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ABSTRACT

Hydroponics, Aquaponics and Aeroponics are innovative horticultural techniques that offer efficient,
sustainable alternatives to traditional soil-based agriculture. These methods leverage advanced
technology to optimize plant growth, conserve resources, and increase crop yields. Hydroponics
involves growing plants in a nutrient-rich water solution, eliminating the need for soil. Plants are
supported by inert media such as rock wool or clay pellets, which provide stability and facilitate root
development. This method allows precise control over nutrient delivery, water usage, and
environmental conditions, leading to faster growth rates and higher yields. Hydroponic systems can
be implemented in various forms, including nutrient film technique (NFT), deep water culture
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environments.

(DWC) and drip systems. Aquaponics integrates hydroponics with aquaculture, creating a symbiotic
environment where plants and fish coexist. Fish waste provides an organic nutrient source for the
plants, while the plants filter and purify the water for the fish. This closed-loop system minimizes
waste and reduces the need for synthetic fertilizers. Aquaponics is highly efficient, requiring less
water than traditional farming and promoting biodiversity. It is particularly suitable for small-scale,
urban, and sustainable agriculture initiatives. Aeroponics involves growing plants with their roots
suspended in the air, misted with a nutrient solution. This method ensures that roots receive ample
oxygen, promoting faster growth and higher nutrient uptake. Aeroponic systems use minimal water
and nutrients compared to soil-based and hydroponic systems, making them highly efficient. They
are also adaptable to vertical farming, allowing for space-efficient crop production in urban

Keywords: Hydroponics; aquaponics; aeroponics; fish; biodiversity.

1. INTRODUCTION

Traditional horticultural methods are
encountering unprecedented challenges. Two
significant global issues, resource scarcity and
population growth, have spurred renewed
interest in food production research. Over the
past few decades, scientists have been diligently
exploring innovative and creative techniques to
enhance food production. Collectively, these
strategies offer the potential to meet the
increasing global food demand in a sustainable
and efficient manner. In this context of innovation,
hydroponics, aquaponics, and aeroponics
emerge as particularly promising approaches [1].

2. HYDROPONICS

Hydroponics is a transformative technology with
roots in ancient Greek, combining "hydro" (water)
and "ponos" (labor) to mean "water work." This
method, first proposed by Professor William F.
Gericke in the early 1930s, represents a
paradigm shift in plant cultivation [2]. In
hydroponics, plants are grown in nutrient
solutions, sometimes supplemented with inert
substrates like rockwool, gravel, or coconut fiber
for support. This technique frees plants' root
systems from the limitations of soil, allowing
them to absorb essential mineral nutrients
directly from the solution.

From its inception, hydroponics has undergone
several significant developments.
Groundbreaking research at Purdue University in
1940 laid the foundation for the nutriculture
system. By the 1960s and 1970s, commercial
hydroponic operations had spread across the
global horticultural landscape [3,4]. These
systems have continued to evolve, incorporating
automation and precision to meet the specific
water, nutrient, and photoperiod requirements of

various horticultural crops [5-7]. This evolution
has paved the way for sustainable and resource-
efficient food production.

3. CLASSIFICATION OF HYDROPONIC
SYSTEMS

The innovative method known as hydroponics
offers flexible ways to grow horticultural crops in
unconventional settings. Hydroponic systems are
categorized based on their nutrient delivery
techniques and structural designs, each with
specific advantages and disadvantages in
modern agriculture [8].

a. Drip System: This system delivers nutrient
solution directly to each plant's roots from
a reservoir using a pump, making it easy to
control moisture. Plants are often placed
on growth media that is only partially
absorbent, encouraging a steady drip of
nutrients.

b. Wick System: The most basic and
uncommon type of hydroponic system, the
wick system requires neither an electric
motor nor a pump. Nutrient solutions are
delivered to plants via capillary action.
Larger or multiple wicks can be used to
control the water reaching the plant. This
method is effective for small plants, spices,
and herbs but not for water-intensive crops
[9-11].

c. Deep Water Culture System: This is the
simplest hydroponic method. Plants are
placed on a floating platform made of
Styrofoam or similar material in a nutrient
solution. Aquarium air pumps provide
external oxygen to the roots. This method
is commonly used for green crops.
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d. Nutrient Film Technique (NFT) System:
In this system, a water pump without a
timer circulates the nutrient solution
throughout the system into a growth tray.
The system is slightly sloped, allowing the
solution to flow through the roots and back
into a reservoir. Plants are grown in
channels or tubes with roots submerged in
the hydroponic solution, making them
susceptible to fungal infections [12-14].
This method is commonly used for
commercial lettuce production and other
leafy greens.

e. Ebb-Flow (Flood and Drain) System:
Considered the first commercial
hydroponic system, this method uses the
flood and drain principle. A water pump
pushes the nutrient solution into the
system, and gravity returns the excess
water to the reservoir for recycling.

f. Aeroponic System: This is the most
technologically = advanced  hydroponic
farming method. Plants are grown with
their roots suspended in the air, receiving
constant misting of nutrient solution every
few minutes. Unlike other systems that run
the pump for brief periods, the aeroponic
system requires a short cycle timer.

4. SOIL MEDIA CULTURE

The hydroponic techniques include a variety of
methods designed to maximize efficiency and
adaptability for different crops and growing
conditions. Here are some additional hydroponic
techniques:

Hanging Bag Technique: This method uses
thick UV-stabilized polyethylene bags filled with
cocopeat or coconut fiber, shaped into one-
meter-high cylinders to grow plants. These bags
are suspended vertically with an overhead
support and a collecting channel below for
nutrient solution drainage. It is suitable for
growing lettuce, leafy vegetables, strawberries,
and small flower plants.

Grow Bag Technique: Grow bags made of UV-
stabilized polyethylene sheets measuring about
one meter in length, 15-20 cm in width, and 8-10
cm in height are used in this technique. Plants
can be arranged in single or paired rows, with
spacing between 30-60 cm depending on the
crop. This method is very common, affordable,
and easy to implement.

Trench or Trough Technique: Plants are grown
in trenches or troughs constructed from UV-
stabilized PVC/HDPE sheets, bricks, concrete, or
other local materials. The trenches are filled with
inert organic or inorganic materials, or a mixture
like cocopeat, sand, perlite, or vermiculite. The
depth ranges from 30-60 cm, depending on the
crop type.

Pot Technique: This method uses ready-made
plastic pots ranging from 4 to 12 inches in
diameter. The pots are filled with inert organic or
inorganic materials, or a mixture such as
cocopeat, sand, perlite, or vermiculite. The
volume of the container and the growing media
varies from 1 to 10 liters, depending on the type
of crop.

5. MEDIA USED IN HYDROPONICS

Hydroponic systems utilize various types of
growing media, each with unique properties
suited to different plant needs. Here are some
commonly used media:

1. Coco-Coir: Known for its excellent air-to-
water ratio and great water retention,
making it an ideal medium for hydroponic
growing.

2. Rockwool: A fibrous material made from
melted rock. While not biodegradable and

hazardous to health, it must be pH
balanced and offers excellent water
retention.

3. Perlite: A mineral that has been

superheated to expand into lightweight
pebbles. It is pH neutral, porous, and
highly absorbent, making it a good choice
for hydroponic systems.

4. Vermiculite: Similar to perlite, vermiculite is
an expanded mineral with a higher cation-
exchange capacity. This allows it to store
unused minerals and release them to
plants as needed, providing a sustained
nutrient supply.

5. Expanded Clay: A popular hydroponic
medium, expanded clay pellets drain
quickly, are pH neutral, and reusable,
making them cost-effective and efficient for
various types of hydroponic setups.

5.1 Advantages of Hydroponics

In recent years, hydroponic techniques have
become increasingly popular due to their
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simplicity and purity. Here are several notable
benefits of hydroponics:

1. Eradication of Soil-Borne Disease Risks:
Hydroponics eliminates the risk of soil-
borne diseases and significantly reduces
or eliminates the need for pesticides,
lessening toxicity concerns.

2. Faster Plant Maturation: Hydroponically
grown plants experience unrestricted root
growth and have easy access to nutrients,
leading to faster maturation compared to
conventional field crops.

w

. Suitability in Harsh Environments: This
method is particularly useful in areas with
environmental stresses such as intense
heat, cold, or desert conditions.

4. Year-Round Cultivation: Hydroponic

systems are less affected by climate

change and can support year-round
cultivation, even in the off-season.

5. Automation and Reduced Labor:
Commercial hydroponic systems are
typically automated, eliminating the need
for manual labor and many traditional
farming procedures such as ftilling,
weeding, spraying, and watering.

6. Water Efficiency: Hydroponics significantly
reduces water usage due to the lack of
conventional irrigation and spray
techniques, and the near elimination of
water logging issues.

7. Easier Weed and Pest Management:
Weed problems are negligible, and
disease and pest management are more
straightforward compared to conventional
agriculture.

8. Increased Productivity: Hydroponic
systems can support more plants per unit
area, thereby increasing productivity.

9. Physiological Aspects: Crops absorb
nutrients from the nutrient solution and
fulfill crop plants needs. Root structures
are adapted to efficiently uptake dissolved
nutrients in the absence of soil.

10. Biochemical Aspects: Plants may show
altered enzyme activity related to nutrient
uptake, such as enhanced activity of

nitrate reductase and phosphatases and
support plants in growth and development.

6. LIMITATIONS OF HYDROPONICS

Despite its numerous advantages, hydroponic
cultivation also has some significant limitations:

i. High Initial Costs and Technical
Requirements: Commercial hydroponics
is more expensive to set up initially and
requires specialized technical know-how.

ii. Risk of Waterborne Illnesses: Since
plants share the same nutrient solution, it
is easier for waterborne illnesses to spread
throughout the system.

iii. Vulnerability to Environmental Factors:
Inadequate oxygenation and extreme heat
can reduce productivity and cause crop
losses.

iv. Nutrient and pH Management: It is
crucial to maintain the correct
concentration of the nutrient solution,
electrical conductivity (EC), and pH levels.

v. Dependence on Energy and Light:
Hydroponic systems require a consistent
source of energy and light, especially when
used in enclosed environments.

6.1 Agencies to promote hydroponics are [15]

1. National Horticultural Board (NHB)

2. National Horticultural Mission (NHM)

3. Horticulture Mission for North East &
Himalayan States

7. AQUAPONICS

Aquaponics is a method that integrates growing
crops and fish using recirculating aquaculture
systems combined with hydroponic (soilless)
techniques. This approach has gained attention
as a sustainable, bio-integrated model for food
production. Researchers from North Carolina
State University's New Alchemy Institute were
the pioneers of this method in the late 1970s and
early 1980s. The University of the Virgin Islands
(UVI) adopted this method in 1980, highlighting
its potential for local food production across
various regions. Despite evidence of aquaponics'
feasibility for food production, there remains a
significant knowledge gap concerning its
technical and financial viability, particularly in
highly populated countries like India. Aquaponics
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represents a holistic approach that merges
hydroponics with aquaculture. In this system, fish
waste serves as fertilizer for the plants, while the
plants help clean the water before it is
recirculated back to the aquatic environment.
Microbes play a crucial role by converting fish
waste and sediments into nutrients that plants
can readily absorb. This integration of
aquaculture and hydroponics creates a
sustainable and harmonious ecosystem [16].

8. PRINCIPLES OF AQUAPONICS

1. Nutrient Cycling: Waste products from
one biological system can serve as
nutrients for another. In aquaponics, the
waste from fish tanks provides essential
nutrients for the plants.

2. Integration of Fish and Plants: By
growing plants and fish together,
aquaponics enables the simultaneous
production of both, enhancing overall yield
and efficiency.

3. Water Recycling: Aquaponics systems
continually recycle water through biological
filtration and recirculation, ensuring that
water is used efficiently and sustainably.

4. Local Food Production: Aquaponics
supports local food production, improving
access to fresh, healthy foods and
contributing to the economic well-being of
the community.

In an aquaponics system, hydroponic growing
beds are supplied with nutrient-rich wastewater
from fish tanks. This wastewater benefits plant
roots, supports rhizobacteria that help remove
nutrients from the water, and promotes fish
health. The nutrients, derived from algae,
decaying fish feed, and fish waste, could
otherwise accumulate as toxins in the fish tanks,
deteriorating water quality. Conversely, the
hydroponic beds act as biofilters, removing
phosphates, ammonia, nitrates, and nitrites from
the water. The interaction between plant roots
and nitrifying bacteria in the gravel is crucial for
maintaining the nutrient cycle and ensuring the
system's overall functionality.

8.1 Hydroponic Bed Types

There are various hydroponic bed
commonly used in aquaponics systems:

types

a. Media-Based Grow Bed (MGB)
b. Deep-Water Culture System (DWC)

c. Nutrient Film Technique (NFT)
d. Aeroponics

Plant selection: The choice of plant species for
hydroponic cultivation in an aquaponics system
is closely linked to the fish stocking density and
the nutrient concentration in the aquaculture
effluent. Plants with low to medium nutritional
needs, such as lettuce, herbs, and specialty
greens like watercress, spinach, chives, and
basil, are well-suited for aquaponics systems.
Vegetable-producing plants like cucumbers, bell
peppers, and tomatoes have higher nutritional
requirements and are best suited for aquaponics
systems with a higher fish stocking density.
Additionally, tomato varieties that are grown in
greenhouses, where conditions are characterized
by lower light and higher humidity, tend to
perform better than field varieties [17].

Fish selection: Among warm and cold-water
species, tilapia, trout, perch, Arctic char, and
bass are well-suited for recirculating aquaculture
systems (RAS). However, tilapia is the most
commonly used and adaptable species in
industrial aquaponics systems in North America.
Their ability to adjust to varying water parameters,
such as pH, temperature, oxygen levels, and
dissolved particles, contributes to their
widespread use in these systems.

8.2 Technical Challenges of Aquaponics

1. Complex Interactions:
aquaponics system involves extensive
interactions between fish, plants, and
microbes, requiring careful coordination.

Managing an

2. Water Quality Maintenance: Neglecting
water quality parameters, especially pH
levels, can negatively impact the overall
health of the system.

3. pH for Plants: Most plant species thrive in
a pH range of 6 to 6.5, as this range
supports better nutrient uptake.

4. pH for Fish: Fish generally require a pH
range of 7 to 9 for optimal growth and
health.

5. pH for Nitrifying Bacteria: The nitrifying
bacteria in the system need a high pH level,
usually above 7, to function effectively.

6. pH for Nitrobacter Bacteria: The ideal pH
range for Nitrobacter bacteria is
approximately 7.5.
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7. Nutrient Source: After the nitrification
process, fish feed remains the primary
source of nutrients for balancing the
nutrient levels in the aquaponics system.

8. Waste Management: Mechanical filtration
should be used daily to partially solubilize
solid waste. Filtered wastes can be
mineralized externally and then
reintroduced to the hydroponic beds.

Aeroponics: Aeroponics is a cutting-edge
agricultural technique where plants grow without
soil, relying instead on a mist or spray of nutrient-
rich water. Derived from the Latin words ‘aero’
(air) and ‘ponic’ (labor), this method allows plants
to thrive in an air or mist environment, bypassing
traditional soil or aggregate media. It's commonly
used in controlled growth environments like
greenhouses. Aeroponics has been applied to
various crops, including fruits, and offers several
potential benefits and challenges [18].

8.3 Benefits of Aeroponics in
Horticultural Crops

1. Water Efficiency: Aeroponics significantly
reduces water usage compared to
traditional  soil-based agriculture by
minimizing waste and allowing precise
control over nutrient delivery.

2. Nutrient Control: The nutrient solutions in
aeroponics can be precisely adjusted to
meet the specific needs of different fruit
crops, ensuring optimal growth and high-
quality produce.

3. Space Efficiency: Aeroponic systems can
be configured vertically or within compact
areas, making them ideal for urban farming
or locations with limited land.

4. Faster Growth: Plants grown
aeroponically often exhibit faster growth
rates due to enhanced root oxygenation
and more efficient nutrient absorption.

4. Disease Control: With plants not in direct
contact with soil, the risk of soil-borne
diseases is minimized, reducing potential
plant pathogens.

6. Physiological Aspects: Fine mist is used
by plants to absorb nutrients, resulting in
excellent nutrient absorption efficiency and
a decreased requirement for huge
amounts of water.
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Biochemical Aspects: The steady supply
of oxygen surrounding the roots facilitates
better absorption of nutrients and
metabolic functions. It is possible to
enhance the activity of enzymes involved
in root respiration and other processes
linked to nutrient absorption and utilization.

8.4 Importance of Aeroponics in
Horticultural Crops

Efficient Water Use: Aeroponics systems
utilize water extremely efficiently, with
nearly 99% of the water being used. Since
pesticides and soil-compatible fertilizers
are not required, the resulting fruits and
vegetables are pure and do not need to be
washed before consumption.

Efficient Nutrient Delivery: Nutrients are
delivered directly to the plant roots,
promoting faster crop growth. Produce
from aeroponics systems is typically
healthier, more nutritious, and tastier. The
system also recirculates the nutrient
solution, maximizing efficiency.

Uniform Growth: Aeroponics systems
support consistent growth among all crops
and conserve water and energy. They use
less water and energy per unit area
compared to traditional methods.

Optimized Root Aeration: Plants in
aeroponics systems are suspended in air,
allowing their roots to access 100% of the
available oxygen, which enhances root
growth. This setup also provides full
access to carbon dioxide concentrations
ranging from 450 to 780 ppm, boosting
photosynthesis and nutrient absorption.

Rapid Propagation and Monitoring:
Aeroponics is one of the fastest methods
for seed multiplication. It also facilitates
easy monitoring of nutrient levels and pH,
allowing for precise measurement of
nutrient uptake under various conditions.
Additionally, aeroponics systems are highly
space-efficient, requiring minimal room for
plant cultivation.

9. NUTRIENT DYNAMICS IN
AEROPONICS

Carbon, oxygen, and hydrogen are essential
elements present in air and water. Water can
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also contain primary nutrients like nitrogen,
phosphorus, and potassium, as well as
secondary nutrients such as calcium, magnesium,
and sulfur. Additionally, micro-nutrients including
iron, zinc, molybdenum, manganese, boron,
copper, cobalt, and chlorine are crucial for plant
health. For optimal plant growth in an aeroponic
system, maintaining a pH between 5.8 and 6.3 is
essential. In aeroponics, where water and
nutrients are recycled, accurate pH
measurement is crucial for effective nutrient
absorption by the plants. The use of mist or
spray to nourish roots in aeroponics reduces the
amount of liquid required, making it easier to
manage nutrient concentration and achieve
greater pH stability [19].

9.1 Components of an
System [20]

Aeroponics

1. Spray Misters:

» Function:
pumping water
nozzles.

Achieve  atomization by
through high-pressure

» Types: Nozzles come in various spray
patterns and orifice sizes. Larger nozzles
reduce clogging risk but require higher
pressure and have higher flow rates.

» Droplet Size: Ideal range is 20 - 100
microns. Smaller droplets (sub-micron to
20 microns) help maintain humidity in the
growth chamber, while droplets 30 - 100
microns make the most contact with plant
roots. Droplets less than 30 microns may
remain as fog, and those over 100 microns
tend to fall out of the air before reaching
the roots. Large droplets can reduce
oxygen availability to the roots.

2. High Pressure Water Pump:

» Purpose: Creates the pressure necessary
to produce the ideal droplet size (20 - 50
microns).

» Types: Typically diaphragm pumps or
reverse osmosis booster pumps.

» Requirement: Must provide a steady 80
PSI to ensure proper nutrient flow.

3. Light and Temperature:

» Lighting: Replaces sunlight  with
fluorescent tubes. For vegetative growth,
the light intensity should be 15,000 -

20,000 lux; for flowering and fruiting,
35,000 - 40,000 lux.

» Temperature: Optimal range for plant
growth is between 15°C and 25°C.

4. Misting Frequency and Nutrient Reservoir:

» Misting: Can be continuous or intermittent.
Intermittent misting reduces running costs
since the pump operates only part of the
time while keeping the roots in a nutrient-
rich, moist, and oxygenated environment.
A typical cycle might involve 1 - 2 minutes
of misting followed by 5 minutes off to
prevent root dryness.

Reservoir: Contains the nutrient solution
that is misted onto the plant roots.

9.2 Challenges of
Horticultural Crops

Aeroponics in

1. Initial Investment: Setting up an
aeroponic system can be expensive due to
the need for specialized equipment and
infrastructure.

2. Technical Expertise: Maintaining optimal

nutrient  levels, pH balance, and
environmental conditions requires
significant  technical knowledge and

constant monitoring.

3. Plant Support: Fruit crops with heavy
yields may need additional support, which
can be difficult to manage in an aeroponic
system.

4. Power Dependency: Aeroponic systems
rely on electricity for pumps and misting,
potentially increasing operational costs and
requiring a reliable power source.

5. Crop Specificity: Not all fruit crops may
perform well in aeroponic systems.
Ongoing research is needed to fine-tune
growth conditions for different species.

9.3 Examples of Horticultural
Grown Using Aeroponics

Crops

» Strawberries: Aeroponics can yield high-
quality strawberries by providing controlled
nutrient delivery and potentially reducing
diseases such as mold.

» Tomatoes: Tomato plants thrive in
aeroponic systems, demonstrating
promising yields and superior fruit quality.

890



Kumar et al.; Int. J. Plant Soil Sci., vol. 36, no. 8, pp. 884-892, 2024, Article no.lJPSS.121692

» Lettuce and Leafy Greens : Although not
fruits, leafy greens like lettuce have been
extensively grown aeroponically, serving
as a valuable model for optimizing
aeroponic systems for fruit crops.

10. CONCLUSION

Hydroponics and aquaponics are poised for a
significant role in the future of horticulture due to
their innovative and eco-friendly approaches.
Hydroponics involves growing plants without sail,
using nutrient-rich water to precisely control
nutrient distribution. This results in improved
plant growth and higher vyields. Hydroponic
systems are versatile, adaptable to various crops,
and reduce soil-borne diseases while conserving
water. Aquaponics integrates fish cultivation with
hydroponics, using fish waste to fertilize plants
while promoting sustainable fish production. This
closed-loop system minimizes waste and
environmental impact, supporting a range of
crops like leafy greens and herbs. For both
systems to be successful, key factors such as pH
levels, fertilizer management, water quality, and
economic considerations must be managed
carefully. Market growth and consumer
willingness to invest in these products are crucial
for profitability. Aeroponics, another advanced
method, offers water and nutrient efficiency,
disease control, and space-saving benefits for
fruit crop production. However, it requires
significant investment and precise management.
Continued research and technological progress
are vital to overcoming challenges and optimizing
aeroponics for various fruit crops. Overall, these
techniques offer promising, sustainable solutions
for modern horticulture, paving the way for more
efficient and environmentally friendly crop
production.
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