S$10: SHARE EXPERIENCE

| 2.25

S9: AUGMENTS INCOME

| 3.95

S8: CULTURAL HERITAGE
S7:SUBJECTIVE WELL-BEING

S6: DIETARY DIVERSITY

Statements

S5:SOCIAL INTEGRATION

S4: INFLUENCES POLICY

| 4.12

|| 4.02

$3: SOCIAL NETWORKS 4.1
$2: DOMESTIC FOOD PRODUCTION 4.05
S1: ACCESS TO FRESH FOOD 4.27
0 05 1 15 2 25 3 35 4 45
Mean Score 1-5 Scale
Fig. 2. Socio-economic benefits: ranking of catalytic factors.
Ecosystem Services:Ranking of Catalytic
factors
$10: ENERGY REDUCTION 3.52
$9: CLEAN ENVIRONMENT W8T
S8: BIODIVERSITY g 3.86
A S7: POLLINATION 3.6
@ = — 1
E S$6: SUSTAINABLE DEVELOPMENT 3.93
g $5: POLLUTION CONCERN 3.86
-~ 2 4 \d
2 S4:SOILFERTILITY', 3.49
S$3: AIR QUALITY 3.71!)
T 1 T T
$2: GREEN INFRASTRUCTURE 3.51
T 1 T |
S1:SPECIES DIVERSITY 3.63 ’
32 33 34 35 36 37 38 39 4
Mean Score 1-5 Scale

Fig. 3. Ecosystem services: ranking of catalytic factors.

represented by biodiversity enhancement (S8) and concerns over
soil and water pollution due to chemical fertilizer use (S5). The high
ranking of S8 indicates that respondents clearly recognized UA’s role
in supporting urban biodiversity, particularly through the creation of
green spaces such as home gardens, terrace gardens and mixed
cropping systems, attracting pollinators and beneficial insects and
contributing to habitat connectivity within urban landscapes.

Although UA is often associated with improved soil fertility
through its circularity, the relatively high score for the negatively
framed statement on soil and water pollution due to chemical
fertilizer use (S5) reflects context-specific concerns rather than a
rejection of soil-related benefits. In dense urban settings such as
Thiruvananthapuram, urban farming frequently occurs in space-
constrained systems including rooftop gardens, grow bags and
containers, where nutrient application tends to be more intensive

and less buffered than in openfield agriculture. Under such
conditions, respondents may perceive a higher risk of nutrient
leaching, runoff, or salt accumulation, which also points towards a
less stable extension of advisory service.

The tertiary catalyst, promotion of a clean environment (S9),
further reinforces UA’s perceived contribution to improved urban
environmental quality. Taken together, these findings highlight the
importance of urban-specific ecological management frameworks
that balance biodiversity enhancement with environmentally safe
nutrient management. Strengthening collaboration among urban
local bodies, agricultural extension services and research institutions
can support integrated nutrient management, soil health
monitoring and biodiversity-oriented UA programmes, thereby
translating the ecological potential of UA into measurable and
sustainable urban environmental outcomes (38).
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Constraints faced by urban farmers

The constraints faced by urban farmers in Thiruvananthapuram
corporation were categorized into two categories: institutional
constraints and socio-economic constraints. Each constraint was
ranked from highest to lowest based on the total score and the
results are shownin Table 3.

Institutional constraints

Among the institutional factors, lack of timely information facilities
ranked first (score 276), followed by lack of extension services (score
272) and shortage of agricultural inputs and equipment (score 268).
These three constraints collectively indicated that urban farmers
faced systemic barriers in accessing the technical, informational and
infrastructural support essential for effective farming.

Timely access to information on weather forecasts, market
trends, technological innovations and optimal agricultural practices
is crucial for farmers to make informed decisions and adapt to
changing conditions (39). However, the absence of structured
information channels in urban areas limited their ability to respond
proactively to market and climatic variability. Similarly, the lack of
dedicated extension services tailored to the urban context has left
farmers without essential technical guidance on soil health,
irrigation, pest management and urban farming technologies (40).

Furthermore, shortages of inputs and equipment reflected
the challenges of supply chain fragmentation and resource
competition within cities. Urban farmers often find it difficult to
procure affordable and high-quality inputs because of limited
distribution networks and higher transportation and storage costs
(41). Collectively, these institutional gaps hinder the scalability,
efficiency and sustainability of urban farming initiatives. Limited
extension services particularly highlight the absence of urban-
specific advisory mechanisms, which are essential for guiding
farmers on soil management, cultivation technologies and pest
control under constrained urban conditions.

Socio-economic constraints

Under socio-economic constraints, the lack of soil fertility emerged
as the most significant challenge (score 296), followed by the high
cost of specialized farming structures and inputs (score 280) and the

Table 3. Constraints faced by urban farmers

high cost of labour (score 276). Declining soil fertility directly affects
productivity and profitability, posing a serious threat to the long-
term sustainability of urban agricultural systems. Improving soil
health through testing, composting and the use of organic
amendments can mitigate this constraint (42).

The high cost of specialized inputs and structures, such as
vertical gardens, hydroponic systems and protective covers, places a
substantial financial burden on urban farmers, particularly on smalk
scale producers with limited access to credit. This financial barrier
may discourage new entrants and restrict the expansion and
diversification of existing enterprises (43, 44). Similarly, high labour
costs further pose challenges to profitability and competitiveness,
especially in cities where wage levels and opportunity costs are high.
Although mechanization and automation could potentially offset
labour dependency, adoption was constrained by high initial
investment and technical complexity (45-47).

Lower-ranked constraints, such as crop damage, theft and
limited credit facilities though less critical, still influenced farmer's
willingness to expand or diversify production (35, 48). Together,
these findings demonstrate that UA in Thiruvananthapuram is
primarily driven by motivations related to well-being and food
access, while impeded by institutional inefficiencies and resource-
related challenges. Addressing these constraints through targeted
extension models, improved input distribution systems and greater
policy integration could strengthen the sustainability of UA in the
region.

Conclusion

This study demonstrates that UA in Thiruvananthapuram functions
as a multidimensional, plant-based urban system, delivering
integrated socio-economic benefits, ecosystem services and fitness
and well-being outcomes, while simultaneously facing institutional
and practice-related constraints. Among the identified catalysts,
fitness and psychological wellbeing emerged as the strongest
drivers, highlighting that motivations for urban farming extend
beyond food production to include mental restoration, physical
activity and quality of life enhancement.

Particulars Larger extent Some extent Lesser extent
A Institutional constraints F P F P F P Scores Rank
L Lack of vacant ]?apranfiensga”d land area for 52 41.94 28 22.58 44 35.48 256 v
2. RRestrictive rules and ordinances 36 29.03 52 41.94 36 29.03 248 \
3. Lack of extension services 40 32.26 68 54.84 16 12.90 272 I
4. Lack of credit facilities 28 22.58 64 51.61 32 25.81 244 vi
5. Shortage;’é ji%rrirfgr']tt”sral inputs and 40 3226 64 5161 20 1613 268 I
6. Lack of timely information facilities 56 45.16 40 32.26 28 22.58 276 1
B Socio-economic constraints
1 Vulnerability to theft 20 16.13 28 22.58 76 61.29 192 Vil
2. Crop damaged by passing livestock 16 12.90 48 38.71 60 48.39 204 vil
3. Crop loss due to pest and disease 44 35.48 48 38.71 32 25.81 260 \
4. Lack of soil fertility 56 45.16 60 48.39 8 6.45 296 1
5. High cost of labour 48 38.71 56 45.16 20 16.13 276 m
6. Highsfﬁfcttﬂf;ﬂﬁgsged farming 60 4839 36 2003 28 2258 280 I
8. Difficulty in getting quality inputs 60 48.39 28 22.58 36 29.03 272 v
9. Lack of labour and time 28 22.58 68 54.84 28 22.58 248 '
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From a theoretical perspective, the findings advance UA
research by empirically illustrating the interconnectedness of food
security, ecological functions and human well-being in urban contexts.
Practically, the results point toward scalable and institutionally
grounded pathways for strengthening UA in rapidly urbanizing cities.
In Kerala, where decentralization is at its peak, integrating UA within
local self-government initiatives, community-based institutions such
as “Kudumbashree” and other urban-focused green infrastructure
providing services can enhance environmental safety and long-term
sustainability. This study also underscores the importance of science-
based nutrient management and appropriate technologies to
mitigate environmental risks while maximizing ecological benefits.

In conclusion, the insights from Thiruvananthapuram offer
scalable lessons for other medium-sized cities in India and similar
regions, where UA can be positioned as a strategic component of
sustainable urban planning, public health promotion and
environmental resilience.

Acknowledgements

Authors acknowledge Kerala Agricultural University for funding the
research work.

Authors' contributions

The research work was conceptualized by GSS and SSP. The study
design and data collection were carried out by SGS, RM and SJR.
Data analysis and interpretation were performed collaboratively by
SGS, SS, SSP, SK, AKR, CVS and GS. The manuscript was prepared by
SGS, SS, RM, SSP, SK, AKR, CVS and GS, with contributions from all
authors to the final version of the manuscript. All authors read and
approved the final manuscript.

Compliance with ethical standards

Conflict of interest: Authors do not have any conflict of
interests to declare.

Ethical issues: None

Declaration of generative Al and Al-assisted technologies
in the writing process

During the preparation of this work the author(s) used ChatGPT
for grammatic corrections. After using this tool/service, the
author(s) reviewed and edited the content as needed and
take(s) full responsibility for the content of the publication.

References

1. Satterthwaite D. The contribution of cities to global warming and
their potential contributions to solutions. Environ Urban ASIA.
2010;1:1-12. https://doi.org/10.1177/097542530900100102

2. Orsini F, Nono-Womdim R, Gianquinto G, Kahane R. Urban
agriculture in the developing world: A review. Agron Sustain Dev.
2013;33:695-720. https://doi.org/10.1007/513593-013-0143-z

3. Enete AA, Achike Al. Urban agriculture and urban food insecurity/
poverty in Nigeria. Outlook Agric. 2008;37:131-4. https://
doi.org/10.5367/000000008784648915

4.  Tornaghi C. Critical geography of urban agriculture. Prog Hum
Geogr. 2014;38:551-67. https://doi.org/10.1177/0309132513512542

10.

11.

12.

13.

14,
15.

16.

17.

18.

19.

20.

21.

22.

United Nations Department of Economic and Social Affairs.
Statistical papers - United Nations (Ser. A): Population and vital
statistics report. New York: United Nations; 2018.

World Bank. Urban development overview. Washington (DC): World
Bank; 2020.

Graefe S, Schlecht E, Buerkert A. Trends and gaps in scholarly
literature on urban and peri-urban agriculture. Nutr Cycl
Agroecosyst. 2019;115:143-58. https://doi.org/10.1007/s10705-019-
10018-z

Goldstein B, Ferndndez J, Birkved M, Hauschild M. Urban versus
conventional agriculture, taxonomy of resource profiles: A review.
Agron Sustain Dev. 2016;36:9. https://doi.org/10.1007/s13593-015-
0348-4

Artmann M, Sartison K. The role of urban agriculture as a nature-
based solution: A review for developing a systemic assessment
framework. Sustainability. 2018;10:1937. https://doi.org/10.3390/
sul0061937

Grafius DR, Edmondson JL, Norton BA, Clark R, Mears M, Leake JL,
et al. Estimating food production in urban landscapes. Sci Rep.
2020;10:5141. https://doi.org/10.1038/s41598-020-62126-4

Willett W, Fanzo J, Gordon LJ, Branca F, Tilman D, Troell M, et al.
Food in the Anthropocene: The EAT-Lancet Commission on healthy
diets from sustainable food systems. Lancet. 2019;393:447-92.
https://doi.org/10.1016/S0140-6736(18)31788-4

Harris J, Tan W, Raneri JE, Schreinemachers P, Herforth A.
Vegetables for healthy diets in low- and middle-income countries: A
scoping review of the food systems literature. Food Nutr Bull.
2022;43:232-48. https://doi.org/10.1177/03795721211068652

Clinton N, Herwig C, Stuhlmacher M, Gong P, Miles A, Uludere
Aragon N, et al. A global geospatial ecosystem services estimate of
urban agriculture. Earths Future. 2018;6:40-60. https://
doi.org/10.1002/2017EF000536

Agrilyst. State of indoor farming. New York: Agrilyst; 2017.

Ambrose G, Das K, Fan Y, Ramaswami A. Is gardening associated with
greater happiness of urban residents? A multi-activity, dynamic
assessment in the Twin-Cities region, USA. Landsc Urban Plan.
2020;198:103776. https://doi.org/10.1016/j.landurbplan.2020.103776

Soga M, Cox DTC, Yamaura Y, Gaston KJ, Kurisu K, Hanaki K. Health
benefits of urban allotment gardening: Improved physical and
psychological well-being and social integration. Int J Environ Res
Public Health. 2017;14:71. https://doi.org/10.3390/ijerph14010071

Johnson T, Sarkar S, Mearns LO, Weaver C, Warren M, Hummel P, et
al. Modeling streamflow and water quality sensitivity to climate
change and urban development in 20 U.S. watersheds. J Am Water
Resour Assoc. 2015;51:1321-41. https://doi.org/10.1111/1752-
1688.12308

McKinney ML, Verberkmoes A. Beneficial health outcomes of
natural green infrastructure in cities. Curr Landsc Ecol Rep.
2020;5:35-44. https://doi.org/10.1007/s40823-020-00051-y

Haase DL, Lieberg B, Aldrete A, Bouzza K, Davis AS, Friday JB, et al.
The high cost of the low-cost polybag system: A review of nursery
seedling production systems. Land. 2021;10:826. https://
doi.org/10.3390/land10080826

Pauleit S, Ambrose-0ji B, Andersson E, Anton B, Buijs A, Haase D, et
al. Advancing urban green infrastructure in Europe: Outcomes and
reflections from the Green Surge project. Urban For Urban Green.
2019;40:4-16. https://doi.org/10.1016/j.ufug.2018.10.006

Gittleman M, Farmer CJQ, McPhearson T, Kremer P. Estimating
stormwater runoff for community gardens in New York City. Urban
Ecosyst. 2017;20:129-39. https://doi.org/10.1007/s11252-016-0575-8

Ackerman K, Conard M, Culligan P, Plunz R, Sutto MP, Whittinghill L.
Sustainable food systems for future cities: The potential of urban
agriculture. Econ Soc Rev. 2014;45:189-206.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1177/097542530900100102
https://doi.org/10.1007/s13593-013-0143-z
https://doi.org/10.5367/000000008784648915
https://doi.org/10.5367/000000008784648915
https://doi.org/10.1177/0309132513512542
https://doi.org/10.1007/s10705-019-10018-z
https://doi.org/10.1007/s10705-019-10018-z
https://doi.org/10.1007/s13593-015-0348-4
https://doi.org/10.1007/s13593-015-0348-4
https://doi.org/10.3390/su10061937
https://doi.org/10.3390/su10061937
https://doi.org/10.1038/s41598-020-62126-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1177/03795721211068652
https://doi.org/10.1002/2017EF000536
https://doi.org/10.1002/2017EF000536
https://doi.org/10.1016/j.landurbplan.2020.103776
https://doi.org/10.3390/ijerph14010071
https://doi.org/10.1111/1752-1688.12308
https://doi.org/10.1111/1752-1688.12308
https://doi.org/10.1007/s40823-020-00051-y
https://doi.org/10.3390/land10080826
https://doi.org/10.3390/land10080826
https://doi.org/10.1016/j.ufug.2018.10.006
https://doi.org/10.1007/s11252-016-0575-8

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

37.

Lin BB, Philpott SM, Jha S. The future of urban agriculture and
biodiversity-ecosystem services: Challenges and next steps. Basic
Appl Ecol. 2015;16:189-201. https://doi.org/10.1016/
j.baae.2015.01.005

Saumel I, Wachtel T, Reddy SE. Edible city solutions—One step
further to foster social resilience through enhanced socio-cultural
ecosystem services in cities. Sustainability. 2019;11:972. https://
doi.org/10.3390/su11040972

Kuddus MA, Tynan E, McBryde E. Urbanization: a problem for the
rich and the poor? Public Health Rev. 2020;41:1. ttps://
doi.org/10.1186/s40985-019-0116-0

Barthel S, Isendahl C, Vis BN, Drescher A, Evans DL, Van Timmeren A.
Global urbanization and food production in direct competition for
land: leverage places to mitigate impacts on SDG2 and on the Earth
system. Anthropocene Rev. 2019;6:71-97. https://
doi.org/10.1177/2053019619856672

Bren d’Amour C, Reitsma F, Baiocchi G, Barthel S, Glineralp B, Erb
KH, et al. Future urban land expansion and implications for global
croplands. Proc Natl Acad Sci USA. 2017;114:8939-44. https://
doi.org/10.1073/pnas.1606036114

Langemeyer J, Latkowska MJ, Gdmez-Baggethun E, Voigt A, Calvet-
Mir L, Pourias J, et al. Ecosystem services from urban gardens. In:
Urban allotment gardens in Europe. London: Routledge; 2016. p.
115-41. https://doi.org/10.4324/9781315686608-6

Cilliers EJ, Lategan L, Cilliers SS, Stander K. Reflecting on the
potential and limitations of urban agriculture as an urban greening
tool in South Africa. Front Sustain Cities. 2020;2:43. https://
doi.org/10.3389/frsc.2020.00043

Chettry V. Peri-urban area delineation and urban sprawl
quantification in Thiruvananthapuram urban agglomeration, India,
from 2001 to 2021 using geoinformatics. Appl Geomat. 2022;14:639-
52. https://doi.org/10.1007/5s12518-022-00460-0

Glirgam S. Paving the way for climate resilience through sustainable
urbanization: A comparative study. Lectio Socialis. 2024;8:17-34.
https://doi.org/10.47478/lectio.1396483

Ackerson NO, Yeboah SI, Nyantakyi EK, Ahmed M, Mensah J,
Amankwah-Minkah A, et al. Investigating the quality of harvested
rainwater and the perception of users and non-users in Sunyani,
Ghana. Water Conserv Sci Eng. 2024;9:80. https://doi.org/10.1007/
s41101-024-00315-2

Mumaw LM, Maller C, Bekessy S. Strengthening wellbeing in urban
communities through wildlife gardening. Cities Environ. 2017;10:6.

Borges LA, Matthiesen H. Urban agriculture for a resilient future.
Nordregio Rep. 2024;2024:4.

Rao N, Patil S, Singh C, Roy P, Pryor C, Poonacha P, et al. Cultivating
sustainable and healthy cities: A systematic literature review of the
outcomes of urban and peri-urban agriculture. Sustain Cities Soc.
2022;85:104063. https://doi.org/10.1016/j.5¢s.2022.104063

Helen, Gasparatos A. Ecosystem services provision from urban
farms in a secondary city of Myanmar, Pyin Oo Lwin. Agriculture.
2020;10:140. https://doi.org/10.3390/agriculture10050140

Krishnamoorthi A, Chaurasia J, Baidya BK, Singh A, Kumar V, Singh
A. A comprehensive review on evolution, challenges of models,
opportunities in urban farming practices in the world. J Sci Res Rep.
2024;30:136-56. https://doi.org/10.9734/jsrr/2024/v30i62028

38. Langemeyer J, Madrid-Lopez C, Beltran AM, Mendez GV. Urban
agriculture-A necessary pathway towards urban resilience and
global sustainability? Landsc Urban Plan. 2021;210:104055. https://
doi.org/10.1016/j.landurbplan.2021.104055

39. Rahman T, Ara S, Khan NA. Agro-information service and
information-seeking behaviour of small-scale farmers in rural
Bangladesh. Asia Pac J Rural Dev. 2020;30:175-94. https://
doi.org/10.1177/1018529120977259

40. Abraham A, Arunachalam R. Assessing the information seeking
behavior of urban farmers to design an integrated extension model.
Asian J Agric Ext Econ Sociol. 2021;39:638-47. https://
doi.org/10.9734/ajaees/2021/v39i1130793

41. Olumba CC, Olumba CN, Alimba JO. Constraints to urban
agriculture in southeast Nigeria. Humanit Soc Sci Commun.
2021;8:1. https://doi.org/10.1057/541599-021-01007-1

42.  Wielemaker R, Oenema O, Zeeman G, Weijma J. Fertile cities: Nutrient
management practices in urban agriculture. Sci Total Environ.
2019;668:1277-88. https://doi.org/10.1016/j.scitotenv.2019.02.424

43. Sultana A. Farmers’ producer companies: A study of Telangana
state [dissertation]. Hyderabad: Dr B R Ambedkar Open University;
2019.

44. Karanikolas P, Bebeli PJ, Thanopoulos R. Farm economic
sustainability and agrobiodiversity: Identifying viable farming
alternatives during the economic crisis in Greece. J Environ Econ
Policy. 2018;7:69-84. https://doi.org/10.1080/21606544.2017.1360212

45. Rohit J, Dubey SK, Singh P, Singh BK, Kumbhare NV. An assessment
of constraints faced by the farmers in peri-urban vegetable
cultivation. Int J Curr Microbiol Appl Sci. 2017;6:2245-51. https://
doi.org/10.20546/ijcmas.2017.610.265

46. Petts J. The economics of urban and peri-urban agriculture. In:
Continuous productive urban landscapes. London: Routledge;
2012. p. 65-77.

47. Okon UE, Enete AA. Resource use efficiency among urban vegetable
farmers in Akwa Ibom State, Nigeria. Tropicultura. 2009;27:211-7.

48. Salau ES, Attah AJ. A socio-economic analysis of urban agriculture
in Nasarawa State, Nigeria. PAT. 2012;8:17-29.

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1016/j.baae.2015.01.005
https://doi.org/10.1016/j.baae.2015.01.005
https://doi.org/10.3390/su11040972
https://doi.org/10.3390/su11040972
https://doi.org/10.1186/s40985-019-0116-0
https://doi.org/10.1186/s40985-019-0116-0
https://doi.org/10.1177/2053019619856672
https://doi.org/10.1177/2053019619856672
https://doi.org/10.1073/pnas.1606036114
https://doi.org/10.1073/pnas.1606036114
https://doi.org/10.4324/9781315686608-6
https://doi.org/10.3389/frsc.2020.00043
https://doi.org/10.3389/frsc.2020.00043
https://doi.org/10.1007/s12518-022-00460-0
https://doi.org/10.47478/lectio.1396483
https://doi.org/10.1007/s41101-024-00315-2
https://doi.org/10.1007/s41101-024-00315-2
https://doi.org/10.1016/j.scs.2022.104063
https://doi.org/10.3390/agriculture10050140
https://doi.org/10.9734/jsrr/2024/v30i62028
https://doi.org/10.1016/j.landurbplan.2021.104055
https://doi.org/10.1016/j.landurbplan.2021.104055
https://doi.org/10.1177/1018529120977259
https://doi.org/10.1177/1018529120977259
https://doi.org/10.9734/ajaees/2021/v39i1130793
https://doi.org/10.9734/ajaees/2021/v39i1130793
https://doi.org/10.1057/s41599-021-01007-1
https://doi.org/10.1016/j.scitotenv.2019.02.424
https://doi.org/10.1080/21606544.2017.1360212
https://doi.org/10.20546/ijcmas.2017.610.265
https://doi.org/10.20546/ijcmas.2017.610.265
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

