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eroponics and hydroponics are soilless crop-production systems that supply water and 

mineral nutrients directly to plant roots under controlled conditions. Hydroponics grows 

plants in nutrient solution or inert substrates, whereas aeroponics suspends roots in air and 

supplies nutrients as a fine mist. Both systems can improve water and nutrient-use efficiency, 

support year-round production and enable cultivation where fertile soil or space is limited. 

Their performance, however, depends on careful management of pH, electrical conductivity, 

oxygen, temperature, sanitation and energy supply. This article explains the basic working 

principles, major system types, benefits, emerging automation and practical limitations of 

aeroponics and hydroponics. With appropriate crop selection, monitoring and technical 

support, these technologies can complement conventional agriculture, particularly in urban, 

peri-urban and controlled-environment production. 
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Introduction 
Soilless cultivation is receiving increasing attention because it can produce crops where soil 

quality, land availability or water supply limits conventional farming. Hydroponics delivers 

water and nutrients directly to roots, while aeroponics exposes roots to air and applies a 

nutrient-rich mist. Both are forms of controlled-environment agriculture and are commonly 

used for leafy vegetables, herbs, seedlings and other high-value crops. Modern systems 

increasingly combine sensors, pumps, automation and data-based management to maintain 

the root-zone environment (Lakhiar et al., 2018; Velazquez-Gonzalez et al., 2022). These 

technologies should not be viewed as universal replacements for field agriculture. Their 

strength lies in producing more per unit area, recycling water and nutrients, and enabling 

production close to consumers. Their limitations include initial investment, technical skill, 

dependence on electricity and the need for careful management of nutrient solution and 

sanitation. 

How hydroponics and aeroponics work 
In hydroponics, roots receive a balanced nutrient solution either directly in water or through 

an inert support medium such as cocopeat, perlite or rockwool. Common systems include 

deep-water culture, nutrient film technique (NFT), drip systems and ebb-and-flow. The 

nutrient solution is usually recirculated, and crop performance depends strongly on 

maintaining suitable pH, electrical conductivity (EC), temperature and dissolved oxygen. 
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In aeroponics, roots are suspended in a dark chamber and periodically sprayed with a fine 

nutrient mist. This provides high root-zone aeration and allows rapid adjustment of nutrient 

delivery. Low-pressure systems are simpler, while high-pressure systems generate finer 

droplets and generally require more precise pumps, nozzles and filtration. Reviews of 

aeroponic technology emphasize the importance of sensors, automated nutrient delivery and 

reliable control systems (Garzón et al., 2023). 

 
Fig. 1. Basic working pathways of hydroponic and aeroponic crop production 

Why these systems are useful 
The major advantage of soilless cultivation is precise resource management. Water is applied 

directly to the root zone and can be recirculated after monitoring and correction. Nutrient 

losses can also be reduced because fertilizers are dissolved and delivered according to crop 

demand. Controlled systems allow production on rooftops, in protected structures and in 

urban or peri-urban areas where good agricultural soil is unavailable. Hydroponics can 

achieve high productivity and very low water use per unit of produce, but these gains may be 

accompanied by higher energy demand when pumps, artificial lighting, cooling or heating are 

required. A lettuce comparison by Barbosa et al. (2015) illustrated this important water-

energy trade-off. Sustainability therefore depends not only on water savings but also on the 

source and efficiency of energy used. More recent work links hydroponics with circular 

resource use, renewable energy and urban food production (Chatterjee et al., 2025). 

Automation and emerging technologies 
Sensors and automation are making soilless systems easier to manage. pH, EC, nutrient-

solution temperature, air temperature, humidity and water level can be monitored 

continuously. Controllers can activate pumps, dosing units, ventilation or lighting when 

values move outside selected limits. Internet of Things (IoT) platforms can send alerts to 

mobile devices, while data analytics can help identify trends before visible crop stress occurs. 

Technology is especially important in aeroponics because interruptions in misting can expose 

roots to rapid drying. Garzón et al. (2023) found sensing and Industry 4.0 technologies to be 

prominent areas of aeroponic development, while also identifying technical complexity and 

power dependence as important constraints. In hydroponics, small- and medium-scale 

automation can improve consistency by helping growers manage pH, EC, temperature and 

nutrient delivery more accurately (Velazquez-Gonzalez et al., 2022). 
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Practical management and common challenges 
Successful soilless farming requires routine monitoring rather than occasional correction. 

Poor water quality, incorrect nutrient concentration, unsuitable pH, blocked nozzles, pump 

failure, root-zone heating and pathogen spread can quickly affect the whole crop. Backup 

power, clean reservoirs, filtration, regular sanitation and calibration of meters are therefore 

essential. Initial investment can also limit adoption, particularly for small farmers. Modular 

systems offer a practical way to begin at small scale and expand after learning the crop and 

market. Crop choice is important: fast-growing leafy vegetables and herbs are often easier 

starting crops than species with long cycles or heavy support requirements. Training and 

reliable technical service can reduce risk during early adoption. 

 
Fig. 2. Simple management cycle for successful soilless crop production 

Future scope 
Future development will focus on lower-cost sensors, renewable energy, efficient LED 

lighting, automated nutrient dosing, recyclable substrates and closed-loop water systems. 

These improvements can reduce operating costs and environmental impacts. The most 

appropriate system will continue to depend on crop value, climate, energy price, water 

quality, market access and the skill of the grower. Research and extension should therefore 

evaluate economic performance along with yield and resource efficiency. 

Conclusion 
Aeroponics and hydroponics provide flexible options for producing crops without 

conventional soil. Hydroponics offers several mature system designs, while aeroponics 

provides excellent root aeration and highly targeted nutrient delivery. Both can conserve 

water and support intensive production, but they require reliable energy, careful nutrient 

management, sanitation and technical knowledge. Their greatest value is likely to be in 

locations where land, soil or water is limiting and where year-round, high-quality production 

can justify the investment. Combining sound horticultural management with simple 

monitoring, automation and renewable energy can make soilless farming more practical, 

efficient and sustainable. 
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