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Abstract 

Hydroponics revolutionizes agriculture by minimizing water usage (up to 90% less than 

traditional methods) and land requirements. With precise nutrient control, it boosts yields in 

compact spaces, curbing environmental impacts like land clearing. Its adaptability to urban 

settings promotes local food production, reducing transport emissions. By eliminating soil 

degradation and pesticides, it enhances food safety and ecosystem health. Integration with 

renewable energy further cuts carbon footprints, making hydroponics crucial for sustainable, 

resilient food systems amidst global population growth and climate change uncertainties. 

Introduction: 

Agriculture serves as the backbone of the Indian economy, engaging 42.1% of the 

population. However, traditional agricultural methods in India prove unsuitable, exerting negative 

impacts on the environment and human health. To ensure the long-term viability of agriculture, a 

shift towards sustainable practices focusing on soil, environment, and community health is 

imperative. As agriculture plays a pivotal role in any country's economy, adopting advanced 

technologies such as hydroponics becomes crucial for enhancing crop quality and production.  

Hydroponics, derived from the Greek words 'hydro' for water and ‘ponos’ for labor (Beibel, 

1960), offers a soilless cultivation method utilizing artificial supporting media. It promotes 

sustainable food production through judicious use of natural resources, allowing water and 

nutrient reuse, environmental control, increased yields, and prevention of soil-borne diseases and 

pests. Introduced in India in 1946 by English scientist W. J. Shalto Douglas and written a book 

on hydroponics, entitled ‘Hydroponics: The Bengal System’ (Douglas, 1975), hydroponics 

addresses climate change challenges and promotes efficient resource utilization, combating 

malnutrition.  
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By 2050, the world population is expected to reach nine billion, necessitating a 70% increase in 

food production (FAO, 2021). Urbanization, responsible for 75% of population growth, puts 

pressure on agriculture to produce more with less land and resources. As population growth leads 

to urbanization and reduced cultivable lands, innovative farming systems like hydroponics 

become imperative. This method, with its efficient nutrient management and high yields, 

outshines alternatives like aquaponics and aeroponics. Hydroponics, being a soilless agricultural 

method, offers a solution to this challenge. It allows for efficient use of space, control over 

environmental conditions, and year-round crop harvesting. The technology's market is projected 

to grow significantly, addressing concerns related to climate change, pollution, and unsustainable 

agricultural practices. 

 It has demonstrated effectiveness on a large scale, yet faces obstacles in small-scale 

implementation, especially in urban and rural settings with limited access to suitable 

technologies. Incorporating paradigms like the Internet of Things and Industry 4.0 into Precision 

Agriculture can address these challenges by controlling variables like pH, temperature, and 

electrical conductivity, resulting in increased production and resource efficiency. 

In contrast to conventional open-field agriculture, hydroponics stands out as an ecologically 

sound alternative, aligning with the United Nations' Sustainable Development Goal 11: 

sustainable cities and communities. While large-scale hydroponics facilities benefit from 

advanced technology, the challenge lies in expanding this method to small- and medium-scale 

production. Bridging the gap requires technologists to grasp hydroponics basics and producers to 

recognize the benefits of new technologies for local consumption. Hydroponic systems, including 

wick, flood and drain, and aeroponic systems, can be implemented indoors, optimizing oxygen 

use by roots and minimizing water usage. 

Agriculture, vital for human survival and population growth, has undergone minimal 

changes over the centuries, relying on incremental technological advances. However, the negative 

environmental impact of traditional practices demands innovative, sustainable food systems. 

Hydroponics emerges as a modern farming method, gaining popularity due to its efficient 

resource management, minimal water requirements, and crop quality. This soil-less farming 

system offers advantages such as easy crop management, weed prevention, and significant water 

savings compared to traditional soil-based farming. 

As climate patterns change, necessitating a shift in lifestyle, hydroponic farming systems 

present an alternative to conventional methods. With water scarcity affecting many regions, 

upgrading farming practices becomes essential. Hydroponics, gaining popularity for its high-

quality yield and resource efficiency, involves maintaining water Total Dissolved Solids (TDS) 

levels through manual, semi-automatic, or fully automatic conditions (Gentry, 2019). This 
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method ensures up to 70–80% water savings compared to soil-based farming, making it 

particularly relevant in regions facing drought. Hydroponics accommodates various crops, 

including tomatoes, cucumbers, peppers, strawberries, and leafy vegetables. This research 

explores the advantages, limitations, and aspects of soil-less farming, emphasizing the need for 

sustainable farming practices.  

 

 

Fig. 1 Hydroponically 

grown Spinach 

Fig. 2. Design of six-layer vertical hydroponic structure for 

hydroponic farming in protected cultivation 

Conclusion 

Promoting sustainable agriculture is vital in addressing both food security and 

environmental concerns, necessitating a holistic transformation of the entire production cycle. 

Farmers can establish sustainable farming systems that prioritize environmental, social, and 

economic sustainability through the adoption of cutting-edge technologies such as hydroponics. 

Although hydroponics is an ancient method, it is regaining prominence as a promising 

technological solution to challenges in the current agricultural system. Hydroponics holds 

particular promise in underdeveloped countries, offering a viable solution for food production in 

confined spaces. Furthermore, it presents a feasible option for cultivation in regions with poor 

soil conditions, such as deserts. Despite its numerous advantages, a significant drawback lies in 

its substantial capital investment and the requirement for specialized knowledge. Nevertheless, 

by leveraging this technique, it becomes possible to bridge the demand and supply gap, ensuring 

the provision of fresh, high-quality produce while maintaining consistency in production. 
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