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ydroponics technology is a modern method of plant cultivation in which horticultural 

crops are grown without soil, using nutrient-enriched water solutions to supply essential 

elements directly to plant roots. With increasing pressure on land, water resources, and the 

need for high-quality food production, hydroponics has become an important technology in 

horticulture. It is widely used for vegetables, fruits, flowers, and ornamental plants, 

particularly under protected cultivation and controlled environments. This technology allows 

precise control over plant nutrition and environmental conditions, resulting in improved 

yield, quality, and resource-use efficiency. 

 
Cultivation of Plants in Water 

Concept and Scientific Basis of Hydroponics 
Plants require water, mineral nutrients, oxygen, light, and suitable temperature for growth. In 

conventional agriculture, soil acts as a medium that stores water and nutrients. In 

hydroponics, this function is replaced by a nutrient solution that contains all essential macro- 

and micronutrients in soluble form. 

Key scientific aspects include: 

 Nutrient management: Balanced supply of nutrients such as nitrogen, phosphorus, 

potassium, calcium, magnesium, sulfur, iron, zinc, copper, manganese, boron, and 

molybdenum. 

 pH regulation: Usually maintained between 5.5 and 6.5 for optimal nutrient availability. 

 Electrical Conductivity (EC): Indicates nutrient concentration and must be adjusted 

according to crop type and growth stage. 
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 Root-zone aeration: Adequate oxygen supply is essential to prevent root stress and 

diseases. 

Types of Hydroponic Systems 
1. Nutrient Film Technique (NFT): n this system, a thin film of nutrient solution 

continuously flows over plant roots. It is commonly used for leafy vegetables and herbs 

due to its high efficiency and rapid plant growth. 

2. Deep Water Culture (DWC): Plant roots are suspended in an oxygenated nutrient 

solution. This system is simple and effective for crops such as lettuce and spinach. 

3. Drip System: Nutrient solution is delivered directly to the root zone through drip emitters. 

It is widely used for fruiting vegetables like tomato, cucumber, and capsicum. 

4. Ebb and Flow (Flood and Drain): The growing medium is periodically flooded with 

nutrient solution and then drained, allowing roots to absorb nutrients and oxygen 

alternately. 

5. Aeroponics: Roots are suspended in air and misted with nutrient solution. This highly 

efficient system promotes rapid growth but requires advanced technical management. 

Hydroponic Systems Used for Horticultural Crops 
1. Wick System 

A passive and simple system where nutrient solution is transported to plant roots through a 

wick. It is low-cost and suitable for small-scale or educational purposes but not ideal for large 

horticultural crops. 

2. Deep Water Culture (DWC) 

In this system, plant roots are submerged in aerated nutrient solution. Air pumps supply 

oxygen to prevent root suffocation. DWC is commonly used for leafy vegetables such as 

lettuce and spinach. 

3. Nutrient Film Technique (NFT) 

A thin film of nutrient solution continuously flows over the roots placed in channels. This 

system ensures efficient nutrient uptake and is widely used for leafy greens and herbs in 

commercial hydroponics. 

4. Ebb and Flow (Flood and Drain) 

The growing medium is periodically flooded with nutrient solution and then drained back 

into a reservoir. This system provides good aeration and is suitable for a wide range of 

horticultural crops. 

5. Drip Irrigation System 

Nutrient solution is delivered directly to the root zone through drip emitters. It is one of the 

most commonly used systems for fruiting vegetables like tomato, cucumber, capsicum, and 

melon. 

6. Aeroponics 

Roots are suspended in air and misted with nutrient solution at regular intervals. Aeroponics 

offers maximum oxygen availability and rapid plant growth but requires high technical 

precision and investment. 

Growing Media in Hydroponics 
Although soil is eliminated, plants require physical support. Inert growing media are used, 

which do not react chemically with nutrients. Common growing media include: 

 Coco peat (coconut coir) 

 Rockwool 

 Perlite and vermiculite 

 Expanded clay pellets 

 Sand and gravel 

These media provide anchorage, moisture retention, and proper aeration for root 

development. 
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Nutrient Solutions for Horticultural Crops 
Nutrient solutions are carefully formulated based on crop requirements and growth stages. 

They are generally divided into: 

 Macronutrients: Nitrogen, phosphorus, potassium, calcium, magnesium, sulfur 

 Micronutrients: Iron, manganese, zinc, copper, boron, molybdenum 

Regular monitoring and adjustment of nutrient composition are essential to avoid deficiencies 

or toxicities. 

 
                                                 Fruit Crop – Strawberry 

Horticultural Crops Grown Using Hydroponics 
Hydroponics is especially suitable for high-value and intensive horticultural crops, including: 

 Vegetables: Lettuce, tomato, cucumber, spinach, capsicum, broccoli 

 Herbs: Basil, mint, coriander, parsley, oregano 

 Fruits: Strawberry, melon, blueberry 

 Flowers: Rose, gerbera, carnation, chrysanthemum, orchids 

These crops benefit from faster growth, higher yields, and uniform quality. 

 
Vegetable Crop – Tomato 
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Advantages of Hydroponics Technology 
 Efficient use of water (up to 80–90% savings compared to soil cultivation) 

 Higher productivity and better crop quality 

 Year-round production under controlled conditions 

 Reduced soil-borne pests, diseases, and weeds 

 Optimal use of space, suitable for urban and vertical farming 

 Reduced dependence on chemical pesticides and herbicides 

Limitations and Challenges 
Despite its many benefits, hydroponics has certain limitations: 

 High initial setup and infrastructure costs 

 Requirement of skilled technical knowledge and regular monitoring 

 Dependence on electricity and automated systems 

 Risk of rapid crop damage in case of system failure or nutrient imbalance 

Role of Hydroponics in Sustainable Horticulture 
Hydroponics contributes significantly to sustainable horticulture by conserving natural 

resources, minimizing land degradation, and reducing environmental pollution. It allows crop 

production in areas with poor soil quality, limited water availability, or urban settings. 

Integration with greenhouses, climate control systems, renewable energy, and automation 

further enhances its sustainability. Hydroponics plays a significant role in sustainable 

horticulture by conserving water, reducing land requirements, and minimizing environmental 

pollution. When integrated with greenhouse technology and renewable energy sources, it 

offers a viable solution for meeting the growing demand for high-quality horticultural 

produce. 

Future Prospects 
With advancements in sensor technology, artificial intelligence, automation, and vertical 

farming, hydroponics is expected to play a major role in future horticultural production 

systems. It also has potential applications in space farming and climate-resilient agriculture. 

Conclusion 
Hydroponics technology is a highly efficient and innovative approach to horticultural crop 

production. By providing precise control over nutrients, water, and environmental conditions, 

it ensures high yields, superior quality, and sustainable use of resources. Although challenges 

exist, continuous technological improvements and increasing adoption make hydroponics a 

promising solution for the future of horticulture and global food security. 
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