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Introduction:

When asked to picture a farmer, most
will imagine someone in a field working away
at wide-open expanses of farmland. However,
as the world grapples with the escalating
pressures of climate change and rapid
urbanization, this traditional imagery is being
challenged by a practice critical to modern
sustainability efforts: urban farming. At its
core, the definition of urban farming is the
practice of cultivating crops, livestock or types
of food This

movement is born from a logical necessity i.e.

in an urban environment.

with global shipping and transport_efforts
having a massive impact on the overall carbon
footprint of our food, there is a clear push to
find innovative ways to grow more of our food
closer to urban areas. While the practice of
farming in areas outside of traditional
farmland may seem new, it has a long history,
from city dwellers in ancient Mesopotamia

setting aside land for cultivation to the victory

gardens that were a staple of World War Il-era
cityscapes. Today, it has become a hot topic
for agricultural sustainability and social justice
advocates alike, providing a multifaceted

avenue for positive change.

Urban Farming
The Global -and National Imperative for

Urban Agriculture

The shift toward urban agriculture is
driven by daunting global statistics. According
to Zhang et al., (2022), the global population is
reach 9.6 billion by 2050,

requiring a 70 percent increase in food

projected to

production. This immense pressure on the
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food

technological

smart

global

supply  requires

intervention  to  succeed,
particularly in land-scarce environments. In
India, the challenge is especially acute due to
the sheer scale of migration and development.
Ali et al.,, (2017) project that by 2050, 50
percent of India’s population will live in cities,
with the urban population growing by 404
million during this period.

This rapid urban sprawl is aggressively
encroaching on traditional agricultural land;
for instance, in New Delhi alone, 60,000
hectares of agricultural land were lost between
1974 and 1999. Furthermore, major Indian
cities like Mumbai, Pune and Delhi face severe
water shortages and traditional farming’s
dependency on rural areas leads to price
fluctuations and supply instability in_urban
markets. Beyond quantity, food safety and
quality have become major concerns for the
urban populace. Rafee et al., (2023) surveyed
in Bengaluru, found many vegetables in
supermarkets and local markets contained
levels of heavy metals, such as iron, cadmium
and lead and that too, far exceeding safety
limits set by the FAO, often due to irrigation
with wastewater. Consequently, urban farming
offers a solution through higher productivity
and improved sustainability by bypassing these
contaminated rural-to-urban supply chains.

Diverse Models of Urban Cultivation
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Urban farming is not a monolithic

practice; it encompasses several distinct
models tailored to different organizational
goals and community needs. The U.S.
Department of Agriculture (USDA) breaks
down four primary types of urban farming:

Gardens:

= Community Generally

found on public land, community
gardens are typically overseen and
managed by resident volunteers. These
gardens can feature seasonal produce
production as well as flower gardens
and are excellent for beautifying and
enriching neighborhoods. They often
utilize abandoned or underused city
lots as prime areas for cultivation.
= Community Farms: These are
communal growing spaces that are
typically run by a non-profit
organization. They aim to provide
produce to the participating community
as well as enriching social and
educational programming, often aiming
to develop community members’
appreciation for nature.
= Commercial Farms: Like most rural
farms, these urban farming operations
are run by for-profit organizations.
Many commercial urban farms focus
on growing niche produce and use

high-efficiency techniques like vertical
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or soilless

farming to  ensure

profitability and minimize costs.

Farms and Gardens:
typically

community

= Institutional
These

associated

operations  are
with  a
institution such as prisons, hospitals,
churches or schools. They do not
necessarily aim to grow large quantities
of produce but instead look to provide
positive health, education and lifestyle
opportunities  for their respective

institution members.
The Technological Revolution: Hydroponics
and Vertical Farming

To succeed in concrete-heavy urban
spaces, technological intervention is essential.
Kumar et al., (2020) defines vertical farming
as the practice of growing crops in vertically
stacked layers to utilize space that'is typically
left unused in conventional farming. This
method is revolutionary in its efficiency as it
can produce yields in 1,000 m? that are
equivalent to 4,000 to 30,000 m? of traditional
outdoor farmland. Central to this revolution is
hydroponics, growing plants in a water-based
nutrient solution instead of soil. Rafee et al.,
(2023) highlights  that

becoming critical in India because it conserves

hydroponics is

85-90 percent of irrigation water through
closed-loop recycling systems and requires
very little labor. Moreover, it increases crop
yields by 20 percent to 30 percent and speeds
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up maturation times. Indoor cultivation also
significantly reduces the risk of pest attacks,
such as the locust infestations seen on India’s
west coast and allows for year-round
production regardless of India’s heavy reliance

on monsoons.

""".Q-l X ‘
Hydroponics and vertical Farming

Modern urban farms utilize various
hydroponic systems, including:
= Wick-System: A passive method using
wicks to move nutrients via capillary
action.
= Deep Water Culture: Where plants

float on foam platforms in a nutrient

reservoir.
= Nutrient Film Technique (NFT): A
continuous thin film of nutrient

solution flows over the roots.

= Ebb and Flow: Temporarily flooding
the root zone with solution before
draining.

= Drip System: Delivering nutrients
drop-by-drop to the base of each plant.
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= Aeroponics: The most advanced
system, where roots hang in the air and
are misted with a nutrient solution.
Augustine et al., (2024) noted that
aeroponics is the ideal option for urban
environments, as it uses 90 percent less

land and 98 percent less water.

Aeroponics

These “smart farms” are increasingly
integrated with the Internet of Things (loT).
Augustine et al., (2024) describes the_systems
developed for field monitoring using sensors
for light, humidity, temperature and soil
moisture, allowing farmers to supervise their
fields from anywhere via protocols like MQTT
and HTTP.

Material Innovations and the Future of
Urban Growth

The future of urban farming is being
further shaped by advancements in materials
science. Zhang et al., (2022) identify several
categories of novel materials, including
nanostructured,  functional and  stimuli-
responsive polymers, that transform the plant

cultivation cycle.
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= Seed Enhancement: Technologies

such as seed priming (controlled
hydration) and seed coating using
nanoparticles or silk-based biomaterials
improve  germination rates and
mechanical handling.

Alternative  Substrates:  Naturally
formed aluminosilicates called Zeolites
are used for water and nutrient
retention. Additionally, Superabsorbent
Hydrogels (SAH) are polymers
designed to retain high volumes of
water, thus  reducing irrigation
frequency.

Precision Delivery: The use of
nanofertilizers and  nanopesticides
provides controlled, sustained release
of nutrients and chemicals, minimizing
environmental leaching.
Environmental Management:
Luminescent  nanophosphors  and
quantum dots are being used to
enhance  photosynthesis.  “Smart”
windows and nano-silicone coatings
can block infrared heat while allowing
visible light for growth.

Plant Health Monitoring: Non-
destructive sensors, including carbon
nanotubes, detect real-time stress
signals like hydrogen peroxide or

volatile organic compounds (VOCs)

Volume-4, Issue-12, May, 2026



through

smartphone-integrated

platforms.

Zhang et al., (2022) also emphasize the
role of Machine Learning (ML) to accelerate
the design of new materials and the use of
“Digital Twins” to create virtual models of
farms for autonomous operation.

The Indian Startup Ecosystem and Success
Stories

India has seen a surge in innovative
businesses leading the urban farming market:

= Pindfresh (Chandigarh/Pan-India):

Founded by Somveer Singh Anand,

this company developed indoor
hydroponic technology suitable for
India to  source  high-quality,

contamination-free produce.
= Ajay Gopinath: A microgreens farmer
who transformed an 80 sg. ft. room into
a successful farm in 2025, specializing
in over 15 varieties of organic produce.
= Linesh Pillai: A pioneer who
established one of India’s first vertical
farms in Mumbai to tackle the city's
extreme space constraints.
(Chennai/Pan-India):
Helps residents convert balconies and

kitchen

= Homecrop
terraces into  functional

gardens, providing DIY kits and
maintenance services.

= Garden City Farmers (Bengaluru):

A community-led group that promotes
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rooftop gardening through training
sessions and mentorship.
= Nutrifresh: India’s largest hydroponic
farm, focusing on “plucked to order”
delivery.
= Sonia Dahiya (Sonipat): A biotech
graduate who launched a high-tech
mushroom farm and focuses on
training rural women to be
entrepreneurs.
The industry was significantly boosted
by the COVID-19 pandemic, as

urbanites turned to growing their own food,

many

leading to a lasting boom in home-grown
produce.
Benefits, Challenges and Consumer
Perceptions

The benefits of urban farming are vast,
including locally raised products that reduce
energy spent on global shipping. It allows for
higher production density through techniques
like wvertical farming and facilitates the

redevelopment of wunused spaces like
warehouses. Furthermore, community gardens
help residents build stronger ties to where they
live and reduce urban blight associated with
empty lots.

However, significant hurdles remain.
Ali et al., (2017) noted that adoption in India
faces financial and technological risks due to
high

renewable energy systems.

in materials and
Much of the

initial investments
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current activity remains at an informal or

unauthorized level, such as farming on the
Yamuna floodplains. Additionally, soil quality
IS @ major issue, as urban pollutants can seep
into groundwater and hurt crop viability.
Consumer perception is another critical
factor. Grebitus et al., (2020) found that while
residents associate urban farming with
improved food security and reduced ‘“food
miles,” they express concerns regarding
potential contamination from urban pollutants
and the typically higher price points of urban-
grown produce. Their study concludes that for
urban farming to become a mainstream pillar
of food systems, stakeholders must address the

2

“perception  gap through  transparent
communication and education regarding the
safety and environmental impact of urban-
grown food.

Path Forward: Policy and Integration

Regenerative Urbanism

To make wurban agriculture truly

transformative, it must move beyond
individual interest projects. Ali et al., (2017)
suggested “Regenerative Urbanism,” using

urban farming as a tool to improve the
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“livability index” of cities and creating “lungs”
for vertical cities to combat air pollution.

policy
include strengthening government policies to

Specific recommendations
incentivize farming, providing financial aid for

technology and adopting concepts like

“sharing backyards” or taxing vacant urban
The

Singapore model serves as a primary case

land to encourage productive use.
study for these technologies, where the “30-
by-30” goal aims to produce 30 percent of
nutritional needs locally by 2030. Paturu et al.,
(2024) further suggest that greenhouse farming
is more environmentally sustainable than
indoor farming or conventional farming in
terms of GHG emissions and fossil fuel use,
making it a viable target for adoption.
Conclusion

Urban-farming represents a necessary
evolution in how we conceive of agriculture
and city living. By leveraging advanced
technologies like vertical farming, hydroponics
and novel materials; and by fostering
community-led initiatives, India can address
the dual challenges of rapid urbanization and
food insecurity. While financial risks and
policy gaps remain significant obstacles, the
environmental, social and nutritional benefits
are undeniable. As urban agriculture moves
from the fringes into mainstream institutional
frameworks and state policies, it has the

potential to revitalize cities and ensure a

Volume-4, Issue-12, May, 2026



sustainable food future for a growing global

population. The journey toward scaling
sustainability through urban farming is not just
about “lettuce among the cement,” but about
creating resilient and self-sufficient cities for

the future.
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