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4.1 Introduction:

India is currently the fifth largest economy in the world and is projected to become the third
largest economy by 2030. India's population is expected to grow by 1.5 billion people
throughout that time. Its economy, which is among the fastest growing in the world, is
expected to see a fourfold increase in consumer spending. The percentage of middle-class
households is predicted to rise from 50% to 80% by 2030, driving more consumption. The
consumption of food is predicted to rise in tandem with the rising population. Food is
expected to account for 35% of household budgets in India by 2025.

It is anticipated that our current food systems will be under great strain to ensure our nation's
consumption and sustainable growth due to the growing population, changing consumer
tastes, and rising affluence. The nation must concentrate on importing the delta of food
needs or increasing food productivity output to meet its food needs. Rapid population
increase, however, encourages unsuitable farming methods that deplete and erode the soil,
limit vegetation, overuse and apply agrochemicals incorrectly, and impede the management
of water resources. Such actions lead to serious land degradation, which eventually lowers
agricultural production.

In such a situation, we must proceed with different farming choices. Initiatives utilizing
diverse technology are becoming more prevalent in the agriculture industry as a means of
addressing the issues presented by unpredictable weather patterns and soil conditions. These
technological initiatives will increase agricultural yields while simultaneously reducing the
adverse effects of unpredictable rains and excessive heat. These initiatives also aim to
reduce the usage of hazardous substances. Investor interest and involvement in the
controlled-environment agriculture (CEA) industry is growing as entrepreneurs adopt
diverse technologies like hydroponics, vertical farming, the Nutrient Film Technique
(NFT), the Internet of Things (IoT), and specialized greenhouses.

Change Management: Change management in agriculture refers to the process of
assisting, assisting, and supporting individuals, groups, and organizations in implementing
organizational change. It is a methodical process that guarantees that adjustments are carried
out easily and effectively to produce long-term advantages. Farmers, investors, legislators,
and consumers are just a few of the stakeholders involved in the adoption of hydroponics;
each has its worries and opposition to change.
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Consequently, to overcome the technological, financial, cultural, and legal obstacles
associated with the adoption of hydroponics, effective change management tactics are
crucial.

In this chapter, we will explore the incredible - Hydroponic Farming where the concept of
soil-less cultivation is reshaping the way we grow food and generate clean energy. We will
also try to provide insights related to the successful implementation of hydroponic systems
for future adoption.

4.2 What is Hydroponics:

Hydroponics is a modern technique for growing plants—typically agricultural produce—
without the need for soil. Using this technique, crops that are high in vital macro- and
micronutrients are cultivated on the water. Studies show that plants cultivated
hydroponically develop more quickly and healthily than plants grown in soil because
nutrients are delivered to the roots of the plants directly through water in the form of an
aqueous solvent, rather than through soil.

History: Hydroponics has become increasingly popular. Although hydroponics gained
popularity in the 1940s and became ingrained in growing culture by the 2000s, its roots may
be found much further back in human history. The term "hydroponics" originated from the
Greek- "hydro™ which means water, and "ponos" which means labor.

The first documented scientific studies on hydroponics date back to the 16th century and
were written by the Belgian Jan Van Helmont. He saw that plants received nutrition from
water. John Woodward developed the first hydroponic fertilizer solution in 1699 (based on
Jan Van Helmont’s earlier research) after determining that nutrients in water were easier to
reach for plant development than in soil.

The 20th century saw a surge in research and developments regarding hydroponics growth.
Dr. William F. Gericke of the University of California expanded laboratory research on
nutrition in useful, commercial crops that were grown outdoors in the late 1920s. His work
serves as the foundation for contemporary hydroponic development.

He created the term "hydroponics,”. The US Military made more recent advances, mostly
innovations conceived through necessity. One significant is Wake Island - an atoll in the
Pacific Ocean (frequent refuelling stop), where traditional farming was not possible due to
the rocky terrain. The United States Air Force created tiny, 120-square-foot hydroponic
growing beds that finally yielded 90 pounds of fresh vegetables every week.

4.3 Mechanism:

A few elements that directly impact plant growth are temperature, pH, nutrient content,
humidity, and dissolved oxygen. Nutrient concentration is measured using electrical
conductivity sensors. Similarly, the water level can be determined without coming into
contact with the system by using laser sensors or ultrasonic waves.
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A few elements that directly impact plant growth are temperature, pH, nutrient content,
humidity, and dissolved oxygen. Nutrient concentration is measured using electrical
conductivity sensors. Similarly, the water level can be determined without coming into
contact with the system by using laser sensors or ultrasonic waves.

Hydroponic farming

Crops Grown Hydroponically:
Almost any crop can be grown hydroponically, including:

Leafy Greens - Lettuce, Spinach, Kale, and Arugula

Herbs - Basil, Mint, Chives, and Oregano

Vegetables - Tomatoes, Cucumbers, Peppers, Broccoli, and Carrots
Fruits - Strawberries, Melons, and Dwarf Citrus Trees

Flowers and other Ornamental Plants

4.4 Advantage of Using Hydroponics in India:

India, with its vast agricultural sector supporting over a billion people, faces several pressing
challenges that hydroponics can help address:

1. Less water Consumption: In many regions of India, the amount of water available for
agriculture is declining. Water stress is exacerbated by the wasteful use of water in
traditional farming systems. When compared to traditional agricultural methods,
hydroponics offers a notable advantage of up to 90% less water consumption due to its
capacity to recycle water within closed systems

2. Soil Quality Issue: Soil erosion, nutrient depletion, and degradation affect a significant
amount of India's agricultural land. With hydroponics, these problems are completely
avoided and fertile soil is not necessary for crop growth. This makes it especially
appropriate for rooftops, urban areas, and locations with poor soil quality.

3. Climate Variability: India has a wide range of weather, from extended droughts and
heat waves to powerful monsoons. With precise control over environmental factors
made possible by hydroponics, food production is less affected by climatic
unpredictability, and steady yields are guaranteed all year round.

4. Urbanization and Land Constraints: India's arable land supply is decreasing due to the
country's rapid urbanization. By enabling vertical farming and growing in
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unconventional agricultural places like rooftops, underutilized urban areas, and even
semi-arid regions, hydroponics maximizes the efficiency of land utilization.

Decreases Pest and Disease Pressure: The lack of soil in hydroponic farming systems
considerably minimizes the risk of soil-borne pests and diseases. This reduces the need
for chemical insecticides and fungicides, encouraging organic hydroponic agricultural
methods.

Better Crop Control: Hydroponic systems give farmers exact control over
environmental variables such as pH, fertilizer concentrations, and light exposure. This
level of control allows for the customization of growth conditions, resulting in healthier
and more consistent crop yields.

Environmental Impact: Hydroponic systems create less runoff and soil erosion than
traditional farming, reducing environmental deterioration. Additionally, hydroponic
farming eliminates the need for heavy machinery, which reduces carbon emissions and
soil compaction.

Quicker Growth Rates: Grown hydroponically, plants usually grow more quickly since
they have direct access to nutrients and ideal growing conditions. The quick crop
rotation made possible by this rapid growth raises overall production.

Adaptability: Hydroponic farming can adapt to a range of situations, including interior
spaces, deserts, and urban areas. Because of this geographic flexibility, farmers can set
up shop closer to consumer markets, which lowers transportation expenses and their
carbon footprint.

Higher Crop Yields: Compared to conventional farming methods, the hydroponic
system requires a controlled atmosphere and optimal nutrient supply leads to higher
crop yields. The expanding global demand for fresh food can be partially satisfied by
this enhanced output.

Water Conservation: Hydroponic systems recirculate water, which reduces overall
water usage and waste. Furthermore, technology like drip irrigation and fogging
systems improve water efficiency, making hydroponic farming a sustainable option.
Reduced Labour Requirements: Hydroponic farming uses automation and precise
technologies to expedite cultivation processes and reduce manual labour. This not only
reduces labour costs but also increases efficiency and scalability, making it appealing
for commercial use.

Diverse Crop Selection: Hydroponic farming enables the development of a wide range
of crops, including leafy greens, herbs, fruits, and vegetables. This diversity enables
farmers to cater to customer preferences and market demands, hence increasing revenue
potential.

Year-Round Income: Hydroponic farming's reliable production cycles give farmers a
reliable source of income all year long. Growers who operate on a small scale or in
areas with erratic growth seasons will especially benefit from this steadiness.
Educational Opportunities: For researchers, students, and aspiring farmers, hydroponic
farming offers insightful educational opportunities. It provides a forum for innovation,
experimentation, and knowledge exchange among farmers thanks to its controlled
atmosphere and scientific foundation.

4.5 Disadvantage:

1.

Initial expenditure Costs: Establishing a hydroponic farm may necessitate significant
upfront expenditure on infrastructure, equipment, and technology. While long-term
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operational benefits are possible, the initial capital investment may be a barrier to
entrance for some farms.

Technical Knowledge Required: Hydroponic farming requires a certain amount of
technical knowledge and skill in areas like fertilizer management, pH balancing, and
system maintenance. Farmers must be skilled at operating and troubleshooting
hydroponic systems to achieve peak performance.

Electricity Requirements: Hydroponic systems require electricity to run lighting,
pumps, and climate control. This dependency raises operations expenses and
vulnerability to power disruptions, particularly in rural or off-grid areas.

Susceptibility to System Failures: Any malfunction or disturbance in a hydroponic
system, such as pump failure or fertilizer imbalance, can harm crop health and
productivity. Regular monitoring and maintenance are required to avoid system
breakdowns and reduce risks.

Risk of Pathogen Spread: Although hydroponic farming lessens the risk of soil-borne
diseases, it is nevertheless sensitive to pathogens like Pythium and Fusarium. To reduce
the transmission of diseases in hydroponic systems, proper sanitation protocols and
strict hygiene measures must be followed.

PH Fluctuations: Proper pH values in hydroponic fertilizer solutions are critical for
plant health and nutrient uptake. pH fluctuations can be caused by multiple sources,
necessitating regular monitoring and changes to prevent crop damage.

Exposure to Environmental Changes: Extreme weather events or environmental
variations can upset the delicate balance of hydroponic systems, reducing crop growth
and yield. Backup systems and contingency plans are required to reduce the impact of
unexpected events.

Potential Algae development: Light and nutrient-rich water can promote algae
development in hydroponic systems. If not maintained properly, algae can clog
irrigation lines, compete for nutrients, and negatively impact water quality.

Supply Chain Dependency: Hydroponic farming depends on the availability of inputs
from outside vendors, including growing media, nutrient solutions, and equipment.
Supply chain disruptions can affect farm operations and profitability, whether they are
brought on by logistical difficulties or changes in the market.

Regulatory Complications: Hydroponic farmers are required to abide by the rules and
regulations that control agricultural methods, water quality, and food safety. Farm
management is further complicated and burdened with additional paperwork when
regulations are followed.

Energy-intensive: The artificial lighting and climate control systems utilized in
hydroponic farming use a lot of energy, which raises operating costs and harms the
environment. Reducing this impact can be achieved by implementing energy-efficient
technologies and renewable energy sources.

Overfertilization Risk: Poor nutrient solution management in hydroponic systems can
result in overfertilization, which causes nutrient imbalances and plant toxicity. Careful
monitoring and exact dosing are required to avoid negative impacts on crop health and
quality.

Perception Challenges: Despite its obvious advantages, hydroponic farming may face
skepticism or opposition from consumers used to traditional farming methods.
Educating consumers on the safety, sustainability, and nutritional benefits of
hydroponically farmed fruit is vital for market acceptability and adoption.
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14. Market Volatility: The market for hydroponically farmed products may experience
volatility in consumer demand, pricing dynamics, and competitive pressures. Farmers
must adapt to changing market trends and consumer preferences to sustain profitability
and market share.

4.6 Market Size:

Despite the hurdles, hydroponics is gaining popularity in India, particularly in cities and
among progressive farmers and businesses. Government and commercial sector initiatives
promote hydroponics as a sustainable farming practice. For example, some start-ups are
developing scalable hydroponic systems customized to local conditions, while agricultural
colleges and research organizations are researching to adapt hydroponics to Indian crops
and environs.

The overall cost of a one-time hydroponics setup ranges between X18,87,200 and
%20,00,000, whereas the total cost of every cycle is ¥80,000. According to experts, a
hydroponic farmer may produce 3200 kg in a single crop using a lattice over a 5000-square-
foot space. The entire value of the produced yield is ¥7.70,000.

Thus, after deducting the cost of production (X80,000), the total profit in a cycle is
%6,90,000. India's hydroponic market is expected to grow at a CAGR of 13.53% from 2020
to 2027, outpacing the global industry's growth rate of 6.8%. Organic products is in high
demand in India's metropolises and tier 1 cities. India's hydroponics market was valued at
USD 1.4 billion in 2022 and is projected to increase at a CAGR of 17.6% from 2024 to 2031

4.7 Financial Support by Government in The Form of Subsidy:

As the need for local, fresh food has grown, particularly in India's urban areas, hydroponic
farming is becoming more and more popular there. The National Horticulture Board of India
provides a subsidy for a hydroponic farm set up under Scheme-1 named Development of
Commercial Horticulture through Production and Post-harvest Management of Horticulture
Crops. Within the Production Development component, the maximum amount of subsidy
that an applicant may get is determined by the National Horticulture Board Scheme criteria
that were in effect on the application date.

Credit-linked back-ended subsidy at 50% of the whole project cost, up to a maximum of I
56 lakh per project, by the relevant cost guidelines for planting materials, greenhouses,
shade net houses etc.

For instance, financial support of 356 lakhs will be given if the project's overall cost is 112
lakhs. The credit-linked back-ended subsidy suggests that the recipient must obtain a term
loan from one of the nationalized banks or financial institutions, including State Industrial
Development Corporations, State Financial Corporations, NABARD, SIDBI, ICICI, and
IDBI.

The loan is also obtained from NEDFI, NBFCs, National SCST/minorities/Backward-Class
Financial and Development Corporations, Commercial/Cooperative Banks, and other
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State/UT-sanctioned lending institutions. The project should be implemented within two
years from the date of sanction of the loan. The payment of a back-ended subsidy gets
transferred once the project is complete fulfilling all the terms and conditions of the loan.

4.8 Future Prospect:

As we move toward a day where agriculture and technology coexist together, hydroponic
farming is at the forefront of technological advancement. Some prospects of this affair are
as follows: -

4.8.1 Artificial Intelligence (Al):

The combination of hydroponics, Al, and IoT technology could revolutionize agricultural
cultivation. Al-powered algorithms optimize resource allocation, while IoT sensors provide
real-time data on environmental conditions and crop health. In the future, farms will become
self-learning ecosystems, leading to increased yields, resource efficiency, and little waste.
The route forward is clear: hydroponic farming combined with Al and 10T ushers in a new
era of sustainable and intelligent agriculture, ensuring food security while reducing our
environmental footprint.

4.8.2 Wind Power:

Hydroponic farming combined with wind energy offers a promising solution for sustainable
agriculture. Hydroponic farms use wind turbines to generate renewable electricity. This
collaboration not only provides environmentally sustainable crop cultivation, but it also
solves the difficulties of agricultural energy use. It's a future in which the natural forces of
wind drive both food production and environmental conservation. As we embrace the
possibilities of hydroponic farming powered by wind energy, we move closer to a greener,
more self-sufficient agricultural environment in India.

4.8.3 Solar:

Solar energy projects, namely hydroponic farming, represent a forward-thinking approach
in the larger context of sustainable development. The advantages of hydroponics and the
enormous energy potential of solar projects are combined in these expansive undertakings.
It provides a blueprint for a more sustainable and environmentally friendly India and is a
step toward food production and energy-generating self-sufficiency.

As we embrace the synergy of solar energy with hydroponic farming in creative ways that
help agriculture and the environment, the future looks bright.

4.9 Change Management Strategies for Hydroponics Adoption:

Adopting hydroponic systems in agriculture requires well-planned change management
strategies to address the technological, financial, cultural, and environmental challenges.
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Effective change management ensures a smooth transition from tradtional farming methods
to innovative hydroponic practices. Here are some key strategies to facilitate this transition:

1.

Identifying Stakeholders -ldentifying the various stakeholders directly or indirectly

engaged in the process so that we can find the affected population and their

characteristics, which will help us to make further decisions. In Hydroponics, the

primary adopters will be Farmers and other Stakeholders are-

e Farmers and Growers: The primary adopters of hydroponic systems.

e Investors and Financial Institutions: Entities providing the necessary capital for
hydroponic projects.

e Government and Regulatory Bodies: Authorities that set policies and regulations.

e Consumers: End-users who purchase hydroponically grown produce.

e Agricultural Extension Services and Educators: Organizations providing training
and support.

e Technology Providers: Companies offering hydroponic equipment and solutions.

Engaging Stakeholders - Involving the key influencers in the process that will engage

them in the planning and decision-making process. Open communication should be

motivated to address any concerns as well as provide feedback and updates regularly.

Training - As per the requirement of stakeholder’s various capacity-building programs

need to be introduced to educate them through workshops, assistance, demonstration,

courses, mentorship etc.

e Workshops and Seminars: Conduct training sessions to educate farmers on the
principles and benefits of hydroponics.

e Demonstration Projects: Establish pilot hydroponic farms to showcase successful
implementations and provide hands-on learning opportunities.

e Technical Assistance: Offer ongoing support through agricultural extension
services, hotlines, and online resources.

e Training Manuals and Guides: Develop comprehensive manuals covering system
setup, nutrient management, pest control, and maintenance.

e Online Courses and Webinars: Utilize digital platforms to provide accessible and
flexible learning options.

e Mentorship Programs: Pair experienced hydroponic farmers with new adopters for
personalized guidance and support.

Financial Assistance - Finance is the blood of business. Stakeholders should be guided
in the planning of required finance as well as proper financial assistance methods loans,
grants, and subsidies. Encouraging collaboration with government agencies, investors,
and NGOs to fund and support the hydroponic projects. It will also help in minimizing
costs and support in making decisions related to the purchase of machines, materials
etc.

Demonstration through Pilot Projects and Phased Implementation — Before the actual
implementation of hydroponic installations a test of feasibility and address potential
issues should be rehearse by using Pilot Projects. By collecting data, identifying
challenges, and refining best practices will build confidence and interest among
potential adopters.
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6. Awareness Campaigns — Public awareness is a must to let society understand the
benefits and accept it. Share stories of successful hydroponic farmers and projects to
inspire and motivate others.

e Media Campaigns: Utilize traditional and social media platforms to raise awareness
about the benefits of hydroponics and dispel myths.

e Community Outreach: Organize community events, fairs, and open houses to
engage the public and showcase hydroponic systems.

e School Programs: Integrate hydroponics education into school curriculums to foster
interest and knowledge among the younger generation.

o Industry Conferences and Expos: Participate in agricultural conferences and expos
to promote hydroponic innovations and network with stakeholders.

¢ Informational Materials: Distribute brochures, fact sheets, and videos that explain
hydroponic principles, benefits, and setup processes.
7. Support for Regulation and Policy - Regulatory and policy support for hydroponic
farming involves several key initiatives. Advocacy and lobbying efforts focus on
collaborating with government agencies to develop supportive policies and regulations,
assisting farmers in navigating regulatory requirements and obtaining necessary
permits, and advocating for government incentives like subsidies and tax breaks to
encourage hydroponic adoption. Additionally, standardization and certification efforts
aim to establish quality standards for hydroponic produce to ensure consistency and
build consumer trust, as well as develop certification programs for hydroponic farms to
enhance their marketability and credibility.
8. Monitoring and Evaluation - Performance metrics and continuous improvement in
hydroponic farming involve implementing systems for regular data collection on key
performance indicators
9. Performance Metrics
o Data Collection: Implement systems for regular data collection on key performance
indicators, such as yield, resource use, and financial performance.

e Benchmarking: Compare performance metrics against industry benchmarks to
identify areas for improvement.

o Feedback Mechanisms: Establish feedback loops to gather input from farmers and
stakeholders, enabling continuous improvement.
10. Continuous Improvement
e terative Process: Use monitoring and evaluation findings to refine change
management strategies and hydroponic practices.

e Adaptability: Remain flexible and open to adjusting approaches based on new
insights and changing circumstances.

e Knowledge Sharing: Create platforms for sharing lessons learned and best practices
among the hydroponic farming community.

e By implementing these change management strategies, the adoption of hydroponic
systems can be facilitated, addressing the various challenges and ensuring a smooth
transition to sustainable, soil-less agriculture.

4.10 Conclusion:

Agriculture's future is incredibly promising when it comes to hydroponics. The benefits of
this novel gardening technique are numerous and effectively tackle the drawbacks of
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conventional agricultural methods. Hydroponics has the potential to completely change the
way we grow food because of its capacity to maximize resource efficiency, allow for year-
round crop production, and improve yields. We can maximize space, water, and nutrients
by using hydroponics, which lowers waste and encourages sustainability. Higher crop yields
and faster growth rates are the outcome of precisely controlling the growing conditions
provided by hydroponic systems’-controlled surroundings. As a result, there is a greater
supply of fresh, locally farmed vegetables, less reliance on imports, and increased food
security.

Furthermore, hydroponics provides a road to environmental sustainability by lowering soil
erosion, limiting chemical inputs, and incorporating eco-friendly pest control techniques. It
also expands the possibilities for urban agriculture, allowing for food production in
constrained locations and bringing farming closer to urban areas. As technology progresses,
incorporating smart technologies, automation, and data analytics into hydroponics expands
its potential. This integration provides real-time monitoring, precise control, and automation
of numerous operations, resulting in increased efficiency, lower labor requirements, and
higher total production.

In conclusion, the journey towards widespread hydroponics adoption is challenging but
achievable with a structured and strategic approach to change management. Embracing
hydroponics not only enhances agricultural productivity but also contributes to
sustainability and food security, making it a vital component of the future of agriculture.
Through collaborative efforts and continuous innovation, the vision of a thriving, soil-less
agricultural system can be realized, benefiting farmers, consumers, and the planet.

Hydroponic farms are leading the way in smart, eco-conscious agriculture by using solar
roofing, wind electricity, and Al/loT. The VISION of farm-to-home delivery fuelled by
environmentally friendly transportation solidifies hydroponic farming's place in a future that
is healthier and greener. With every harvest and advancement, The Future of Hydroponic
Farming in India illuminates the way towards a more sustainable and optimistic future.
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