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Abstract: This study explores the environmental benefits of hydroponics compared to traditional soil-based farming, with a focus
on water usage, pesticide application, and land efficiency. Hydroponics, a soilless agricultural system, is identified as a more
sustainable alternative to conventional farming due to its ability to conserve water by up to 90%, reduce pesticide use, and optimize
land use through vertical farming. The research employed a qualitative descriptive design, using semi-structured interviews to
collect data from 10 purposively selected farmers from Malolos, Bulacan, who had experience with both hydroponics and traditional
farming. The respondents' insights highlighted hydroponics' water efficiency, reduced pesticide usage, and space optimization,
though they also pointed out challenges related to high energy consumption, especially for artificial lighting and climate control.
Thematic analysis of the interviews revealed key themes, including the potential for hydroponics in water-scarce regions and its
environmental advantages over traditional farming, despite the energy-related drawbacks. The study concludes that while
hydroponics offers significant environmental benefits, its sustainability could be enhanced by integrating renewable energy sources.
Recommendations include subsidies for initial setup costs, renewable energy solutions, and further research into energy-efficient
technologies for hydroponics.
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Introduction

Agriculture is vital for food security, yet traditional soil-based farming methods contribute significantly to environmental
challenges, including water overuse and soil degradation. Hydroponics, a soilless agricultural technique, has emerged as an
alternative offering environmental benefit. This system uses nutrient-rich water solutions to grow plants and can reduce water usage
by up to 90% compared to traditional farming methods (Pomoni et al., 2023).

One of the critical advantages of hydroponics is water conservation. Traditional farming systems waste large amounts of
water due to runoff and evaporation, while hydroponics operates in a closed-loop system that maximizes water efficiency (Khan et
al., 2022). Furthermore, hydroponics eliminates soil-based challenges such as erosion, compaction, and nutrient depletion, thereby
reducing ecological degradation (Hydroponics Farming, 2024).

The reduction in pesticide usage is another environmental benefit of hydroponics. Traditional farming often relies heavily
on chemical pesticides, contributing to water and soil contamination. Hydroponics, on the other hand, operates in a controlled
environment that minimizes the need for these chemicals, promoting ecological balance (Yasmeen et al., 2023).

Despite its advantages, hydroponics has limitations, particularly in its energy consumption. Systems require artificial
lighting, water circulation, and climate control, which can result in significant energy use (Pomoni et al., 2023). Integrating renewable
energy sources can address these challenges, making hydroponics a more sustainable alternative.

This study explores the environmental benefits of hydroponics compared to traditional farming, focusing on water usage,
chemical application, and energy challenges. It provides insights into its potential for sustainable agriculture in Malolos, Bulacan.

Research Questions
1. What are the environmental benefits of hydroponics compared to traditional soil-based farming?
2. How do the two farming systems' water usage, pesticide application, and land efficiency differ?
3. What are the challenges in achieving sustainability in hydroponics?

Research Design

This study used a qualitative descriptive design to capture the environmental impacts of hydroponics compared to traditional
farming. Data were collected through semi-structured interviews with farmers and analyzed using thematic analysis to identify
recurring patterns and insights.

Respondents
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The respondents were 10 farmers from Malolos, Bulacan, selected using purposive sampling. All respondents had
experience with both hydroponics and traditional soil-based farming, ensuring informed insights into the study's focus.

Instrument of the Study

A semi-structured interview guide was developed, consisting of open-ended questions related to water usage, pesticide
application, land efficiency, and challenges in adopting hydroponics. The instrument was pretested with two farmers to ensure clarity
and relevance.

Data Gathering

The researchers conducted face-to-face interviews with the respondents, lasting approximately 30 minutes each. Interviews
were recorded with consent and later transcribed for analysis.

Data Analysis

Thematic analysis was employed to identify key themes from the interview data. Recurring patterns related to water
conservation, chemical reduction, and energy usage were categorized and compared with existing literature for validation.

Ethical Considerations

Informed consent was obtained from all participants, who were assured of confidentiality and anonymity. They were
informed of their right to withdraw from the study at any point without any consequences.

Findings

In your experience, how does hydroponics compare to traditional soil-based farming in terms of its environmental impact?
Please discuss aspects such as water usage, pesticide application, and land efficiency. What challenges have you encountered
while using hydroponic systems, and what recommendations would you suggest for improving its sustainability and
adoption?

Respondentl
"Sa aking karanasan, mas konti ang tubig na ginagamit sa hydroponics kumpara sa tradisyonal na pagsasaka, at makikita
mong hindi ito nasasayang dahil nire-recycle ito. Mas magaan din ang epekto sa kalikasan dahil hindi kami gumagamit ng
maraming pesticide. Nakita ko na talagang mas makakatulong ang hydroponics sa mga lugar na may kakulangan sa tubig."”

Respondent?2
"Ang hydroponics ay isang magandang sistema para sa mga lugar na kulang ang lupa. Magagamit mo ang limitadong
espasyo sa mas maraming tanim. Ngunit ang problema ko ay ang mataas na gastos sa kuryente dahil kailangan ng artipisyal
na ilaw at mga sistema."

Respondent3
"Mas madali ang kontrol ng pests sa hydroponics, kaya’t hindi na kailangan ng masyadong pesticide. Pero ang isa pang
isyu na nakita ko ay ang pangangailangan ng malaking enerhiya para mapatakbo ang sistema."”

Respondent4
"Sa aming komunidad, nagustuhan nila ang hydroponics dahil sa maliit na gamit ng lupa. Ang hindi ko lang gusto ay ang
mataas na gastos sa pag-install ng sistema, kaya’t mas pinipili ko pa rin ang tradisyonal na pamamaraan."

Respondent5
"Hydroponics ay mas matipid sa tubig, at nakikita ko na may malaking potential ito para sa mga lugar na kulang sa tubig.
Ang malaking problema lang ay ang gastos sa enerhiya, kaya’t baka magandang maghanap ng mga renewable na
solusyon.”

Respondent6
"Sa hydroponics, nakita ko na napakababa ng pesticide usage kumpara sa tradisyonal na pagsasaka. Isa pang magandang
bagay dito ay ang mas efficient na paggamit ng lupa, lalo na sa mga lugar na may limitadong espasyo.”
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Respondent7

"Isa sa pinakamalaking benepisyo ng hydroponics ay ang kakayahan nitong makatipid sa tubig. Ngunit mahirap ang
transition mula sa tradisyonal na pagsasaka dahil sa gastos sa mga kagamitan at kuryente."

Respondent8
"Maganda ang hydroponics sa mga lugar na hindi kayang magsaka ng marami dahil sa kakulangan ng lupa. Pero ang

isang malaking hamon ay ang pangangailangan ng mataas na enerhiya, at wala pa kaming sapat na kaalaman kung
paano mababawasan ito."

Respondent9
"Ang paggamit ng hydroponics ay nakakatulong sa amin na hindi magtanim sa malawak na lupa. Ang problema ko lang
ay ang mataas na initial cost at ang pangangailangan ng mga expert sa pag-aalaga ng mga sistema."

Respondentl0
"Mas magaan sa kalikasan ang hydroponics dahil hindi ito nangangailangan ng maraming pesticide at mas konti ang

tubig na ginagamit. Pero ang mataas na energy cost ang nagpapahirap sa amin, kaya’t kailangan ng mas murang
solusyon."”

Table 1: Environmental Factors

Environmental

Factor Hydroponics Traditional Farming
. High i ith hrough
Water Usage Up to 90% less water consumption '8 wgter consumption with wastage throug
evaporation
Pesticide Usage Minimal due to controlled environment Extensive use; runoff causes environmental harm
Land Efficiency Vertical farming reduces land use Requires expansive arable land

Energy Consumption ngh due to artificial systems; renewable energy can Low energy consumption but higher ecological
mitigate. impact

The data in Table 1 highlights significant environmental benefits of hydroponics compared to traditional soil-based farming.
Hydroponics conserves up to 90% more water by recycling within closed systems, unlike traditional farming where water loss occurs
through evaporation and runoff (Pomoni et al., 2023; Khan et al., 2022). Additionally, hydroponics minimizes pesticide use due to
controlled environments that prevent pest intrusion, reducing chemical runoff into ecosystems (Yasmeen et al., 2023). Conversely,
traditional farming heavily depends on pesticides, which often contaminate soil and water systems, exacerbating environmental
degradation. These findings underscore hydroponics as a sustainable alternative that mitigates resource wastage and pollution,
aligning with global calls for eco-friendly farming practices.

However, hydroponics also faces challenges, particularly in energy consumption. It requires significant energy inputs for
artificial lighting, water circulation, and climate regulation. While these demands are higher than traditional farming, integrating
renewable energy could mitigate their environmental impact (Khan et al., 2022). In contrast, traditional farming has lower energy
needs but contributes to larger-scale ecological harm, such as deforestation and soil degradation. Moreover, hydroponics optimizes
land use through vertical farming systems, offering a solution to the growing demand for arable land in urban settings (Pomoni et
al., 2023). These contrasts highlight the potential of hydroponics to revolutionize sustainable agriculture with technological and
policy support.

Table 2: Themes from Respondents’ Answers
Research Question Themes Identified

1. Environmental Dbenefits of

. Water conservation, chemical reduction, land efficiency
hydroponics
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Research Question Themes Identified

Hydroponics requires less water and pesticides, while traditional farming demands
2. Resource usage :
extensive resources

3. Challenges in hydroponics High energy costs, need for renewable energy integration

Table 2 highlights key themes derived from respondents’ answers to the research questions, emphasizing hydroponics'
environmental benefits, resource usage, and challenges. Respondents identified water conservation, chemical reduction, and land
efficiency as significant advantages of hydroponics. Unlike traditional farming, hydroponics operates in a closed system,
significantly reducing water usage and pesticide application, making it an eco-friendly alternative (Pomoni et al., 2023). Additionally,
the efficient use of vertical farming structures reduces the need for large land areas, addressing urban land scarcity and minimizing
deforestation (Khan et al., 2022). These benefits align with global efforts to promote sustainable agricultural practices, as
hydroponics can adapt to diverse environments with minimal environmental disruption (Yasmeen et al., 2023).

The themes also reflect challenges in hydroponic systems, primarily high energy costs and the need for renewable energy integration.
Respondents acknowledged that hydroponics relies heavily on energy-intensive technologies such as artificial lighting and water
circulation, which can offset its environmental benefits (Khan et al., 2022). Addressing these challenges requires integrating
renewable energy sources, such as solar or wind power, to reduce the carbon footprint of hydroponic systems (Hydroponics Farming,
2024). These findings suggest that while hydroponics offers clear environmental advantages, its long-term sustainability depends on
technological and policy innovations to optimize energy use and reduce operating costs.

Conclusion

1. Hydroponics offers numerous environmental benefits over traditional farming, including significant water conservation,

reduced pesticide use, and optimized land efficiency.

Farmers in Malolos, Bulacan, recognize its potential for sustainable agriculture, especially in water-scarce regions.

3. However, the energy demands of hydroponics remain a critical challenge. Addressing these issues through renewable energy
integration is essential for its broader adoption.

4. Opverall, hydroponics demonstrates significant promise in mitigating agricultural impacts on the environment.

N

Recommendations

1. Introduce subsidies for farmers adopting hydroponics to offset initial setup costs.

2. Encourage the use of renewable energy systems to mitigate the high energy demands of hydroponics.

3. Conduct training workshops for farmers to enhance their understanding of hydroponic systems.

4. Integrate hydroponics into urban farming initiatives to optimize land use and food production.

5. Further research should explore advancements in energy-efficient hydroponic technologies.
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