


Rooftop Gardening as a Strategy for Safe and Nutritious Food in Urban Environments



[bookmark: _GoBack]ABSTRACT
India, currently the second most populous country after China, is projected to become the world’s most populous nation by 2050, with an estimated population of 2.0 billion. Population growth follows a geometric pattern, while food production and agricultural resources increase arithmetically, creating a growing imbalance. This challenge is compounded by rapid rural-to-urban migration, which has accelerated the conversion of agricultural land into residential areas, thereby significantly reducing land availability for agricultural and horticultural production. Vegetables, categorized as protective foods due to their high vitamin, mineral, and antioxidant content, are essential components of human nutrition. Urbanization and the proliferation of multi-storied buildings have constrained space for household vegetable cultivation. The art of creating the greenery and its maintaining on the roof top is known as “Roof gardening “or “Terrace gardening”. During the COVID-19 pandemic, home gardening emerged as a potential strategy to mitigate food security challenges while enhancing socio-psychological well-being, including individuals’ sense of self-efficacy, trust in government, and overall concern for personal health and well-being. Two major phenomena are shaping the contemporary world: rapid urbanization, with more than half of the global population now residing in urban areas, and climate change driven by global warming, which poses a serious threat to planetary sustainability. The rapid growth of urban populations and injudicious use of pesticides and chemical fertilizers for achieving higher yield has led to a rising demand for quality food, particularly chemical free fresh green vegetables and fruits, among urban inhabitants. Rooftop agriculture offers a promising approach for urban areas to achieve greater balance and sustainability in resource consumption. Rooftop gardens have emerged as an important component of the recent resurgence of urban agriculture, providing alternative spaces for the cultivation of fruits and vegetables within cities. In this context, the present study reports a survey and introduction of rooftop gardening among residents of the Lucknow district of Uttar Pradesh, India, conducted during 2016–17 to 2021–22. The study highlights the importance of rooftop gardening from the perspectives of ecosystem services and nutritional security, emphasizing its potential to be popularized in urban areas through outreach programmes, capacity building initiatives, and supportive policy interventions.
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1. INTRODUCTION
	The COVID-19 pandemic underscored the vulnerability of urban food systems and increased awareness of the need for household-level food production. Lockdown measures restricted access to markets and public spaces, intensifying interest in residential food-growing options, including rooftop gardening. Access to green spaces and their recreational benefits were found to significantly influence residents’ preferences and willingness to pay, highlighting the multifunctional value of green roofs in urban settings (Turnšek el al., 2022: Teotónio et al., 2020).
Rooftop vegetable production has gained attention as a sustainable urban agriculture strategy that improves land-use efficiency and contributes to local food and nutritional security. By utilizing otherwise unused roof surfaces, rooftop farming enables fresh vegetable production close to consumers while reducing food miles (Ouellette et al., 2013). Although it cannot replace conventional rural agriculture, rooftop cultivation complements existing food systems by supplying fresh produce to urban populations (Gaglione and Bass, 2010; Tomalty and Komorowski, 2010). Studies report that urban agriculture can supply more than 20% of vegetable demand in some cities, demonstrating its potential contribution to urban food systems (MacRae et al., 2010). Despite spatial limitations, rooftop and other urban farms often achieve higher yields per unit area due to intensive management practices. Beyond food production, rooftop gardens provide important agro-environmental benefits. Green roofs moderate microclimates by reducing roof surface temperatures through shading, evapotranspiration, and the thermal mass of growing media, thereby lowering building heat loads and improving crop-growing conditions (Costanzo et al., 2016). These benefits are particularly relevant under climate change scenarios, where rising temperatures, erratic rainfall, and increased pest and disease pressures threaten crop productivity.
Climate change, driven by increased greenhouse gas emissions, poses significant risks to agricultural systems worldwide. Urban areas experience amplified warming due to the urban heat island effect, with temperature increases of up to 10°C reported in some cities. Green roofs help mitigate this effect and are increasingly recognized as climate-resilient agricultural infrastructure that can support sustainable food production in cities. During the COVID-19 lockdown period, rooftop gardening emerged as a practical adaptation strategy that enhanced household vegetable availability while providing social and psychological benefits (Joshi et al., 2021; Rawal and Thapa, 2022). In India, despite overall food security, nutritional security remains a challenge, particularly in urban households. Rapid urbanization has reduced space for conventional kitchen gardening, while concerns regarding chemical-intensive agriculture have increased demand for safe, home-produced vegetables. Home gardening was either regarded as a viable option for low-income countries (Chadha and Oluoch, 2003).
Rooftop vegetable gardening offers a viable pathway to improve household nutrition, promote sustainable resource use, and enhance urban agricultural resilience. Promotion of this practice, especially among urban women, can strengthen household-level food and nutritional security while supporting livelihood and empowerment outcomes. Capacity-building programs and demonstrations conducted in urban areas, such as those in Lucknow district, illustrate the potential of rooftop gardening as a scalable component of sustainable urban agriculture.
2. MATERIALS AND METHODS
The study was conducted to assess vegetable consumption patterns, dietary balance, and homestead vegetable production among urban households, and to evaluate the impact of rooftop gardening interventions on household food and nutritional security. Data were collected using semi-structured interviews (SSI) and conversational interviewing techniques to obtain both quantitative and qualitative information on household dietary practices, vegetable consumption, and existing cultivation activities. Initially, 150 urban households were surveyed, from which 100 households were randomly selected for detailed assessment and intervention during the period 2016–17 to 2021–22. The study emphasized the role of rooftop gardening in enhancing ecosystem services and nutritional security, with the objective of promoting its adoption in urban areas through outreach, capacity-building, and policy-relevant interventions. Selected households participated in structured training programs on rooftop gardening technologies aimed at promoting sustainable, year-round production of pesticide-free vegetables and fruits. The training included hands-on demonstrations, technical advisory services, and the distribution of suitable seeds and planting materials to support effective establishment and management of rooftop gardens. A total of 20 training programs were conducted, benefiting 400 participants. In addition, 50 method demonstrations reached 375 beneficiaries by providing practical guidance on rooftop cultivation techniques.
To further enhance awareness and adoption, a workshop titled “Rooftop Gardening: An Initiative” was organized in 2020 at the ICAR– Indian Sugarcane Research Institute, Lucknow (ICAR, 2020), and was attended by more than 400 urban households. These extension activities played a key role in strengthening technical capacity, disseminating knowledge, and motivating urban families to adopt rooftop gardening for food, nutritional, and environmental benefits. The study also documented the level of adoption of rooftop gardening practices and participants’ perceived benefits related to food security, health, and empowerment. This integrated methodological approach enabled comprehensive baseline assessment, effective knowledge transfers through targeted interventions, and systematic evaluation of rooftop gardening as a sustainable strategy for improving urban household nutrition.
3. RESULTS AND DISCUSSION:
3.1 Material Used for Planting in Rooftop Gardening: 
The study documented various materials used for planting in rooftop gardens, with choices influenced by crop type. Vegetables were primarily grown in Styrofoam crates, plastic crates, plastic bottles, plastic and waste bags, and HDPE/LDPE growing bags. Fruits were cultivated in plastic and metal drums (iron/tin) as well as plastic pots, while flowers were grown in earthen pots, plastic pots, and occasionally in bottles a method known as bottle gardening observed in some Lucknow households. Additionally, some gardeners constructed reinforced concrete (RCC) pits around rooftop railings (15–18 inches deep) for growing crops such as cucurbits, cauliflower, cabbage, broccoli, tomato, eggplant, okra, and chilli. Figure-1 summarizes the usage frequency of planting materials, with plastic pots (89%), Styrofoam crates (78%), HDPE/LDPE bags (67%), and earthen pots (67%) being the most common. The extensive reuse of household waste materials such as bags, bottles, cans, and jars contributes significantly to waste reduction and lowers gardening costs. This aligns with recommendations by Sanyé-Mengual et al. (2015), advocating for the use of recycled materials to promote sustainable urban ecosystems and reduce waste generation. Many vegetables perform best in deeper substrates, making intensive green roof with greater rooting depths the most suitable for maximizing yields. Their high organic matter and nutrient content support strong root development, and yields of deep-rooted crops such as tomato (Solanum lycopersicum), brinjal (Solanum melongena), and cucurbits can match those from conventional in-ground systems (Whittinghill et al., 2016). Tomato production is also feasible on extensive green roofs when fertility and moisture are sufficient (Ouellette et al., 2013). Other crops, including bean (Phaseolus vulgaris), cucumber (Cucumis sativus), pepper (Capsicum annuum), basil (Ocimum basilicum), and chive (Allium schoenoprasum), can be grown on extensive systems with irrigation and modest fertilizer inputs (Whittinghill et al., 2016). Extensive roofs are generally adequate for shallow-rooted salad greens such as lettuce (Lactuca sativa) and kale (Brassica oleracea var. acephala). Thus, vegetable production is viable on retrofitted urban green roofs even with minimal substrate depths, though achieving high productivity requires substantial nutrient and irrigation inputs (Whittinghill et al., 2013). Despite management challenges, green roof vegetable systems offer a valuable opportunity to utilize otherwise unused urban spaces for food production (Getter & Rowe, 2006).

Figure-1: Material used for planting in rooftop gardening
3.2 Involvement of Family Members in Rooftop Gardening Activities: Fig. 2- Involvement of family members in rooftop gardening activities.

Family labour played a crucial role in managing rooftop gardening activities, with contributions primarily from idle family members across genders and age groups. As illustrated in Figure 2, women accounted for the majority of involvement at 55%, while males and children contributed 32% and 13%, respectively. Women not only actively participated but also emerged as the primary decision-makers regarding gardening practices. This high level of female participation positively influenced gender equity within households and fostered greater community engagement. The empowerment of urban women through rooftop gardening underscores its potential to promote social inclusion alongside improving household food security. Rooftop gardening serves as a leisure activity engaging all family members, though one individual typically assumes primary responsibility for maintenance. These findings highlight the dominant role of adult household members viz., parents in sustaining rooftop gardening initiatives and it was great example towards self-sufficiency through rooftop garden. Urban homemakers are cultivating different varieties of vegetable plants and ornamental plants using different methods. Rooftop gardening provides good satisfaction for all the family members (Thomas and Cherian, 2021). 
3.3 Change in Awareness on Food and Nutrition Related Issues: 
The rooftop gardening intervention led to a remarkable improvement in awareness among urban households regarding food and nutrition. Before the program, respondents exhibited only partial understanding of key areas such as balanced diets, nutritional content, vegetable consumption patterns, production techniques, and post-harvest management. After the training, hands on demonstrations, and capacity-building sessions, awareness increased to a moderate level across all assessed domains. This improvement highlights the effectiveness of rooftop gardening programs in enhancing both practical and theoretical knowledge of vegetable cultivation. These findings are consistent with previous studies showing that participatory urban agriculture initiatives can improve nutrition literacy and food-related decision-making in households. By increasing knowledge of production techniques and dietary practices, rooftop gardening not only contributes to household food security but also fosters healthier consumption patterns, empowering urban residents particularly women to make informed choices regarding nutrition and sustainable food production. Table 1 illustrates the change in awareness among urban households regarding food and nutrition following the rooftop gardening intervention. Before the COVID-19 pandemic, home gardening outside urban environments was considered a potentially viable measure to enhance food security, particularly in low-income countries, with a strong focus on the African continent (Bagson and Beyuo, 2012; Legesse et al., 2016; Ngcaba and Maroyi, 2021) and, in Europe, on Eastern Europe (Vávra, et al., 2018; Sovová, et al., 2021). Following the pandemic, the perception of home gardening as a food security strategy intensified, extending to both urban and non-urban areas in Africa (Huho and Muriuki, 2021; Carstens et al., 2021) and other continents (Katz, 2020), including Europe (Nicola et al., 2020; Jehliˇcka et al., 2019).



Table: 1- Change in Awareness on Food and Nutrition Related Issues
	S. No.
	Awareness Issues
	Before
	After

	1
	Food and nutrition
	Partially
	Moderately

	2
	Balanced diet
	Partially
	Moderately

	3
	Nutrition and calories
	Partially
	Moderately

	4
	Amount of vegetable consumption
	Partially
	Moderately

	5
	Quantity maintenance of vegetables
	Partially
	Moderately

	6
	Vegetable production technology
	Partially
	Moderately

	7
	Post-harvest technology of vegetables
	Partially
	Moderately


3.4 Food Consumption Pattern: 
The rooftop gardening capacity-building program led to notable changes in the food consumption patterns of urban households. Daily consumption of staple foods such as cereals and pulses remained consistently high at 100% both before and after the intervention, reflecting their central role in the diet. In contrast, the intake of green leafy vegetables increased substantially, with 27% of households consuming them daily post-intervention compared to none prior. Similarly, the frequency of consumption of other vegetables and fruits improved, while reliance on root and tubers showed a modest decline. Consumption of milk and milk products remained consistently high, whereas sugar intake demonstrated a slight reduction. Although the intake of meat, eggs, and fish remained low, there were marginal increases in frequency after the program. Collectively, these findings suggest that rooftop gardening interventions can enhance access to fresh produce and promote more balanced and nutritious dietary practices among urban households (Table-2). On the nutritional front, respondents reported significant benefits, with acknowledging healthier dietary habits and meeting a substantial portion of their vegetable needs through rooftop cultivation (Bona et al., 2025). 
Table: 2- Food consumption pattern of urban household before & after capacity building programme on roof top gardening technology.
	Food items
	Daily
	Thrice a week
	Twice a week
	Once a week
	Occasionally
	Rarely
	Never

	
	Before
	After
	Before
	After
	Before
	After
	Before
	After
	Before
	After
	Before
	After
	Before
	After

	Cereals (%)
	100
	100
	-
	
	-
	
	-
	
	-
	-
	-
	-
	-
	-

	Pulses (%)
	100
	100
	-
	
	-
	
	-
	
	-
	-
	-
	-
	-
	-

	Green leafy vegetables 
	-
	27
	39
	45
	35
	28
	26
	-
	-
	-
	-
	-
	-
	-

	Root and tubers (%)
	85
	65
	15
	20
	-
	15
	-
	
	-
	-
	-
	-
	-
	-

	Other vegetables (%)
	42
	47
	37
	53
	21
	10
	-
	-
	-
	-
	-
	-
	-
	-

	Fruits (%)
	47
	48
	32
	33
	12
	9
	5
	
	4
	-
	
	-
	
	-

	Milk and milk products (%)
	100
	
	-
	
	-
	
	-
	
	-
	-
	-
	-
	-
	-

	Sugar and jaggery (%)
	92
	
	-
	
	-
	
	-
	
	-
	-
	2
	-
	6
	-

	Fat and oil (%)
	100
	
	-
	
	-
	
	-
	
	-
	-
	-
	-
	-
	-

	Meat, egg and fish food (%)
	2
	
	3
	
	5
	
	5
	
	15
	-
	26
	-
	44
	-



3.5 Satisfaction and Benefits from the Rooftop Gardening: 
The cultivation and harvesting of one’s own food have long been integral to human survival and resilience, a relevance that has been further underscored during the COVID-19 pandemic. Beyond enhancing household food security, gardening contributes significantly to individual well-being. Numerous studies highlight that engagement in horticultural activities can reduce stress, support mental clarity, and promote overall physical health. The level of satisfaction was measured in 4 groups highly satisfied, satisfied, moderately satisfied, and unsatisfied. The satisfaction levels among rooftop gardeners were predominantly positive, with 69% of respondents reporting they were highly satisfied, 23% satisfied, and 8% moderately satisfied. No respondents expressed dissatisfaction. The details of the satisfaction are shown in Figure 3. The benefits of rooftop gardens in the study area varied from respondents to respondents. The supply of green and fresh organic vegetables is one of the important and most satisfying benefits of rooftop garden owners. Key benefits identified by participants included a consistent supply of fresh, green, pesticide free and organic vegetables, which was the most valued advantage. Additional benefits noted were the continuous availability of vegetables, use of rooftop spaces for recreation and aesthetic enhancement, and the contribution of rooftop gardens to urban greening. Furthermore, many respondents acknowledged the economic benefit of reducing monthly expenditure on vegetables and fruits. Overall, rooftop gardening was recognized as a valuable practice for promoting urban sustainability, enhancing green infrastructure, and improving household nutrition and wellbeing (Jafari et al., 2015). Garcia et al, 2027 reviewed participation in urban gardening is associated with positive food and nutrition outcomes among adults. Evidence from studies on urban gardening indicates consistent themes related to food security and health promotion, including increased fruit and vegetable consumption, improved perceived access to healthy foods, and enhanced household dietary quality. Additional benefits include harvest sharing within communities, greater awareness of the importance of adequate and healthy diets, and increased appreciation for meal planning and home cooking. Participants also reported a stronger preference for growing and consuming organic produce, reflecting increased engagement with sustainable and health-conscious food practices. The trend of adopting a rooftop garden is also increasing and garden owner satisfaction is also worth increasing (Kumar et al., 2019). 
3.6 Quantification of Produce and Cost-Benefit Analysis: 
The adoption of rooftop gardening technology in urban households expressively increased vegetable consumption, particularly green leafy and fruiting vegetables. On an average rooftop, cultivating one to ten plants of each vegetable yielded between 1.2 kg of cowpea and 72.7 kg of bottle gourd, contributing approximately 61.6% of a four-member family’s annual vegetable requirement. Rooftop gardening in urban households demonstrated significant productivity and economic viability across diverse vegetable groups. Solanaceous vegetables (tomato, brinjal, chilli) grown in 33 pots produced 71.4 kg, generating a net return of Rs. 2,518 with a benefit-cost (B:C) ratio of 2.2. Cucurbits (bottle gourd, ridge gourd, cucumber, pumpkin) grown in 12 pots yielded the highest production of 123.1 kg, resulting in a net return of Rs. 6,097 and a B:C ratio of 4.1. Root crops produced 28.7 kg from 8 pots with a net return of Rs. 1,146 (B:C 2.9), while peas and beans yielded 32.5 kg from 7 pots, achieving a net return of Rs. 1,529 (B:C 3.3). Cole crops (cauliflower, cabbage, broccoli, knol-khol) grown in 30 pots produced 19.2 kg with a net return of Rs. 692 (B:C 2.0), and leafy vegetables (palak, amaranthus, coriander, fenugreek) yielded 22.4 kg from 15 pots & inter cropped with other vegetables with the highest profitability (net return Rs. 1,775; B:C 5.2). Okra, cultivated in 10 pots, produced 12.7 kg with a net return of Rs. 566 (B:C 2.3). Intercropping of amaranth and coriander with other vegetables also optimized space use and productivity. Food production can also be an added benefit of green roofs. Although rooftop agriculture is gaining momentum and rapidly developing as an important component of urban agriculture, its widespread implementation is still limited by several factors. These include the lack of suitable rooftop space for cultivating vegetable crops and building regulations such as weight-load restrictions that can prohibit food production on roofs (Hui et al, 2011). However, large rooftops on abandoned apartment buildings, schools, industrial facilities, shopping malls, and gymnasiums represent potential sites for urban farming. As urban populations continue to grow, additional spaces for food production such as rooftops will become increasingly necessary to help meet the food demands of expanding cities. Food production and consumption in urban areas has become a global concern due to increasing numbers of people living in and moving to urbanized living spaces, which threatens food security (Samangooei et al, 2016). Overall, intervention of rooftop gardening technologies proved cost-effective, sustainable, and nutrition-sensitive strategies for year-round urban vegetable production. They improve access to fresh, pesticide-free vegetables, enhance dietary diversity, and provide meaningful economic returns, supporting household food and nutritional security in urban areas. Currently, many cities across the world are encouraging the widespread implementation of urban agriculture though policy reform. These policy changes present an opportunity to include vegetable production activities on green roofs in urban centers that have potential to provide many benefits to surrounding urban populations (Whittinghill and Rowe, 2012). Given the needed demand for local foods and available opportunities in urban areas, there is great demand for developing food production programs for extensive green roofs. Sajjaduzzaman et al., (2005) reported that the purpose concerning financial gain from roof gardening is a very minor concern. On the other hand, Rashid et al., (2010) described the economic and social benefit of rooftop gardening including fresh food supply for urban residents, converts the hard surface into a soft green surface, energy saving, etc. A study conducted by Safayet et al. (2017) stated that the food production value from the rooftop farming of the practitioner was enhanced at Mirpur area.
Table: 3- Quantification of the produce and cost benefit analysis of KVK Rooftop Module in urban area of Lucknow district.
	Crops
	No. of Pots
	Yield  (Kg)
	Gross Cost  (Rs)
	Gross Income (Rs)
	Net Return
(Rs)
	B:C Ratio

	Solanaceous vegetables
	33
	71.4
	2150
	4668
	2518
	2.2

	Cucurbits
	12
	123.1
	1975
	8072
	6097
	4.1

	Root crops
	8
	28.7
	615
	1761
	1146
	2.9

	Pea & Beans
	7
	32.5
	665
	2194
	1529
	3.3

	Cole crops
	30
	19.2
	700
	1392
	692
	2.0

	Leafy vegetables
	15
	22.4
	425
	2200
	1775
	5.2

	Okra
	10
	12.7
	450
	1016
	566
	2.3

	Total
	115
	310
	6980
	21303
	14323
	3.1


3.8 Impact of Rooftop Gardening Technology on Urban Communities: 
The study revealed that capacity-building programs remarkably enhanced the adoption and utilization of rooftop gardening technology in urban communities. Adoption increased from 6% before the intervention to 30% after capacity building viz., training, demonstrations, and other extension activities with households growing vegetables throughout the year using partially recycled wastewater from R.O. purifiers, rain water harvesting for irrigation. The number of pots per household increased from 15-25 to 60–90, and the variety of containers expanded to include earthen and cemented pots, plastic trays, polybags, tin containers, vehicle tyres, and other recycled materials. Time spent on rooftop gardening also increased from 0.5 to 2.5 hours daily, and crop selection shifted from predominantly ornamental plants with few vegetables to mostly seasonal vegetables, enhancing household food production (Table-4). The intervention improved livelihoods by reducing expenditure on costly vegetables and contributing to better physical health. Challenges such as water scarcity and pest management were mitigated through the use of recycled wastewater, water storage tanks, and targeted capacity-building programs. Overall, rooftop gardening demonstrated clear benefits for nutrition, health, and sustainable urban food production. Garcia et al., 2017 reviewed the studies indicated the need for greater methodological rigour, it is evident that participation in urban gardens, whether domestic or community, has a positive impact on important healthy food practices, access, and beliefs, knowledge and attitudes. The studies included in the present systematic review indicate that community interventions may produce changes in beliefs, knowledge and attitudes and can show broader reach and sustainability, by triggering the willingness for healthier food practices. Long-term studies on community gardens with these characteristics will be able to verify, by following more rigorous methodological aspects, the repercussions of changes in this direction; this will aim at indicating whether changes in beliefs, knowledge and attitudes can change practices, which is the expectation of results on healthy eating. Moreover, constraints in adopting modern technology in urban roofs have also been reported from developed countries like Canada, America, Italy, etc. (Sanyé–Mengual et al., 2015). 
Table: 4- Impact of roof top gardening technology on urban community. 
	S. No.
	Impact indicators 
	Before Capacity Building
	After Capacity Building

	1. 
	Practice 
	6.0%
	30.0 %

	2. 
	Growing season
	Rabi
	Throughout the year

	3.
	No. of pots 
	15-25
	60-90

	4.
	Types of pots
	Earthen and cemented pots
	Earthen posts, cemented pots, plastic tray, polybag, waste polythene, vehicle tyre, drums, unused buckets, tin container, plastic bottles, etc.

	5.
	Time allocation 
	0.5 hour
	2.5 hours

	6.
	Crops grown
	Mostly ornamental, few plants of tomato, brinjal, chilli, etc.
	Mostly seasonal vegetables.

	7.
	Impact on livelihood

	Buy costly vegetables, health issues
	Cost/saving, improvement in physical health (fitness)

	8.
	Irrigation source 

	Water tank, Rainfall
	Water Tank, rainfall, used waste water of R. O. Purifier

	9.
	Major constraints
	Water shortage, pest management and lack of awareness.
	Used waste water of R. O. Purifier, water tanks and capacity building.


3.9 Constraints of Rooftop Gardening: Fig. 4: Respondent faced constrains during rooftop gardening

Despite the benefits, respondents faced several constraints in practicing rooftop gardening. The most common challenge was lack of technical knowledge, reported by 69 % participants. Other notable constraints included fear of heavy load on the roof (45 %), potential roof damage (23 %), lack of leisure time (17 %), insufficient manpower (14 %), and limited space availability (9 %). These findings highlight the need for targeted training, technical guidance, and structural support to overcome barriers and promote wider adoption of rooftop gardening in urban areas (Figure 4). Lack of leisure time to maintain the home garden, roof damage, and lack of manpower to manage home gardens were also the contributing factors for affecting in extending and not the reason for long term continuation of the rooftop garden. The constraints faced by the rooftop practitioners and non-practitioners are almost similar but differ in terms of establishment and continuing (Thapa et al., 2020a, 2020b). The fear of roof damage is one of the major problems for both the rooftop growers and non-rooftop growers (Kumar et al., 2019; Walters & Midden, 2018). Also, the lack of technical knowledge and unfamiliarity with the initial procedure of rooftop garden establishment is still preventing the adoption of a green roof (Specht & Sanyé-Mengual, 2017; Walters & Midden, 2018). The use of lightweight soil minimized the additional load to the building from the green roof (Kim et al., 2018). Specht & Sanyé Mengual (2017) reported that for the commercial adoption of the rooftop garden, competition with large enterprises and other rooftop growers is likely to affect the sustainability of business and also the associated technology is too complex.
4. CONCLUSION: 
Rooftop gardening offers substantial ecological, nutritional, and socio-economic benefits in metropolitan areas facing climate stress. It enhances household access to fresh, organic of chemical free vegetables, fruits, herbs, and medicinal plants while contributing to improved dietary diversity and food security. The practice also supports waste reduction through the reuse of urban materials and adds aesthetic and environmental value to dense cityscapes.
Despite its potential, the sustainability of rooftop gardening is often limited by inadequate technical knowledge related to crop management, structural safety, and roof protection. Without proper guidance, these limitations may pose risks to both buildings and the broader urban ecosystem. Strengthening extension services, developing clear technical guidelines, and promoting community-based learning will be essential for scaling rooftop gardening as a resilient and climate-adaptive food production strategy in metro cities.
 RECOMMENDATIONS:
· Improve training and extension support: Local urban agriculture organizations and agricultural knowledge centres should provide focused training and extension services to enhance rooftop gardening practices.
· Expand rooftop farming research: Additional case studies are needed to better assess the sustainability performance of different crops, production systems, and rooftop farming models.
· Advance inclusive rooftop farming models: Developing socially inclusive approaches can help reduce urban disparities and strengthen community engagement in local food systems.
· Broaden research on innovative farming systems: Further studies on rooftop farming and related technologies (e.g., indoor farming, aquaponics) are essential to evaluate their sustainability and contributions to resilient urban food systems.
Limitations of The Study: 
This study is primarily based on household surveys, with data collected through semi-structured questionnaires. The focus of the research is on assessing the adoption of rooftop gardening, its economic benefits, and strategies to address common constraints. However, the study does not include life cycle assessments, area-based productivity estimates, or controlled experimental trials. Consequently, the findings reflect observed household practices and perceptions rather than standardized or experimental measurements of rooftop garden performance.
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% of involvement	
Female 	Male	Children	55	32	13	
Fig.- 3: Percentage of Respondent towards Satisfaction and benefits from the rooftop garden 

Percentage of Respondent 	
Highly satisfied	Satisfied 	Moderately satisfied	Unsatisfied	0.69	0.23	0.08	0	





No. of respondent	






Lack of leisure time	Lack of technical knowledge	Fear of heavy load	Roof damage	Lack of manpower	Lack of sufficient space 	17	69	45	23	14	9	
QuantityMaterial used for planting in rooftop gardening (%)

Quantity (%)	
Styrofoam crates 	Plastic crates	Plastic bottles	Plastic waste bags	HDPE 	&	 LDPE growing bags	Plastic drum 	&	 iron drum	Earthen pots	Plastic pots	RCC pits	78	18	35	42	67	53	67	89	16	
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