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Introduction:

By the year 2050, the global population
is expected to increase by 3 billion people. To
feed this additional population, it is estimated
that 109 million hectares of traditional
farmland will be required. However, only 80%
of Earth’s arable land is currently suitable for
farming. Of that, around 15% has already
become unusable due to poor management
practices, and climate change continues to
degrade more land.

In the northeastern regions, consumers
often rely on produce shipped from over 3,000
miles away for at least six months of the year.
This produce is often genetically modified to
endure long transportation times and to-have a
longer shelf life. While high-quality, flavourful
produce is available locally, it is typically only
for a few months, rendering off-season
farming less impactful. Moreover, traditional
farming remains highly vulnerable to weather
conditions, where even a single poor growing
season can lead to food insecurity and
starvation in many regions.

issue of food

Compounding the

production is the growing problem of
malnutrition. As the population expands, more
farmland and, consequently, more water are
required. To meet this demand, vast areas of
forest are cleared daily, significantly disrupting
natural water retention and leading to water
This

problems underscores the need for better water

shortages. chain of interconnected
resource management-prioritizing water for
human consumption over agricultural use.

One promising solution lies in the
development of new farming techniques,
notably aeroponics. This soil-less method
involvessuspending plant roots in the air,
where  they are regularly misted with a
nutrient-rich water solution. The system is
highly efficient-using up to 90% less water and
60% fewer nutrients than traditional farming-
while also supporting faster crop growth and
higher planting density.

A more advanced approach integrates
aeroponics into a Controlled Environment
High-Rise (CEHRF). This

incorporates year-round harvesting through

Farm model
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staggered planting schedules and provides full-

time employment in safe, urban-based
facilities. CEHRFs offer a sustainable way to
grow food close to the populations they serve,
thereby reducing transportation costs, boosting
local economies, and minimizing
environmental impact.

In summary, aeroponics, particularly
when combined with CEHRF structures,
presents a scalable and sustainable solution to
the mounting pressures on traditional
agriculture. With its efficient use of water and
nutrients and its ability to be deployed in urban
settings, aeroponics could play a vital role in
securing the future of global food production.
Aeroponics

soil or any solid growing medium. The
term ‘“‘aeroponic” originates from the Latin
words “aero” Aeroponics is a technique of
cultivating plants in an air or mist environment
without the use of (air) and “ponic” (labour or
work). It is a type of soil-less cultivation that
takes place in controlled environments and is
distinct from other methods such as traditional
hydroponics, aguaponics, or in- vitro tissue
culture.

In recent years, aeroponics has been
successfully implemented in several South
American countries, with ongoing efforts to
introduce it in parts of Africa as well. In
modern horticulture, a variety of soil-less

growing techniques—such as aeroponics and
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the Nutrient Film Technique (NFT)—have
been developed to enhance crop productivity.
While NFT has shown promising results for
crops like potatoes, studies indicate that tuber
initiation is less effective in liquid nutrient
solutions without solid media (such as perlite
or vermiculite). This reduced efficiency is
likely due to the lack of mechanical resistance
required for proper tuber development.

The use of aeroponic systems for
potato seed production is relatively new in
Europe. Until about a decade ago, aeroponics
was used in only a few countries like China
and South Korea for commercial production of
high-quality seed potatoes. As demand has
grown for more efficient and sustainable seed
production methods, aeroponic systems have
gained_traction and are now being adopted
more widely.

In this method, plant roots are
suspended in a dark, enclosed chamber where
they are intermittently misted with a nutrient-
rich  solution.  Aeroponics has been
successfully used for growing a wide range of
horticultural crops, including tomatoes, lettuce,
cucumbers, and ornamental plants such as
chrysanthemums and poinsettias.

One of the key benefits of aeroponics is
its superior water efficiency compared to
hydroponics. Additionally, because plant roots
have minimal contact with support structures,

plants are allowed to grow freely and without
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physical constraints. This method not only

optimizes growth conditions but also reduces

the risk of disease and contamination.
Aeroponic systems have even been

utilized by NASA in

demonstrating their versatility and efficiency

space research,
in extreme environments. Given its advantages
and growing interest in sustainable agriculture,
aeroponics is steadily emerging as a preferred
method for high-quality, soil- less crop
production.

History

The concept of growing plants without
soil dates back to the 1920s, when botanists
first developed early forms of aeroponics to
study plant root structures. In fact, aeroponics
has long served as a valuable research tool in
the field of root physiology, with Barker
(1922) being one of the earliest contributors.

Although soil-less cultivation is widely
regarded as a modern agricultural practice, the
idea of growing plants in containers above
ground has existed for centuries. Historical
evidence, such as wall paintings found in the
temple of Deir el-Bahari, suggests that ancient
civilizations experimented with container-
grown plants.

In the early 1940s, soil-less growing
methods were primarily used for research
rather than commercial crop production. A
notable breakthrough came in 1942, when W.

Carter introduced the concept of air culture—
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growing plants in water vapor to better observe
root development. This was followed by L.J.
Klotz in 1944, who used vapor mist to study
disease processes in citrus and avocado roots.
In 1952, G.F. Trowel further advanced the
technique by growing apple trees using a
spray- based culture system.

Fifteen years after Carter’s pioneering
(1957)

to describe the air-growing

work, went coined the term
“aeroponics”
process in spray culture. The first commercial
aeroponics system emerged in 1983 with the
launch of the Genesis Rooting System—
commonly known as the Genesis Machine—
developed by GTi. This system was operated
by a microchip and required only an electrical
outlet and a water connection, making it
accessible and user-friendly.

Since - then, aeroponics has been
successfully applied in the cultivation of
various horticultural and ornamental crops. It
has been particularly effective in potato seed
tuber production in countries like South Korea.
By 2006, the use of aeroponics had spread
globally in agricultural practices.

For instance, Farran and Mingo (2006)
reported achieving vyields of up to 800
minitubers per square meter at a planting
density of 60 plants/m? over a five-month
period, with weekly harvests. This equated to a
multiplication rate of approximately 1:13.

Furthermore, they found that tubers produced
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aeroponically performed comparably in the

field to those grown in pots.
At the

(CIP) in Peru, even more impressive results

International Potato Centre
were achieved, with vyields exceeding 100
tuberlets per plant, showcasing the high
potential of aeroponics in efficient, high-
density seed production.
Importance of Aeroponics in Vegetable
crops
Aeroponics represents a significant

advancement in artificial life support for
plants, offering improved methods for non-
damaging plant support, seed germination,
environmental control, and irrigation. Unlike
traditional soil-based agriculture, aeroponics
offers exceptional aeration, one of its primary
advantages. The system has gained. particular
interest from NASA due to its compatibility
with  zero-gravity  environments,  where
managing mist is much easier than handling
liquids. However, a notable limitation of
aeroponics has traditionally been its high cost.

As the global population surpasses 7
billion, traditional soil farming is increasingly
unsustainable. Aeroponics has the potential to
boost crop yields by 45% to 75%, while using
water far more efficiently—up to 99% of water
is utilized, with very little waste. Because it
does not involve soil or pesticides, the
resulting fruits and vegetables are cleaner,
safer, and

require no washing before

E-ISSN: 2583-5173

35

consumption. Nutrients are delivered directly
to plant roots, promoting faster and healthier
growth. The produce harvested from aeroponic
greenhouses is typically more nutritious, fresh,
and flavourful, with more uniform crop

development compared to conventional
methods.
Aeroponics in Bio-Pharming and Crop
Research

Aeroponics has also found applications
in bio-pharming, where it is used to cultivate
pharmaceutical compounds inside plants. The
closed-loop system provides full containment,
minimizing contamination risk. Reports
indicate that aeroponic bio-pharming is up to
ten times more effective than traditional
methods like tissue culture and hydroponics,
which are more time-consuming and labour-
intensive.

Due to its recirculating nutrient system,
aeroponics uses minimal water and energy per
unit of growing area. It’s also proven highly
effective  for cloning, enhancing root
development, survival rates, growth rates, and
reducing maturation time. Research has shown
that tuber yields in aeroponic systems surpass
those achieved with conventional techniques,
making it a valuable tool for potato
propagation.

Root and

Superior Photosynthesis

Efficiency
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root

Aeroponic

systems optimize
aeration, since the plants are suspended in air,
allowing roots full access to oxygen and stems
complete exposure to carbon dioxide. This
environment supports improved nutrient
uptake and accelerated growth. CO: levels in
such systems can be maintained between 450—
780 ppm, further enhancing photosynthesis.
Supporting this, Sun et al. (2004) observed
increased stomatal conductance, intercellular
CO: concentration, net photosynthetic rate,
and photochemical efficiency in aeroponically

grown plants.

Rapid  Multiplication and  Nutrient
Monitoring
Aeroponics is among the fastest

methods of plant propagation. A single potato
plant can yield over 100 minitubers, compared
to just 5-8 tubers produced via conventional
greenhouse or soil methods over a similar or
longer timeframe. Additionally, aeroponics
allows for precise nutrient and pH monitoring,
minimizing fertilizer usage and reducing the
risk of environmental pollution from fertilizer
runoff.
The

destructive tracking of water and nutrient

system also enables non-
uptake, allowing researchers to fine-tune plant
health monitoring and crop optimization in
closed environments. Barak et al. (1996), for

instance, successfully used aeroponics to
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measure water and ion uptake in cranberries
under variable conditions.

Efficient, Space-Saving, and Disease-
Resistant

Aeroponic systems are space-efficient,
utilizing vertical growing setups that optimize
both root and tuber development, especially
compared to hydroponics or soil-based
systems. Because plant-to- plant contact is
minimized, the spread of pests and diseases is
significantly reduced, resulting in healthier and
faster-growing crops. Diseased plants can be
easily isolated and removed without disturbing
the surrounding plants.

This enables higher planting densities
than traditional methods, leading to greater
yields per unit area. Aeroponics also simplifies
the _cloning _and transplanting process,
minimizing labour and avoiding transplant
shock—plants can be moved directly to the

field without the risk of wilting or leaf loss.

Hydroponics
Roots in water +

Aeroponics

Roots in air + misted
nutrients + highest dissolved nutrients
oxygen = simpler setup,
= fastest growth, great growth, but
highest efficiency, slightly higher

but more complex water usage

Nutrients used in aeroponics system
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An indoor aeroponic system conserves

water and nutrients by intermittently spraying
the plant roots with a fine mist containing a
precisely measured droplet size. This allows
for optimal absorption through osmosis,
minimizing nutrient waste due to evaporation
or runoff. The open-air environment of the
roots also reduces the risk of plant diseases, as
it avoids the constant moisture associated with
traditional growing mediums.

Aeroponics enables soiland substrate-
free cultivation, maximizing yield while
significantly reducing water and nutrient usage
The

essential elements for plant growth—carbon,

without harming the environment.

oxygen, and hydrogen—are found in air and
water. Water also serves as a carrier for vital
nutrients, nutrients

including  primary

(nitrogen,  phosphorus, and potassium),

secondary nutrients (calcium, magnesium, and

sulphur), and micronutrients (iron, zinc,
molybdenum, manganese, boron, copper,
cobalt, and chlorine).

Plants absorb nutrients as ions in

water—either positively charged cations or
negatively charged anions. For instance,
ammonium (NH4") is a cation, while nitrate
(NOs") is an anion—both are crucial nitrogen
sources. As these ions are taken up, the pH
level of the nutrient solution may shift.
Maintaining a pH range between 5.8 and 6.3 is

ideal for optimal nutrient absorption.
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Since aeroponic systems recycle water
and nutrients, it is essential to regularly
monitor and adjust pH levels to ensure proper
nutrient uptake. The reduced use of liquid in
aeroponics allows for easier control of nutrient
concentrations and greater pH stability
compared to other systems.The main nutrients

used in aeroponics are

Typical
Nutrient Type Concentratio

n Range
Nitrogen (N) Macronutrient  150-250 ppm
Phosphorus (P) = Macronutrient  0-50 ppm
Potassium (K)  Macronutrient  200-300 ppm
Calcium (Ca) Macronutrient  150-250 ppm
Magnesium Macronutrient  40-70 ppm
(Mg)
Sulphur (S) Macronutrient  40-60 ppm
Iron (Fe) Micronutrient ~ 0.5-1 ppm
Zinc (Zn) Micronutrient  0.05-0.1 ppm
Copper (Cu) Micronutrient ~ 0.05-0.1 ppm
Molybdenum Micronutrient ~ 0.05-0.1 ppm
(Mo)
Boron (B) Micronutrient ~ 3-0.5 ppm
Chlorine (CI) Micronutrient  1-3 ppm

Aeroponics growing system

Aeroponics is a method of cultivating
plants without the use of soil or a traditional
substrate, as used in hydroponics. Instead,

plant roots are suspended in a container where
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they are regularly misted with a nutrient-rich
This

conditions for root oxygenation and moisture,

solution. setup provides optimal
promoting more efficient nutrient absorption.
As a result, plants grown using aeroponics
tend to develop more quickly and in a more
balanced way.

Aeroponic plant containers can be
stacked vertically, and thanks to their
lightweight and portable design, they can be
easily repositioned to meet agricultural
demands. Inside greenhouses or shade houses,
plants are arranged in vertical columns, where
a nutrient solution trickles down through each
level to nourish the roots.

Most crops require direct sunlight
during their early vegetative stage, but this
need diminishes as they mature.

this, the

Taking
advantage of containers ‘are
periodically rotated: young plants are initially
placed at the top of the column for maximum
sun exposure, then gradually lowered as they
grow using a mechanical rotation system.

This continuous rotation enables a
steady cycle of planting and harvesting,
allowing  for  uninterrupted, year-round
production. Aeroponics, therefore, represents a
system of agriculture designed for constant
productivity.

In an aeroponic system, plant nutrition
is delivered through a closed circuit, limiting

consumption to only the amount absorbed by
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the plants. This efficient system results in

significant water savings. For instance,
traditional soil-based cultivation of a kilogram
of tomatoes requires 200 to 400 liters of water,
while hydroponics uses approximately 70
liters, and aeroponics only about 20 liters.
Since the aeroponic system operates on
a continuous cycle within an enclosed
environment, it minimizes the need for
intensive manual labor, relying instead on
routine mechanical tasks that are performed
daily year-round. As a result, workers can
acquire the necessary skills in just a few
months, in contrast to traditional agriculture,
typically
requires years of experience to achieve

where  commercial  production
proficiency.

The aeroponic equipment is housed in
greenhouses or: protective coverings, such as
anti-hail  netting, depending on the
geographical location. Climate control within
the greenhouse ensures optimal growing
conditions, thereby guaranteeing high crop
yields.

Components of aeroponics system Spray
misters

Atomization is achieved by pumping
water through specialized nozzles at high
pressure. These nozzles are available in a
variety of spray patterns and orifice sizes.
Larger orifices are less prone to clogging but
require

higher operating pressures and
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typically have greater flow rates. Choosing the

appropriate nozzle depends on achieving the
desired droplet size while maintaining optimal
coverage and pressure.

Droplet sizes within a spray can range
from sub-micron levels to several thousand
microns, with various classification standards.
For high-pressure aeroponics (HPA), fine
atomization is essential, typically producing a
mist with droplet sizes between 10 and 100
microns. To prevent clogging of misting
nozzles, it is crucial to use a fine mesh filter
before the spray system.

Hydro-atomization of the water and
nutrient solution is targeted within the 5-50-
micron droplet range. Jet nozzles with a 0.025-
inch orifice operating at 80-100 psi produce
droplets in the 5-50- micron range per_second.
Similarly, spray jets with a 0.016-inch orifice
at the same pressure range can achieve finer
misting, generating droplets between 5 and 25
microns per second.

Droplet size

The optimal droplet size range for most
plant species lies between 20 and 100 microns.
Within this

maintain humidity by saturating the air inside

range, smaller droplets help
the growth chamber, while larger droplets-
typically between 30 and 100 microns-are
more effective at making direct contact with
plant roots. Droplets smaller than 30 microns
tend to remain suspended in the air as fog and
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may not adequately reach the roots.
Conversely, droplets exceeding 100 microns
are too heavy to stay airborne and often fall to
the ground before interacting with the root
zone. Excessively large droplets can also
reduce the availability of oxygen to the roots,
which may hinder plant growth.
High pressure water pump

High-pressure  aeroponic  systems
require a pump capable of delivering sufficient
pressure to generate the optimal droplet size,
typically between 20 and 50 microns. This is
usually achieved using diaphragm pumps or
reverse osmosis (RO) booster pumps. The
selected pump must consistently maintain a
pressure of 80 PSI while ensuring an adequate
and steady flow of nutrient solution.
pH meter

The ideal pH range for plant growth is
between 5.8 and 6.5. In aeroponic systems—
where water and nutrients are continuously
recycled—maintaining the correct pH is
essential to ensure optimal nutrient absorption
by plants. Nitrogen (N) is most effectively
absorbed around pH 6.0, while phosphorus (P)
and potassium (K) are better absorbed at pH
levels of 6.25 and above.

The pH scale is used to determine the
acidity or alkalinity of a nutrient solution.
Officially, pH

measurement that indicates the degree of

is defined as a unit of

acidity or alkalinity in a liquid solution. The
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scale ranges from 0 to 14, where values below

7 indicate acidity (with lower values
representing stronger acids), and values above
7 indicate alkalinity (with higher values
representing stronger bases).

When measuring pH in an aeroponic
system, it is essential to first mix the nutrient
solution thoroughly with water to obtain an
accurate reading. If the pH is outside the
optimal range, adjustments can be made using
pH regulators commonly known as "pH Up"
and "pH Down." If the pH is too high
(alkaline), use a pH Down solution to lower it.
Conversely, if the pH is too low (acidic), use a
pH Up solution to raise it.

Maintaining the correct pH is
especially important for vegetable crops grown
in aeroponics, as each crop may have slightly
different pH preferences for optimal nutrient

uptake and growth.

Crop Optimal pH range
Cumber 5.8-6.0

Lettuce 55-6.5

Onions 50-7.0

Potatoes 5.0-6.0

Spinach 55-6.6
Tomatoes 55-6.5

Carrots 58-64

EC (Electrical conductivity)

There are several methods for
measuring the concentration of dissolved
nutrients in a solution, with the most common
of an EC

being the use (Electrical
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Conductivity) meter. EC provides an

indication of the total concentration of
dissolved salts—both beneficial and non-
beneficial—in the water. For instance, lettuce
typically grows best at an EC level of
approximately 1.6 mS/cm.

It's important to note that this
measurement reflects all dissolved substances.
If the EC of your tap water is 0.3 mS/cm
before adding nutrients, and your target EC is
1.6 mS/cm, then nearly 19% of the total
dissolved content may be made up of
unwanted or non-nutritive elements.

EC is expressed in milli Siemens per
centimeter (mS/cm) and varies by crop. Most
crops thrive within a range of 1.0 to 2.0
mS/cm. A low EC suggests insufficient
nutrient levels, while an EC above 4.0 mS/cm
is considered-excessive and can be fatal to
plants. In closed-loop systems, EC tends to rise
over time due to the accumulation of salts. To
counter this, it's recommended to increase the
irrigation volume and/or frequency to boost

runoff and prevent salt buildup.

Crop Optimal EC Range
(mS/cm)

Cumber 0.7-22

Lettuce 08-12

Onions 04-18

Potatoes 20-25

Spinach 1.8-23

Tomatoes 2.0-5.0

Carrots 1.6-2.0
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Light and Temperature

Replacing natural sunlight is crucial in
controlled environments, and it can be
achieved using fluorescent tubes with the
appropriate intensity. For vegetative growth,
an intensity of 15,000— 20,000 lux is ideal,
while flowering and fruiting require 35,000—
40,000 lux. The optimal temperature range for
plant growth is between 15°C and 25°C. This
can be maintained through air conditioning,
exhaust fans, and ventilation systems, with the
method chosen based on the specific needs of
the plants.

By adjusting the temperature of the
nutrient solution before it is misted into the
root zone, the temperature inside the growing
chamber—once insulated—can be precisely
controlled. In aeroponic systems, this_level of
control is easier to achieve compared to other
hydroponic methods, where nutrient solutions
tend to cool or heat rapidly as they move
through the

system. For example, in

Singapore, cooling the aeroponic nutrient
solution by 10-15°C below the ambient air
temperature allows for the cultivation of cool-
season crops without needing to modify the
ambient air temperature.

In aeroponic systems, issues like
clogging and oxygen starvation are not a
concern. One of the main advantages of
intermittent aeroponics is the reduction in

operating costs. Since the pump only runs for
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short periods, the roots remain in a nutrient,

moisture, and oxygen-rich  environment
between misting cycles. This is particularly
beneficial since aeroponic systems typically
require larger, higher-energy pumps compared
to other hydroponic systems, making energy
savings a key feature.

It is advisable to choose systems that
either adjust misting frequency based on light
levels or allow programming of multiple
misting cycles within a 24-hour period. A
general guideline is a misting cycle of 1-2
minutes, followed by 5 minutes off, which
helps prevent the root system from drying out
under most conditions. Farran and Mingo
(2006)used systems that mist for 10 seconds
every 20 minutes.

Aeroponic systems can be categorized
into two types: those with separate nutrient
reservoirs, where nutrients are pumped into the
root chambers, and those with an integrated
chamber and nutrient tank. Simpler aeroponic
systems spray the nutrient solution up from a
reservoir at the bottom of the root chamber,
where it drips back down after misting the
roots. As the plants mature, the root system
often grows into the nutrient solution at the
base of the chamber, which can lead to
blockages. In larger systems, the nutrient
solution is returned to a separate reservoir after
misting.

Aeroponics Working Method

Volume-4, Issue-4, September, 2025



In an aeroponic system, young plants

can be grown from seedlings using specially
designed lattice pots, or plant cuttings can be
placed directly into the system for quick root
formation. The lattice pots allow the roots to
grow down into the aeroponic chamber or
channel, where they are regularly misted with
nutrients. This method has a high success rate
for rooting plant cuttings, and it has been
widely used in research to study root
development, especially for plant species that
are difficult to propagate. The base of the
cutting receives high levels of oxygen and
moisture within a humid environment, which
prevents desiccation and promotes faster root
development.

Once the young plant is established in
the aeroponic system, the root_system_grows
rapidly in the chamber or channel. At this
stage, it's crucial to maintain the ideal droplet
size for maximum efficiency. Aeroponic
nozzles come in a variety of types, making it
easy to select the best droplet size for the plant
and system being used. Droplets smaller than
30 microns tend to remain in the air as a 'fog'
and aren't easily absorbed by the roots. The
optimal droplet size range for most plants is
between 20-100 microns. Smaller droplets
saturate the air, maintaining humidity in the
growth chamber, while larger droplets (30-100

microns) make the most contact with the roots.
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Droplets larger than 100 microns tend to fall
out of the air before reaching the roots.

Aeroponics is based on the idea of
growing vegetables without soil, with roots
suspended in containers filled with flowing
nutrient solution. This setup provides optimal
oxygenation and moisture conditions, which
promote better nutrient absorption and faster
plant development. The system operates on a
closed-loop nutrient circuit, meaning that
water consumption is limited to only what the
plants absorb, resulting in significant water
savings. For example, producing one kilogram
of tomatoes with traditional soil-based
methods requires 200 to 400 liters of water,
hydroponics needs about 70 liters, while
aeroponics uses just around 20 liters.
Crop Production

Similar = to  hydroponic  systems,
aeroponics has the potential to be highly
profitable when used to grow high-value crops.
Potato

C.B. Christie and M.A. Nichols (2004)
successfully utilized aeroponics for the mass
production of healthy seed potatoes, as well as
for cultivating gourmet early (new) potatoes.
Observations of early potato growth in
hydroponic systems reveal that the root system
develops significantly earlier than the stolon’s,
which are responsible for tuber formation. In

aeroponics, the critical factor for successful
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tuber production lies

in  managing tuber
initiation. This can be effectively controlled
through the use of intermittent irrigation or by
applying temporary stress to the plant.

Synchronized  tuber  development
enables the simultaneous production of a large
quantity of relatively uniform tubers.

To address the shortage of high-quality
seed tubers, rapid multiplication techniques—
such as combining tissue culture with
hydroponic and aeroponic systems—have been
explored, as noted by Irman et al., 2012.
Chang et al., 2012, observed that interrupting
nutrient supply during the stolon growth stage
significantly enhances root activity, limits
stolon elongation, and triggers tuber initiation.
This nutrient interruption method is especially
beneficial under non-tuberizing conditions,
such as high temperatures or with late-season
cultivars, making it particularly effective for
seed potato production in hydroponic systems.

Aeroponics has emerged as a suitable
approach for producing potato minitubers. In
one system, yields of up to 800 minitubers per
square meter were achieved using just 60
plants per square meter, with weekly harvests.
These minitubers were healthy, disease-free,
and showed comparable performance in field
trials to those produced through hydroponics.

The International Potato Center (CIP)
has recently introduced a simple, accessible

aeroponics system for minituber production.
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Results demonstrated that this method is a
viable and efficient technological solution for
seed potato production, delivering a greater
number of tubers with higher yield and tuber
weight. By using meristem culture followed by
tuber induction under aeroponic conditions,
high-quality, pathogen-free seed tubers can be
rapidly produced. These can be directly
transplanted into the field.

Overall, the aeroponic system offers
significant potential to enhance income and
reduce the cost of quality seed production. It
presents a more accessible option for farmers,
especially in developing countries, where
potato yields are often limited by the use of
poor-quality seed tubers.

Yams

Aeroponics technology has proven to
be an effective method for yam propagation.
Both Dioscorea rotundata and Dioscorea alata
genotypes were successfully propagated using
this approach, employing both pre-rooted and
fresh vine cuttings. Studies showed that vine
cuttings taken from five-month-old plants
achieved a high rooting success rate of 95%
within just 14 days in the aeroponic system.
On average, 83% of vine cuttings rooted
successfully across the five genotypes tested,
with individual success rates ranging from
68% to 98%.

The performance of genotypes in mini-
tuber production varied within the aeroponics
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system. The harvested yam mini-tubers ranged

in weight from 0.2 grams to 110 grams,
depending on factors such as genotype, harvest
age, and the nutrient solution composition.
However, this system is sensitive to high
temperatures, so careful temperature regulation
is essential for optimal results.
Lettuce

Demsar J. et al., 2004, examined how
light-dependent nitrate application influences
the growth and yield of lettuce cultivated in an
aeroponic system. He and Lee, 1998, observed

that under tropical aerial conditions, three

cultivars of lettuce (Lactuca sativa L.)
exhibited enhanced shoot and  root
development, as well as improved

photosynthetic responses, when exposed to
varying root zone temperatures and. light
intensities—showing  better = results " iIn
aeroponic systems compared to conventional
methods.

Luo et al, 2009,

developed a method for cultivating hearted

successfully

lettuce in tropical regions using a combination
of aeroponics and root zone cooling. Their
findings also highlighted those elevated levels
of root zone CO: and increased air temperature
significantly influenced photosynthetic gas
exchange, nitrate absorption, and the overall
nitrogen  content in  lettuce  grown
aeroponically.

Leafy Vegetable
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A comparative study was conducted to
evaluate product yield, total phenolic content,
total flavonoids, and antioxidant activity in
various leafy vegetables and herbs (such as
basil, chard, parsley, and red kale) as well as
fruit crops (including bell pepper, cherry
tomatoes, cucumber, and squash) grown using
aeroponic systems versus traditional soil
cultivation. Results showed that crops grown
aeroponically achieved average yield increases
of approximately 19% for basil, 8% for chard,
65% for red kale, 21% for parsley, 53% for
bell pepper, 35% for cherry tomatoes, 7% for
cucumber, and 50% for squash compared to
their soil-grown counterparts.

Antioxidant activities of the crops were
DPPH  (2,2-diphenyl-1-
picrylhydrazyl) and CAA (Cellular
Antioxidant -Activity) assays. Overall, the

assessed  using

aeroponically cultivated plants demonstrated
higher yields and exhibited similar levels of
phenolics, flavonoids, and antioxidant capacity
to those grown in soil. The study also noted
that biomass production in aeroponics was
influenced by plant density, with the highest
yield achieved at a planting density of 100
plants per square meter. Additionally, stem
length and leaf area were found to significantly
affect overall productivity.

Plant density had a significant impact
on crop performance. Vitamin C levels were

found to be highest in all herbs grown using

Volume-4, Issue-4, September, 2025



aeroponic systems. However, the essential oil

content was most abundant in Holy Basil and

Perilla when grown in a substrate-based

system. Similarly, water spinach exhibited the

highest carotene content when cultivated in a

substrate medium.

Advantages

1. Reduced Fertilizer Use — In aeroponics,
nutrients are fully contained and efficiently
delivered to the roots, minimizing waste
and preventing leaching into groundwater
or deep soil layers.

2. Lower Water Consumption — Ideal for
space missions and dry regions, this
method conserves water by eliminating
evaporation from soil and loss through
deep drainage, ensuring plants absorb
nearly all available moisture.

3. Cost Efficiency — Aeroponic systems use
less nutrient solution than hydroponics,
leading to lower operating costs.

Additionally, typically

simpler setups with fewer moving parts.

they involve

4. Minimized Disease Spread — Since plants
are grown individually and without shared
soil, the risk of diseases spreading from
one plant to another is greatly reduced.

5. Accelerated and Healthier Growth -
High oxygen availability at the roots
promotes faster

growth, with yields

increasing by 45-70% compared to

traditional farming methods.
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6. Enhanced

Research indicates that plants cultivated

Nutritional Content -

aeroponically often have elevated levels of

flavonoids,  contributing to  better
nutritional quality.

Disadvantages

1. Higher Costs for Large-Scale

Production — While effective, aeroponics
can be more costly for large-scale farming
operations.

2. Challenges for Traditional Farmers —
Ordinary farmers may face difficulties in
managing the sophisticated equipment and
systems required for aeroponic cultivation.

3. Potential for Clogged Misters — The
spray heads in the system may become
clogged, leading to issues with mist
production when it's needed most.

4. Consumer = Perceptions -  Some

consumers believe that plants grown

aeroponically may not be as nutritious as
those cultivated through traditional
methods.

5. Expensive Maintenance — The upkeep of
an aeroponic farm can be costly, requiring
specialized knowledge and  regular
maintenance.

Conclusion

Aeroponic growing allows plants to
thrive without the use of pesticides, resulting
in disease-free crops. This method supports

natural, healthy growth, closely mimicking the
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environmental conditions found in nature. In

aeroponics, plants grow in air with micro-
droplets of water, receiving an abundant
supply of carbon dioxide, water, and nutrients,
which allows almost any plant to reach
maturity. Aeroponics is highly efficient in
conserving water, land, and nutrients,
positioning it as a sustainable method for the
future of crop cultivation. It has also shown
great potential for producing both aerial parts
and roots, making it an ideal system for the
herbal

phytopharmaceutical industries.

dietary supplement and
Future prospects

Aeroponics has the potential to
enhance production and reduce costs when
compared to traditional methods and other
soilless techniques like hydroponics (growing
in water). It efficiently utilizes = vertical
greenhouse space and maintains optimal air
humidity levels to promote the growth of
roots, tubers, and foliage. Commercial potato
seed production using aeroponics is already
underway in countries such as Korea, China,
and India. In the Central Andean Region of
South America, the technology has been
successfully implemented since 2006. At the
Potato Center’s

International facility in

Huancayo, Peru, vyields exceeding 100
minitubers per plant have been achieved using
basic materials. Aeroponic technology is also

being tested in several African countries for
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potato minituber production, with ongoing
efforts to incorporate it into potato seed
systems in Sub-Saharan Africa.
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