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Hydroponics technology is possibly the most intensive and a
versatile method of growing crops production at present as it
allows optimum utilization of nutrient solution, water and space,
as well as a better control of climate and plant protection factors.
Hydroponic technology can be an efficient mean for food
production from extreme environmental ecosystems such as
deserts, mountainous regions, or arctic communities.
Furthermore, hydroponics production increases the quality of
crops and its productivity, which results in higher
competitiveness and economic income. Several types of
hydroponics systems can be used to grow the crops.
Commercially Nutrient Film Technique (NFT) has been used
across a globe for successful production of the leafy as well as
other exotic vegetables cultivation. Hydroponic systems use
mineral nutrient solutions to feed the plants in water of using
several non-soil growing media. Despite of having few
disadvantages, Hydroponics technology provides variety of
benefits when compared with conventional farming methods
Hydroponic farming is an innovative soil-less cultivation method
that has gained significant attention in recent years due to its
potential for sustainable and efficient food production..

1.INTRODUCTION

Hydroponics is a system of agriculture that utilizes nutrient-laden
water rather than soil for plant nourishment. The re-use of
nutrient water supplies makes process-induced eutrophication
(excessive plant growth due to overabundant nutrients) and
general pollution of land and water unlikely, since runoff in
weather-independent facilities is not a concern ¢ Aeroponic and
hydroponic systems do not require pesticides, require less water
and space than traditional agricultural systems, and may be
stacked (if outfitted with led lighting) in order to limit space use
(vertical farming). This makes them optimal for use in cities,
where space is particularly limited and populations are high-self-
sustaining city-based food systems mean a reduced strain on
distant farms, the reduction of habitat intrusions, fewer food
miles, and fewer carbon emissions. * Majuli is the world’s largest
Riverine Island, formed by the head ward erosion and migration
of the Brahmaputra River. It is a part of the floodplains, which
causes loss of arable lands, crops and farmers’ livelihood. To
cope and adapt, farming communality adopted hydroponics
farming. In this study, high-resolution satellite data (~3 m) were
deployed to detect hotspots of hydroponics growing under flood
conditions.
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OBJECTIVES OF THE STUDY

Hydroponics work being carried out at the Nimbkar Agricultural
Research Institute (NARI), Phaltan focuses on the improvement of
existing hydroponic setup to obtain maximum yield of selected
vegetables by manipulating environmental and growth factors by
simple means.

We are trying to develop an efficient and low-cost indoor agriculture
technology to produce nutritional vegetables year-round in a profitable
manner.

Our goal is to disseminate the developed technology to the local
farmers by leasing to them the indoor agriculture units developed at
NARI. Increased crop yield: One of the primary goals of hydroponic
farming is to maximize crop production. By providing plants with
optimal growing conditions, including a balanced nutrient solution,
controlled environment, and efficient resource utilization, hydroponics
can lead to higher vyields compared to traditional soil-based
agriculture.

LIMITATIONS OF THE STUDY

. When conducting a study on hydroponic farming, there are
several limitations that researchers should be aware of. Here are some
common limitations to consider.

. Generalizability: The findings and conclusions of a study on
hydroponic farming may be specific to the particular crops,
hydroponic techniques, environmental conditions, and nutrient
management strategies used in the study. Therefore, it may be
challenging to directly generalize the results to different crop species,
growing environments, or hydroponic systems.

. Limited External Validity: Hydroponic farming is a complex and
multifaceted field, and studying all possible factors and variations can
be challenging. The findings of a specific study may not fully capture
the diversity and complexity of real-world hydroponic farming
practices and their outcomes.

o Research Scale: Studies conducted in controlled environments,
such as research laboratories or small-scale experimental setups, may
not fully represent the practical challenges and limitations faced in
large-scale commercial hydroponic operations. The scalability and
feasibility of certain techniques, especially in terms of resource
utilization and economic viability, may vary when applied on a larger
scale
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2. RESEARCH METHODOLOGY

Drought is one of the major stress factors affecting the growth
and development of plants. In this context, drought-related losses
of crop plant productivity impede sustainable agriculture all over
the world. In general, plants respond to water deficits by multiple
physiological and metabolic adaptations at the molecular,
cellular, and organism levels. To understand the underlying
mechanisms of drought tolerance, adequate stress models and
arrays of reliable stress markers are required. Therefore, in this
review we comprehensively address currently available models of
drought stress, based on culturing plants in soil, hydroponically,
or in agar culture, and critically discuss advantages and
limitations of each design. We also address the methodology of
drought stress characterization and discuss it in the context of real
experimental approaches. Further, we highlight the trends of
methodological developments in drought stress research, i.e.,
complementing conventional tests with quantification of
phytohormones and reactive oxygen species (ROS), measuring
antioxidant enzyme activities, and comprehensively profiling
transcriptome, proteome, and metabolome.
Keywords: Drought stress; drought models; drought tolerance;
Interpreting data in hydroponic farming involves analyzing
various parameters such as crop yield, nutrient levels,
environmental conditions, and system performance to optimize
production and identify areas for improvement. Here's how you
can interpret different types  of data in
hydroponic farming: Hydroponic farming offers several
assets that make it an attractive option for growers:

Water Efficiency: Hydroponic systems use significantly less
water compared to traditional soil-based agriculture. The closed-
loop systems recycle water and nutrients, reducing overall water
consumption and minimizing water wastage.

Space Utilization: Hydroponic systems can be implemented in
various indoor and outdoor settings, making efficient use of
available space. Vertical farming techniques further maximize
space utilization by stacking growing layers vertically, allowing
for high-density cultivation in urban environments or limited land
areas.Year-Round Production: Hydroponic farming enables year-
round production regardless of climate or seasonality. Indoor
hydroponic setups provide a controlled environment where
environmental factors such as temperature, humidity, and light
can be optimized for consistent crop growth and harvests
throughout the yea

Crop Yield Analysis: Measure and track the yield of your
hydroponic crops over time. Compare yields between different
crops, growing conditions, and nutrient solutions to identify the
most productive setups. Analyze factors such as plant density,
light intensity, and nutrient availability to optimize
yield.oxidative stress; phytohormones; polyethylene glycol
(PEG); stress markers.

3. DATAANALYSIS AND INTERPRETATION

Data analysis in hydroponic farming involves processing and
interpreting the collected data to draw meaningful conclusions
and insights. Here is a detailed explanation of the data analysis
process in hydroponic farming.

Have you ever purchased or consumed hydroponically grown
produce? What factors, if any, would make you more likely to
purchase hydroponically grown produce?

© 2024, IJSREM | www.ijsrem.com

Have you ever purchased or
consumed hydroponically
grown produce?

OvYes ONo

INTERPRETATION: Yes (59%): This indicates that 59% of
respondents have purchased or consumed hydroponically grown
produce. This suggests that a majority of respondents have had some
experience with hydroponically grown produce, either through
purchasing it themselves or consuming it in various settings such as
restaurants, markets, or other food outlets. This could indicate a level
of familiarity and acceptance of hydroponically grown produce among
consumers.

No (45%): Approximately 45% of respondents have not purchased or
consumed hydroponically grown produce. This suggests that there is
still a significant portion of the population that has not yet tried or
been exposed to hydroponically grown produce. Reasons for this
could vary, including lack of availability, preference for other types of
produce, or simply not being aware of hydroponically grown options.

It is important to apply appropriate statistical techniques and ensure
the accuracy and validity of the data analysis process in hydroponic
farming. The chosen analysis methods should align with the research
objectives and address the specific research questions or hypotheses to
derive meaningful and reliable conclusions. Hydroponic farming is an
innovative and advanced agricultural technique that involves growing
plants without soil, using nutrient-rich water solutions as the primary
medium for plant growth. Here is a detailed interpretation of
hydroponic farming:

Higher Crop Yields: Hydroponic crops often exhibit faster growth
rates and higher yields compared to traditional soil-based farming. The
ability to tailor nutrient solutions to meet the precise needs of plants,
coupled with optimized environmental conditions, can result in
increased productivity and profitability for growers.

Reduced Environmental Impact: By minimizing the use of chemical
fertilizers and pesticides and reducing water consumption, hydroponic
farming can help mitigate environmental impacts associated with
conventional agriculture. Closed-loop systems also minimize nutrient
runoff and soil erosion, further contributing to environmental
sustainability.

Flexibility and Scalability: Hydroponic systems offer flexibility and
scalability to accommodate various crop types, sizes, and growing
conditions. Growers can easily adjust system parameters such as
nutrient levels, pH, and light intensity to suit the specific requirements
of different crops, allowing for diversification and experimentation.

Quality Control: With precise control over growing conditions,
hydroponic farmers can ensure consistent crop quality and uniformity.
This level of control reduces the risk of crop loss due to environmental
factors, pests, or diseases, leading to higher-quality produce that meets
market demands.
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What factors, if any,
would make you more
likely to purchase...

X} > o < <

Percentage

INTERPRETATION: 25% Higher perceived freshness, Better
taste and flavor (40%): This suggests that a significant portion of
respondents, 40%, are influenced by the perception of higher
freshness and better taste associated with hydroponically grown
produce. This indicates that quality and taste are important factors
for consumers when considering purchasing hydroponically grown
produce.

Organic or pesticide-free production (23%): Approximately 23%
of respondents are likely to be influenced by the organic or
pesticide-free nature of hydroponically grown produce. This
indicates that there is a segment of consumers who prioritize health
and environmental concerns when making their purchasing
decisions.

Environmental sustainability (12%): A smaller percentage, 12%, of
respondents consider environmental sustainability as a factor in
their decision to purchase hydroponically grown produce. This
suggests that while there is some awareness and concern about
environmental impact, it may not be as significant a factor for a
majority of consumers compared to other considerations like taste
and organic production.

Convenience of availability (152 responses): This response does
not provide a percentage, but it indicates that availability and
convenience are important factors for a considerable number of
respondents. This suggests that easy access to hydroponically
grown produce could drive purchasing decisions for a significant
portion of consumers.

Overall, the data suggests that factors such as perceived freshness,
taste, organic production, and convenience play significant roles in
influencing consumers' likelihood to purchase hydroponically
grown produce, with taste and freshness being the most
influential factors.

On average, what percentage of your fresh
produce purchases are fruits and vegetables?

L —
76 -100%

—1
PL-75%  e—
26-500 I

n 1 2 2 a 5

= Calimn1

How often do you purchase fresh produce?

Rarely or never

Once per month

Multiple times per month
Once per week

Multiple times per week

0% 20% 40% 60% 80% 100%
M Series 1

INTERPRETATION Multiple times per week (23%): This indicates that
23% of respondents purchase fresh produce multiple times per week.
These individuals likely prioritize freshness and may have a higher
consumption of fruits and vegetables in their diet. They may also prefer
to have a constant supply of fresh produce available for their meals,
which could influence their interest in purchasing hydroponically grown
produce if it offers consistent quality and availability.

Once per week (19%): Approximately 19% of respondents purchase
fresh produce once per week. These individuals likely engage in weekly
grocery shopping routines and may prioritize convenience and meal
planning. For them, factors such as availability and convenience may
play a significant role in their decision to purchase hydroponically grown
produce if it is readily accessible and offers consistent quality.

Multiple times per month (37%): This suggests that 37% of respondents
purchase fresh produce multiple times per month. While they may not
shop for fresh produce as frequently as those who do so weekly or
multiple times per week, they still incorporate fruits and vegetables into
their diet regularly. Factors such as taste, freshness, and availability may
influence their purchasing decisions regarding hydroponically grown
produce.

Once per month (20%): Approximately 20% of respondents purchase
fresh produce once per month. These individuals may have less frequent
grocery shopping habits or consume fresh produce less frequently
compared to other respondents. Factors such as taste, convenience, and
availability may still influence their decision to purchase hydroponically
grown produce if it aligns with their preferences and dietary needs.

Rarely or never (8%): This indicates that 8% of respondents rarely or
never purchase fresh produce. These individuals may have dietary
preferences or lifestyle factors that limit their consumption of fruits and
vegetables. Factors such as taste, convenience, and availability may not
be as influential for this group in terms of purchasing hydroponically
grown produce. Water Efficiency: Hydroponic systems use significantly
less water compared to traditional soil-based farming methods since
water is recirculated within the system and there is no soil to absorb
excess moisture. Nutrient Control: Nutrient solutions in hydroponic
systems can be precisely tailored to meet the specific needs of plants,
leading to optimized nutrient uptake and potentially higher yields. Space
Efficiency: Hydroponic systems can be set up vertically or in compact
configurations, allowing for efficient use of space, making them suitable
for urban environments or areas with limited land availability.

INTERPRETATION: 0-25% (8%): This suggests that 8% of respondents
typically allocate 0-25% of their fresh produce purchases to fruits and
vegetables. These individuals may have relatively low consumption of
fruits and vegetables compared to other types of food items.

26-50% (28%): Approximately 28% of respondents allocate 26- 50% of
their fresh produce purchases to fruits and vegetables. This indicates a
moderate level of consumption of fruits and vegetables among these
individuals, with these items comprising a significant portion but not the
majority of their fresh produce purchases.
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Educational Background

51-75% (38%): This suggests that 38% of respondents allocate
51-75% of their fresh produce purchases to fruits and vegetables.
These individuals prioritize fruits and vegetables in their diet and
regularly incorporate them into their meals, with these items
comprising a substantial majority of their fresh produce
purchases.

76-100% (33%): Approximately 33% of respondents allocate 76-
100% of their fresh produce purchases to fruits and vegetables.
This indicates a high level of consumption of fruits and
vegetables among these individuals, with these items making up
the entirety or the vast majority of their fresh produce purchases.
Overall, the data suggests that a significant portion of
respondents allocate a substantial portion of their fresh produce
purchases.

Would you be willing to pay a premium for
hydroponically grown produce compared to
conventionally grown produce?

No, | would not...
No, | prefer to pay the...

Yes, but only a slight...

Yes, | would pay a...

0% 20% 40% 60% 80% 100%

B Series 1

INTERPRETATION: Yes, | would pay a significant premium
(24%): This suggests that 24% of respondents are willing to pay
a significant premium for hydroponically grown produce
compared to conventionally grown produce. These individuals
likely prioritize factors such as perceived freshness, taste,
organic production, or environmental sustainability associated
with hydroponically grown produce, and are willing to invest
more to obtain these qualities.

Yes, but only a slight premium (36%): Approximately 36% of
respondents are willing to pay a slight premium for hydroponically
grown produce compared to conventionally grown produce. While they
may value the benefits of hydroponically grown produce, they are only
willing to pay a slightly higher price for it, indicating that price
sensitivity still plays a role in their purchasing decision.

No, | prefer to pay the same price (29%): This indicates that 29% of

respondents prefer to pay the same price for hydroponically grown
produce as they would for conventionally grown produce. These
individuals may not perceive significant enough differences in quality
or other factors to justify paying a premium for hydroponically grown
produce INTERPRETATION High School (11%): Individuals with a
high school diploma as their highest level of education may have
limited exposure to advanced agricultural concepts like hydroponic
farming. However, their interest in this farming method suggests a
curiosity about innovative agricultural practices or a desire to learn
about sustainable food production despite their educational
background. Their engagement could stem from personal interest,
practical considerations, or exposure through media, community
initiatives, or informal learning channels.

Bachelor's Degree (32%): Respondents with Bachelor's degrees may
have a foundational understanding of scientific principles and may be
more likely to comprehend the technical aspects of hydroponic
farming. They may also be more inclined to explore and adopt
innovative practices like hydroponic farming due to their educational
background.

Master's Degree (30%): Individuals with Master's degrees may have
pursued advanced studies in fields relevant to hydroponic farming,
such as agricultural science, horticulture, or environmental
engineering. They may be more likely to engage in hydroponic farming
as a research topic or as part of professional endeavors, leveraging their
educational background to optimize system performance and
sustainability.

Doctorate/Ph.D. (19%): Respondents with Doctorate or Ph.D. degrees
represent a group with extensive academic training and expertise,
potentially in fields closely related to hydroponic farming, such as
agronomy, plant biology, or agricultural engineering. Their advanced
knowledge and research experience may position them as leaders in
exploring innovative farming techniques, including hydroponics, to
address agricultural challenges such as food security and
environmental sustainability. They may contribute to advancing the
science and practice of hydroponic farming through research,
innovation, and education.

Others (9%): This category includes respondents with educational
backgrounds that do not fit traditional academic pathways, such as
vocational certifications or professional qualifications. Despite their
diverse educational experiences, their interest in hydroponic farming
suggests a broad appeal for alternative agricultural practices beyond
conventional methods. Their engagement may stem from practical
considerations, such as career opportunities, entrepreneurial ventures,
or community involvement, highlighting the inclusive nature of
interest in  hydroponic farming across various educational
backgrounds
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No, I would not purchase hydroponically grown produce (18%):
Approximately 18% of respondents would not purchase
hydroponically grown produce at all. This could be due to
various reasons such as lack of trust in the production
method, preference for conventionally grown produce, or
unwillingness to pay any premium for hydroponically grown
options.

Overall, the data suggests that a significant portion of
respondents are willing to pay either a significant or slight
premium for hydroponically grown produce, indicating some
level of interest and willingness to invest in the perceived
benefits it offers. However, there are also individuals who prefer
to pay the same price or would not purchase hydroponically
grown produce at all.

Employment Status

v,
v

B Employed full-time
B Employed part-time
Self-employed

B Unemployed

M Student
INTERPRETATION: Employed full-time (18%): This group
consists of individuals who are fully engaged in their jobs on a
regular basis. They may have varying levels of familiarity with
hydroponic farming, but their employment status suggests that
they likely have limited time to dedicate to activities outside of
their work responsibilities, potentially impacting their
involvement in hydroponic farming.

Employed part-time (9%): Similar to full-time employees,
individuals in this group are employed but work fewer hours
compared to full-time employees. They may have more
flexibility in their schedules to explore interests outside of work,
which could include learning about hydroponic farming.
However, their lower percentage suggests that they may have
less exposure to or interest in hydroponic farming compared to
full-time employees.

Self-employed (24%): Self-employed individuals have autonomy
over their work schedules and may have more opportunities to
pursue interests such as hydroponic farming. This group may
have a higher likelihood of being familiar with hydroponic
farming due to their entrepreneurial spirit and potential interest
in innovative agricultural practices. Unemployed (21%):
Individuals who are currently unemployed may have more time
available to explore different hobbies and interests, including
hydroponic farming. Their percentage suggests that a significant
portion of this group may be interested in or actively engaged
with hydroponic farming as they seek out opportunities for
personal and professional development during their job search.
Student (23%): Students typically have more flexibility in their
schedules and may have access to educational resources that
cover topics like hydroponic farming. This group may show a
higher level of familiarity with hydroponic farming compared to

employed individuals due to their educational pursuits and
exposure to relevant coursework or extracurricular activities. Retired
(7%): Retired individuals have more leisure time compared to those
who are employed, which could allow them to pursue hobbies and
interests such as hydroponic farming. However, their lower percentage
suggests that while some retired individuals may be familiar with
hydroponic farming, it may not be as common among this
demographic compared to others.

How familiar are you with hydroponic farming?

Not familiaratal I
Not very familiar I

Somewhat familiar I

Very familiar
0% 100% 200% 300% 400% 500%

M Series 1

INTERPRETATION 4% (15) - Very familiar: This indicates a
relatively small percentage of respondents or individuals who are
highly knowledgeable and experienced in hydroponic farming. They
likely possess in-depth understanding, practical experience, and
expertise in various aspects of hydroponics.

31% (33) - Somewhat familiar: This suggests a larger portion of
respondents or individuals who have some level of knowledge and
experience in hydroponic farming. They might have a basic
understanding of hydroponic principles and techniques, but may not be
experts in the field.

30% (31) - Not very familiar: This indicates a significant proportion of
respondents or individuals who have limited knowledge or experience
in hydroponic farming. They might have heard about it or have some
general awareness but lack a deep understanding or practical
experience.

25% (26) - Not familiar at all: This represents a considerable portion of
respondents or individuals who have little to no knowledge or
experience in hydroponic farming. They might be completely
unfamiliar with the concept or have only heard of it in passing without
any substantial understanding.

Overall, these percentages suggest a varying degree of familiarity with
hydroponic farming among the surveyed population, with a notable
portion having at least some level of familiarity, but a significant
portion being less acquainted with the subject.
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4 .FINDINGS

. Increased Crop Yields: Hydroponic farming often
results in higher crop yields compared to traditional soil-based
agriculture. The controlled environment, precise nutrient
management, and optimized growing conditions in hydroponic
systems promote faster and healthier plant growth, leading to
increased productivity.

. Resource Efficiency: Hydroponic farming optimizes
resource utilization, including water, fertilizers, and space. The
targeted delivery of nutrients reduces fertilizer wastage, and the
controlled environment enables efficient space utilization,
particularly in vertical farming setups. This resource efficiency
makes hydroponics suitable for areas with limited resources or
land availability. The ROI is balanced in the first and last year as
it is properly decided whereas the ROA and ROE is high in the
first year. Year-Round Production: Hydroponic farming enables
year- round cultivation independent of seasonal limitations. By
providing a controlled environment, hydroponic systems allow
for continuous crop production, ensuring a steady and reliable
food supply System Failures and Malfunctions: Technical
failures or malfunctions in hydroponic systems, such as pump
failures, leaks, or nutrient imbalances, can have detrimental
effects on crop health and productivity. Regular system
maintenance and monitoring are essential to prevent and address
such issues. Limited Crop Diversity: Not all crops are suitable
for hydroponic cultivation. Some plants, especially those with
deep root systems or specific environmental requirements, may
not thrive in hydroponic systems. However, ongoing research
and advancements are expanding the range of crops that can be
successfully grown hydroponically.

* CONCLUSION

. In conclusion, hydroponic farming holds significant
promise for agriculture in India. It offers numerous advantages
over traditional farming methods, including resource efficiency,
controlled environments, year-round cultivation, and high-
quality produce. Hydroponics allows for soilless cultivation,
precise nutrient management, and effective pest and disease
control. It also enables diversification of crops, especially leafy
greens, herbs, microgreens, vine crops, strawberries, and
peppers. Hydroponic farming in India contributes to sustainable
agriculture by conserving water, reducing chemical inputs, and
minimizing environmental impact. It provides opportunities for
entrepreneurship and business development, allowing farmers to
meet market demands and improve profitability.

5.SUGGESTIONS AND RECOMMENDATIONS

Start with proper research and education: Before dividing into
hydroponic farming. Its crucial to thoroughly research the different
systems, crops suitable for hydroponics, nutrient solutions and
environmental control requirements.

Choose the Right System: There are various hydroponic systems
available, including Deep Water Culture (DWC), Nutrient Film
Technique (NFT), Vertical Farming, and Drip Systems. Select a system
that aligns with your space, budget, and crop preferences.

Monitor pH and EC Levels Regularly: pH and Electrical Conductivity
(EC) levels of the nutrient solution directly affect nutrient uptake by
plants. Regularly monitor and adjust these levels to keep them within
the recommended range for

your specific crops.
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