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ABSTRACT

Hydroponics is an innovative soilless cultivation technology that offers new opportunities for sustainable
horticultural production. The shrinking land resources, decline in soil quality and productivity, scarcity of water and
sudden climate changes has paved the way to go for alternate sustainable system of production. Hydroponics
involves growing plants using nutrient-enriched water, either directly or in combination with suitable growing
substrates. Different systems, including nutrient film technique, deep water culture, drip hydroponics, ebb-and-flow
systems, and aeroponics can be adapted to the requirements of various horticultural crops. Hydroponics is being
used for many horticultural crops such as leafy vegetables, fruits, ornamental plants and medicinal and aromatic
plants. Its major advantages include precise nutrient delivery, efficient water use, no dependency on soil quality and
opportunities for cultivation in urban areas where land resources are limited. The major challenges are the
requirements for infrastructure, cost involved, lack of technical know-how. The potential of hydroponics is immense
and can lead to sustainable production and nutritional security with the cleaner crops.

Keywords: Hydroponics, Horticulture, Soilless Cultivation, Nutrient Management, Water-Use Efficiency, Protected
Cultivation, Nutritional Security

Submitted: 10-10-2026 Accepted: 19-10-2026 Online: 25-10-2026
1. INTRODUCTION remain directly in the nutrient solution or be supported
The contribution of horticultural crops to the by growing media such as cocopeat, perlite,
country’s GDP is increasing, but to increase the export vermiculite, or rockwool. By providing greater control
of horticultural crops many folds, switching to modern over the root environment, hydroponics offers
method of cultivation is a wise step. Hydroponics is opportunities to improve crop management and
one such technology that enables plants to grow cultivate plants in locations where conventional soil-

without soil by supplying essential mineral nutrients based production is difficult (Sambo et al., 2019).

through a water-based solution. Plant roots may
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The technology has gained attention in protected
cultivation, urban agriculture, vertical farming, and
commercial horticultural production. Its applications
extend beyond vegetables to selected fruit crops,
culinary herbs, ornamental plants, and nursery crops.
However, hydroponics should not be considered a
universal replacement for conventional agriculture. Its
suitability = depends on crop requirements,
infrastructure, production costs, environmental
conditions, and market demand.

2. CONCEPT AND
HYDROPONICS

As the name suggests, hydroponics means
cultivation in water, hydroponics is a method of
cultivating plants without soil as the principal growing
medium. The plant requirements for their optimum
growth and development are met out with the nutrient
solution, suitable root-zone aeration and management
of light, temperature and humidity conditions (Sambo
et al., 2019).

PRINCIPLES OF

Hydroponics can be of various types which are listed
below

e Deep Water Culture (DWC): Plant roots hang
directly inside an oxygenated nutrient solution
kept in a reservoir. An air pump with an
airstone supplies bubbles. It is simple, cheap,
and great for beginners or leafy greens like
lettuce.

e Nutrient Film Technique (NFT): A continuous
flow of nutrients runs on the surface of tilted
channels, covering the bare root tips. The
excess of the solution is collected in the
reservoir. The system is highly effective for
rapidly growing light plants such as lettuces
and spinach (Palmitessa et al., 2024).

e Ebb and Flow (Flood and Drain): Periodically
the grow tray gets flooded with the solution
from the lower reservoir. Then the excess of the
solution is drained back. This way of watering
helps the roots to get an alternating supply of
water and air.

e Drip Systems: In these systems, a pump sends
the solution through the small tubes dripping
directly to the roots of each plant.

o Wick Systems: It is an absolutely passive
system without using any electricity and
pumps. A nylon rope or wick attracts the
solution from the reservoir and distributes it
through a porous material of the grow
medium like perlite and rockwool.
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e Aeroponics: In these systems, the roots of the
plants grow suspended in the air inside a dark
chamber being regularly sprayed by the
solution.

e Kratky Method: A non-circulating, passive
method where plants sit in a container with a
fixed volume of nutrient solution. As the plant
drinks the water, an air gap forms to self-
oxygenate the upper roots. It requires no
pumps or electricity.

The choice between these systems depends on the crop,
root  characteristics,  irrigation  requirements,
investment capacity, and the level of technical
management available.

3. BASIC REQUIREMENTS OF HYDROPONICS
SYSTEM

Infrastructure: The growing structure may consist of
channels, troughs, containers, grow bags, benches, or
vertical arrangements.

Water facility/ water reservoir: The reservoir stores
the nutrient solution and should be constructed from a
suitable material that minimizes contamination and
corrosion.

Nutrient Solution: The need of nutrients in
hydroponics is met by use of nutrient solution whose
pH and EC needs to be adjusted as per the need at
different stages of plant growth and development. The
pH of a nutrient solution influences nutrient
availability and root uptake. When pH moves outside
the suitable range, certain nutrients may become less
available, potentially resulting in deficiency symptoms
even when those nutrients are present in the solution.
Low EC may indicate inadequate nutrient
concentration, whereas excessively high EC can create
osmotic stress and restrict water uptake. The
maintenance of pH and EC is essential to support
different requirements of nutrients availability to the
plants during their growth stages. Excessive
concentrations of any particular nutrient is detrimental
for uptake or availability of other nutrients. In
recirculating systems, unused nutrient solution can be
collected and returned to the reservoir. This can reduce
water consumption and nutrient discharge. However,
plants absorb different nutrients at different rates, and
evaporation and transpiration alter solution
concentration. Nutrient composition must therefore be
monitored and adjusted regularly. The accumulation
of salts and the potential spread of root pathogens must
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also be considered when recycling nutrient solutions
(Sambo et al., 2019).

Water requirements: Pumps, pipes, filters, emitters,
and aeration devices may be required, depending on
the selected system. Equipment should provide
uniform nutrient delivery and permit easy cleaning
and maintenance. Filtered water (RO Grade) should be
used for making nutrient solutions.

Aeration: Air pumps are put inside water tank to
maintain aeration in the root zone of the plants.
Alternatively, concentration of HO; is maintained to
provide aeration to the roots.

Monitoring Instruments
e pH meter for measuring nutrient solution
acidity or alkalinity.
e Electrical conductivity meter for estimating
dissolved ionic concentration.
e Thermometer for monitoring water and
environmental temperatures.
e Dissolved oxygen meter, where appropriate.
e Water-testing facilities for assessing salinity,
alkalinity, and other relevant characteristics.
4. APPLICATIONS OF HYDROPONICS IN
HORTICULTURE
Amongst  vegetables tomato, spinach,
capsicum, lettuce, cucumber can be cultivated in water-
based or substrate-based systems. Leafy vegetables are
particularly suitable for compact production systems
because many have short growing cycles and relatively
simple support requirements. Among fruit crops,
strawberry has shown tremendous success in
hydroponics system. Ebb-and-flow systems can be
used for certain container-grown ornamental plants
(Gautam et al., 2021).

5. CHALLENGES

It requires high initial investment, technical
knowledge, dependence on infrastructure and
prevention of disease transmission, water quality.

6. FUTURE PROSPECTS OF HYDROPONICS
India's diverse climatic conditions, growing
demand for horticultural produce, and increasing
interest in protected cultivation create opportunities to
explore hydroponics in selected production
environments.
The technology may be useful for high-value
vegetables, leafy greens, culinary herbs, ornamental
plants, and certain fruit crops. Urban and peri-urban
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production systems may benefit from the ability to
grow selected crops in limited spaces. Research and
development priorities include low-cost hydroponic
structures, locally suitable nutrient formulations,
efficient irrigation systems, water-quality
management, energy-efficient environmental control,
and improved disease prevention.

7. CONCLUSION

Hydroponics is an important component of
future horticulture enabling cultivation of plants
without relying on soil. The technology offers
opportunities for improved nutrient management,
efficient use of space, reduced dependence on soil
quality, and potentially greater water-use efficiency.
However, these advantages depend on suitable system
design, crop-specific nutrient management, reliable
infrastructure, water quality, environmental control
and effective sanitation. Better technical know-how
and crop-specific guidelines will lead to better
utilization of hydroponics for sustainable production.
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