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ABSTRACT 

An innovative cultivation approach termed Hydroponics employs several strategies to grow 

plants in a soil-less environment. Hydroponics facilitates advanced farming approaches and 

efficient utilisation of natural resources via precise control over the growing conditions and 

parameters. Moreover, this method optimises nutrient delivery, water usage, and year-round 

crop production, which enhances food security and sustainable growth even in drastically 

changing areas. This article justifies the hydroponics platform for genetic modifications, plant 

breeding, and biotechnological advancements. An overview of several hydroponic systems, 

practices, materials, methods, and procedures aids in diverse genetic and plant engineering 

applications. Despite the initial expenditures and technical expertise required, a research 

group might use this strategy to perform trait selection, suppression, and genetic 

transformations to accelerate the development of improved plant varieties. This resource-

efficient technique is a reliable tool for future innovations in agriculture and biotechnology. 
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INTRODUCTION 

Hydroponics refers to the practice or method 

of growing plants using minerals and 

nutrients but without soil. This 

revolutionary field of plant science 

generates better plant biology research and 

commercial production. Moreover, this field 

has enormous potential in uplifting genetic 

and plant engineering research. Having 

precise control over the growing 

environment leads to efficient utilisation of 

natural resources, facilitating advanced 

research and cultivation techniques that are 

difficult to achieve with traditional soil-

based agriculture. This innovative method 

helps to face the challenges of climate 

change and production system management. 

Hydroponics is reliable in optimising 

nutrient delivery and water conservation and 

studying plant responses to biotic and  

 

abiotic stresses. However, these methods 

provide a sustainable solution for better food 

security in urban and rural environments. 

Statistics indicate that the India 

Hydroponics Market reached USD 1.4 

billion in 2022 and can grow to USD 5.3 

billion by 2031, reflecting a CAGR of 

17.6% growth during the forecast period 

2024-2031. By utilising several engineering 

tools and resources, a controlled 

environment of hydroponic systems can 

boost the growth of healthier plants, which 

is crucial for genetic engineering studies.  
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These practices enhance crop traits like 

disease resistance, nutritional value, and 

stress tolerance. Hydroponics provides a 

stable platform for genetic modifications, 

plant breeding, biotechnology and 

agriculture, paving the way for improved 

crop varieties, sustainable farming practices, 

climate change, and population growth. 
 

Types of Hydroponic Systems 
 

Nutrient Film Technique (NFT) 

NFT uses a thin film of nutrient-rich 

pumped water continuously flowing over 

the roots of plants. The plants are grown in 

sloping troughs or channels, with their roots 

suspended in the air (O2 access). 

Lightweight plants such as herbs, leafy 

greens, lettuces and strawberries are 

commonly suited for the NFT system. 

Moreover, plants like tomatoes and 

cucumbers require additional support.  
 

Deep Water Culture (DWC) 

DWC is a method of growing plants in net 

pots suspended above a reservoir, using 

oxygenated water from plant roots. It's easy 

to set up and maintain, less prone to pests 

and diseases. However, farmers must 

monitor pH, temperature, and humidity 

levels for optimal results. 
 

Aeroponic Systems 

In general, aeroponics involves the plants’ 

roots suspended in air. A vertical tower or an 

enclosed cube can grow multiple plants that 

receive water and nutrients pumped as a fine 

mist or droplets from the central reservoir. 

Constant exposure to oxygen accelerates 

growth as compared to traditional methods. 

However, aeroponics requires additional 

technology and equipment, which makes it 

less cost-effective. 
 

Drip Systems 

The technique that delivers water and 

nutrients to the plant’s roots using tubes and 

emitter systems is termed the Drip system. 

Here, the nutrient-rich water in a central 

reservoir is circulated via a pump using 

tubes and emitters (small device control). 

These are efficient and effective in growing 

plants as they provide precise control over 

the nutrients and pH, as well as the 

temperature and humidity of the growing 

environment. Moreover, the nutrient 

solution can be recycled and reused for later 

cycles. Drip systems can support larger 

plants like pumpkins, melons, and 

zucchinis. 
 

Wicking System 

In this case, a wick transports water and 

nutrients from a large reservoir to plants’ 

roots. Materials like cotton, synthetic fibres, 

or natural fibres act like wicks placed in the 

soil or growing media (around the plant). 

When the growing media dries, the wick 

absorbs water and nutrients from the 

reservoir and transports them to the plant's 

roots. This passive mechanism is relatively 

simple and inexpensive to set up and 

maintain but relatively slow. Smaller plants 

(require less water) like herbs, leafy greens, 

and lettuces might be better for wick 

systems. 
 

Ebb and Flow (Flood and Drain) 

The Ebb & flow (Flood and Drain) system 

utilises periodic flooding and draining of 

nutrient solutions to deliver water and plant 

nutrients. In general, containers with an inert 

growing medium (coconut-coir or perlite) 

can grow plants that help for anchorage or 

support. Several cycles of flood and drain 

wash the roots using the pump and timer 

systems.  

Since sufficient oxygen and nutritional 

media exist, Ebb and flow systems are 

considered the most prevalent hydroponics 

setup for faster growth. 
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SETUP REQUIREMENTS 

MATERIALS 

Several essential tools or elements required 

for setting a hydroponics system are as 

follows: 

Growing Medium 

Hydroponics uses a soil-less approach 

where the medium retains moisture and 

permits oxygenation with proper nutrient 

absorption. Moreover, a soil-less medium 

provides physical support to the plant’s 

roots for better growth—for example, rock 

wool, perlite, vermiculite, coconut coir, clay 

pellets or their combination. 

Nutrient Solution 

A balanced water mixture with essential 

nutrients (macro and micro) is provided in a 

controlled environment to study plant 

growth. Macronutrients like nitrogen (N), 

phosphorus (P), potassium (K), calcium 

(Ca) and magnesium (Mg). Micronutrients 

include iron (Fe), manganese (Mn), zinc 

(Zn), etc. These are tailored or customised to 

ensure the optimal nutrient levels according 

to the plant requirements. 

Lighting 

In every controlled environment, artificial 

lighting is required to satisfy the light 

spectrum for photosynthesis. For example, 

LED (Light emitting diode), fluorescent, or 

HID lights can provide optimum intensity 

and wavelengths of light for studying 

different plant growth stages. 

Pumps and Delivery system 

The water circulation system involves a 

central reservoir (size depends on scale and 

plant count) containing water-based nutrient 

solutions. Pumps supply nutrients by 

ensuring continuous and controlled flow to 

prevent stagnation. However, various tubes, 

pipes, channels, or other delivery systems 

might also help distribute the solution 

evenly across the growing medium or roots. 

pH and EC Meters 

The nutrient solution's pH and electrical 

conductivity (EC) levels determine plant 

health and growth. pH meters estimate the 

solution acidity or alkalinity, while EC 

meters measure the available nutrient 

concentration. This guarantees suitable 

conditions required for plant growth. 

Air Circulation 

A proper air circulation system is required to 

regulate temperature, humidity and adequate 

carbon dioxide (CO2) levels. For example, 

ventilation fans, exhaust systems, and air 

circulation fans will aid photosynthesis. 

Support Structures 

Different plant varieties and growth stages 

require numerous support structures like 

trellises, stakes, or netting for optimum 

growth and extended adaptation in the 

hydroponics setup. 

 

 

 

 

Techniques and Procedures 

Genetic Engineering Techniques 
 

Gene Insertion 

This can introduce desirable traits like 

disease resistance, drought resistance, and 

enhanced nutrition via several means, such 

as Agrobacterium-mediated transformation, 

gene gun, or CRISPR/Cas9. 

Gene Silencing 

Techniques like RNA interference (RNAi) 

or CRISPR interference (CRISPRi) can turn 

off or suppress unwanted traits to study and 

improve plant physiologies. This can help to 

examine plant resistance, stress response 

and metabolic pathways. 
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Genetic Screening 

Genetic screening involves identifying 

desired changes and their effects on plant 

growth or development. Methods like PCR, 

gel electrophoresis and next-generation 

sequencing (NGS) are used for several 

pursuits. 

PLANT BREEDING PROCEDURES 

Hydroponic system setup 

 An appropriate hydroponic system should 

be selected based on plant species and 

growth phases. The formulation of the 

nutrient solution is kept according to 

breeding requirements. Later, the 

environmental controls (pH, temperature, 

humidity, CO2, water, air circulation and 

supports) are adjusted for proper growth. 

Monitoring and Maintenance 

Plants obtained from seedlings or sterile 

cuttings should have proper space and 

sufficient density in the setup. It is advisable 

to regularly monitor growth rates, pH, 

nutrient levels, adequate lighting, pruning, 

and yield. Several breeding and genetic 

studies might be conducted based on 

external conditions.  

Breeding and Analysis 

Hydroponic systems can be designed to have 

protocols for trait selection, isolation of 

various plant varieties, and prevention of 

several undesirable cross-pollinations. 

Screening and analysis could be performed 

for phenotypic traits (growth rate, yield, 

stress and disease resistance) depending on 

the supervised conditions under study. 

Moreover, phenotypic and genotypic (PCR, 

sequencing, etc.) inspection aids in testing, 

selecting and propagating preferred 

breeding lines. 
 

OUTCOMES 

The impact of hydroponics on genetic and 

plant engineering is as follows: 

● Optimal nutrient delivery and 

environment control promote better 

growth rates, yield and resource 

utilisation. 

● The ability to manipulate parameters 

like light, temperature, humidity, and 

nutrient formulation satisfies the 

specific research needs. 

● Proper space utilisation for year-round 

production regardless of external 

weather conditions. 

● Few incidences of soil-borne diseases or 

pests, leading to reduced pesticide 

usage. 
 

LIMITATIONS 

● Requires high-end technical equipment 

installation in comparison to traditional 

farming methods. 

● Appropriate protocols, technical team, 

and expertise are required in plant 

biology, nutrient management, and 

system maintenance. 

● Several models or setups require 

additional energy or power for 

continuous monitoring during growth 

stages. 
 

CONCLUSION 

Hydroponics setup and cultivation practices 

demonstrate a favourable pathway for 

genetic and plant engineering 

advancements. A controlled and resource 

efficient environment creates better space 

for research and commercial projects in 

agriculture and biotechnological 

advancements. Even though challenges like 

high initial costs, appropriate protocols and 

technical requirements exist, the benefits of 

better yield, faster growth, and reasonable 

control over the plant growth conditions 

suggest noteworthy potential for future 

innovations in genetic engineering and plant 

breeding. 
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