Available online at

ISSN (E): 2583 - 1933

http://currentagriculturetrends.vitalbiotech.org/

s . Current
LYy -
Yty | Agriculture
N A
S Trends:
e-Newsletter

Curr. Agri.Tren.:e- Newsletter, (2026) 5(2), 76-80

Article ID: 575

High-Tech Urban Vegetable Farming Hydroponics,
Vertical & Indoor Systems

Revananath Pratap Kokate®,
Abika Chauhan?,
Amarpal Singh Bhadauriya®,
Vimal Kumar*,
Ananya Sinha®

IM.Sc Scholar, Department of
Agriculture Extension Education,
College of Agriculture Latur
Vasantrao Naik Marathwada Krushi
Vidyapeeth, Parbhani.
2M.Sc Scholar, Department of
Vegetable Sciences, College of
Horticulture and Forestry, Neri,
Hamirpur, Himachal Pradesh- Dr.
Yashwant Singh Parmar University of
Horticulture and Forestry, Nauni,
Solan, Himachal Pradesh.
®Assistant Professor, Department of
Zoology, Shankarlal Agrawal Science
College Salekasa Maharashtra.
4Assistant Professor, School of
Agricultural Sciences, I IMT
University, Meerut.
®B.Sc. (Hons.) Agriculture, Bihar
Agricultural College, Sabour.

a Open Access

*Corresponding Author
Revananath Pratap Kokate

Article History
Received: 16.2.2026
Revised: 21.2.2026
Accepted: 26.2.2026

This article is published under the
terms of the Creative Commons
Attribution License 4.0.

Copyright © Feb., 2026; Current Agriculture Trends

INTRODUCTION

Imagine harvesting fresh lettuce from a building in the middle
of a crowded city. No soil, no traditional fields, and no
dependence on rainfall. This is not science fiction it is the
reality of high-tech urban vegetable farming. Rapid
urbanization, shrinking farmland, climate change, and growing
food demand have created serious challenges for traditional
agriculture. Urban farming using hydroponics, vertical
farming, and indoor plant production systems offers a
revolutionary solution. These systems allow farmers to grow
vegetables in controlled environments, using modern
technology to produce more food with fewer resources.
Vertical hydroponic farms can produce up to 10 times more
crops per square meter compared to conventional farming,
while saving up to 90-95% of water. Urban agriculture is
transforming how food is produced, making cities more self-
reliant, sustainable, and food secure.
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What s
Farming?
High-tech urban farming refers to the cultivation
of vegetables in urban areas using advanced and
innovative  production  systems such as
hydroponics, vertical farming, indoor farming,
plant factories, and smart controlled environment
agriculture (CEA). These modern systems rely
on advanced technologies including artificial
LED lighting to provide the required light for
plant growth, sensors and automation to monitor
and manage crop conditions, and climate control
systems to regulate temperature, humidity, and
carbon dioxide levels. Instead of traditional soil,
plants are grown using specially prepared
nutrient solutions that supply all essential
nutrients directly to the roots. The main objective
of high-tech urban farming is to produce fresh,
healthy, and high-quality vegetables efficiently
within limited urban spaces while ensuring
higher productivity, resource conservation, and
year-round production.

Hydroponics: The Heart of Urban Farming
Hydroponics is a modern method of growing
plants without the use of soil, in which crops are

cultivated using nutrient-rich water solutions. In

High-Tech Urban Vegetable
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this system, plant roots receive water, essential

nutrients, and oxygen directly from the prepared

nutrient solution, ensuring that the plants get

everything they need for proper growth and

development. Because nutrients are readily

available and easily absorbed, plants grow faster

and more efficiently compared to traditional soil-

based cultivation. Additionally, hydroponic

systems are designed to recirculate and reuse

water, which significantly reduces water wastage

and improves overall resource efficiency, making

hydroponics an environmentally sustainable and

highly productive farming technique.

Major Types of Hydroponic Systems

1. Nutrient Film Technique (NFT)

e Thin film of nutrient solution flows over
roots

e Most popular in vertical farms

o Uses very little water

o Ideal for leafy vegetables

NFT systems can produce crops faster and use up

to 95% less water.

2. Deep Water Culture (DWC)

In this hydroponic system, plants float on a
nutrient solution with their roots submerged and
well oxygenated. This ensures rapid and healthy
growth. It is especially suitable for leafy
vegetables such as lettuce, spinach, and herbs.

3. Aeroponics

In this system, roots hang in the air and are
periodically sprayed with nutrient-rich mist. It
promotes the fastest growth and high efficiency
but requires advanced technology to operate.
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4. Drip System

In this system, nutrient solutions drip slowly onto
the plant roots, providing a steady supply of
water and nutrients. It is well suited for crops
such as tomato, cucumber, and pepper.

Vertical Farming: Growing Upwards

Vertical farming is a method of growing plants in
vertically stacked layers instead of spreading
them horizontally. By expanding upward, it uses
space more efficiently and greatly increases
productivity. This system is especially useful in
areas with limited land.
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Indoor Farming: Full Environmental Control
Indoor farming is the practice of growing crops
inside buildings under controlled artificial
conditions. Growers can precisely manage
factors such as light, temperature, humidity,
nutrients, and carbon dioxide to create an optimal
environment for plant growth. Indoor grow
systems typically include LED lighting,
ventilation, hydroponic units, and temperature
control equipment. These technologies help
provide ideal conditions, resulting in healthy
plants and consistent production.

Importance of Urban Vegetable Farming

1. Solves Land Shortage

Cities often have very limited farmland due to
rapid urbanization and infrastructure
development. Vertical farming addresses this
challenge by using minimal land and growing
crops upward in stacked layers, making it an
efficient solution for food production in urban
areas.

2. Saves Water

Hydroponics is a highly water-efficient farming
method that can save up to 90-95% of water

compared to traditional soil-based farming. This
is possible because water is recycled and
delivered directly to plant roots, minimizing
wastage and improving efficiency.

3. Year-Round Production

Indoor farming is independent of seasonal
changes, allowing crops to be grown throughout
the year. Since environmental conditions are
controlled, vegetables can be produced anytime,
ensuring continuous and reliable supply.

4. Higher Yield

Vertical farming increases agricultural efficiency
by producing more crops in a limited space and
promoting faster plant growth. Controlled
conditions and efficient resource use help plants
grow quickly, resulting in higher overall
productivity.

5. Safe and Clean Food

Indoor farming systems significantly reduce pest
attacks and diseases because crops are grown in a
controlled and protected environment. As a
result, the need for pesticides is minimized, and
cleaner, safer, and higher-quality vegetables are
produced.

Table 1: Comparison of Hydroponics, Vertical and Indoor Farming Systems

Feature Hydroponics Vertical Farming | Indoor Farming
Growing medium | Nutrient solution Nutrient solution Nutrient solution or soil
Space use Efficient Highly efficient Efficient

Water use Very low Extremely low Low

Yield High Very high Very high

Technology level | Moderate High Very high

Investment Medium High High

Examples NFT, DWC Vertical towers Plant factories
Suitability Urban, greenhouse | Cities, buildings Indoor rooms
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Components of High-Tech Urban Farming

1. LED Lights

Artificial lighting systems, especially LED lights,
are used to provide artificial sunlight for indoor
and vertical farming. These lights are energy-
efficient and supply the exact wavelengths
needed for plant development, which helps
promote faster growth and improves overall
productivity.

2. Nutrient Solution

Plant nutrient solutions used in indoor and
hydroponic farming contain essential elements
such as nitrogen, phosphorus, potassium, and
various micronutrients. These nutrients are
supplied in precise amounts to support healthy
plant growth, proper development, and high
yields.

3. Climate Control System

Crops Suitable for Urban Farming
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Environmental control systems in indoor farming
help maintain optimal temperature and humidity
levels. This ensures ideal growing conditions for
plants, promotes healthy growth, and improves
overall productivity and crop quality.

4. Sensors

Sensors are used in indoor and hydroponic
farming to monitor important parameters such as
pH, temperature, and nutrient levels. This helps
growers maintain optimal conditions, ensuring
healthy plant growth and efficient production.

5. Automation

Automation systems in indoor and vertical
farming help control irrigation, lighting, and
nutrient ~ supply. This  ensures  precise
management of plant needs, reduces labor, and
improves efficiency and crop productivity.

Leafy vegetables

Fruit vegetables

Herbs

Lettuce Tomato

Mint

Spinach Cucumber

Basil

Kale Capsicum

Coriander

Table 2: Comparison of Traditional and High-Tech Urban Farming

Parameter Traditional Farming | High-Tech Urban Farming
Land requirement High Very low

Water requirement High Very low

Yield Moderate Very high

Climate dependency High Low

Pest attack High Low

Production time Longer Faster

Quality Variable Uniform

Year-round production | No Yes

Advantages of High-Tech Urban Vegetable
Farming

1. Higher Yield

Vertical and indoor farming systems provide
higher yields by producing more food in less
space. Efficient use of wvertical layers and
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controlled growing conditions allows maximum
productivity from a limited area.

2. Water Saving

Indoor and vertical farming systems save water
by using recycled nutrient solutions. Water is
reused and delivered directly to plant roots,
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which reduces wastage and makes the system
highly water-efficient.

3. Faster Growth

Indoor and vertical farming promote faster plant
growth because crops are provided with optimal
conditions such as proper light, nutrients, and
temperature, which accelerate development and
reduce the growing period.

4. No Soil Needed

Indoor and vertical farming do not require soil,
as crops can be grown using hydroponic or other
soilless systems. This allows food to be produced
anywhere, including buildings, rooftops, and
urban areas.

5. Less Pest Attack

Indoor and vertical farming experience less pest
attack because crops are grown in a controlled
and enclosed environment. This reduces pest
entry and helps maintain healthier plants with
minimal pesticide use.

6. Fresh Vegetables

Urban indoor and vertical farms supply fresh
vegetables directly to nearby consumers. This
reduces transportation time, maintains freshness,
and ensures better quality produce.

7. Climate-Resilient

Indoor and vertical farming systems are not
affected by external climate conditions such as
drought, floods, or extreme heat. Since crops are
grown in controlled environments, production
remains stable and reliable throughout the year.
Limitations

One of the major challenges of indoor and
vertical farming is the high initial cost, as
equipment such as LED lights, sensors, and
climate control systems are expensive. It also
requires skilled labour because managing these
advanced systems needs proper technical
knowledge. In addition, indoor farms depend

Copyright © Feb., 2026; Current Agriculture Trends

heavily on electricity to run lighting, cooling, and
automation systems. Another limitation is
technology dependence, as any system failure,
such as power outages or equipment malfunction,
can quickly affect plant growth and productivity.
Future of Urban Farming

Urban farming is emerging as a key solution for
the future of food production. It can help feed the
growing population, conserve water, and protect
the environment by producing more food with
fewer resources. Advanced technologies such as
artificial intelligence, automation, and robotics
are further improving efficiency and precision.
As a result, container farms and plant factories
are rapidly gaining popularity around the world
as modern, sustainable farming systems.
Importance in India

Urban farming is highly useful for India due to
its increasing population, limited agricultural
land, and growing water shortage. Major cities
such as Delhi, Mumbai, and Bengaluru are
already adopting hydroponic and indoor farming
systems. These modern techniques can improve
food security, increase farmer income, and
enhance urban nutrition by providing fresh and
healthy vegetables locally.

CONCLUSION
High-tech urban vegetable farming using
hydroponics, vertical, and indoor systems is
transforming modern agriculture. It offers several
advantages, including higher production in
limited space, significant water savings,
resilience to climate change, and a reliable
supply of fresh food. These advanced farming
methods will play a vital role in feeding future
generations as population and urbanization
continue to increase. Urban farming is not just a
temporary trend, but a sustainable and essential
solution that represents the future of agriculture.
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