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Abstract 

Urban horticulture, particularly rooftop and terrace 
fruit gardens, offers a sustainable means to increase food 
production, enhance biodiversity, improve microclimate, 
and contribute to the well-being of city dwellers. With rapid 
urbanisation and shrinking green spaces, rooftops and 
terraces represent under-utilised areas that can be converted 
into productive gardens. This article reviews recent 
developments, discusses design, crop selection, technologies, 
and socio-economic aspects, presents major benefits and 
challenges, and suggests guidelines for successful 
establishment. Case studies and recent literature, including 
rooftop greenhouses and smart design recommendations, are 
incorporated. 
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Introduction 

Urbanization is occurring at an unprecedented pace, 
with projections indicating that by 2050 nearly two-thirds of 
the global population will reside in urban centres 
(Daneshyar, 2024). This rapid growth is intensifying the 
demand for food, water, and energy while simultaneously 
contributing to environmental challenges such as air 
pollution, waste generation, and urban heat island effects 
(Britannica, 2024). A visible consequence of this expansion 
is the steady decline in open green spaces within cities, which 
has reduced opportunities for local food cultivation and 
biodiversity conservation. 

At the same time, vast areas of rooftops and terraces 
in residential, commercial, and institutional buildings 
remain underutilized. These spaces present immense 
potential for transformation into productive landscapes 
through rooftop and terrace horticulture. Among various 
options, fruit gardening holds particular significance because 
fruits are integral to human nutrition, being rich in vitamins, 
minerals, and antioxidants. Cultivating fruit-bearing plants 
in urban environments not only brings food production 
closer to consumers but also reduces dependence on long-
distance supply chains, thereby lowering transportation costs 
and greenhouse gas emissions (Ghosh, 2021). 

Beyond food production, rooftop fruit gardens 
contribute to broader ecological and social benefits. They 
help regulate microclimates by reducing heat build-up, 
improve stormwater retention, and create habitats for 

pollinators and urban wildlife. On the social front, these 
gardens enhance the mental well-being of residents, 
encourage physical activity, and promote community 
bonding when developed in shared spaces (ICTA-UAB, 
2019). Additionally, they offer economic advantages by 
reducing household food bills and, in some cases, generating 
income through the sale of surplus produce (Urban farming 
with rooftop greenhouses, 2023). 

Recent technological advancements have further 
increased the feasibility of rooftop horticulture. The use of 
lightweight soil substitutes, container-based cultivation, 
efficient irrigation methods such as drip systems, 
hydroponics, and the availability of dwarf or grafted fruit 
varieties allow fruit production even in limited or structurally 
constrained urban areas. Successful global initiatives, such as 
rooftop greenhouse projects in Europe and community 
terrace gardens in Asia, highlight the scalability and 
adaptability of these systems to different urban contexts 
(Daneshyar, 2024; ICTA-UAB, 2019). 

Given these opportunities and challenges, rooftop 
and terrace fruit gardens are increasingly being recognised as 
vital strategies for sustainable urban agriculture. This article 
reviews recent trends (2020–2024), examines suitable fruit 
crops and design considerations, and discusses the benefits 
and limitations of such systems. By integrating rooftop 
horticulture into urban planning, cities can move towards a 
greener, healthier, and more resilient future. 

Recent Data and Trends 

A systematic literature review found that rooftop 
greenhouses improve energy efficiency, enhance local food 
production and job creation, and optimize space use. 
However, high investment costs and accessibility (flat roof 
availability) are major constraints (Urban farming with 
rooftop greenhouses, 2023). 

In another study, Daneshyar (2024) provided 
architectural design recommendations for residential rooftop 
urban agriculture, estimating increased food production 
potential with thoughtful structural, water, and sunlight 
management. 

The Fertile City project in Barcelona demonstrated 
that rooftop greenhouses can support fruit-bearing crops 
such as tomatoes, extending planting cycles, and in winter 
grow less demanding crops (beans, chard, etc.), thanks to the 
thermal inertia of buildings. Surveys revealed that consumers 
considered rooftop-produced foods fresh (93%), tasty 
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(80.5%), and of lower environmental impact (68.5%) than 
conventional produce (ICTA-UAB, 2019). 

Figure 1. Rooftop Horticulture System Design 
(Infographic) 

Illustration of rooftop layers, growing system, 
irrigation, and fruit crops. 

Design and Implementation of Rooftop/Terrace Fruit 
Gardens 

Structural considerations, soil and water 
management, crop selection, and rooftop adaptations must 
be carefully planned. Lightweight soil mixes, container-based 
systems, drip irrigation, and dwarf fruit varieties are highly 
recommended. 

Table 1. Suitable Fruit Crops for Rooftop and Terrace 
Gardens 

Category Fruit Crops Features/Benefits 
Tropical 
Fruits 

Mango (dwarf), 
Papaya, Banana 
(dwarf), Guava, 
Carambola (Starfruit), 
Dragon Fruit 

Adaptable to 
pots/containers, 
high yield, tropical 
climate suitability 

Citrus 
Fruits 

Lemon, Sweet 
Orange, Kinnow, 
Lime 

Aromatic, compact 
growth, year-round 
fruiting 

Berry 
Fruits 

Strawberry, Mulberry, 
Blueberry (container 
varieties) 

Small space 
requirement, 
nutritious, high 
antioxidant content 

Stone 
Fruits 

Peach, Plum, Apricot 
(dwarf/rootstock 
varieties) 

Suited for cooler 
urban rooftops, 
require grafted 
compact plants 

Nutritious 
Exotics 

Passion Fruit, 
Pomegranate (dwarf), 
Figs, Custard Apple 
(Atemoya), Grapes 

High nutritional 
value, vertical trellis 
potential, adds 
biodiversity 

Applications and Examples 

1. Rooftop Greenhouse: One of the most innovative 
applications of rooftop horticulture is the 
integration of rooftop greenhouses. A notable 
example is the FertileCity project in Barcelona, Spain, 
which demonstrated the potential of using the 
thermal inertia of buildings to create favourable 
growing conditions. By leveraging the heat stored 
within building structures, the project enabled year-
round tomato cultivation, even during colder 
months, thereby extending the traditional growing 
season. Additionally, rooftop greenhouses in this 
model were able to support fruit-bearing crops like 
tomatoes during warmer months, while cultivating 
less demanding crops such as beans and leafy 
vegetables in winter. This dual-use not only 
improved productivity but also showcased energy 
efficiency, as the greenhouse structure reduced the 
building’s overall energy consumption. Importantly, 
consumer surveys associated with the project 
revealed that rooftop-grown produce was perceived 
as fresher, tastier, and more environmentally friendly 
than conventional alternatives (ICTA-UAB, 2019). 

2. Residential Terrace Gardens: On a smaller but 
highly impactful scale, residential terrace gardens are 
gaining popularity among urban households. These 
gardens typically utilise available terrace or balcony 
spaces to grow fruit crops such as guava, 
pomegranate, lemon, and dwarf papaya. Daneshyar 
(2024) highlighted how proper architectural design 
plays a critical role in making these systems 
successful. Key considerations include ensuring 
optimal sunlight exposure, managing water through 
drip irrigation or rainwater harvesting systems, and 
using lightweight soil substrates to avoid overloading 
the structure. Terrace gardens not only provide 
households with fresh and nutritious fruits but also 
improve the living environment by reducing heat, 
enhancing air quality, and offering aesthetic value. 
Furthermore, they act as therapeutic green spaces, 
contributing to mental well-being and stress 
reduction for urban residents. 

3. Community Rooftop Gardens: Beyond individual 
households, community-based rooftop gardens have 
emerged as models for shared urban food 
production. Ghosh (2021) documented the success 
of such initiatives in improving local food supply, 
enhancing environmental quality, and promoting 
social cohesion. These gardens are typically 
established on shared building rooftops or 
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institutional terraces where residents collectively 
participate in cultivation. The cooperative nature of 
community rooftop gardens strengthens social 
bonds, fosters a sense of responsibility, and creates 
educational opportunities, especially for children 
and youth. Environmentally, they contribute to 
cooling effects and biodiversity conservation, while 
socially, they promote inclusiveness and interaction 
among diverse groups. In some cities, community 
rooftop gardens have also evolved into urban social 
enterprises, where surplus produce is sold locally, 
generating income for maintenance and community 
development. 

These three applications — rooftop greenhouses, 
residential terrace gardens, and community rooftop gardens 
— illustrate the versatility and adaptability of rooftop 
horticulture. From technologically advanced greenhouse 
systems to small-scale household models and socially oriented 
community projects, each approach contributes uniquely to 
sustainable urban food production, environmental 
resilience, and improved quality of life. 

Fig. 2. Benefits of Rooftop Fruit Gardens  

Table 2. Benefits vs. Challenges of Rooftop Fruit Gardens 

Category Benefits Challenges 

Food Security 
Fresh, local fruits; 
reduced transport 

Limited crop 
choice; smaller 
yields 

Environment 
Urban cooling; 
stormwater 
management 

Microclimate stress 
(heat, wind) 

Economic 
Lower grocery 
bills; potential 
sales 

High initial 
investment in setup 

Social/Health 
Community 
bonding; mental 
well-being 

Maintenance 
demands; 
accessibility issues 

Biodiversity 
Habitat for 
pollinators & 
birds 

Limited species 
diversity in small 
areas 

Table 3: Comparison of Rooftop and Terrace Garden Applications 

Type of 
System 

Scale of 
Application 

Key Benefits Limitations 

Rooftop 
Greenhouses 

Large-scale 
(institutional, 
commercial, 
urban projects) 

Year-round production through controlled 
environment 
Extended growing seasons  
Improved energy efficiency by using building 
thermal inertia  
High consumer acceptance (freshness, taste, eco-
friendly) 

High initial investment costs 
Requires flat roofs with strong 
structural support Skilled 
management and technology 
needed 

Residential 
Terrace 
Gardens 

Small-scale 
(individual 
households, 
balconies, 
terraces) 

Fresh, pesticide-free fruits at home Improved air 
quality and reduced heat  Aesthetic appeal and 
mental well-being  Lower household food bills 

Limited growing space  
Structural load restrictions  
Requires regular maintenance 

Community 
Rooftop 
Gardens 

Medium-scale 
(shared rooftops, 
apartments, 
institutions) 

Strengthens community bonding and social 
cohesion  
Enhances food security at local level educational 
opportunities for children and youth 
Potential for small-scale income generation 

Coordination and collective 
effort required 
Possible conflicts over resource 
sharing  
Limited crop diversity 

https://agritechpublication.com/


https://agritechpublication.com                              ISSN: 3049-3374            Article ID: ATT20250306018 

 

                                                                             Volume 3, Issue 6 (September, 2025)   63 

Conclusion 

Rooftop and terrace fruit gardens represent a 
promising strategy for sustainable food production in urban 
environments. They improve food security, reduce 
environmental stress, and strengthen social resilience. While 
challenges exist, including costs, regulations, and technical 
limitations, research from recent years demonstrates clear 
benefits when these gardens are well designed and managed. 
Integrating rooftop horticulture into city planning will be 
crucial for building greener, healthier, and more sustainable 
urban futures. 
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