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Introduction 

By 2050, global food production must increase by nearly 60% despite dwindling resources. Moreover, 

more people will live in cities, demanding relatively more fresh and safe food. In this context, 
hydroponics—a soilless cultivation method—offers an efficient and sustainable solution. Hydroponics, 
derived from the Greek words "hydro" (water) and "ponos" (labor), is the practice of growing plants 

without soil, using nutrient-rich water solutions. With global pressures on arable land, freshwater 
resources, and the need for year-round crop production, hydroponics has emerged as a highly efficient and 

sustainable solution for food security. It enables higher productivity per unit of water and land, especially 
through recirculating nutrient systems that drastically reduce water waste, requiring no fertile land— can 
be adopted anywhere.  

Principle: Hydroponics relies on delivering essential nutrients directly to plant roots through a water-
based solution, eliminating the need for soil. Plants are grown in inert media (such as rockwool, cocopeat, 

or perlite) or directly in nutrient-rich water without soil. This method eliminates soil-related issues such as 
pests, diseases, and nutrient leaching.  

Advantages of Hydroponics 

 Water efficiency: Saves 90–95% more water than soil-based farming. 

 Space efficiency: Supports vertical farming (up to 100 plants/m²). 
 Higher yields: 5–10 times more yield compared to soil-based methods. 
 Faster growth: Up to 50% quicker plant growth, so a greater number of crop cycles/ year. 

 Urban viability: Suitable for indoor, rooftop, underground, and terrace farming, even in cities and 
infertile areas. 

 Clean and safe produce: Reduced pesticide uses due to controlled environment. 

 Year-round production: Enables off-season and continuous cultivation. 

Limitations 

 High initial investment and energy requirements. 
 Requires skilled monitoring of pH, EC, and climate control systems. 

 Limited crop diversity. 
 Susceptible to water-borne diseases and power outages. 
 Small errors in nutrient management can cause rapid crop loss. 

Despite its limitations, hydroponics presents a promising pathway for future-ready agriculture—

especially in urban, arid, and resource-constrained regions. By integrating technology with sustainable 
practices, hydroponics can help ensure food security, resource conservation, and healthy urban lifestyles.  

Hydroponic systems types/ methods: Principally, soilless culture or hydroponics are categorized into 

two- solution (liquid) culture and solid (substrate) media culture. Which are further categorized into many 

depending on the methods, equipments and materials used. 

A. Liquid hydroponics (solution culture) 

B. Substrate culture (solid media culture) 

A. Liquid hydroponics 

 Nutrient Film Technique (NFT) 

 Deep Flow Technique (DET) 

 Root Dipping Technique 

 Floating Technique 

 Capillary Action Technique 

 Aeroponics 



Crops like leafy greens (lettuce, basil, parsley, celery, pak-choi, kale, chards) and vine vegetables 
(tomato, cucumber, cherry tomato, and capsicum) thrive under hydroponic setups.  

Nutrient solution used in hydroponics contains all 17 essential elements required by plants in appropriate 

proportions, customized based on the crops and growth stages. The solution’s pH (typically 5.5-6.0) and 
electrical conductivity (EC, 1.5-3 dS m⁻¹) are monitored to ensure optimal nutrient uptake. Oxygenation 

of roots and adequate lighting are also critical for plant growth. 
Nutrient solutions are usually prepared using water-soluble fertilizers such as: Calcium nitrate (Ca & N); 

Potassium nitrate (13:0:45, N:P:K); Magnesium sulfate (Mg), Monoammonium phosphate (12:61:0; 

N:P:K), Monopotassium phosphate (0:52:34; N:P:K); Micronutrient mixes (six elements: Fe, Zn, Mn, Cu, 

B, Mo). 

Technical Considerations 

Parameter Optimal Range / Recommendation 

pH of nutrient solution 5.5 – 6.5 

Electrical Conductivity (EC)  1.5 – 2.5 mS/cm (varies with crop) 

Temperature 15–28°C (ambient), 20–22°C (root zone) 

Relative Humidity 60–75% 

Light intensity 200–400 μmol/m²/s for leafy greens 

Water usage 10–15% of conventional field-grown systems 

Water quality <0.5 EC 

Dissolved Oxygen 5 mg/L and above (solution) 

Channel and Container Food grade plastic—avoid chemical leaching 

Status—Indian Hydroponics 

Hydroponics is still at a nascent stage in India but gaining momentum in metro cities and peri-urban areas 

like Pune, Bengaluru, Hyderabad, Chennai, Delhi NCR, and cities like Lucknow, Jaipur and Ahmedabad. 
India's hydroponics market is valued at about $2.3 billion in 2025, growing at 17-18% annually, 
supported by urban demand, motivated youths, and lately by government subsidies to build greenhouses. 

National Horticulture Mission and MIDH schemes support protected cultivation, which includes 
hydroponics. Agri-Infrastructure Fund and subsidies for climate-resilient farming may cover hydroponic 
infrastructure. Institutes like IIHR, IARI, and CAZRI are exploring low-cost hydroponic modules for 

urban clientele and commercial projects in India. 

Future Prospects and Research Directions 
 Integration with solar energy for off-grid operations 

 IoT and AI-based monitoring for automation and precision 
 Organic hydroponics and biofertilizer usage 
 Development of locally adapted nutrient recipes for Indian crops 

 Promotion of urban farming and rooftop hydroponics for self-reliance 

Conclusion 

Hydroponics is not just a futuristic farming technique but a practical response to modern-day agricultural 

challenges. Hydroponics represents a transformative approach to agriculture, enabling efficient, 

sustainable crop production without soil. Its benefits—water conservation, higher yields, and space 

efficiency—make it a valuable tool for students, researchers, and commercial growers. While challenges 

like initial costs and technical expertise exist, ongoing innovations are making hydroponics more 

accessible. It holds significant promise for increasing food production in water-scarce, land-limited, and 

urban environments. With proper policy support, technological adaptation, and skill development, India 

can scale hydroponics to make agriculture more resilient, resource-efficient, and climate-smart. 

-----End---- 


