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eroponics represents a cutting-edge soilless growing method that addresses key 

agricultural issues like soil degradation, water shortages, and rising food needs. In this 

approach, roots hang freely in the air and receive nutrients via a nutrient-rich mist, optimising 

water and fertiliser efficiency while boosting oxygen exposure. Compared to traditional soil 

farming, it slashes water use by 90-96%, cuts fertiliser and pesticide requirements, and 

accelerates growth, maturation, and yields through superior nutrient absorption and root 

health. Well-suited for vertical setups, aeroponics thrives in urban or constrained spaces and 

enables continuous crop production in controlled environments, positioning it as a scalable, 

eco-friendly strategy for sustainable vegetable farming and future food security. 

Introduction: the future of farming without soil 
Agriculture now faces considerable challenges, such as poor soil health, overuse of chemical 

fertilisers and pesticides, climate variability, and continuous arable land shrinkage. 

Meanwhile, the world's population is predicted to reach 8.9 billion by 2050, necessitating 

almost 50% more food production to meet rising demand. These demands highlight the 

critical need for cutting-edge, sustainable farming systems that maximise yields with minimal 

inputs. Aeroponics, a sophisticated soilless growing method, suspends plant roots in air and 

delivers crucial nutrients through a nutrient-rich mist. This configuration improves root 

oxygenation and optimises water and nutrient absorption. In contrast to traditional soil 

gardening, aeroponics reduces water use by up to 96% and reduces the need for fertilisers and 

pesticides. Aeroponics stands out as a feasible path to sustainable, high-yield farming in the 

future due to its resource efficiency and ability to produce crops year-round in enclosed 

environments (Goswami et al.,2024). 

What is aeroponic farming? Understanding the basic concept 
Aeroponics is an advanced soilless farming system in which plants grow with roots that 

dangle freely in the air within an enclosed or partially enclosed chamber, rather than in soil or 

hydroponic submersion. In this system, roots are sprayed intermittently with a nutrient-rich 

mist that provides essential nutrients for growth. Misting occurs in small bursts (seconds) 

every 2-5 minutes, providing roots with adequate hydration, nourishment, and access to 

oxygen. Direct air exposure increases oxygen levels around roots, improving nutrient uptake 

and accelerating growth rates beyond those of typical soil-based approaches. A nutrient tank, 

pump, spray nozzles, and root enclosure are all essential components that work together to 

successfully feed nutrients and establish aeroponics as a resource-efficient crop production 

option (Sihag et al.,2025). 

The science behind aeroponics: how plants grow in air 
Aeroponic farming provides direct and effective fertiliser delivery to the root zone by 

growing plants with their roots suspended in an air-filled chamber and receiving nutrients 

through a fine mist of nutrient solution. The roots acquire a lot of oxygen since they are 
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constantly in contact with air, which enhances nutrient absorption and promotes quicker plant 

growth and more robust root development. Essential macro- and micronutrients, including 

nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), and other 

elements, are usually present in the nutrition solution. These nutrients are administered as 

atomised droplets using tools like high-pressure atomisers or sprayers. To achieve successful 

aeroponic cultivation, appropriate climatic conditions include a temperature range of 18-25 

°C, relative humidity of 50-80%, nutrient solution pH of 5.5-6.5, and electrical conductivity 

of 1.5-2.5 mS cm
-1

. These circumstances enable efficient root development, continuous 

nutrient uptake, and increased crop output in controlled environments like greenhouses and 

indoor vertical farms. Aeroponic systems can also considerably enhance agricultural 

efficiency, increasing crop yields by 45-75% compared to traditional soil-based farming 

while using much less water and fertiliser. (Chu et al.,2026). 

 
A smart Aeroponic set-up (Dutta et al.,2025). 

Advantages of aeroponic farming in modern agriculture 
Aeroponic farming has various advantages for modern agriculture because it grows plants 

with their roots suspended in air and fed with a nutrient-rich mist. This technology 

significantly enhances resource efficiency by reducing water use by 90-95% when compared 

to conventional soil cultivation since the nutrient solution is given directly to the roots with 

minimum loss. The roots receive an abundance of oxygen, which improves nutrient 

absorption and plant metabolism, resulting in faster plant development and crop maturity 

around 30-50% earlier than in standard farming techniques. Aeroponics also enables high-

density vertical production, making it incredibly space-efficient and ideal for urban and 

controlled-environment agriculture. Crops frequently demonstrate increased output and 

enhanced quality due to precise nutrient management and good root aeration, while the lack 

of soil helps reduce soil-borne diseases and pesticide use, making aeroponic farming an 

economical and sustainable way for modern vegetable production.(Goswami et al.,2024). 
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Comparison of farming in soil vs aeroponics 

Parameter Aeroponics Soil 

Set up Once After every harvest 

Water usage 96% less High 

Insecticide, herbicide None High 

Fertilizer Very low High 

Weather and soil Not dependent Dependent 

(Goswami et al.,2024). 

Conclusion: Aeroponics as a sustainable solution for future food production 
Aeroponics is emerging as a promising option for future food production because it 

efficiently handles major issues such as limited urban area, resource conservation, and the 

need for sustainable agricultural practices. Plant roots are suspended in air and fed nutrients 

by a fine mist in this technique, which can save up to 90% of water when compared to 

traditional soil-based farming. The controlled growing environment also limits pest and 

disease concerns, which reduces the need for pesticides. These properties make aeroponics 

ideal for urban agriculture, as vertical farming systems may efficiently use limited space and 

improve productivity per unit area. Furthermore, accurate nitrogen distribution improves 

fertiliser efficiency and lowers nutrient waste to the environment. The technology also 

promotes faster crop growth and higher yields, making it a feasible and scalable solution to 

fulfil rising food demand without the need to expand agricultural areas. Overall, aeroponics 

combines efficient resource usage, high productivity, and adaptability to urban environments, 

making it a promising alternative for sustainable agriculture in the future. (Dutta et al.,2025). 
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