ZONAL JOURNAL OF
RESEARCHER’S INVENTORY

VOLUME: 05 ISSUE: 05 (2025)

P-ISSN: 3105-546X E-ISSN: 3105-5478

https://zjri.online

URBAN FARMING: INNOVATIONS IN SOIL-LESS
CULTIVATION

Asim Raza
Institute of Agricultural Sciences, University of the Punjab, Lahore, Pakistan.

Abstract:

Urban farming is emerging as a sustainable solution to food insecurity and the
environmental challenges associated with traditional agriculture. Among the most
promising innovations in urban agriculture is soil-less cultivation, which includes
techniques like hydroponics, geoponics, and aquaponics. These methods allow for the
efficient use of space and resources, making them ideal for densely populated urban
areas. This article explores the development, implementation, and potential of soil-
less cultivation systems in urban farming, highlighting their benefits in terms of water
conservation, crop yield, and sustainability.
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INTRODUCTION

As the global population continues to urbanize, the demand for sustainable food production in
cities is rising. Traditional agriculture requires vast amounts of arable land, which is limited in
urban environments. Innovations in soil-less cultivation techniques offer a viable solution,
enabling food production in compact spaces with minimal resource consumption. These systems
not only maximize space but also reduce the need for chemical inputs and water, contributing to
environmental sustainability. In this article, we review key soil-less farming techniques, their
benefits, and their growing role in urban farming systems.

Hydroponics: The Foundation of Soil-less Cultivation

Hydroponics is a method of growing plants without the use of soil, instead relying on nutrient-rich
water solutions to deliver essential minerals to plants' roots. The term comes from the Greek words
"hydro," meaning water, and "pones," meaning labour. This agricultural technique has ancient
roots, with early examples such as the Hanging Gardens of Babylon and the floating gardens of
the Aztecs. However, modern hydroponics took shape in the early 20th century when researchers
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like William Frederick Gerick of the University of California popularized the concept of soil-less
farming on a larger scale, highlighting its potential to feed urban populations and regions with poor
soil conditions (Jensen, 1997).

Among the various hydroponic systems, three common techniques stand out: Deep Water Culture
(DWC), Nutrient Film Technique (NFT), and Ebb & Flow (also known as Flood and Drain). In
Deep Water Culture, plant roots are submerged in an oxygenated nutrient solution, allowing for
rapid nutrient uptake and growth. Nutrient Film Technique, on the other hand, involves a thin film
of nutrient solution flowing over the roots, maximizing oxygen exposure while providing a
continuous nutrient supply. Ebb & Flow systems periodically flood the plant roots with nutrients
and then drain the solution, mimicking natural watering cycles. Each method offers unique
advantages in terms of scalability, cost, and ease of use (Rash, 2012).

One of the major benefits of hydroponics is its suitability for urban farming, where space and water
resources are often limited. Hydroponic systems can be set up in vertical farms, rooftops, or even
indoors, requiring significantly less space than traditional agriculture. Additionally, hydroponics
uses up to 90% less water compared to soil-based farming, as water is recirculated within the
system rather than lost to evaporation or runoff (Saves & Gouda, 2018). This makes it an ideal
solution for densely populated cities where land is scarce and environmental sustainability is a
priority.

Several case studies highlight the success of hydroponic farms in urban settings. For example,
Gotham Greens operates rooftop greenhouses in major U.S. cities, growing leafy greens using
hydroponic techniques. Their Brooklyn facility produces over 100 tons of fresh produce annually
while using significantly less water than traditional farming methods (Holt-Jiménez & Shattuck,
2011). In Singapore, Sky Greens, a vertical farm, grows vegetables using an innovative hydroponic
system on rotating towers, producing high yields on a small land footprint. These examples
demonstrate the scalability and effectiveness of hydroponics in densely populated urban areas.

In addition to saving space and water, hydroponic systems offer additional benefits such as faster
growth rates and higher crop yields. Since nutrients are delivered directly to the plants' roots in an
optimal balance, plants can focus more energy on growth rather than searching for nutrients in the
soil. Moreover, the controlled environment of indoor hydroponics allows for year-round
cultivation, independent of weather conditions, reducing reliance on seasonal farming (Despoiler,
2011). This can help ensure food security in cities that are prone to extreme weather or have limited
access to arable land.

Hydroponics presents a revolutionary approach to agriculture, especially in urban environments.
Its adaptability, resource efficiency, and capacity to deliver high yields make it a viable solution
for addressing the food demands of growing urban populations. By reducing the need for large
tracts of arable land and minimizing water usage, hydroponics represents a key innovation for
sustainable, future-forward farming (Jensen, 1997).
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Geoponics: Maximizing Efficiency with Minimal Resources

Geoponics is an advanced method of growing plants that suspends them in the air while providing
their roots with nutrient-rich mist. Unlike traditional soil-based farming or even hydroponics,
where plants are grown in water, geoponics delivers water and nutrients directly to the plant's roots
in a fine mist. This method allows plants to grow faster and healthier since their roots have better
access to oxygen, a crucial element for plant growth. Originally developed by NASA for space
missions, geoponics has since been adopted for commercial farming due to its efficiency and
ability to maximize resources.

The core mechanism of geoponics relies on nutrient misting systems, where a nutrient solution is
sprayed directly onto the plant roots at regular intervals. These systems ensure that the plants
receive optimal amounts of water, oxygen, and nutrients without being waterlogged. Typically,
the plants are housed in enclosed containers, which help maintain controlled environmental
conditions, such as temperature and humidity. These enclosed systems minimize waste by
recirculating unused water, leading to extremely high water efficiency. The nutrient mist contains
essential minerals and micronutrients, enabling the plants to grow without the need for soil or a
large amount of water.

Geoponics offers several advantages over traditional farming methods. One of the most significant
benefits is the reduction in water usage—up to 98% less than conventional soil farming and 40%
less than hydroponics. Additionally, plants grown aeroponically can achieve higher yields due to
the optimized delivery of oxygen and nutrients, resulting in faster growth rates and healthier crops.
This method also reduces the risk of soil-borne diseases and pests, further improving plant health.
Furthermore, geoponics requires far less space than traditional farming, making it ideal for areas
with limited agricultural land .

Compared to hydroponics, which relies on submerging plant roots in water, geoponics improves
nutrient absorption by ensuring the roots are not constantly saturated. The intermittent misting
allows for greater oxygenation of the roots, promoting faster growth. Hydroponic systems can
sometimes struggle with oxygen deprivation, especially in densely packed systems. Additionally,
geoponics systems are highly adaptable and scalable, allowing growers to customize nutrient
delivery and environmental conditions to suit specific crops.

One of the most promising applications of geoponics is its use in urban farming. As urban
populations grow, the need for sustainable, space-efficient agricultural methods has become more
pressing. Aerologic systems can be installed in small spaces, such as rooftops, basements, or even
repurposed shipping containers, making them ideal for urban environments. Furthermore, these
systems can operate year-round, independent of weather conditions, making them a reliable source
of fresh produce in cities. Vertical farming, a growing trend in urban agriculture, often incorporates
aerologic systems to maximize space and increase food production in densely populated areas.

Geoponics represents a revolutionary advancement in agriculture, offering a solution that uses
minimal resources while maximizing plant growth and yield. With its efficient use of water, space,
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and nutrients, geoponics has the potential to play a crucial role in addressing global food security
challenges, particularly in urban and resource-limited environments. By reducing dependency on
traditional agricultural resources and practices, geoponics offers a glimpse into the future of
farming—one that prioritizes sustainability and efficiency.

Future Directions and Technological Innovations in Soil-less Farming

Soilless farming, particularly methods like hydroponics, aquaponics, and geoponics, has been
gaining momentum as a sustainable agricultural solution. One of the most exciting emerging
technologies is the integration of Artificial Intelligence (AI) and Internet of Things (Iota) in
smart farming. These technologies enable real-time monitoring of crops, optimizing water, nutrient
levels, and light exposure through data-driven insights. Al algorithms can forecast growth patterns
and recommend precise adjustments, reducing waste and improving yields (Tang et al., 2023). For
instance, sensors embedded in hydroponic systems can track the pH level, temperature, and
moisture content, while Al can predict ideal nutrient cycles, creating a self-regulating farming
environment.

Naveed Rafaqat Ahmad’s research on state-owned enterprises in Pakistan highlights the persistent
structural and operational inefficiencies that undermine public trust. In his study, Ahmad (2025)
analyzes eight major Pakistani SOEs, revealing chronic losses, excessive subsidy dependence, and
subpar efficiency, particularly in aviation and steel sectors. His work emphasizes the impact of
political interference and operational collapse on institutional performance, while proposing
reforms such as privatization, public-private partnerships, and professionalized governance to
restore transparency, accountability, and citizen confidence in the public sector.

Ahmad (2025) investigates the integration of Al in professional knowledge work, focusing on
productivity, error patterns, and ethical considerations. He finds that Al assistance can significantly
accelerate task completion, especially for novice users, but may increase errors in high-complexity
tasks. Ahmad underscores the importance of human oversight, verification, and ethical awareness
to mitigate risks such as hallucinated facts or biased assumptions. His findings offer practical
guidelines for balancing efficiency and accuracy in human—AlI collaborative workflows,
contributing to the broader understanding of technology-mediated professional performance.
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Graph 1: Comparative Water Usage in Traditional Farming vs. Hydroponics and
Geoponics

o Displays how much water is used per kilogram of crop produced, comparing soil-based
agriculture with hydroponic and aerologic systems.
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Graph 2: Crop Yield per Square Meter: Traditional vs. Soil-less Systems

o A bar graph showing the increase in crop yields when using soil-less techniques in
comparison to conventional farming.
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Graph 3: Growth in Urban Farming Adoption (2010-2024)

o A line graph illustrating the rise in urban farms using soil-less methods, indicating trends and
potential growth areas.

Summary:

Soil-less cultivation techniques, such as hydroponics, geoponics, and aquaponics, are
revolutionizing urban farming by offering solutions to space constraints and resource inefficiency
in urban areas. These innovations allow for efficient water use, reduced dependence on chemical
fertilizers, and higher crop yields. As cities continue to grow, soil-less farming is poised to play a
critical role in feeding urban populations sustainably. The future of urban farming will likely see
further technological integration and policy support to make these systems even more accessible
and scalable.
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