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n the era of urbanization hydroponics or soilless culture is a boon for mankind. It’s a

ug“gso transformative innovation where small piece of land can be utilized by using these modern
fwf technologies to get fresh produce in limited space and also help people to generate income,
0525%0 thus making these systems highly suitable for urban areas where there is scarcity of land. The
f - utilization of these systems is not restricted to urban areas but also in those areas where there
%ei is barren land or water for irrigation is not available or any climatic adversities are there
&% which are hindering the cultivation of crop on land. Hydroponics provides an artificial
@%ﬂj environment for the growth of the plants with their roots exposed to water based nutrient
& solutions and thereby increasing water use efficiency, growing more number of plants per
p

unit area and thereby increasing landuse efficiency. Vegetable crops such as tomatoes,
pepper, cucumber and lettuce etc., have great potential in these modern technologies.

Introduction

In hydroponics, "hydro" representing water and "ponos™ representing labor and the term
hydroponics was coined by Dr. W. F. Gericke in 1936. Hydroponics is environment friendly
on the same time advanced method of growing plants in nutrient medium using essential
nutrients. Earlier hydroponics was limited to few crops but these days hydroponics has
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become an efficient alternative for vegetable production, commonly grown crops include
2550 leafy greens such as lettuce and spinach, as well as fruiting vegetables like tomato, cucumber,
&% and capsicum (Anusree et al., 2024). Hydroponics has emerged as a sustainable approach for
g}f@ vegetable cultivation. It offers potential solutions to challenges related to land degradation,
&% water scarcity and food security under changing climatic conditions (Ahmed et al., 2025).
Q;&ﬁ Hydroponic systems are being deployed in vertical farms, rooftop gardens and container-
iy based production units, especially in densely populated or water-scarce regions. The
% development of the Nutrient Film Technique (NFT), Deep Water Culture (DWC), and

aeroponic systems, facilitated the commercial application of hydroponics in greenhouses and
protected cultivation units. In developing countries like India, hydroponics is gaining
momentum through agri-startups and horticultural initiatives (Verma et al., 2024; Anusree et
al., 2024).

Different methods of hydroponics

1. Nutrient Film Technique (NFT): In this method, a shallow stream of nutrient-rich water
flows continuously over the plant roots in a sloped channel. The roots absorb nutrients
from this thin film while also getting access to oxygen due to partial exposure to air. The
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crops like lettuce, spinach, basil are best suited for such type of system (Resh, 2022) i
& 2. Deep water culture: Plants are suspended above a nutrient solution, with their roots :
T submerged directly in it. An air pump supplies oxygen to prevent root suffocation. Crops

& like Lettuce, kale, herbs are best suited for such type of system (Jones, 2016)
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3. Ebb and Flow (Flood and Drain): This system floods the grow bed with nutrient
solution at regular intervals, than drains it back to the reservoir. Plants are usually
supported by inert media like clay pellets or rockwool. Crops like leafy greens and
fruiting vegetables including tomato, bell pepper are best suited for such type of systems
(Gruda, 2009).

4. Wick System: This is the simplest hydroponic method. A wick (like cotton rope) draws
nutrient solution from a reservoir into the root zone. There are no moving parts, making it
ideal for beginners. Small herbs like mint or parsley are suitable to grow in this type of
system (Verma, 2024).

5. Drip System: This system delivers nutrients directly to the base of each plant via small
tubes or emitters. It’s one of the most scalable and commonly used systems in
commercial hydroponics. Tomatoes, cucumbers, peppers are suitable to grow in such type
of systems (Patel, 2022).

Challenges

1. High Initial Investment: Advanced systems can be prohibitively expensive for small-
scale or rural farmers. The high cost can discourages adoption, especially in regions
where conventional farming is more affordable.

2. Nutrient Management Complexity: Hydroponics relies on precise nutrient solutions,
which must be balanced in terms of pH, electrical conductivity (EC) and micronutrients.
Even small errors can stress plants or reduce yield.

3. Dependence on Electricity and Technology: Hydroponic systems are heavily reliant on
power for pumps, lights, and automation. A sudden power outage or pump failure can
lead to rapid crop loss due to water/nutrient cut-off.

4. Disease and Root Rot Risks: Though hydroponics avoids soil-borne diseases, water-
borne pathogens like Pythium and Fusarium can spread rapidly through the shared
nutrient solution.

5. Need for Skilled Management: Farmers must be trained to handle sensors, mixing
nutrients, and managing environmental factors like humidity and light.

6. Environmental Concerns from Waste Disposal: Improper disposal of used nutrient
solution or growth media like rockwool can pose ecological risks, especially if
wastewater is rich in nitrates and phosphates.

Conclusions

Hydroponics is proving to be a smart and sustainable solution for growing vegetables in
today’s changing world. As the availability of fertile land and clean water continues to
decline, this soil-less farming method offers a way to produce fresh, healthy food using less
space, less water and fewer chemicals. It is especially useful in urban areas, where traditional
farming is not possible, and in regions with poor or degraded soil. With hydroponics,
vegetables like tomato, lettuce, spinach, cucumber and herbs can be grown all year round,
regardless of season. This means better food security and faster harvests. Also, since the
environment is controlled, the chances of pests and diseases are lower, reducing the need for
pesticides. However, hydroponics is not without its challenges. Any mistake in nutrient
levels, water flow, or electricity supply can harm the plants quickly. For small farmers or
those new to the system, this can be a major difficulty. Even so, as more people become
aware of its benefits, and as technology becomes more affordable, hydroponics is expected to
grow rapidly. Training, government support and innovation will play a big role in making it
easier and more accessible for everyone—from big commercial farms to small rooftop
gardeners. In the future, hydroponics has the potential to become a key part of sustainable
farming, helping us grow food in a cleaner, smarter and more efficient way, especially as we
face climate change and a growing global population.
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