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Abstract 

Aeroponics is a soilless farming method in which plants are grown by sprinkling a nutrient-

rich fluid over their roots. Aeroponics has changed as a result of technology, which now 

offers advantages including automated nutrient supply, environmental management, and plant 

health monitoring. A key area of concern in light of the rising global food demand, climate 

change, and environmental issues is sustainable agriculture. This article highlights the 

integration of technology, sustainability, and socio-economic elements in modern agriculture 

by methodically examining the development of aeroponics practices from conventional ways 

to innovative modern techniques. When agronomic practices are viewed historically, they 

show a shift from labor-intensive, antiquated techniques to precision-based, technology-

driven processes. Even though they were sustainable, traditional methods frequently had 

efficiency and scalability issues. A big change came with the arrival of the Green Revolution, 

which brought synthetic inputs and high-yield crop varieties. However, a reevaluation 

towards more sustainable practices was spurred by the approaches' long-term ecological 

implications. Precision agriculture, which makes use of sensor-based monitoring systems, 

artificial intelligence (AI), satellite and drone technologies, is a major feature of modern 

agronomy breakthroughs. According to the systematic research, Industry 4.0 and sensor 

technology are the most often used technologies in aeroponics. Numerous advantages, 

including time efficiency and sustainability, have come from these technologies. On the other 

hand, the research focused on power dependence and technical complexity as the primary 

obstacles in technology-assisted aeroponics. 
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Introduction 

There is a continuing need to produce more food because of the growing world population. 

The sustainability of the globe is threatened by rising food production since it necessitates 

increased use of energy, water, and soil resources. Similarly, excessive land usage and 

intense farming methods can cause nutrient depletion, soil erosion, and a loss of soil fertility, 

all of which can eventually lower the land's productivity [1]. The Food and Agriculture 

Organisation, FAO (2017) [2], suggested using sustainable agriculture methods including 

aeroponics, hydroponics, and aquaponics to improve the problem. These are soilless methods 

that leverage technology to increase food production productivity without endangering the 

sustainability of the earth [3,4]. Aquaponics is the practice of growing plants and fish in 

water tanks with hydroponic equipment. Aeroponics is the practice of growing plants in the 

air or in a mist environment, while hydroponics is the practice of growing plants using a 
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water-based fertiliser solution in place of soil. When it comes to growing plants and fish, 

aquaponics is the most often used method. On the other hand, hydroponics is quite popular if 

enough water resources are available but there is no interest in raising fish. Lastly, aeroponics 

is the method to use if there is no desire to raise fish and there are not enough water resources 

[5]. 

The Aeroponic System 

The technique of aeroponics involves growing plants without the use of soil, with their roots 

floating in the air and misted with a nutrient-rich water solution [6]. Pumps, timers, and spray 

nozzles are commonly used in aeroponic systems to provide a highly oxygenated mist of 

water and nutrients to the plant roots. Water and nutrients can be absorbed by the roots thanks 

to the mist's scheduled delivery. 

Compared to conventional soil-based agriculture, aeroponics has a number of benefits, such 

as quicker growth rates, greater crop yields, and more economical resource utilisation [7, 8]. 

A more environmentally responsible and sustainable method of farming is made possible by 

the soil-free environment's ability to lower the risk of soil-borne illnesses and pests [9]. 

However, expensive initial setup costs, maintenance requirements, and a high level of 

technical competence required are its key problems [10]. 

Despite being a relatively new technology, aeroponics has already been utilised to grow a 

variety of crops, such as tomatoes, lettuce, and strawberries [11]. Aeroponics has benefited 

greatly from technological advancements in that it allows plants to be cultivated year-round 

since some instruments and systems allow for the artificial control of environmental factors 

including temperature, humidity, airflow, and light intensity [12,13]. 

Aeroponics Technology 

Aeroponics is a success because of technology, which makes it possible to precisely control 

environmental parameters, conserve water, optimise space, and manage pests and diseases—

all of which lead to better food production. In addition, compared to conventional agricultural 

practices, aeroponics may produce high-quality, nutrient-rich crops with a smaller 

environmental impact by utilising technology [8]. Technology-assisted aeroponic systems 

incorporate one or more of the following technology categories, per earlier research 

[5,13,14]: sensors, Sector Technologies connected to Industry 4.0, technologies for 

dispensers, and technologies for renewable energy. 

Sensor-based environmental condition monitoring is one of the main uses of technology in 

aeroponics [15]. For instance, sensors enable farmers to make data-driven decisions about 

modifying circumstances to maximise plant development by providing real-time monitoring 

of environmental parameters (such as temperature, humidity, and nutrient levels) [16]. This 

can involve monitoring the health of the plants, regulating humidity and temperature, and 

altering the amount of nutrients. Additionally, sensors can be included into automated control 

systems to modify the environment in response to changing circumstances [17]. By doing 

this, the possibility of human error is decreased and it is guaranteed that growing plants will 



 

 

always have optimal environmental conditions. Furthermore, sensors have the ability to 

identify problems before they are apparent to the human eye, such as nutrient deficits, pests, 

and illnesses [11]. By detecting problems early on, crop loss can be avoided and healthy, 

productive plants can be guaranteed. 

Industry 4.0 is another technology option that has grown in importance in aeroponics. It 

alludes to the fourth industrial revolution, which is defined by the creation of intelligent 

production processes through the integration of cutting-edge technologies like the Internet of 

Things (IoT), artificial intelligence (AI), and data analytics [18, 41-55]. Industry 4.0 

technologies are becoming more and more significant in aeroponics since they provide a 

number of advantages for maximising plant growth and enhancing productivity [11]. IoT, for 

instance, can be used to automate a number of processes, including pest control, 

environmental control, and nutrient supply [19]. This guarantees that plants always have the 

best growing circumstances and lessens the need for human intervention. However, by 

examining plant photos and recognising signs that might not be apparent to the unaided eye, 

artificial intelligence (AI) can be utilised to discover plant illnesses early on [20]. This can 

assist farmers in acting quickly to stop the spread of illnesses and keep their crops healthy. 

Analysing enormous volumes of data on plant development, weather patterns, and nutrient 

levels in a similar way allows data analytics to be used to precisely forecast the best 

conditions for plant growth [21]. By doing this, farmers may increase yields and optimise 

their aeroponic systems. 

Aeroponic systems additionally require dispenser-related technology because these devices 

provide plants with water and nutrients [22]. This comprises water pumps, centrifugal pumps, 

atomizers, sprayers, nebulizers, and ultrasonic dispersion devices that are automatically 

controlled based on the demands identified by the sensors. Plants can be precisely dosed with 

nutrients and water thanks to dispenser technology [23]. This guarantees that the plants get 

the right amount of water and nutrients, all of which are essential to their development and 

growth. Dispenser technology can also be programmed to automatically provide water and 

nutrients based on real-time sensor data or at predetermined intervals [24]. This guarantees 

that the plants receive constant care and lessens the need for manual labour. Furthermore, it 

enables the customisation of water and nutrient supply according to the unique requirements 

of every plant [25], guaranteeing that every plant is given the best possible conditions for 

growth and development. 

Renewable energy-related technologies are another set of innovations that contribute to 

aeroponics' sustainability. Aeroponic systems can be powered by alternative energy sources, 

such solar or wind power, which has several advantages for lowering energy consumption 

and enhancing sustainability [17, 42]. This lessens the need for grid power, which can be 

costly and harmful to the environment. Aeroponic system operating expenses are also 

lowered by using renewable energy [26], which lowers the cost of system operation and 

maintenance for producers. For aeroponic producers, alternative energy sources are a more 

environmentally beneficial option because they are generally cleaner and more sustainable 

than traditional ones [27, 41]. 



 

 

History 

Aeroponics has long been used as a research tool in root physiology. The first soilless 

gardening techniques were developed in the 1920s by botanists studying plant root structure 

using rudimentary aeroponics [4]. 

Although soilless culture is thought of as a modern technique, cultivating plants in containers 

above ground has been attempted on several occasions over the ages. The earliest known 

instance of plants grown in containers appears to be wall paintings discovered in the Deirel 

Bahari temple [35]. During the early 1940s, the technology was more often employed as a 

research tool than as a commercially viable means of producing crops. In 1942, W. Carter 

conducted the first studies on air culture growing and published a method for cultivating 

plants in water vapour to make root examination easier. In an assisted study of his research 

on diseases of citrus and avocado roots, L.J. Klotz was the first to discover vapour misted 

citrus plants in 1944. G.F. Trowel cultivated apple trees in a spray culture in 1952. Twenty-

five years after [7] and [40]'s study, the air-growing method used in spray culture was dubbed 

"aeroponics." The Genesis Rooting System, also known as the Genesis Machine, was created 

by GTi in 1983 and was the first commercial aeroponics system. The gadget was just attached 

to a water tap and an electrical outlet, and it was controlled by a microchip. 

Aeroponics has proven effective in growing a number of horticultural and decorative crops 

[5]. In Korea, the production of potato seed tubers has seen successful application of the 

aeroponic system [24, 25]. Aeroponics is being utilised in agriculture all over the world as of 

2006. A minituber output of 800 tubers/m2 at a plant density of 60 plants/m
2
 was recorded by 

Farran and Mingo (2006) [15] over a period of five months, with weekly harvests. This 

corresponds to a 1:13 multiplication rate. They also observed the field performance of 

aeroponically produced tubers to be equivalent to minitubers grown from the pots. At the 

International Potato Centre (CIP) in Peru, yields of over 100 tuberlets /plant were obtained 

[38]. 

Nutrients utilised in aeroponics system 

An indoor aeroponics system consumes less water and nutrients because the plant roots are 

sprayed in intervals using a precise drop size that may be utilized most efficiently by osmosis 

to nourish the plant. Little surplus nutrient solution is lost via evaporation or runoff. Plant 

disease is decreased since the roots are left free to air, preventing soaking is a stagnant damp 

medium. Aeroponics gives possibilities to produce plants without soil or substrate, producing 

the optimal yield, saving water and fertiliser solutions and do not contaminate the 

environment [26]. Carbon, oxygen and hydrogen are present in air and water. Water may 

contain a range of elements with main nutrients such as nitrogen, phosphorus, potassium and 

secondary nutrients viz., calcium, magnesium, and sulphur, micro-nutrients are iron, zinc 

molybdenum, manganese, boron, copper, cobalt and chlorine. Roots consume nutrients as 

ions in water positively charged cations, or negatively charged anions. An example of a 

cation is ammonium, NH
4+

, and an anion nitrate, NO
3−

, both significant nitrogen sources for 

plants [1, 3, 13, 15, 23, 28, 40]. As plants use the ions, the pH of the solution might vary, 



 

 

meaning it can lean too far positive or too far negative. The ideal pH for plant growth is 

between 5.8 and 6.3. In aeroponic system where water and nutrients are recycled, it is vital to 

measure the acid/base or pH measurement to allow plants to receive nutrients. Aeroponic 

employing spray to nourish roots require much less liquid leading in simpler management of 

nutrient content with greater pH stability. 

Relevant Literature 

A few reviews of the literature have examined how various technologies are applied across 

the board in sustainable agriculture. For instance, [11] looked into how digital technologies 

are starting to appear in sustainable agriculture methods. To determine the degree of digital 

technology adoption, service type, technology readiness level, and farming type 

(hydroponics, aquaponics, and aeroponics), the review included 148 empirical investigations. 

Only three of the sample's research dealt with aeroponics; none of them reached any 

conclusions about this kind of sustainable farming method. Similar comparisons were made 

between soil and soilless cultivation methods (aquaponics, hydroponics, and aeroponics) in 

the study conducted [28]. According to the study's findings, soilless procedures can benefit 

from the application of technical advancements in monitoring and automation, which can 

make them more profitable, efficient, secure, and environmentally beneficial. Lastly, as 

important advancements to ensure sustainable food production, the study [29] examined the 

affordances of digital technologies including sensors, robotics, AI, and data analytics. The 

paper makes the case that although intricate climate changes endanger food production, 

digital technologies are essential for managing these changes and realising sustainable 

agriculture. But like the other research, this one did not offer any specific findings regarding 

how technology might affect aeroponics. 

However, a number of empirical studies have documented how certain technologies are used 

in aeroponic systems [15,33], how aeroponics technology uses natural resources effectively 

[31,32], and how the employment of particular technologies helps aeroponics enhance food 

production [23, 30]. To the best of our knowledge, no comprehensive assessment has been 

carried out to pinpoint every aspect of technology utilisation in aeroponics. Aeroponics 

technology application requires a systematic evaluation in order to identify research gaps, 

assess available data, offer practitioner assistance, and inform policy and decision-making. 

Additionally, it can promote technological advancement and maximise plant development 

while guaranteeing that politicians and researchers have access to the best available data. 

Various Aeroponic Types 

a. Low-pressure Units: The roots of the plants are suspended above a nutrient solution 

reservoir or an interior channel that is connected to a reservoir in the majority of low-pressure 

aeroponic gardens. A low-pressure pump delivers the nutrient solution via jets or ultrasonic 

transducers, which drain or drip the nutrients back into the reservoir. When plants reach 

maturity, they experience dry patches in their root systems, which prevents them from 

absorbing enough nutrients. Because they are expensive, these machines do not have 

functions to remove debris and undesired microorganisms from the nutrient solution or to 

Comment [A3]: Maybe you can add obstacles 
from the literature because in the abstract there is a 
sentence focusing on obstacles 



 

 

purify it. Benchtop growth is typically OK for these units. Additionally, it is employed to 

illustrate the fundamentals of aeroponics. 

b. High-Pressure Devices: A high-pressure pump (or pumps) produces mist in high-pressure 

aeroponic devices. Additionally, it is typically employed in the production of high-value 

crops.This technique uses low-mass polymers, pressurised nutrient delivery systems, low-

oxygen air and water purification, and nutrient sterilisation technologies. 

c. Commercial System: The commercial system includes biological systems and high-

pressure device hardware. The biological systems matrix includes an upgrade for longer plant 

life and crop maturation. 

Working 

The foundation of aeroponics is the ability to grow vegetables in containers with flowing 

plant nourishment rather than with roots placed in a substratum or soil, as is the case with 

hydroponics. The fundamental idea behind aeroponic gardening is to grow plants suspended 

in a closed or semi-closed space by misting the lower stem and dangling roots of the plant 

with an atomized or sprayed solution of water that is rich in nutrients. 

To maximise the benefits of aeroponic farming, a suitable monitoring and control system for 

the delivery of nutrients and water is part of the setup.The spray from a nutrient solution 

storage tank must be distributed using a system of pipes, spray nozzles, a pump, and a timer. 

It makes use of a tiny internal microjet spray to finely sprinkle the roots in the rooting 

chamber with nutrient-rich solutions from the nutrient reservoir under high pressure.The 

high-pressure aeroponic pump is turned on by means of a controlled cyclic timer. After 

adding nutrients to water in a reservoir basin, the mixture is filtered and pumped into a 

pressurised holding tank where it is misted onto the root system on a regular basis. 

Developed root hairs aid in the moisture-absorption of nutrients. Additionally, feeding the 

plant with various nutrients through its roots is simpler.There is very little nutritional solution 

waste since the spray particles are so tiny. Additionally, root rot is entirely prevented when 

there is a sufficient supply of oxygen. 

Around the hung roots, misting frequently occurs every several minutes. Normally, the 

system only briefly turned on every two to three minutes. If the misting cycles are stopped, 

the roots will quickly dry out because they are exposed to the air. 

Similar to other hydroponic system types, the aeroponics system requires a short cycle timer 

to run the pump for a few seconds every few of minutes. This timer controls the nutrient 

pump. But, the chamber needs to be completely filled with lightless materials to keep the 

roots functionally dark and to prevent the growth of algae, which would obstruct plant growth 

and contaminate the system. 

In aeroponics, the size of the droplets in a nutrient mist is very important. The amount of 

oxygen may be decreased by an enormous droplet. An undersized droplet may encourage the 

establishment of root hair, which inhibits the growth of lateral roots and reduces aeroponic 
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system efficiency. The size of the water droplets must be both large enough to deliver enough 

nutrients to the roots and small enough to prevent them from precipitating out of the root 

mass right away. Remaining solution falls into the unit's base where it is filtered, strained, 

and then pumped back into the reservoir. The advantage of an aeroponics system is simple 

pH and nutrition monitoring. Aeroponics allows for minimum touch between the plant and 

the support framework, allowing for unrestricted plant growth. 

 

Figure 1: Schematic diagram of aeroponics 

Aeroponics Advantages 

 Year-round cultivation: Because plants are produced in a controlled environment, 

crops can be grown all year round without being impacted by the weather or 

atmospheric conditions outside. 

 Rapid plant growth: Because their roots have ample access to oxygen, crops grow 

quickly. 

 Simple system maintenance: When using aeroponics, the root chamber the container 

holding the roots as well as the irrigation lines and reservoir only need to be cleaned 

occasionally. 

 Reduced nutrient and water requirements: Because aeroponic systems have a greater 

rate of nutrient absorption and plants typically respond to them by sprouting more 

roots, they use less water and nutrients overall. 

 Mobility: Since all that's needed is shifting the plants from one collar to another, 

plants even entire nurseries can glide about with little difficulty. 

 Low area requirements and large yield: By stacking aeroponic systems, vertical farms 

can be built with a lot less area needed than those using traditional farming methods. 

 Excellent educational value: Students and researchers can more easily examine plants 

and root growth in lab settings. 

 Appropriate root growth: Plant roots have enough room in this system to develop 

properly. that they don't sag or deteriorate. 

 No transplant shock: Once roots have developed, plants can be moved to any growing 

media system without experiencing transplant shock. 



 

 

 Simpler fruit harvesting: The system produces fruits that are simpler to harvest. 

 Produce free of disease: Plant infections and illnesses are greatly reduced in clean, 

sterile growth conditions. 

 Producing fruits at moon stations: This method enables fruit cultivation at zero 

gravity, or on moon stations. 

 Homes can cultivate indoor or rooftop plants that may be more nutrient-dense and 

healthier. 

 Nurseries can grow healthy, harvestable plants from seeds and cuttings far faster than 

they can with conventional techniques. 

 Aeroponic systems can optimise agricultural yields while reducing water usage by 

98%, fertiliser usage by 60%, and pesticide usage by 100%. 

 ➢ Short power interruptions do not cause any harm to plants. 

The drawbacks of utilising technology in aeroponics 

The results of the major drawbacks of technology-assisted aeroponics are presented and 

discussed in this part. We looked through the abstract, findings, discussion, and conclusion 

portions of each study to find the documented drawbacks. Although integrating technology 

has many advantages, there are still certain issues that need to be resolved in order to fully 

utilise this new production method. In eight research (17%), at least one drawback or 

difficulty with technology-assisted aeroponics was mentioned. To create a shorter list, we 

categorised the drawbacks into five groups. In this regard, the most frequently mentioned 

drawback is its technical complexity, which makes it difficult for this farming method to 

become widely used. The most frequently mentioned difficulty with utilising technology in 

aeroponics was technical complexity (13% of the studies). That is, a system will be more 

complex the more technological components it contains [34]. [35] brought attention to this 

difficulty by pointing out that complicated aeroponic systems with several interconnected 

components can result from sophisticated technology. The authors came to the conclusion 

that the biggest obstacles to success in contemporary aeroponics can be assuring 

compatibility and reliability among diverse components, including as pumps, misting 

systems, nutrient delivery methods, and sensors. 

A problem with power dependency was noted in 6% of the research. Energy consumption is 

frequently increased by integrating technology, particularly when sophisticated lighting and 

environmental control systems are employed. More significantly, crop damage can result 

from power outages. Sani et al. [12] argued in their study that energy efficiency and 

technological benefits must be balanced for sustainable operations. Thus, the authors 

emphasised the significance of utilising renewable energy sources to lessen the adverse 

consequences of aeroponics power consumption. 

In the study conducted [36-39], the advantages of incorporating technology into aeroponics 

were linked to setup cost, maintenance and monitoring, and learning curve. Although it's 

common knowledge that aeroponics technology is a long-term solution, certain stakeholders 

may not be able to finance the early fees. Likewise, incorporating technology into aeroponics 

necessitates keeping that technology up to date and under observation. As a result, production 



 

 

schedule disruptions and lower yields could result from downtime for maintenance and 

repairs. Last but not least, technology integration calls for sufficient technical know-how to 

guarantee the system operates as intended. As a result, this circumstance can call for 

recruiting specialists or more training. 

 System Dependency: High pressure pumps, timers, and sprinklers are the usual parts 

of an aeroponics system. If any of these fall apart, it's easy to damage or destroy your 

plants. 

 Technical expertise needed: First, some training is necessary for system maintenance. 

An aeroponic system requires a certain level of skill to operate. There is no soil to 

absorb excess or wrongly supplied nutrients, therefore it is imperative to know how 

much your plant requires. 

 Root chamber sanitation: In order to prevent diseases from attacking the roots, the 

root chamber needs to be kept free of contaminants. Thus, we need to periodically 

clean the root chamber. As a disinfectant, hydrogen peroxide is frequently employed. 

 High price: The majority of aeroponic systems are not inexpensive. Aeroponic 

systems could go into the hundreds of dollars per unit. 

 Power outage: Over an extended length of time, power outages may result in 

permanent harm. 

Conclusion 

The global economy depends heavily on water. The agricultural sector uses over 70% of the 

fresh water that humans utilise. Out of that, extravagant irrigation methods waste forty-five 

percent of the crop. Because aeroponic systems use recirculatory systems, we can conserve 

98% of the water used in the system. Aeroponic systems provide year-round access to fresh, 

hygienic, healthful, efficient, and quick food production. It is possible to overcome any 

limitation associated with soil culture production with this soilless culture.India will soon be 

among the top exporters and growers due to its increased production free of illness. Improved 

vegetative development may be achieved with an aeroponic system without the need for 

artificial hormones, insecticides, or pesticides. In a controlled setting, aeroponics is still a 

fantastic approach to learn about the demands of plants and how to master their growth. 

Occasionally, aeroponic gardening is the only feasible option for apartment-dwelling 

urbanites who want to garden. Additionally, aeroponics offers the most efficient way to 

produce plants on arid terrain, avoiding this issue altogether. Although they are thought of as 

a novel approach to agricultural development, soil cultures are not an easy technique to use. 

However, producers and horticulturists in many nations lack the technical foundation of the 

new technique, necessitating the necessity for highly trained personnel. Furthermore, the 

majority of substrates are sold worldwide, which makes them pricey. It is therefore preferable 

to search locally for reasonably priced high-quality substrates. 

Growers are able to customise soilless systems based on their requirements, system location, 

and financial capacity. In any event, the system must closely monitor and carefully control 

the factors that are necessary for healthy plant growth, including nutrient concentrations, 

light, oxygen in the plant's root zone, water quality, pH, disinfection, solution temperature, 



 

 

and more. Crop production will become easier with the aeroponics technique, which is the 

way of the future because it conserves water, land, and nutrients. 
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