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Overview of the aeroponic agriculture
— An emerging technology for global food security
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Abstract: Traditionally, crops are cultivated in soil-based open field systems. Seasonality, environmental degradation,
urbanization, and food security issues have replaced open-field systems with modern plant production systems. Soilless
culture is one of the modern plant production systems, which involves much higher use of available resources. The presented
study provides information about currently accessible soilless systems and discussed the aeroponic system. Compared to other
soilless systems, aeroponic reduce water usage through continuous water circulation. However, the aeroponic is not entirely
implemented among local farmers, and very few farmers have adopted the system due to the lack of research and technical
information available in the literature. Therefore, this study was planned to provide information about the development and
maintenance tasks required for practicing the aeroponic system. This study could provide knowledge to the researchers,
farmers, and those people interested in practicing the aeroponic system.
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1 Introduction

In the future, the world population will deal with several
difficulties, problems, and issues that can have adverse impacts on
the overall future food production (FFP) and food security™Sl,
Studies reported that the challenges, problems, and issues are
forecasted due to the continuous effects of unexpected climate
changes, increasing geographic extent of drylands, population
growth, increasing urbanization, rising costs of agribusiness, soil
depletion and degradation, water shortages, water pollution,
overexploitation of groundwater, and reduced production
practices* ™. A study by Lam et al.!® informed that the rapid
increase in urbanization, industrialization, and modernization could
have profound effects on FFP and food safety issues. Besides,
peoples’ living style is rapidly changing from a lower standard to a
higher standard, and they have started to move from small towns to
big cities. This rapid rise in urbanization and infrastructures can
create several problems for the agriculture sector because peoples
have started to convert their arable lands into commercial and
residential areas. Xiao et al.”®! concluded that if we take China as
an example, the rise of urbanization and infrastructure development
in China is increased very fast compared to other countries of the
world. However, the share of the urban population is increased
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al.” reported that the global climate change urbanization,
industrialization, and modernization becomes a critical influencing
factor for FFP and the impact cannot be ignored™*®!.  Shamshiri
et al.l'%1" stated that FFP could exemplify by adopting modern
farming techniques such as the implementation of the greenhouse
plant cultivation (GPC) and agricultural robotics technologies
(ART) in traditional agriculture.  These modern techniques
involve much higher use of advanced technology and automation
for land-use optimization. By adopting these techniques, modern
farms can expect to produce more yields with higher quality at
lower expenses in a sustainable way™.  Moreover, the
greenhouse defined as a covered structure that provides plants with
optimally controlled microclimate growth conditions. It reduces
production costs and increases crop yields!*®®!.  Another study of
Shamshiri and Ismail® informed that over the last decades, the
increasing population had changed the food production scenario.
This study further reported in 91 developing countries, the most of
the available land area is not in use for crop production, which is
2.4 times higher than the area in use for performing the agriculture
activities®.  Since the available land could not increase, so the
GPC has been employed as a solution to make more effective use
of available space in hands. A study by Chang et al.?® revealed
that GPC is one of the world’s most significant agricultural
productions system due to its high economic benefits. At present,
it had been in rapid development in both developed and developing
countries of the world for the cultivation of fruits and vegetable
plants?*21. Moreover, the adoption of GPC could provide a
flexible solution for high quality and sustainable year-round plant
production, particularly in regions with adverse climate conditions
or limited land and resources with increased productivity. It is
among the most intensive agricultural systems, requiring high
inputs from growers generally greater than growing in the open
field. In GPC, air temperature, relative humidity, light level, and
CO, concentration are considered necessary parameters to achieve
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high yield at low expense and to keep the greenhouse environment
competitive®?].  However, several researchers have presented
new innovative studies, tools, approaches, and techniques in GPC
that have been successful in addressing some of these
concerns371In addition, soilless culture is a promising and
innovative technique widely applied in GPC due to its multiple
advantagest®®*°!.  Soilless culture is the realization of all types of
agricultural production in solid or liquid culture. In many
countries of the world, the technique is being significantly used to
cultivate several types of fruits and vegetable crops, and about a
total of 31 000 hm? of soilless systems are reported in the
literature®!.  Aeroponic cultivation is one of the types of soilless
culture, which is significantly practiced in different countries of the
world®.  Currently, the aeroponic system is not entirely
implemented among local farmers, and very few farmers have
adopted the technique due to the lack of research and technical
information available in the literature. However, much
information about the system is still scientifically unclear, and
several aspects of the system have yet to be investigated and
improved to get significantly higher plant production!® 2,
Therefore, this study was planned to provide information about
the development and maintenance tasks required for practicing the
aeroponic system. However, the rest of the paper is organized as
follows: Section 2 describes the soilless culture and its types.
Sections 3 and 4 represent the status of the existing aeroponic
products and systems, development of the aeroponic systems, main
parts of the aeroponic system and additional required material and
manufacturing of the different aeroponic systems. Sections 5, 6, 7,
and 8, 9 describe the evaluation of proposed aeroponic system,
technical challenges, routine and preventative maintenance of the
aeroponic system, advantages of the aeroponic system, future
prospectus. Finally, Section 10 represents the conclusion of the study.

2 Soilless culture

Soilless culture is the technique of plant cultivation without the
use of soil by providing water and solid particle as a rooting
medium[®. It is primarily associated with the method of substrate
culture and water culture (Figure 1). The soilless culture can be
practiced in two conditions: 1) open environment agriculture, and 2)
controlled environment agriculture.  Studies suggested that

compared to soil-based cultivation, soilless production is more

cost-effective, higher yields, and quicker harvests from smaller
(l44-461

areas of lan

Note: CD: Continuous drip; FD: Flood and drain; DWR: Deep water raft culture;
NFT: Nutrient film technique; HP: High-pressure; LP: low-pressure; UF:
Ultrasonic fogger.

Figure 1  Flow chart of plant cultivation techniques

Furthermore, it facilitates many socio-economic benefits,
including it can deal with the increasing global food challenges,
environmental changes for the mitigating, management,
malnutrition, and efficient utilization of the available natural
resources®’).  The technique can provide sustained, sufficient,
fresh, clean, and hygienic vegetable supply throughout the year
without any interval by using minimum inputs and facilitates
multiple plant harvesting with maximum output™. The concept
of the soilless culture seeks to offer an innovative solution to
ensure the environmental and economic sustainability of food
supplies with high nutritional quality. It is a highly recommended
plant cultivation technique for all countries having less arable land,
rapid environmental changes, and increasing food challenges with
the indigenous population®!.

2.1 Substrate culture

The substrate culture defined as the cultivation of crops in a
solid, inner, or non-inert medium instead of soil or water culture.
At present, several researchers are using different types of substrate
cultures for their research studies®. Moreover, the substrate
material can be constructed from both inorganic and organic
components. The organic substrates include sawdust, coco peat,
peat moss, woodchips, fleece, marc, bark and inorganic substrate
includes perlite, vermiculite, zeolite, gravel, rockwool, sand, glass
wool, pumice, sepiolite, expanded clay, volcanic tuff, and
synthetically produced substrates such as hydrogel, foam mates
(polyurethane), and an oasis (plastic foam)®**%. However, the
most commonly used material varies, both locally and globally.
Research studies reported that peat, coir, wood, and composted
materials are the most dominant substrate materials in soilless
cultivation, which are commonly used around the world®+57,

Barrett™" reported that before selecting the substrate material,
it must be ensured that the selected substrate material would
perform well in two key areas: 1) The selected material must
possess the physical, chemical, and biological properties.
Because these properties are necessary to provide suitable growth
conditions for plant roots in the challenging environment, 2) The
selected material must meet the functional requirements of the
production system in which it is being utilized. An effective
substrate material must have a physical structure that creates an
appropriate balance of air and water for healthy root development.
This balance must be maintained over an entire crop production
cycle, which can last from several weeks to more than a year(®®!.

2.2 Water culture

Water culture is another type of soilless system. In water
culture, the plant grows in a water-rich nutrient solution instead of
the substrate material. The roots of the plants are
hanged/submerged in the nutrient solution. While the upper
portion, such as shoots and fruits are placed above the supporting
trays. The water culture is further categorized into three main
types such as hydroponics, aguaponics and aeroponic cultivation
systems>],

2.2.1 Hydroponic cultivation

Hydroponic is a method of growing crops without the use of
soil, where the roots of the plants are submerged in the nutrient
solution®”,  Recently, the use of the technique in agriculture is
significantly increased, as it provides several advantages over
traditional soil-based cultivation[®. One of the primary
advantages of this method is to allow the more efficient use of
available resources and provides an opportunity to better control
climate and pest factors!®%.  Hydroponic production increases
crop quality and productivity, which results in higher
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competitiveness and economic incomes. Furthermore, it requires
low-maintenance as well, insofar as weeding, tilling, kneeling, and
dirt removal are non-issues and provides a less labor-intensive way
to manage more extensive areas of production®®.  Studies
reported that there are many types of hydroponic systems, but the
most common types are NFT, DWR (Figure 2), and FD. Also, it
can be classified by the container type (window boxes, troughs,
rails, buckets, bags, slabs, and beds)["%°,
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Figure 2 Hydroponic system

2.2.2  Aguaponic cultivation

The aquaponic system is an advanced food production
technique of modern farming that combines the production of
aquatic organisms with plant production. It is an innovative
method that potentially contributes to both populations” demand for
animal products and sustainable consumption patterns™. It
offers more than 50% of the nutrients for optimal plant growth
through recycling of the nutrient-rich wastewater from feeding the
aquatic organisms into the system. Thus, it reduces the use of
fertilizers of mineral origin and the environmental impact of both
fish and plant production ™. Besides, the aquaculture
wastewater to fertilize the plants can avoid the discharge of
phosphorus- and nitrogen-enriched water into the already
nitrogen-loaded surface- and groundwater”.  Schréter and
Mergenthalert™ reported that several research studies suggested
that expansion of the aquaponic sector will probably provide a
solution to the declining global capture fisheries and the future food
production. Figure 3 shows the aquaponic system.
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Figure 3 Aquaponics system

2.2.3 Vertical farming

Vertical farming is the practice of growing fruits, vegetables,
and non-edible plants in vertically-stacked layers or multi-story
buildings containing an environment conducive. These “farms”
make use of enclosed structures like warehouses and shipping
containers to provide a controlled environment for growing the
crops in the hydroponic system, aeroponic system, and aquaponics
system. Shamshiri et al.l*®! reported that the concept of vertical
farming was not new, and the studies suggested that the technique
was unknown for a long time. In recent years, with the rapid

advancement in technology and increasing land issues, researchers
moved towards vertical farming as an alternative food production
system.  Vertical farming offers several benefits, including
independence from arable land, year-round growing capacities, less
water consumption, and improved crop predictability. It can also
promote  sustainable agricultural practices compared to
conventional farming!®-84,
2.2.4  Aeroponic cultivation

The aeroponic system is one of the techniques of the soilless
culture, where the plant grows in the air with the assistance of
artificial support instead of soil or substrate culture. The term
aeroponic was taken from the Greek, and Latina terms Aero and
Ponic, which means air and labor. It is an air-water plant growing
technique in which plant lower portions such as roots are hanged
inside the growth chamber under complete darkness. Whereas the
upper portions of the plant, such as leaves, fruits, and the crown
portions are extending outside the growth chamber®®.  The
technique is economical in the use of fertilizers and saves water
nutrient solution compared to other soilless systems®°2.  Several
studies had been practiced the technique for the cultivation of
horticultural ornamental, the root of herbs and root based medicinal
plants. These studies reported that in an aeroponic system, plant
roots quickly nourish under the available nutrients and controlled
conditions. The controlled conditions include uniform nutrients
concentration, EC (Electrical conductivity) and pH, temperature,
relative humidity, light intensity, spraying time, spraying interval,
and 100% oxygen availability in the growth chamber!®1%,
Furthermore, the detailed information about the aeroponic system
is published in the previous studies of Lakhiar et al.l*?

3 Status of the existing aeroponic products and
systems

At present, the aeroponic system is practiced for commercial,
experimental, and kitchen gardening. O’Hare airport in Chicago
is one of the most recent examples; it has recently introduced a
highly innovative sustainable food and beverage supply chain
on-site aeroponic system™®!.  People are growing plants in the
aeroponic system on their balconies, terrace, and rooms due to its
competed structurel®. In addition, throughout the literature
review, it was found that several online websites were engaged
with the aeroponic business at local and international levels, and
they were offering several types, sizes, and shapes of the aeroponic
systems. We found that the available structures were expensive,
and they were providing services for limited countries of the world.
Guizhen®®!, Gao™™, and NASAI®! reported that the aeroponic
system has mainly four types of structures, including seedbed type,
vertical barrel type, prototype, and pyramid type. These types are
commonly practiced around the globe for growing the various
types of fruits, vegetables, and medicinal based plants. These
structures are the basic structures of the aeroponic system and
simple to build by using wood, aluminum, and plastic material.

4 Development of the aeroponic systems

Throughout this review, it was found that no scientifically
recommended and convenient aeroponic system developed for
plant growth. Several researchers, scientists, and local farmers
developed aeroponic systems according to their requirements and
available space. A study by Juncal et al.l’®! informed that
aeroponic had been in use for decades, besides up to now, no
adequate structural arrangements are created and recommended for
designing the aeroponic system. In addition, the aeroponic
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systems are mainly comprised of the three main portions, including
1) growth chamber, 2) plant supporting portion, and 3) nutrient
supply system. For the present study, we selected two types of
aeroponic structures (seedbed type and pyramid type), and a total
of eight different aeroponic systems were developed. Among
them, seven systems were the seedbed type, and one system was
the pyramid type. Aeroponic systems were developed by using
two types of atomization nozzles (mechanical atomizer and
ultrasonic foggers). The mechanical nozzles were included three
air-assisted atomizers and one centrifugal atomizer.  The
ultrasonic nozzles were included three atomization ultrasonic
frequencies high-frequency medium-frequency and low-frequency.
Furthermore, the aeroponic systems were built with mechanical
atomizers and one low-frequency ultrasonic atomizer developed in
three main portions, including a growth chamber, nutrient reservoir,
and stand to fix the growth box. The aeroponic system with
high-frequency and medium-frequency ultrasonic aeroponic
atomizers was developed in two main portions, including the
growth chamber and a stand to fix the growth chamber.
Additionally, the aeroponic system developed with wood is
considered as more durable and cheaper, but the system developed
with wooden frames is easily susceptible to rapid water damages.
Therefore, aluminum frame and plastic material were used to
develop different aeroponic systems.
4.1 Main parts and required material of the aeroponic system
In an aeroponic system, the growth chamber and a nutrient
reservoir are the same types of containers that are used to hold the
plant roots, aeroponic atomization nozzles, and store the nutrient
solution. Therefore, the growth chamber and nutrient reservoir
can be considered as one of the important parts of the aeroponic
system. Moreover, the growth chamber is designed to openly
hold the plant roots in the air under complete darkness and to
provide suitable growth conditions for the plants such as humidity,
temperature, dissolved oxygen, and nutrient spray. Also, the
aeroponic atomization nozzles are assembled in the growth
chamber where atomizers atomize the direct nutrient spray on the

plant roots. The growth chamber and nutrient solution reservoir
can be made from wood, plastic, and aluminum materials.
However, wooden frames must be lined with plastic sheeting for
avoiding the water leakages from both reservoirs.  Another
important consideration is the color of the reservoirs, the dark color
is recommended, but any significantly opaque plastic can be used
to develop both reservoirs. It should be avoided to use the
translucent plastic as it allows light to enter the reservoirs, and
encourage the growth of algae. Also, it should be ensured to
protect both reservoirs to prevent light penetration and to reduce
the amount of dirt and debris. In an aeroponic system, plant roots
receive direct nutrient mist supply ejecting from the different types
of the atomization nozzles (air-assisted, centrifugal and ultrasonic
high-, medium- and low-frequency)™®%.  Until now, several
research studies developed the different types and sizes of the
aeroponic systems. However, no single study had intensely
focused and briefly discussed the selection of the suitable
aeroponic atomization nozzles!***'¢ Moreover, this study was
first to develop the aeroponic system using electrostatic spray
technology in the aeroponic system. Samuel et al.!”) reported
that electrostatic spray technology is the process of spraying an
electrostatically charged mist into the surfaces and selected objects.
The electrostatic spray uses a specialized solution combined with
air and atomized by an electrode inside the sprayer. The
air-assisted electrostatic sprayers can produce the droplets smaller
than those produced by conventional or hydraulic sprayers*t811%],

In addition, the selected atomizers were such as Hartmann
air-assisted atomization nozzle with resonance tube; air-assisted
atomization nozzle with and without electrostatic spray; centrifugal
atomization nozzle; 1.7 MHz high-frequency ultrasonic fogger
atomization nozzle with three ultrasonic transducers, 1.7 MHz
high-frequency ultrasonic fogger atomization nozzle with one
ultrasonic transducers, 107 kHz medium-frequency ultrasonic
fogger atomization nozzle, and 28 kHz low-frequency ultrasonic
fogger atomization nozzle. The additional required material is
shown in Figure 4.
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Figure 4 Components and material required for developing the aeroponic system

Moreover, the additional required material for developing the
aeroponic systems were Al = aluminum frame 745 mm <550 m x
800 mm and 745 mm > 450 mm > 800 mm, A2 = stainless steel
growth box 800 mm > 300 mm > 800 mm with total height

1100 mm, A3 =plant supporting tray 800 mm <300 mm =800 mm,
A4 = plastic box 740 mm %540 mm <400 mm, A5 = polystyrene
foam box 740 mm =440 mm %300 mm, A6 = Styrofoam 760 mm
%560 mm <10 mm and 745 mm %445 mm <10 mm, A7 = plastic
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cup to hold the plant 45 mm <30 mm ><45 mm, A8 = cotton round
hole 25 mm % 25 mm % 25 mm, A9 = plastic tank for nutrient
solution 50 L and 25 L, A10 = LED lights (Model:
WT-ZWD-3R2B1W-600MM-9W, 900 Im, Xiamen Plants
Agricultural Photoelectricity Technology Co., Ltd. P.R China),
All = 12 V axial fan, A12 = 12 V high voltage electrostatic
generator, A13 and Al4 = demographic pumps, model name
(Model PLD1204 and 1206, 12 V, 0.45 MPa and 1 MPa,
Shijiazhuang City Prandy Electromechanical Equipment Co., Ltd.) ,
A15 = air compressor (Model 750-30<2530>, Zhejiang Shengyuan
Air Compressor Manufacturing Co., Ltd.), A16 = demographic
pump pressure regulator, A17 = demographic pump pressure meter,
Al18 = water flow meter, A19 = air flow meter, A20 = air pressure
meter, A21 = flexible polyethylene water supply line 6 mm <8 mm,
8 mm =10 mm and 12 mm x 14 mm, A22 = plastic filter with
stainless steel net, A23 = pneumatic three-way connector 6 mm x
6 mm x 6 mm, A24 = pneumatic reducer air pipe joint 8 mm x
12 mm.
4.2 Manufacturing of the different aeroponic systems

The aeroponic systems developed with Hartmann air-assisted
atomization nozzle with resonance tube, air-assisted atomization
nozzle with and without electrostatic spray were mainly composed
of a growth chamber, a plant supporting tray, an atomization nozzle,
a nutrient delivery line, a nutrient drain line, and a nutrient
reservoir.  Firstly, the dimensions of the aeroponic systems were
finalized, which were based on the experiment requirement and
available space. The system can be any size and shape.
However, the further procedure is given in the below sections.
4.2.1 Aeroponic system developed with air-assisted atomizers

The aeroponic systems with air-assisted atomizers were
developed by using one atomization nozzle. The selected nozzle
was placed into the center of the growth chambers. However, the
selected dimensions of the aeroponic growth chambers, stand
frames, and the nutrient reservoirs were 740 mm <540 mm x
400 mm (A4), 745 mm =550 mm > 800 mm (A1), 50 L capacity
(A9), respectively. In addition, firstly, the drill machine was used
to make the holes for the atomization nozzle, and the water recycles
line in the growth chamber (A4). After that, the one atomization
nozzle and one pneumatic male thread joint connector were located
in the center of the growth box (A4). Further, the two pneumatic
male thread joint connectors (8 mm = 10 mm) were assembled
within the atomization nozzle water inlet valve and the air inlet
valve. In order to avoid the water and air leakages from the air
and water inlet valves, the thread joint connectors were wrapped
with a couple of layers of Teflon tape before assembly. The
nozzle water inlet and air inlet valves connected with the pneumatic
copper male thread joint connectors (8 mm =10 mm) were further
linked with the flexible polyethylene line (A21 (8 mm > 10 mm))
to receive the water and air supply. The water supply line was
further linked with the nutrient storage tank (A9) through the water
supply system. However, the water supply system consisted of
the pressure pump (A13), fluid pressure measuring pump (Al7),
and liquid flow meter (A17). Briefly, the pressure pump suction
side and water delivery portion were connected with a flexible
polyethylene water line (A21 (12 mm > 14 mm)). The suction
line was further connected with the filter (A22) and dipped in the
nutrient reservoir (A9), whereas the water delivery portion of the
pressure pump (A13) was connected with the pneumatic reducer air
pipe joint (A24). Further, the pneumatic joint (A24) was
connected with a flexible polyethylene water supply line (A21
(8 mm =10 mm)). In next step, the flexible polyethylene line

(A21 (8 mm x 10 mm)) coming from the pressure pump was
connected with the fluid pressure measuring pump (Al7), and
liquid flow meter (A18) through the pneumatic copper male thread
joint connector (8 mm x 10 mm). Furthermore, the flexible
polyethylene line (A21 (8 mm > 10 mm)) coming from the fluid
pressure measuring pump (Al7) was attached with the nozzle
through the pneumatic copper internal thread straight connector
(8 mm <10 mm). Moreover, the air supply system consisted of
the air compressor (A15), air pressure meter (A20), and airflow
meter (A19). The air compressor connected with the flexible
polyethylene line (A21 (8 mm > 10 mm)) was further connected
with the air pressure meter (A20) and airflow meter (A19) through
the pneumatic copper male thread joint connectors (8 mm x
10 mm). After that, the air supply line coming from airflow meter
(A19) was further connected with the flexible polyethylene line
(A21 (8 mm % 10 mm)) and finally attached with the nozzle air
inlet valve through pneumatic copper male thread joint connector
(8 mm x 10 mm). Besides, for nutrient solution recycling from
the growth chamber (A4), the flexible polyethylene line (A21
(8 mm <10 mm)) was coupled in the pneumatic male thread joint
connector and fixed in the center of the aeroponic growth chamber.
After that, the nutrient solution recycling line was placed in the
nutrient reservoir (A9). In the next step, the PVC pipe (25 mm)
was fastened with the aluminum frame (A1) to provide support to
the LED lights (A10). Therefore, the PVC elbow and tee (25 mm)
were used to make the frame of the PVC pipes (25 mm).
Moreover, the PVC pipes were tightly fastened with a plastic strip.
Three LED lights (A10) were placed on the developed PVC frame.
The LED lights were further tightly fastened with PVC pipes with
the plastic strips.  The final step was to prepare the artificial plant
supporting layer for holding the plants in the aeroponic growth
chamber.  Therefore, Styrofoam (A6 (760 mm x> 560 mm X
10 mm)) sheet was chosen as an artificial plant supporting layer for
the aeroponic growth chamber.  Further, the drill machine
connected with the steel hole (25 mm diameter) maker was used to
make the holes in the Styrofoam (A6 (760 mm > 560 mm X
10 mm)) sheet. During making holes in the Styrofoam (A6) sheet,
the drill machine must be held tightly in the selected place. After
making the holes in the Styrofoam sheet, the second step was to
place the plant holders in the Styrofoam sheet. Therefore, the
plastic cups (A7 (45 mm > 30 mm > 45 mm)) and cotton round
holes (A8 (25 mm > 25 mm x 25 mm)) were selected as a plant
holder material. Finally, the power supply line of the pressure
pump, air compressor, and LED lights were attached in the
extension to supply the power while the timer was used to control
the spraying time and spraying interval of the atomization nozzle.
Furthermore, the same material, methodology and strategy were
used to develop the three aeroponic systems with the air-assisted
atomizers. The mean difference between the three aeroponic
systems was the type of the aeroponic atomization nozzle, whereas
the air-assisted atomization nozzle with electrostatic spraying
technology was additionally attached to the electrostatic generator
(A12) and voltage distributor.
4.2.2  Aeroponic system developed with centrifugal atomization
nozzle

The aeroponic system with centrifugal atomization nozzle was
developed by using five atomization nozzles. Four nozzles were
located in the middle and one nozzle was located at the center of
the growth chamber (A4). In the developing process, firstly, the
drill machine was used to make the holes in the growth chamber
(A4) for fixing the atomization nozzles and the drain line.
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Besides, the copper internal thread straight connectors integrated
with the centrifugal atomization nozzle (D) were tightly fixed in the
growth chamber with a screw nut. Also, the pneumatic copper
male thread joint connector was fixed into the nutrient drain line.
Further, the pneumatic copper internal thread straight connectors
were assembled with each copper internal thread straight
connectors to receive the nutrient supply. However, to prevent the
water leakages, all the threads were wrapped with a couple of
layers of Teflon tape before assembly. After that, the flexible
polyethylene water supply line (A21 (6 mm > 8 mm)) was
connected with each atomization nozzle through a pneumatic
three-way connector (A23). Besides, the flexible polyethylene
line (A21 (6 mm <8 mm)) was connected to the pneumatic copper
male thread joint connector for recycling the nutrient solution.
In the second step, the growth chamber (A4) assembled with the
nutrient solution supply system and nutrient recycling line was
placed above the aluminum frame (Al (745 mm>=550 mm>=800
mm)). In addition, the water supply system consisted of the
diaphragm pressure pump (A14), liquid pressure measuring pump
(A18), and liquid flow meter (Al7). Briefly, the diaphragm
pressure pump (A14) water suction and water delivery portions
were connected with a flexible polyethylene water line (A21 (12
mm x 14 mm)), respectively. After that, the diaphragm pressure
pump (A14) water delivery section line (A21 (12 mm x 14 mm))
was further combined with flexible polyethylene water line (A21
(6 mm <8 mm)) through the pneumatic reducer air pipe joint (A24
(6 mm x12mm)). Then, the flexible polyethylene line (A21 (6
mm %8 mm)) coming from the pressure pump was connected with
the fluid pressure measuring pump (A17), and liquid flow meter
(A18) through the pneumatic copper male thread joint connector
(6 mm x 10 mm). Furthermore, the flexible polyethylene line
(A21 (6 mm %8 mm)) coming from the fluid pressure measuring
pump (A17) was attached with the centrifugal atomizer through
the pneumatic copper internal thread straight connector. The
water suction line of the diaphragm pressure pump (Al4) was
further connected with the filter (A22) and then dipped in the
nutrient reservoir (A9). In the last step, the flexible polyethylene
line (A9 (6 mm < 8 mm)) was connected with the aeroponic
growth chamber (A4) through the pneumatic copper male thread
joint connector and disposed of in the nutrient reservoir (A9) for
nutrient recycling.  Additionally, LED light (A10) stand and
artificial plant supporting layer were developed by following the
same methodology as reported for the aeroponic system developed
with air-assisted atomizers.
4.2.3 Aeroponic system developed with ultrasonic fogger
atomization nozzle

The aeroponic systems developed with E and F ultrasonic
foggers were the same in the size and shape, but the difference was
the nozzle type and number of the nozzle. While four E, six F,
eight G, and four H ultrasonic foggers were located in each
aeroponic system. The aeroponic systems developed with E and F
were mainly composed of a growth chamber, plant supporting tray,
and aluminum frame. The aeroponic systems developed with G
and H were mainly composed of a growth chamber, plant
supporting tray, aluminum frame, and nutrient reservoir.
Furthermore, the aeroponic systems with ultrasonic fogger
atomization nozzles were developed by following a similar
methodology, as reported for air-assisted and centrifugal aeroponic
atomization nozzles. However, the aeroponic systems developed
with E and F ultrasonic foggers were easy to develop compared to
the air-assisted, centrifugal atomizer, and other ultrasonic foggers.

In this system, the polystyrene foam (A5) was used to develop the
aeroponic growth chamber. At the same, the growth chamber was
used as a nutrient solution reservoir. Briefly, the drill machine
was used to make the hole in the polystyrene foam (A5) for
crossing the power lines of the ultrasonic foggers. After that, we
placed the E and F ultrasonic foggers in aeroponic growth
chambers, respectively, and placed the growth chambers on the
aluminum frames (Al). Additionally, the plant supporting trays
(A6 (745 mm x 445 mm x 10 mm)) and LED frames were
developed by following a similar procedure as reported for
air-assisted atomization nozzle and centrifugal atomization nozzle.
Finally, the axial fans (A11) were placed into the plant supporting
trays (A6 (745 mm <445 mm > 10 mm)) for spreading the nutrient
fog in the growth chambers (A5). The aeroponic system
developed with medium-frequency ultrasonic nozzle (G) was
mainly composed of a growth chamber, nutrient supply line,
nutrient recycles line, nutrient reservoir, and an axial fan. Briefly,
the growth chamber (A2) combined with a plant supporting tray
(A3) and pneumatic copper male thread joint connector for nutrient
recycling was manufactured from the local market. Firstly, the
PVC pipe (A38 (75 mm)) was connected with the growth chamber
(A2) by using PVC tee (75 mm). Further, the PVC pipe (75 mm)
was fixed in the wooden sheet. ~ After that, the PVC pipe (75 mm)
attached to the wooden sheet was located above the nutrient
reservoir (A9). Besides, an axial fan (All) with a PVC pipe
(75 mm) was set on the wooden sheet. At the same time, the
flexible polyethylene line (8 mm > 10 mm) was fixed with the
growth chamber by using the pneumatic copper male thread joint
connector for recycling the used nutrient solution. In the second
step, the medium-frequency ultrasonic nozzles (G) were placed
within the nutrient reservoir (A9). Moreover, the working
principle of the aeroponic system developed with
medium-frequency atomizer was: firstly, the foggers were
subjected to work in the nutrient reservoir and create a fog. The
axial fan was used for spreading the small nutrient fog into the air
like a cloud and transfer the fog into the growth chamber through
the PVC pipe. Finally, the aeroponic system developed with
low-frequency ultrasonic atomization nozzle (H) was mainly
composed growth chamber, nutrient reservoir, plant supporting tray,
and axial fan. Briefly, the system was developed by using four
atomization nozzles (H). The atomization nozzles were located in
the middle of the growth chamber (A4). The distance between
each nozzle was 240 mm > 180 mm apart from each other. The
total height of the proposed aeroponic system was 1000 mm above
the ground level. Moreover, we followed a similar procedure
discussed in the above sections to make the holes in the growth
chamber (A4). Besides, the LED light frame, plant supporting
tray, and axial fans were developed by the same procedure as
reported for the other aeroponic systems. In the first step, we
developed the growth chamber, plant supporting tray, and LED
light stand and fixed the low-frequency ultrasonic nozzles (H) in
the growth chamber (A4) by using the sealed plastic glue gun.
After that, we connected the water supply system line and water
recycles line with the atomization nozzles and growth chamber,
respectively. The water supply and water recycle lines were
developed as reported for the centrifugal atomization nozzles. In
addition, the low-frequency ultrasonic nozzle (H) working principle
was different as compared to the high-frequency ultrasonic and
medium-frequency ultrasonic nozzles. The low-frequency
ultrasonic nozzles were receiving the nutrient solution through the
pressure pump (Al4).
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5 Evaluation of the proposed aeroponics system

In order to evaluate the performance of the proposed
aeroponics system, the systems were used to grow the lettuce and
tomato plant in the greenhouse environment and under control
conditions. It was observed that the plants successfully grew in
the designed system. In addition, based on the obtained result, it
could be concluded that the proposed design revealed a good
sturdiness and relevance for plant cultivation in the future. The
proposed design has a perspective for a sustainable future. The
system is easy to design and has competed for structure. Thus,
peoples could grow the plant in the system on their balconies,
terrace, and rooms.

6 Technical challenges

The development of aeroponic system can be considered as a
highly multidisciplinary approach drawing from environmental,
mechanical, and civil engineering design concepts and plant-related
biology, biochemistry, and biotechnology. Sometimes, specific
measurements, schematic view, and control technologies also
required abundant knowledge of subjects related to the field of
computer science for automatic control systems. This high level
of complexity necessarily demands in-depth knowledge and
expertise of all involved fields. Furthermore, the electricity
connection should be independent of the aeroponic system.
Besides, in case of an emergency, additional power sources such as
a stand-by generator or battery should always be ready with the
system. For those places where power failures are frequent, that
areas must need a good generator with an automatic startup system.
Considering, the initial costs for components and installation, the
aeroponic systems with air-assisted and centrifugal atomization
nozzle are more expensive than ultrasonic fogger (high-frequency
atomization nozzle). In addition, over time, if components are
well maintained and used for many years, these higher initial costs
can be recovered by reducing the labor costs, minimum inputs of
fertilizers and pesticides with significantly higher plant yields.

7 Routine and preventative maintenance of the
aeroponic system

In order to consider the aeroponic system, an efficient,
trouble-free operation, low-cost, high production of plants for the
long term, a routine, and regularly scheduled maintenance program
must be carried out according to the requirements.  Furthermore, it
must be ensured that the aeroponic system is functional and
protected from extreme weather conditions. Because of aeroponic
cultivation is susceptible to the extreme or low climatic condition
of the growth chamber. However, some of the key routine and
preventative maintenance points are given below: 1) check that the
power source is okay; 2) check that the nutrient reservoir tank is
full; 3) change the nutrient solution on time; 4) check that the air
pressure pumps are working properly; 5) check the leakages such
as nutrient delivery and drain line; 6) check that atomization
nozzles are working under satisfactory conditions such as clogging
of the nozzles; 7) check that the chemical properties of the nutrient
solution are in desired range; 8) check the environmental
parameters are under the suitable range.

8 Advantages of the proposed aeroponic systems

The aeroponic systems proposed in this study are easy to
redevelop. Even the local growers and untrained person can

quickly redevelop the proposed aeroponic systems. The
aeroponic systems were developed by purchasing the material from
local markets. However, the system was developed in three main
portions included a growth chamber, nutrient reservoir and the
frame for growth chamber. The proposed systems had a compact
structure, which makes the systems more efficient, easier to operate,
and maintain. Moreover, it is suitable for big cities having less
arable space and increasing rapid urbanization.

9 Future prospectuses

In a short time, aeroponic was adopted in many situations,
from indoor laboratory experimental analysis to greenhouse
cultivation.  Several research studies developed aeroponic systems
and used for the laboratory-scale plant cultivation. Few studies
involved aeroponic systems that are representative of commercial
or home operations.  Until now, the system is not popular among
the local growers, but the concept is dominated in the literature for
laboratory-scale plant cultivation. The aeroponic has not yet been
adopted on a broader scale and is still mostly unknown in several
countries of the world because still many information about the
system is hidden, such as the maintenance tasks and development
of the aeroponic system. Therefore, the attempts would be made
to provide brief information about the development, maintenance
task, and benefits of the aeroponic system among farmers and the
local community.

10 Conclusions

This study concluded that the adoption of modern farming
techniques in traditional agriculture could be an alternative solution
to deal with the increasing food security. The modern techniques
involve much higher use of advanced technology and automation
for land-use optimization. The aeroponic system is one of the
revolutionary and more sustainable methods of the soilless system
as it lowers the requirement of water and saves considerable space
and soil.  This study can provide important information about the
aeroponic system to the researchers, farmers, and the local
community interested in the aeroponic system but they think that
aeroponic system design and maintenance is a very complicated
task. They can develop the aeroponic system by purchasing the
material from the local market anywhere in the world.
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