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Introduction

The Indian economy relies heavily on agriculture, which accounts for around 17-18% of the GDP and engages
almost 44% of the labour force. Yet, the very important sector is under immense pressure from reasons like
land degradation, unpredictable climatic conditions, dwindling water resources, and increasing food needs.
Conventional farming practices, which are dependent on soil and intensive irrigation, have resulted in
excessive use of natural resources, leading to long-term environmental degradation. Considering the growing
demand for sustainable agriculture, hydroponics is proving to be a viable option to counter food security and
water conservation issues in India.

Hydroponics is a soilless cultivation method where plants are grown in a water solution containing nutrients
rather than soil. This new agricultural practice provides increased crop yields, effective use of resources, and
less water usage than traditional farming. Hydroponics eliminates soil problems like nutrient loss, pests, and
soil erosion, thus providing improved productivity in a controlled environment.

In India, where 70% of freshwater is consumed in irrigation, and water scarcity is a common problem in many
areas, hydroponics can transform agriculture with the potential to conserve water up to 90%. Hydroponic
systems can also be used in cities, rooftops, and wastelands, bringing farming within reach and making it
sustainable in areas where conventional farming is not viable.

Abstract

Agriculture is a vital industry in India and greatly contributes to the country's economy, employing most of
the population. But the sector has various challenges such as land degradation, water shortages, climate
change, and food demand increase. Conventional farming practices, based on extensive water usage and soil
use for cultivation, worsen the situations through water depletion, lowering the fertility of the land, and causing
environmental degradation. In response to these issues, hydroponics has become an effective and
environmentally friendly solution that maximizes agricultural output while saving water and reducing
ecological footprint.

Hydroponics refers to a soilless mode of cultivation whereby plants are cultivated in nutrient solution-based
water rather than in soil. This technique provides exact control over water usage, environmental conditions,
and delivery of nutrients, leading to greater crop yields, rapid growth of the plants, and decreased dependency
on chemical pesticides and fertilizers. Some of the hydroponic systems used are the Nutrient Film Technique
(NFT), Deep Water Culture (DWC), Drip Hydroponics, Aeroponics, and Wick Systems, which offer versatile
and effective methods for various farming requirements. These systems conserve water, avoid soil loss, and
lower the susceptibility to pests and diseases, so hydroponics becomes a strong choice for Indian sustainable
agriculture.

Conservation of water is a main benefit of hydroponics, especially in India, as more than 70% of its freshwater
supply goes to irrigation. Conventional flood irrigation loses huge amounts of water through evaporation,
runoff, and infiltration. Conversely, hydroponic systems are closed-loop systems, with water used many times
and total consumption minimized by as much as 90%. This is especially useful in arid states such as Rajasthan,
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Maharashtra, and Karnataka, where efficient water management is vital for guaranteeing long-term
agricultural sustainability.

Hydroponics goes further than water conservation in facilitating sustainable agriculture through higher crop
yields, lowered dependency on cultivable land, lowered chemical usage, and urban farming. Urbanization and
shrinking land under cultivation are major food security concerns in India. Urban areas, rooftops, and other
non-cultivable land can accommodate hydroponic farming, ensuring localized production and lower
transportation costs. Hydroponic farms are also based in controlled systems, making them more resilient to
disruptions in the form of droughts and unpredictable monsoons resulting from climate change. This renders
hydroponics an attractive solution for enhancing India's agricultural infrastructure and enhancing food
availability in congested areas.

The government of India has realized the role that hydroponics can play in sustainable agriculture and has
come out with schemes like the National Mission for Sustainable Agriculture (NMSA) and Pradhan Mantri
Krishi Sinchayee Yojana (PMKSY) to promote the use of new-fangled farming methods. A number of agritech
start-ups, like Letcetra Agritech, Clover, and Future Farms, are also leading the way in hydroponic farming,
proving its viability and scalability on a commercial basis in India.

Though it has many advantages, hydroponics is confronted with a number of challenges that discourage large-
scale application. High initial capital requirements, the requirement for specialized technical expertise, energy
usage for climate control systems, and restricted crop diversity are major deterrents. Market accessibility and
consumer education are also important issues, as hydroponically produced produce tends to be more expensive
than conventionally produced food. Addressing these issues involves specific government support, economic
incentives, technological innovation, and farmer education schemes.

In the future, hydroponics can play a crucial role in changing Indian agriculture. The use of artificial
intelligence (Al), automation, and alternative energy sources, like solar power, can make hydroponic systems
more efficient and affordable. Al-based hydroponic farming research has shown encouraging outcomes in
maximizing nutrient supply and minimizing operating expenses. Policymakers and researchers recommend
policy intervention, government subsidies, and research and development investment to encourage
commercial uptake and fill knowledge gaps.

Hydroponics: A Sustainable Alternative to Traditional Agriculture

Hydroponics is a sophisticated technique of cultivation in which plants are provided with vital nutrients via a
water-based solution rather than soil. This method enables accurate control over nutrient content, water
consumption, and climatic conditions, resulting in maximized plant growth and increased yields.

Types of Hydroponic Systems
There are various hydroponic systems utilized in contemporary agriculture, each having different mechanisms:

1. Nutrient Film Technique (NFT):

. A shallow stream of nutrient-rich water passes continually over plant roots, delivering essential
nutrients.

. Recommended for leafy greens such as lettuce, spinach, and herbs.

. Water-efficient as the surplus water is reused.
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2. Deep Water Culture (DWC):
. Plant roots are directly submerged in a solution of nutrients with an air pump supplying oxygen.

. Promotes rapid growth and yield.

Applied to crops such as lettuce, kale, and basil.

3. Drip Hydroponics:

. A slow-drip system delivers water and nutrients to plant roots.

. Reduces wastage of water and is ideal for large crops like tomatoes, peppers, and cucumbers.
4. Aeroponics:

. Foliage plants are hung in the air, and nutrients are supplied in the form of fine mist.

. Takes little water while allowing maximum nutrient uptake.

. Essential for crops that need high oxygen supply, e.g., strawberries and medicinal herbs.

5. Wick System:

. A passive system in which the nutrients are imbibed using wicks from a reservoir.

. Cheap and easy to implement but not as efficient as other hydroponic systems.

All of these hydroponic methods maximize the use of resources, minimize environmental footprint, and
increase productivity, which are all perfect for sustainable agriculture in India.

Water Conservation Through Hydroponics

Water shortage is a serious problem in India, impacting millions of farmers and jeopardizing food security.
Conventional irrigation practices like flood irrigation are exceedingly inefficient, with more than 50% of water
being lost because of evaporation, runoff, and soil absorption. Hydroponics, on the other hand, can save up to
90% of water while still having higher yields.

Top Ways Hydroponics Conserve Water
1.Closed-Loop Systems:
. Hydroponic systems implement recirculating water systems, which mean little wastage.

. Water is reused multiple times, unlike traditional farming, where most of it is lost.

2. Precise Water Delivery:
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. Plants receive only the required amount of water, preventing overuse.
. Reduces leaching and groundwater contamination.
3. Minimal Evaporation:
. Greenhouses and indoor hydroponic farms minimize exposure to sunlight and wind, reducing
evaporation.

4. No Soil Absorption Loss:
. Traditional farming loses significant amounts of water as it seeps into the ground.
. Hydroponics eliminates this problem entirely.

In areas such as Rajasthan, Maharashtra, and Karnataka, where droughts are common, hydroponics can be a
sustainable means of cultivating crops with low water dependence.

Hydroponics and Its Contribution to Sustainable Agriculture in India

India's agricultural industry is facing challenges from population growth, urbanization, and decreasing arable
land. Hydroponics can overcome these issues by:

1. Enhancing Crop Yield and Efficiency

. Hydroponics offers quicker plant growth and greater productivity than conventional methods.
* Lettuce, basil, tomatoes, and cucumbers develop 30-50% quicker under hydroponics.

2. Minimizing Arable Land Dependence

* India loses thousands of hectares of arable land annually to urbanization and soil erosion.

* Urban areas, rooftops, and non-arable lands can be farmed with hydroponics.

3. Minimizing Chemicals

 Conventional agriculture is dependent on pesticides and fertilizers, which pollute the soil and water.
* Hydroponics only uses small amounts of pesticides, as there is no soil where pests can infest.

4. Facilitating Urban Farming

* As population density increases in cities, hydroponic vertical farms can supply fresh produce locally.
* Saves on transportation costs and carbon footprint.

5. Increasing Climate Resilience

* Conventional farming is susceptible to droughts, floods, and unpredictable monsoons.

* Hydroponics offers a controlled environment, with stable production.
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Government Initiatives Favouring Hydroponics

The Indian government is encouraging hydroponics and sustainable agriculture through programs like:
* National Mission for Sustainable Agriculture (NMSA) — Promotes innovative farming methods.

* Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) — Aims at water-saving irrigation systems.

» Agri-Startups and Incubators — Some startups such as Letcetra Agritech, Clover, and Future Farms are
innovating hydroponic technology in India.

Problems of Hydroponics in India

Hydroponics, though, has its advantages, encounters many problems in India:

1. High Initial Cost:

* Establishment of hydroponic farms needs sophisticated infrastructure and equipment.

* Most small-scale farmers are not able to bear the expenditure.
2. Technical Knowledge Requirement:
. Farmers must be trained for handling hydroponic systems.

. Lack of awareness restricts adoption.

3. Limited Crop Variety:

. Staple crops such as wheat and rice cannot be produced effectively in hydroponic systems.
. Emphasis is still on high-value crops such as herbs, lettuce, and strawberries.

4. Energy Consumption:

. Hydroponic farms rely on electricity for pumps, lighting, and climate control.

. Integration of renewable energy (solar panels) can minimize costs.

5. Market Accessibility:

. Hydroponic products tend to be more costly than conventionally produced food.
. Awareness among consumers and demand generation is necessary.

Literature Review

1. IntroductionSoilless hydroponic cultivation has emerged as a ground-breaking agricultural practice,
addressing issues of land degradation, water scarcity, and climate change. By utilizing a controlled nutrient
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delivery system to the plants, hydroponics boosts production and saves on resources. With India's
unprecedented urbanization and growing food requirements, integrating hydroponic systems into sustainable
agriculture has emerged as a very feasible option

2. Hydroponics and Sustainable Agriculture

Sustainable farming hinges on optimal use of resources, conservation of the environment, and long-term
viability. Hydroponics advances these by reducing soil dependency, maximizing nutrient utilization, and
reducing the use of chemicals. Reddy et al. (2023) confirm that hydroponics decreases greenhouse gas
emissions compared to conventional farming and enhances food security via controlled-environment
agriculture.

In addition, Das et al. (2024) emphasize the water-saving capability of hydroponic systems in paddy
cultivation, which has been shown to be quite substantial. Conventional paddy cultivation accounts for 34-
43% of global irrigation water, and thus hydroponics is a good option for water-guzzling crops. ARF's Pro
Green Hydroponic machine has effectively maximized water efficiency in rice nurseries, minimizing land and
labour needs. Hydroponics has various benefits for sustainable agriculture. For starters, it decreases
significantly the demand for cultivatable land, which is ideal for highly populated countries like India. It is
found in numerous researches that hydroponic systems can produce about 30% more than soil farming (Jensen,
2021). Additionally, hydroponics eliminates the need for chemical pesticides, which reduces environmental
pollution and health risks. In India, Barton Breeze and Future Farms have employed hydroponic systems
effectively to grow leafy greens and herbs, demonstrating its applicability for commercial agriculture (Singh
etal., 2023).

3.Hydroponics and Water Conservation

Water conservation is a significant benefit of hydroponics. Flood irrigation, which is one of the traditional
methods of cultivation, is highly inefficient with a maximum loss of 60% water by evaporation or runoff
(Kumar et al., 2020). Hydroponic systems, however, recirculate water and use between 90% less water than
conventional agriculture. This is particularly relevant to India, where unstable monsoon patterns and
overexploitation of groundwater have augmented water scarcity. For example, studies in Maharashtra
determined that hydroponic farming reduced water usage by 70% without altering crop yields (Patel et al.,
2021).4. Technological advancements are driving the use of hydroponics worldwide. Automated nutrient
delivery, renewable energy integration, and biocontrol are revolutionizing hydroponic farming. The research
by Mishra et al. (2023) hints at the ability of Al hydroponic systems to optimize crop yields and reduce
operating costs.

The standardization of hydroponic operations remains a dominant challenge. Researchers are advocating for
policy intervention, public subsidies, and research funds to accelerate commercial adoption. The COVID-19
pandemic underscored the vulnerability of centralised agriculture value chains, emphasizing the need for
decentralized, precision hydroponic agriculture (Reddy et al., 2023).

4. Limitations and Challenges

Apart from its benefits, hydroponics encounters several challenges in India. Initial investment required in
establishing hydroponic systems and technical expertise is significant barrier to small farmers. Hydroponics
also depends upon electricity for lights and operating water pumps, adding to its carbon footprint
(Despommier, 2020). Lack of knowledge in rural India adds further limitations. Urban hydroponic farms,
while successful, are niche market products, and concerns regarding affordability and scalability exist.
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5. Future Prospects and Recommendations

The prospects of hydroponics in India are bright, with growing interest from policymakers, scientists, and
entrepreneurs. Initiatives by the government in the form of the National Mission for Sustainable Agriculture
(NMSA) can go a long way in promoting hydroponics through training and subsidies. Technological
innovation, including solar-powered hydroponics, can help overcome energy-related issues. Furthermore,
combining hydroponics with conventional farming can ensure a hybrid approach that optimizes resource use
and food security.

Methodology

The present study utilizes a mixed-methods research design to evaluate the role of hydroponics in enhancing
sustainable agriculture and water conservation in India in a holistic manner. Through the integration of
quantitative measurements with qualitative understanding, the methodology seeks to encompass both
empirical information regarding water savings and crop production, as well as the understanding and issues
faced by practitioners and policymakers.

Research Design
Quantitative Component:

* Objective: To compare hydroponic systems and conventional soil-based agriculture with respect to water
use, yield performance, and resource efficiency.

* Design: A quasi-experimental approach will be followed, with controlled field trials being established in
selected areas. Water consumption, nutrient uptake, crop yield, and input costs will be monitored across several
crop cycles.

Qualitative Component:

* Objective: To understand stakeholder perceptions, adoption constraints, and socio-economic effects of
hydroponics.

* Design: Focus group discussions, in-depth interviews, and case studies will be carried out among hydroponic
farmers, technology providers, agricultural experts, and policymakers.

» Thematic Exploration: The qualitative data analysis will explore themes like water conservation advantages,
cost implications, challenges in technology adoption, and possible policy incentives.

Sample Selection
Site Selection:

* Geographic Focus: The research will focus on areas in India where water shortage is severe and hydroponic
operations have been experimented or implemented. For instance, Maharashtra, Karnataka, and Tamil Nadu
regions provide varied climatic and soil conditions suitable for comparative analysis.

* Farm Selection:

Hydroponic Farms: A purposive sample of a minimum of 30 hydroponic farms will be chosen, with variation
in size (from small-scale urban operations to large commercial enterprises).

© 2025, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM41743 | Page 7


http://www.ijsrem.com/

”gég: Sy

e-Journal

IJSRE International Journal of Scientific Research in Engineering and Management (IJSREM)

w Volume: 09 Issue: 02 | Feb - 2025 SJIF Rating: 8.448 ISSN: 2582-3930

Conventional Farms: An equivalent sample of 30 conventional farms operating in the same areas will be
incorporated for the purpose of benchmarking.

Methods of Data Collection
Primary Methods of Data Collection:
*Field Experiments:

o Mount sensors (e.g., water flow meters, soil moisture sensors) on hydro and conventional systems for real-
time measurements of water usage and nutrient delivery.

o Measure crop growth parameters, unit area yield, and input expenditure during the life cycle of crops.
*Structured Surveys:

0 Administer questionnaires to hydroponic and traditional farmers to collect information on operating
procedures, perceived advantages, and drawbacks concerning water usage and yield performance.

o Survey tools will consist of both multiple-choice and Likert-scale questions to measure attitudes towards
sustainability and water saving.

* Interviews & Focus Groups:

o Administer semi-structured interviews with stakeholders to discuss perceptions concerning water saving,
economic feasibility, and scalability of hydroponics.

o Arrange focus groups of farmers and agricultural specialists to identify obstacles like the initial investment,
technical expertise needs, and resource availability.

Secondary Data Collection:
¢ Literature Review:

o Go through published academic papers, government reports, and industry whitepapers on hydroponics,
sustainable agriculture, and water conservation.

o Gather data from credible sources like the Ministry of Agriculture, Indian Council of Agricultural Research
(ICAR), and foreign studies on water-efficient farming practices.

¢ Historical Data Analysis:

o Examine previous records and case studies of hydroponic adoption in India to situate present findings and
trends.

Data Analysis Methods
Quantitative Analysis:
* Descriptive Statistics:

o Provide summary statistics of data on water use, crop output, and cost variables for hydroponic and
traditional farms based on mean, median, and standard deviation metrics.

Qualitative Analysis:

*Thematic Analysis:
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o Code interviews and focus group sessions, then coding to establish emerging themes around water
conservation, adoption hindrances, and economic effects.

o Use qualitative analysis software like NVivo or ATLAS.ti to systematically code and interpret qualitative
data.

* Content Analysis:

0 Assess policy reports and secondary literature to derive relevant data on national plans for sustainable
agriculture and water conservation.

Ethical Considerations
* Informed Consent:

o Make sure all participants are well informed about the research aims and methods, and get written consent
prior to participation.

* Confidentiality:

o Anonymous data to maintain the privacy of participants and to ensure that sensitive or personal information
is safely kept.

* Voluntary Participation:

o Indicate clearly that the participation is voluntary and that the respondents can withdraw from the study at
any moment without any consequences.

Limitations
» Sample Bias:

o The use of chosen regions and farms by the study might restrict the generalizability of the results to other
regions of India with varying agricultural practices or climatic conditions.

* Self-Reporting Bias:

Survey interviews and responses are susceptible to self-reporting bias, and participants may overestimate the
advantages or understate difficulties.

» Temporal Constraints:

Analysis 1s for a brief crop cycle only; long-term water conservation impacts and sustainability will take
longer periods of observation.

* Technical Variability:

Variability in hydroponic system designs and farm-level management practices can add variability that is
difficult to account for in quantitative analysis.

Findings

Awareness & Concern: There is obvious awareness and concern about water shortages in conventional
agriculture, and an open market for sustainable substitutes.
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Hydroponics - Perception vs. Reality: A large group perceive the possibility of water saving using
hydroponics, but there is high uncertainty to challenge this perception. This makes it even more imperative
that information be available and clear so that myths may be dispelled and confidence improved.

Consumer Support: Sustained purchase intention, accompanied by the intention to patronize firms utilizing
hydroponics, reveals substantial market potential. Customers increasingly demand sustainable practice.

Nutritional Uncertainty: Doubt concerning nutritional content of hydroponically cultivated foods represents
the principal hindrance to overcome via clear communications and science-based fact-finding.

Home Adoption Potential: Enthusiasm for in-home hydroponics is suggestive of local, sustainable food
generation but presents practical constraints.

Barriers to Adoption: Cost, time, space, and knowledge are main barriers to hydroponic adoption,
particularly at the personal level.

Resource Availability: Accessible resources, education, and assistance are important to promote broader
adoption.

"Maybe' Matters: The large "Maybe" results (particularly for business assistance and domestic hydroponics)
indicate a conditional interest that can be influenced with the proper information, inducements, and assistance.

Hypothesis
Hypothesis 1: The target population is highly aware of water scarcity problems in conventional farming.

Hypothesis 2: Consumers are willing to pay for alternative methods of farming such as hydroponics if they
are seen as being more sustainable. The data on business support and purchase intent explicitly indicate this.

Hypothesis 3: Inadequate knowledge and resources is a major obstacle to hydroponics adoption. The survey
results are consistent with cost, time, space, and knowledge being major issues.

Results

Water Scarcity in Traditional Agriculture: 77.4% of the respondents are of the opinion that traditional
agriculture in India is challenged by water scarcity.

Hydroponics and Water Conservation: 32.3% think hydroponics can conserve water, 25.8% do not, and
41.9% are not sure.

Purchase Intent: 58.1% are likely to purchase produce cultivated using water-efficient techniques such as
hydroponics.

Nutritional Value: 24.2% think hydroponically cultivated produce is as nutritious, 21% do not, and 54.8%
are not sure.

Willingness to Experiment: 40.3% would experiment with trying hydroponically grown fruits or vegetables,
and 58.1% could be experimented upon.

Interest in Home Hydroponics: 30.6% would have an interest in attempting to cultivate their own food on a
small-scale hydroponic system in the home, and 54.8% could be interested.

Factors Affecting Home Hydroponics: Time required (32.3%), knowledge/skill levels needed (29%), cost
of setting up (21%), and space availability (17.7%) are the largest factors affecting the decision.
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Resource Influence: 37.1% would be more inclined to attempt hydroponics if there were easily accessible
resources, 14.5% would not, and 48.4% don't know.

Support for Business: 40.3% will likely support companies that implement sustainable agricultural practices
such as hydroponics, 1.6% won't, and 58.1% could be likely to.
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Would you be more likely to buy produce grown using water-efficient methods
like hydroponics?

62 responses

® Yes
@ No
@ Maybe

Do you think hydroponically grown produce is as nutritious as traditionally gro
produce?

62 responses

® Yes
@ No
@ Unsure

Do you think traditional agriculture in India faces challenges related to water
scarcity?

62 responses

® Yes
@® No
@ Unsure

Do you think hydroponics could potentially help conserve water compared to
traditional farming?

62 responses

® Yes
@® No
@ Unsure
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Would you be willing to try hydroponically grown fruits or vegetables?

62 responses

@ Yes
@ No
@ Maybe

If you had the opportunity, would you be interested in trying to grow your own
food using a small-scale hydroponic system at home (e.g., on a balcony or
terrace)?

62 responses

@ Yes
54 8% @ No
@ Maybe

14.5% //

30 6%

VwWhat are the biggest ractors that would Infilence your decision to try hydroponic |
gardening at home?

62 responses

@ Cost of setup

@ Availability of space

@ Time commitment

@ Knowledge/ skills require:

Would you be more likely to try hydroponics if there were readily available |
resources like easy-to-follow guides, online tutorials, or local workshops?

® ves
48.4% @® No
@ Maybe

652 responses

-
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Are you more likely to support businesses that use sustainable farming
methods like hydroponics?

62 responses

@ Yes
@® No
Maybe

==

40.3%

Conclusion

The research identifies the potential of hydroponics as a sustainable farming practice, especially in solving
water scarcity problems common in India. The results show a high degree of awareness of water shortages in
traditional farming, which emphasizes the need to investigate and implement effective water conservation
techniques. Hydroponics, with its potential for lower water consumption and controlled nutrient supply,
presents itself as a suitable alternative to traditional soil farming.

Nevertheless, hydroponic perception differs enormously across stakeholders. Although a large proportion of

the populace acknowledges its future in water saving, a high percentage remains unsure. The fact that such a
large section is unsure goes to highlight the imperative of proper education and public awareness campaigns
in clearing misconceptions and re-emphasizing the scientific basis of hydroponic cultivation. Even more
encouraging is the willingness among consumers to buy produce grown with hydroponics, with the majority
indicating their willingness to buy from companies practicing sustainable agricultural practices.

In spite of its benefits, the uptake of hydroponics is challenged by a number of factors. The critical barriers
are the high initial setup costs, the need for technical expertise, limited space, and time requirements. These
hamper the viability of home hydroponic systems, in spite of the interest shown in personal food production.
To increase the rates of uptake, policymakers and industry players need to invest in education resources,
funding incentives, and accessible technology support.

In addition, questioning the nutritional quality of hydroponic produce continues to be a key barrier. Greater
amounts of research and open communication are essential to substantiate and share information on
hydroponic produce's health benefits. Additional funding and policy backing can enhance public trust and
generate widespread acceptance even further.

In total, while hydroponics offers tremendous scope for sustainable agriculture in India, strategic interventions
will have to be made in order to counter informational and economic impediments. By creating awareness,
providing fiscal incentives, and enhancing access to hydroponic farming inputs, the shift towards water-
conserving and sustainable agriculture can be accelerated in the long term, with both farmers and consumers
reaping the benefits in the long term.
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