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Abstract 
This study examined the perceived effec4veness of hydroponic farming prac4ces among hydroponic farmers in 
Bulacan, Philippines, and developed a Business Model Canvas (BMC) to support the sustainability and growth of 
hydroponic enterprises. A mixed-methods convergent parallel research design was employed, combining 
quan4ta4ve and qualita4ve data collected from twenty (20) purposively selected hydroponic farmers across 
selected municipali4es in Bulacan. A validated semi-structured ques4onnaire was used to assess percep4ons of 
effec4veness in five business dimensions: management and administra4on, marke4ng, opera4ons, financial 
management, and supply chain coordina4on. Descrip4ve sta4s4cs were used to analyze the quan4ta4ve data, 
while thema4c analysis was applied to interview responses to iden4fy key challenges and opportuni4es. 

The findings revealed that respondents generally perceived hydroponic farming prac4ces to be highly effec4ve 
across all business dimensions, with opera4ons and marke4ng receiving the highest ra4ngs. Qualita4ve results 
showed that farmers faced significant challenges, including high ini4al investment costs, limited access to 
affordable inputs and technical support, market uncertainty, and vulnerability to extreme weather condi4ons. 
Despite these constraints, respondents iden4fied strong opportuni4es for income genera4on, agricultural 
innova4on, environmental sustainability, and the produc4on of high-quality, pes4cide-free vegetables. 

Based on the integrated findings, a context-specific Business Model Canvas was developed to strengthen value 
crea4on, market access, financial sustainability, and strategic partnerships within the hydroponic farming sector in 
Bulacan. The study suggests that ins4tu4onal support, capacity-building programs, improved financing 
mechanisms, and stronger market linkages are essen4al to enhance the long-term viability of hydroponic farming 
enterprises in the province. 

Keywords: hydroponic farming; perceived effec=veness; Business Model Canvas; sustainable agriculture; 
agripreneurship; Bulacan, Philippines 

 

Introduc)on 

A country's ability to produce food and other essen4al resources independently was crucial to its economic growth 
and stability (Tagle et al., 2018). The agricultural industry played a central role in achieving this, but tradi4onal 
farming faced significant challenges due to climate change and environmental degrada4on. Hydroponics, a soil-
less farming method that uses nutrient-rich water solu4ons, presented a sustainable alterna4ve to conven4onal 
agricultural prac4ces (Santos & Ocampo, 2021). Hydroponics has a long history, with evidence of its use in ancient 
civiliza4ons such as Babylon and the Aztec Empire (Reade, 2000; Onofre, 2005). In the modern era, hydroponics 
offered a solu4on to tradi4onal farming challenges, such as climate unpredictability, land degrada4on, and water 
scarcity. By employing efficient technologies, hydroponics enabled high-yield, resource-efficient agricultural 
produc4on, making it a viable solu4on to global food security issues. The need for sustainable agricultural prac4ces 
has become more urgent as the world faces food system disrup4ons and declining food security (Goh et al., 2023). 
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Hydroponics supported the United Na4ons Sustainable Development Goals (SDGs), par4cularly Goal 2 (Zero 
Hunger) and Goal 12 (Responsible Consump4on and Produc4on), by promo4ng efficient resource use and 
increasing food availability (Liu et al., 2024). The hydroponics sector demonstrated substan4al market poten4al, 
abrac4ng farmers and investors by enabling the produc4on of high-quality, pes4cide-free produce (Badrinath et 
al., 2022). The growth of hydroponic farming aligned with efforts to combat Hunger and improve crop quality 
(Badrinath et al., 2022; Li & Kee, 2020). Southeast Asia experienced rapid urbaniza4on and popula4on growth, 
which increased food demand and exacerbated tradi4onal farming challenges (Chong et al., 2021). Ver4cal 
hydroponic farming offered a sustainable solu4on by maximizing space and resources while minimizing 
environmental impact (Al-Kodmany, 2018). ASEAN governments were encouraged to promote hydroponics to 
ensure agricultural compe44veness and sustainability (Li & Kee, 2020). As of September 30, 2024, Bulacan had 18 
registered hydroponic farmers, with many more opera4ng informally. The COVID-19 pandemic spurred interest in 
hydroponics as farmers sought addi4onal income, although sustainability challenges remained. In response, TESDA 
Bulacan, in partnership with the Technical Schools Associa4on, introduced hydroponics training programs, and the 
Department of Agriculture provided farming demonstra4ons. A well-defined business strategy was cri4cal to the 
long-term profitability of hydroponic farming. By u4lizing structured business models, farmers could enhance 
profitability, opera4onal efficiency, financial planning, and supply chain resilience. Moreover, government policies 
and commercial investments had to support these models to ensure sustainability (Velazquez-González et al., 
2022). Hydroponics solved global agricultural challenges, including shrinking arable land and the need for 
sustainable farming. In Bulacan, with its proximity to Metro Manila and favorable condi4ons, hydroponics could 
enhance food security and serve as a model for sustainable farming in the Philippines. 

Review of Relevant Theory, Studies, and Literature 

Ruban’s (1984) Induced Innova4on Theory shows that technology, ins4tu4ons, and incen4ves drive agricultural 
adop4on. In Bulacan, urbaniza4on, climate change, and demand for fresh produce are boos4ng hydroponics as a 
tech-driven, efficient method. 

The Business Ecosystem Theory emphasizes collabora4on with stakeholders to create sustainable, adaptable 
hydroponic business models (Moore, 1993; Basole et al., 2015). 

Soil-less culture, inspired by da Vinci’s plant nutri4on studies, highlights the importance of precise nutrient 
management for successful hydroponics (Yaalon & Arnold, 2000). 

Socio-Economic of Hydroponic Farmers 

Hydroponics is popular among young and middle-aged farmers in Bulacan, supported by DOST and DA programs 
(Stringer et al., 2019; Department of Agriculture, 2020; Tecson, 2023). Educa4on and experience influence 
management, scale, and efficiency (Stefanakis, 2020; Payne, 2021). Most rely on personal savings or small loans, 
while high costs and technical demands remain barriers. Hydroponics diversifies income, supplying niche markets 
and mee4ng demand for fresh, pes4cide-free produce (Chou, 2020; Perez, 2021). 

Effec8veness of Hydroponic Farming 

Management and Administra=on. Effec4ve hydroponic farming requires resource op4miza4on, administra4on, 
nutrient control, and regulatory support (Smith & Johnson, 2019; Garcia et al., 2020; Jones & Smith, 2018; Tanaka 
& Yamamoto, 2021). Proper workforce management, including training and performance monitoring, is essen4al 
for sustainability and success in Bulacan. 

Marke=ng. Prices were based on yield, supply and demand, price fluctua4ons, and lebuce weight (Shao et al., 
2022). Hydroponic produce can be sold daily to hotels and restaurants or to tradi4onal markets, which accept 
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larger quan44es at lower prices. Thus, hydroponic products can be marketed to tradi4onal markets with adjusted 
pricing for lower-quality classes (Prayoga & Putra, 2020). 

Opera=ons.  Hydroponics, from the Greek hydro (water) and ponos (work), is soil-less farming proven commercially 
viable by Gericke in the 1930s, with advances including NASA research (Singer, 2021). Systems include DWC, Kratky, 
NFT, drip, ebb-and-flow, aeroponics, and aquaponics (Nursyahid et al., 2021; Taha et al., 2022).Used on small and 
commercial farms, hydroponics offers higher yields, greater water efficiency, reduced pesticide use, and lower 
environmental impact (Love et al., 2015; Ross, 2016), but it faces high startup costs, technical demands, and 
reliance on water and electricity (Resh, 2022). 

Financial. Hydroponic farming in the Philippines includes over 150 farms and 1,000 farmers (Jagdish, 2023). Startup 
costs range from ₱10,000 to ₱200,000, with feasibility depending on yield, costs, environment, and market 
(Velasquez-Gonzales et al., 2022). Efficient inputs, technology, and market access can improve income and support 
sustainable farming (Mishra et al., 2018). 

Supply chain management. Effec4ve supply chain management is vital in hydroponics. Op4mizing logis4cs, using 
technologies like blockchain, ensuring quality control, and adop4ng sustainable prac4ces enhance performance, 
transparency, and long-term viability (Smith & Lee, 2019; Nguyen et al., 2020; Gonzalez & Perez, 2018; Chen & 
Wang, 2021). 

The figure below illustrates the Business Model Canvas developed by Osterwalder and Pigneur (2010), a strategic 
framework for visualizing the key components of a business model. 
 
Figure 1 
Business Model Canvas 

The Business Model Canvas (BMC) aligns produc4on, marke4ng, and finances in hydroponic farming (Osterwalder, 
2010; Maleki, 2022). Success depends on investment, technical skills, risk management, and funding (Velazquez-
Gonzalez et al., 2022; Lavinsky, 2023). Adop4on is influenced by age, educa4on, experience, gender, market access, 
and financial support (Gumisiriza et al., 2022; Mamun et al., 2023; Peñalba, 2019). Hydroponics boosts yield 
reduces labor and soil degrada4on, and supports sustainability, but faces high costs and technical demands 
(Badrinath et al., 2022; Alipio et al., 2022; Velasco et al., 2023). This study develops a context-specific, sustainable 
business model for hydroponic farms in Bulacan. 
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Figure 2 

The Paradigm of the Study 

Conceptual Framework 

                          Input                Process                        Output 

 

 

 

 

 

 

 

 

 

 

 

 

This study uses the Input-Process-Output (IPO) model to structure the assessment of hydroponic farming in 
Bulacan. The Input includes profile data from hydroponic farmers, challenges encountered, and a review of related 
literature and theories such as the Agricultural Innova4on Theory (Ruban, 1984) and Business Ecosystem Theory 
(Basole et al., 2015). The Process comprises survey distribu4on, interview valida4on, quan4ta4ve data analysis, 
and qualita4ve thema4c coding (Creswell, 2014; Saldaña, J. 2021). The Output is a proposed strategic business 
model based on the Business Model Canvas (Osterwalder & Pigneur, 2010), intended to support the growth and 
sustainability of hydroponic farming in the region (Fischer et al., 2019; Maleki, 2022). 

 

Methods of the Study 

The study u4lized a mixed-methods research approach, combining qualitative and quantitative procedures in a 
convergent parallel design to analyze the collected data separately and identify and address the study's problems. 
In a convergent parallel design, a researcher collected quan4ta4ve and qualita4ve data concurrently, analyzed 
them separately, and compared the results to draw overall conclusions (Creswell, 2014). In Phase I of the study, 
the researcher collected numerical data and u4lized the descrip4ve survey method. This method was used to 
describe the socio-economic characteris4cs and to quan4fy data on how farmers agreed they effec4vely handled 
hydroponic farming opera4ons (Parveen & Showkat, 2015). In Phase II, a qualitative method was used to provide 
a detailed descriptive account of the challenges and opportunities faced by hydroponic farmers. 

This research design was selected to ensure a comprehensive understanding of both the quan4ta4ve and 
qualita4ve aspects of hydroponic farming. 
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Table 1 

Par=cipants of the Study  

 

Participant f % 
1. Hydroponic Farmers from Bulacan Provincial Office 5 25 
2. Hydroponic Farmer from Bulacan Hydroponic Supply 9 45 
3. Hydroponic farmers from online community 6 30 

Total 20 100% 
 

Through purposeful sampling, this research selected 20 par4cipants from various sources, ensuring a 
representa4ve sample of the hydroponic farming community in Bulacan. Par4cipants ranged in age from 18 to 60, 
with varying levels of educa4on, from high school graduates to advanced degree holders. Par4cipants were drawn 
from 9 farmers affiliated with Bulacan Hydroponic Supply, five iden4fied by the Bulacan Provincial Agriculture 
Office, and others from the online community for local hydroponic farmers. Purposeful sampling, as described by 
Creswell (2014), allowed for the inclusion of individuals who could provide valuable insights into specific areas of 
interest, such as hydroponic farming. By leveraging multiple channels, the study gathered diverse perspectives 
from individuals with varying levels of experience and operating scales, enriching the data and providing a 
comprehensive understanding of the current state and challenges of hydroponic farming in Bulacan. 

To ensure the study accurately reflected the hydroponic farming community in Bulacan, specific inclusion criteria 
were established. Par4cipants were required to be ac4ve hydroponic farmers residing in Bulacan, at least 18 years 
old, and willing to sign the provided informed consent prior to par4cipa4ng in the survey and interview. Those 
who did not meet these criteria or were unable to commit to the study were excluded. Addi4onally, withdrawal 
criteria permibed par4cipants to exit the study at any 4me, whether by personal choice or for reasons related to 
their safety or the study's integrity. Clear communica4on channels were set up to facilitate a smooth and respecrul 
withdrawal process. 

To assess the quantitative and qualitative aspects of the research, a semi-structured survey questionnaire was 
administered to gather data from the respondents. This survey was carefully designed to capture relevant 
information pertaining to the objectives of this study. To enhance the credibility of the survey instrument, it 
underwent rigorous validation. Practitioners proficient in business administration and hydroponic farming 
evaluated the questionnaire for its veracity and reliability. 
 
The researcher ini4ally visited the Provincial Agriculture Office and the TESDA offices in Bulacan to obtain a list of 
hydroponic farmers. The Provincial Agriculture Office iden4fied eighteen (18) hydroponic farmers, but only five (5) 
par4cipated in the study, while TESDA had no available par4cipants. The researcher also visited Bulacan 
Hydroponic Supply in Baliuag, Bulacan, to seek assistance in iden4fying addi4onal respondents. This effort was 
successful, resul4ng in nine (9) par4cipants. To complete the par4cipant set, the researcher iden4fied poten4al 
respondents from relevant online community groups. Out of twenty-two (22) individuals approached, six (6) 
agreed to par4cipate. 
 
Survey ques4onnaires were distributed to par4cipants electronically via Google Forms or in hard copy, depending 
on their preference, to facilitate data collec4on. The researcher sought permission to use various communica4on 
channels, such as formal email, mobile phone, or Facebook Messenger, and scheduled interac4ons based on 
par4cipants' availability to avoid disrup4ng their work or opera4ons.  
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The quantitative and qualitative data gathered were organized, analyzed, and processed in Microsoft Excel. The 
questionnaire was self-made, validated by the experts, and systematically formulated by the researcher based on 
the study's problems.  
 
Data processing involved translating the questionnaire responses to produce statistical results. This includes 
encoding, data entry, editing, checking, and monitoring of the overall data processing procedures and protocols. 
To support the survey data, the researcher applied the Likert scale to interpret and analyze the study. The Likert 
scale is a four-point scale that allows individuals to describe the effectiveness of a particular topic or statement. 
For the quantitative analysis, mean, descriptive equivalent, and standard deviation were used to describe the 
effectiveness of hydroponic farming in Bulacan. 
 
The table below shows that the Likert scale was used to describe the effectiveness of hydroponic farming in 
Bulacan. 
 

Scale               Range Verbal Interpretation 
4 3.60-4.00 Highly Effective 
3 2.60-3.59 Effective 
2 1.60-2.59 Less Effective 
1 1.0 -.1.59 Ineffective 

 
The study used data coding analysis techniques to discern recurrent themes, paberns, and insights as defined by 
Saldaña, J. (2021), pertaining to the challenges and opportuni4es associated with hydroponic farming. These 
findings will also serve as the founda4on for developing a business model for hydroponic farming in Bulacan. 
 

Results and Discussion 

I. Socio-Economic Characteris)cs of Hydroponic Farming in Bulacan 

Table 2 presents the socio-economic characteris4cs of hydroponic farmers categorized by age groups. 

Table 2  

Frequencies of Age 

Age n % 
18 to 25 1 5% 
26 to 35 4 20% 
36 to 50 9 45% 
51 to 60 6 30% 

 

The table displayed the frequencies and percentages of farmers falling within each age bracket. The age groups 
ranged from 18 to 60 years, with corresponding counts and percentages indica4ng the distribu4on of farmers 
across these age categories. For instance, the age group of 18 to 25 counted one and 5%, which was the lowest 
percentage among the group, while the age group from 26 to 35 years old comprised four farmers, accoun4ng for 
20% of the total sample, while the age group of 36 to 50 years old included nine farmers, represen4ng the highest 
percentage at 45%. Moreover, the age bracket 51-60 accounted for 30% of the total age group. Overall, the table 
offered a snapshot of the age demographics among hydroponic farmers, highligh4ng the prevalence of middle-
aged individuals within this sector. Gumisiriza et al. (2022) found that most hydroponic farmers in Tanzania and 
Uganda were between the ages of 26 and 35, indicating that hydroponics was more popular among young people 
there. Similarly, in Sweden, most likely due to greater access to technology and computer literacy (Maleki, 2022). 
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On the other hand, Mamun et al. (2023) found that the average age in urban China was between 31 and 40 years. 
Hence, Bulacan farmers were slightly older; age might affect risk-taking and innova4on, sugges4ng the need for 
youth-targeted programs. 

Table 3 presents the socio-economic characteris4cs of hydroponic farmers categorized by sex. 

Table 3 

Frequencies of Sex  

Sex N % 

Male 16 80% 

Female 4 20% 

 

The table displayed the frequencies and percentages of farmers iden4fied as either female or male in the total 
sample. 20% were female farmers, accoun4ng for four individuals, while 80% were male farmers. This table 
provides a concise overview of the gender demographics in the hydroponic farming sector, revealing a 
predominance of male farmers over female farmers. This reflected a tradi4onal male dominance in farming, 
consistent with Alipio et al. (2022), who observed similar trends in Tagaytay. Nevertheless, it contrasted with the 
findings in China (Mamun et al., 2023), where programs specifically encouraged gender-inclusive par4cipa4on, 
resul4ng in more balanced representa4on. Tecson (2023) cited the increasing involvement of female farmers in 
Bulacan through DOST and DA programs as hin4ng at a gradual shis toward inclusivity. 

Table 4 presents the socio-economic characteris4cs of hydroponic farmers, categorized by educa4onal abainment. 

Table 4 

Frequencies of Educa=onal AJainment 

Educa)onal ASainment N % 

Postgraduate (Master’s, PhD) 2 10% 

Master’s Degree/on-going 7 35% 

College/University (bachelor’s degree) 8 40% 

Voca4onal 2 10% 

Highschool Graduate 1 5% 

 

The table provided frequencies and percentages of farmers across various educa4onal categories. It illustrated the 
educa4onal abainment of hydroponic farmers in Bulacan. The data revealed a predominantly well-educated group 
of respondents, with 85% of farmers having completed at least a college degree. Specifically, 40% (8 individuals) 
were bachelor’s degree holders, while 35% (7) were pursuing or had completed a master’s degree. Addi4onally, 
10% (2 individuals) had abained postgraduate qualifica4ons such as a master’s or PhD. A further 10% had 
completed voca4onal or technical educa4on, while only 5% (1 individual) reported high school as their highest 
educa4onal level. These findings aligned with global studies cited in Gumisiriza (2022), with 64.7% having 
university educa4on, highligh4ng educa4on as a key enabler in adop4ng advanced farming technologies. The high 
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educa4onal profile of respondents supported the hypothesis that hydroponic farming in Bulacan was abrac4ng 
technically competent and academically prepared individuals. 

Table 5 presents the socio-economic characteris4cs of hydroponic farmers in terms of their years of experience 
prac4cing hydroponics. 

Table 5 

Frequencies of Experience  

Years of Experience n % 

3 to 4yrs 16 80% 

5 to 6yrs 2 10% 

7 to 8yrs 1 5% 

9 to 10yrs 1 5% 

 

The table revealed that the majority had rela4vely moderate experience in this agricultural method. Among the 
respondents, 80% (16 individuals) had been prac4cing hydroponics for 3 to 4 years, making this the largest and 
most significant group. A smaller propor4on, 10% (2 individuals), had 5-6 years of experience. Addi4onally, 5% (1 
individual) had been engaged in hydroponics for 7 to 8 years, while another 5% (1 individual) had 9 to 10 years of 
experience. This data indicated that most hydroponic farmers were rela4vely new to the prac4ce, with a smaller 
segment of more experienced prac44oners. This showed that 80% of farmers had only 3–4 years of experience, 
which mirrored trends in emerging markets. Like Bulacan, the Tagaytay case (Alipio et al., 2022) showed that 
hydroponic ventures under five years old could be profitable. However, a contrast was found in West Africa, as 
cited by Peñalba (2019), where hydroponics had been refined over decades, enabling greater ins4tu4onal 
exper4se and automa4on. The findings highlighted a growing interest in hydroponics, with most farmers s4ll 
adop4ng this innova4ve technique in their early years. 

Table 6 illustrates the socio-economic characteris4cs of hydroponic farmers categorized by their sources of capital 
for ini4a4ng hydroponic farming ventures. 

Table 6 

Frequencies of Source of Capital 

Source of Capital n % 

Savings 18 90% 

Loan 1 5% 

Private investors 1 5% 

 

The table presented the frequencies and percentages of farmers by the source of their funding, including savings, 
loans, personal loans, and private investors. For instance, 18 farmers, represen4ng 90% of the total sample, relied 
on their savings to finance their hydroponic farming endeavors. Furthermore, one respondent (5%) received 
investment from private investors, and another (5%) secured a loan for capital. This table provides insights into the 
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financial resources used by hydroponic farmers to finance their agricultural opera4ons, ranging from personal 
savings to loans and investments. This aligned with Kibi4 and Gitonga (2017), who noted that limited access to 
credit hindered the scaling of hydroponic farming in La4n American and African contexts. 

In contrast, Alipio et al. (2022) demonstrated that support from programs such as OWWA’s Balik Pinas Balik 
Hanapbuhay could help bridge funding gaps for returning OFWs star4ng hydroponic farms. Furthermore, Maleki 
(2022) highlighted that access to government and investor financing significantly improved the viability of farming 
opera4ons. This contrast demonstrated how, when available in Bulacan, government-backed financial programs 
could favor financing trends. 

Table 7 outlines the socio-economic characteris4cs of hydroponic farmers, categorized by their other sources of 
income in addi4on to hydroponic farming. 

Table 7 

Frequencies of Source of Income 

Source of Income N % 

Both 9 45% 

Farm Income 8 40% 

Employment 3 15% 

 

The table provided frequencies and percentages of farmers based on whether they derived income from 
hydroponic farming and other sources, solely from farm income, or employment. For example, nine farmers, 
represen4ng 45% of the total sample, generated income from both hydroponic farming and other sources, while 
eight farmers (40%) solely relied on farm income. Addi4onally, three farmers (15%) derived income from 
employment outside of hydroponic farming. This table offered insights into the diverse income streams and 
livelihood strategies adopted by hydroponic farmers to support their financial stability and agricultural enterprises. 
This corresponded with Perez (2021) and Gumisiriza et al. (2019), who observed that several farmers globally 
employed hydroponics to diversify and stabilize their income. In Bulacan, this indicated op4mism among farmers, 
who were inclined to experiment while maintaining alterna4ve resources. On the other hand, the study by Alipio 
et al. (2022) revealed that hydroponic farming might have provided stable, full-time employment in Tagaytay, 
which was entirely reliant on hydroponic farming, indicating greater confidence and potentially more reliable 
market access in their environment. 

The socio-economic characteris4cs of Bulacan's hydroponic farmers, as illustrated in Tables 2 to 7, underscore their 
substan4al relevance to advancing the Business Model. Consistent with global trends, the farmers were educated, 
rela4vely inexperienced in hydroponics, and mo4vated by the necessity to innovate due to constrained arable 
land. Their abributes affirmed the significance of ins4tu4onal support, access to training, and financial availability 
in promo4ng sustainable hydroponic agriculture. The structural barriers that had to be addressed to expand 
inclusion and sustainability were evident in the heavy reliance on personal capital and the male-dominated 
prac4ce. 

These results substan4ate the need to develop a strategic business model informed by global best prac4ces and 
local context to ensure the long-term success of hydroponics in Bulacan. 
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Table 8 

Summary of Socio-Economic Characteris=cs of Hydroponic Farmers in Bulacan: A Compara=ve Analysis with 
Exis=ng Literature 

Socio-Economic 
characteris)cs 

Bulacan Similar Findings Dissimilar Findings Analysis / Implica)on 

Age 
Majority aged 36–50 
years old (45%) 

China: Majority 
aged 31–40 
(Mamun et al., 
2023) (almost) 

Uganda & Tanzania: 
Majority aged 26–35 
(Gumisiriza et al., 
2022) 

Bulacan farmers are 
slightly older; age may 
affect risk-taking and 
innova4on; suggest 
youth-targeted 
programs. 

Sex 
80% Male, 20% 
Female 

Tagaytay (Alipio et 
al., 2022): 
Predominantly 
male 
 

China: 54.9% Female 
adopters (Mamun et 
al., 2023) 

Gender imbalance in 
Bulacan may limit 
diversity; gender 
empowerment 
ini4a4ves needed. 

Educa4onal 
Abainment 

85% college graduates 

Tanzania: 64.7% 
with university 
educa4on 
(Gumisiriza et al., 
2022) 

Rural Africa: Lower 
educa4onal levels 
(Peñalba, 2019) 

High educa4onal level 
supports effec4ve 
adop4on; training 
programs could boost 
less-educated sectors. 

Years of Experience 
80% have 3–4 years of 
experience 

Tagaytay: Mostly 
new adopters 
(Alipio et al., 
2022) 

West Africa: Longer 
tradi4onal farming 
experience (Peñalba, 
2019) 

Bulacan is in the early 
adop4on phase; peer-
to-peer learning and 
extension services are 
essen4al. 

Source of Capital 
90% personal 
savings/family funding 

Kenya: 52% use 
self-funded (Kibi4 
& Gitonga, 2017) 

Sweden: Access to 
investor and 
government capital 
(Maleki, 2022) 

OFW Balik Pinoy  

(Alipio et al., 2022) 

Limited financing access 
in Bulacan slows 
scalability; government 
or NGO-led financing 
programs are needed. 

Other Sources of 
Income 

45% use hydroponics 
as a side income 

Urban PH and 
Tanzania: Used as 
supplemental 
livelihood (Perez, 
2021; Gumisiriza 
et al., 2022) 

full-4me income from 
the start 

(Alipio et al., 2022) 

Reflects flexibility of 
hydroponics; poten4al 
for scale-up to full-4me 
with proper support 
systems. 
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Bulacan shares key traits with early adop4ng regions like Tagaytay, Tanzania, and China, par4cularly in educa4on 
and farming experience. However, gaps in youth and gender par4cipa4on and access to capital reveal areas for 
improvement. While its strong educa4onal base supports growth, addressing financial and inclusive challenges is 
essen4al to fully scale hydroponic farming in the province. 

The results and discussion sec4on of a study presents and interprets the findings in rela4on to the research 
ques4ons and hypotheses. It begins by clearly repor4ng the key results, osen using tables, graphs, and charts to 
illustrate data trends and paberns. Sta4s4cal analyses are summarized to highlight significant findings, and any 
unexpected results are also noted. In the discussion part, these findings are contextualized within the exis4ng 
literature, examining how they align with or challenge previous research. The implica4ons of the results are 
explored, considering their significance in the field and poten4al prac4cal applica4ons. Furthermore, the 
discussion addresses the study's limita4ons and suggests areas for future research. By linking results to broader 
themes and ongoing debates in the discipline, this sec4on enriches the understanding of the study’s contribu4ons 
and relevance, providing a comprehensive analysis that connects empirical evidence with theore4cal frameworks. 

II. Effec)veness of Hydroponic Farming in Bulacan 
 

The assessment of the effec4veness of hydroponic farming in Bulacan highlighted the respondents' recogni4on of 
its poten4al as a sustainable, resource-efficient, high-yield agricultural method. In line with Agricultural Innova4on 
Theory (Ruban, 1984), adop4ng hydroponic systems was viewed as a strategic approach to address the significant 
challenges posed by land scarcity, urban growth, and the rising demand for pes4cide-free produce. Respondents 
noted that hydroponic farming offered considerable benefits, including improved resource use, increased crop 
yields, and reduced environmental impacts, as Garcia et al. (2020) and Singer (2021) pointed out. However, a 
significant initial investment was required for system setup, and operational challenges were also noted, including 
the need for specialized technical expertise and the critical reliance on a stable supply of water and electricity 
(Perez, 2008). Addi4onally, marke4ng emerged as an essen4al factor affec4ng effec4veness, highligh4ng the need 
for focused strategies that cater to health-conscious and premium consumers, aligning with the findings of Prayoga 
and Putra (2020). Based on the Business Ecosystem Theory (Basole et al., 2015), these observa4ons emphasized 
the importance of developing integrated business strategies that foster cooperation among suppliers, distributors, 
and consumers to fully harness the economic and environmental benefits of hydroponic farming in Bulacan. 

Table 9 presents a comprehensive evalua4on of how respondents perceived the effec4veness of 
management/administra4on in hydroponic farming across Bulacan, along with the interpreta4on of these 
percep4ons. 

Table 9 

Descrip=ve Measure of the Hydroponic Farming in Bulacan in Terms of Management/Administra=on 

 

Management/Administration Mean SD Descriptive 
Interpretation 

1. They oversee the allocation of resources 
and funding for hydroponic farming 
research initiatives, ensuring adequate 
support for data collection, 
experimentation, and analysis 

 
3.75 

 
0.4443 

 
Highly Effective 

2. Administration facilitates collaboration 
among interdisciplinary teams of 
researchers, agronomists, and agricultural 

 
3.80 

 
0.4104 

 
Highly Effective 
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engineers to address various aspects of 
hydroponic farming, from crop cultivation 
techniques to system optimization. 

3. Management coordinates outreach efforts 
to engage stakeholders such as farmers 
and industry partners in discussion about 
the potential benefits and challenges of 
adopting hydroponic farming practices.  

 
3.65 

 
0.4894 

 
Highly Effective 

4. Administration establishes protocols and 
guidelines for data management, ensuring 
the accuracy integrity, and confidentiality 
of research findings related to hydroponic 
farming. 

 
3.80 

 
0.4104 

 
Highly Effective 

5. Management evaluates the impact of 
hydroponic farming research on 
organizational goals and objectives, 
seeking opportunities to translate 
research findings into practical 
applications and innovations that benefit 
the agricultural community. 

 
4.00 

 
0.0000 

 
Highly Effective 

Average 3.80 0.1451 Highly Effective 
SD - Standard Devia=on 

The table included five statements related to management func4ons: overseeing resource alloca4on, facilita4ng 
collabora4on, coordina4ng outreach efforts, establishing data management protocols, and evalua4ng research 
impact. Each statement was rated on a scale from 1 to 4, with 1 indica4ng highly effec4ve and four indica4ng 
ineffec4ve. The mean score and standard devia4on for each statement were provided, along with the 
interpreta4on of the mean score. In this case, the average mean score across all statements was 3.80, with a 
standard devia4on of 0.1451. The interpreta4on reflected that effec4ve management/administra4on was 
perceived as playing an important role in the sustainability of hydroponic farming in Bulacan. 

The results were consistent with the study by Armas et al. (2023), which highlighted that farm management and 
effective practices were crucial to the success of hydroponic farming in Bulacan. 

Table 10 outlined the percep4ons of marke4ng strategies and prac4ces in hydroponic farming in Bulacan, along 
with their interpreta4ons. 

Table 10 

Descrip=ve Measure of the Hydroponic Farming in Bulacan in Terms of Marke=ng 

Marketing Mean SD Descriptive 
Interpretation 

1. Marketing strategy for promoting and 
selling hydroponic farming products 
emphasizes the unique advantages of soil 
ness cultivation, including increased crop 
yields, water efficiency, and year-round 
production capabilities.  

 
4.00 

 
0.0000 

 
Highly Effective 

2. Through targeted advertising campaigns 
across digital platforms and industry 
publications, we showcase the superior 
quality and reliability of our hydroponic 
farming products, capturing the attention 

 
3.85 

 
0.3663 

 
Highly Effective 
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of farmers, horticulturists, and 
commercial growers. 

3. We leverage strategic partnerships with 
agricultural cooperatives, distributors, 
and retailers to expand our market 
presence and ensure the widespread 
availability of our hydroponic farming 
solutions to customers worldwide. 

 
4.00 

 
0.0000 

 
Highly Effective 

4. Our sales team employs consultative 
selling approaches, offering personalized 
recommendations and comprehensive 
support services to assist customers in 
selecting the most suitable hydroponic 
systems, equipment, and nutrient 
solutions for their specific needs and 
requirements.  

 
 

3.90 

 
 

0.3078 

 
 

Highly Effective 

5. By investing in product innovation 
research and development, we 
continuously enhance the performance, 
efficiency, and sustainability of our 
hydroponic farming products, maintaining 
a competitive edge in the market and 
driving long-term growth and profitability. 

 
 

3.95 

 
 

0.2236 

 
 

Highly Effective 
 

Average 3.94 0.1142 Highly Effective 

SD - Standard Devia=on 

The table included five statements related to marke4ng ac4vi4es, such as promo4ng the advantages of soilless 
cul4va4on, leveraging digital adver4sing campaigns, establishing strategic partnerships, employing consulta4ve 
selling approaches, and inves4ng in product innova4on. Each statement was rated on a scale from 1 to 4, with 1 
indica4ng ineffec4ve and four indica4ng highly effec4ve. The mean score for each statement was provided, along 
with the interpreta4on of the mean score. In this case, the mean score across all statements was 3.94, with a 
standard deviation of 0.1142, indicating unanimous agreement among stakeholders on the effec4veness of 
marke4ng strategies and prac4ces in promo4ng hydroponic farming products in Bulacan. 

A significant study by Reyes et al. (2020) examined marke4ng strategies and consumer behavior in hydroponic 
farming opera4ons in Bulacan. The research concentrated on important areas such as product promo4on, digital 
marke4ng, partnership building, sales strategies, and product development. By using surveys and interviews with 
farm managers, marketers, and consumers, Reyes et al. evaluated the effec4veness of these strategies in shaping 
consumer preferences and purchasing choices. Their results validated the findings presented in Table 9, 
highligh4ng the importance of strategic marke4ng in improving market reach, engaging customers, and fostering 
sustainable growth within the hydroponic farming industry. 

Table 11 presents the percep4ons of opera4onal aspects of hydroponic farming in Bulacan, along with their 
interpreta4ons. 
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Table 11 

Descrip=ve Measure of the Hydroponic Farming in Bulacan in Terms of Opera=ons 

Opera)ons Mean SD Descrip)ve 
Interpreta)on 

1. Opera4ons in hydroponic farming involve 
the daily management and maintenance of 
hydroponic systems, including nutrient 
solu4on management, PH monitoring, and 
water quality control to ensure op4mal 
growing condi4ons for plants. 

 

 

4.00 

 

 

0.0000 

 

 

Highly Effec4ve 

2. Efficient scheduling and execu4on of 
plan4ng, harves4ng, and crop maintenance 
tasks are essen4al components of 
opera4ons in hydroponic farming, requiring 
careful coordina4on and aben4on to detail 
to maximize crop yields and minimize 
wastage. 

 

 

4.00 

 

 

0.0000 

 

 

Highly Effec4ve 

3. Implemen4ng integrated pest management 
(IPM) strategies and disease preven4on 
measures are cri4cal aspects of opera4ons 
in hydroponic farming helping to safeguard 
plant health and mi4gate the risk of pest 
infesta4ons or disease outbreaks. 

 

 

3.95 

 

 

0.2236 

 

 

Highly Effec4ve 

4. Monitoring environmental factors such as 
temperature, humidity, and light intensity 
is integral to opera4ons in hydroponic 
farming, as these variables directly impact 
plant growth and development. 

 

 

3.95 

 

 

0.2236 

 

 

Highly Effec4ve 

5. Con4nuous training, educa4on, and skills 
development for farm workers and staff are 
essen4al for effec4ve opera4ons in 
hydroponic farming, ensuring proficiency in 
hydroponic techniques, equipment 
maintenance, and safety protocols to 
uphold produc4vity and quality standard. 

 

 

4.00 

 

 

0.0000 

 

 

Highly Effec4ve 

Average 3.96 0.1392 Highly Effec)ve 

SD - Standard Devia=on 

The table included five statements related to opera4ons, such as daily management and maintenance of 
hydroponic systems, efficient task scheduling, implementa4on of pest management strategies, monitoring 
environmental factors, and con4nuous training for farm workers. Each statement was rated on a scale from 1 to 4, 
with 1 indica4ng ineffec4ve and four highly effec4ve. The mean score for each statement was provided, along with 
the interpreta4on of the mean score. In this case, the mean score across all statements was 3.96, with a standard 
devia4on of 0.1392, indica4ng that the stakeholders strongly believed in the importance of effec4ve opera4onal 
prac4ces in hydroponic farming in Bulacan. 

A relevant study by Velasco et al. (2023) examined opera4onal prac4ces and performance evalua4on in hydroponic 
farming enterprises in Bulacan. The research focused on task scheduling, system and pest management, and 
environmental monitoring; the researchers gathered data through field observa4ons, interviews, and surveys with 
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farm managers and employees. Their results reinforced the findings in Table 11, highligh4ng the cri4cal role of 
opera4onal excellence in improving produc4vity and sustainability in hydroponic farming. 

Table 12 provides insights into percep4ons of the financial aspects of hydroponic farming in Bulacan, along with 
their interpreta4ons. 

Table 12 

Descrip=ve Measure Hydroponic Farming in Bulacan in Terms of Financial 

Financial Mean SD Descrip)ve Interpreta)on 

1. Financial management in hydroponic 
farming involves careful budgeting 
and cost analysis to ensure efficient 
allocation of resources, including 
equipment, nutrients, utilities, and 
labor, while maximizing profitability. 

 
 

4 

 
 

0.0000 

 
 

Highly Effective 

2. Monitoring and analyzing financial 
performance indicators such as 
revenue, expenses, profit margins 
and return on investment (ROI) are 
essential for evaluating the economic 
viability and sustainability of 
hydroponic farming operations. 

 
 

4.00 

 
 

0.0000 

 
 

Highly Effective 

3. Strategic financial planning, including 
investment decisions, pricing 
strategies, and risk management, 
plays an important role in optimizing 
financial outcomes and long-term 
success in hydroponic farming. 

 
 

3.90 

 
 

0.3078 

 
 

Highly Effective 

Average 3.95 0.1302 Highly Effective 

SD - Standard Devia=on 

The table included three statements related to financial management prac4ces, such as budge4ng, cost analysis, 
financial performance monitoring, strategic financial planning, and risk management. Each statement was rated 
on a scale from 1 to 4, with 1 indica4ng ineffec4ve and four indica4ng highly effec4ve. The mean score for each 
statement was provided, along with the interpreta4on of the mean score. In this case, the mean score across all 
statements was 3.95, with a standard devia4on of 0.1302, indica4ng unanimous percep4ons that financial 
management best prac4ces were important for the effec4veness of hydroponic farming in Bulacan. 

A relevant study by Santos and Reyes (2020) examined financial management prac4ces in hydroponic farming 
ventures in Bulacan, focusing on budge4ng, cost analysis, performance monitoring, strategic planning, and risk 
management. The study assessed how these prac4ces influenced profitability, efficiency, and sustainability by 
using surveys and interviews with farm managers and financial professionals. The findings supported the themes 
in Table 11, underscoring the vital role of sound financial management in ensuring the economic viability and long-
term success of hydroponic farming. 

Table 13 provided insights into the percep4ons of the supply chain aspects of hydroponic farming in Bulacan, along 
with their means and standard devia4ons and interpreta4ons. 
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Table 13 

Descrip=ve Measure Hydroponic Farming in Bulacan in Terms of Supply Chain 

Supply Chain Mean SD Descriptive 
Interpretation 

1. Hydroponic farming encompasses the 
sourcing and procurement of inputs 
such as seeds, growing mediums, 
nutrients, and equipment required for 
hydroponic cultivation. 

 

 
3.90 

 
0.3078 

 
Highly Effective 

2. Efficient logistics and distribution 
channels are essential components of 
the supply chain in hydroponic farming, 
ensuring timely delivery of inputs and 
harvested produce to from hydroponic 
facilities, markets, and end consumers. 

 
 

3.85 

 
 

0.3663 

 
 

Highly Effective 

3. Supply chain management in 
hydroponic farming involves optimizing 
inventory levels, minimizing waste, and 
maximizing shelf life to ensure the 
availability of fresh, high-quality 
produce while minimizing costs and 
environmental impact throughout the 
supply chain. 

 
 

3.90 

 
 

0.3078 

 
 

Highly Effective 
 

Average 3.84 0.2333 Highly Effective 

SD - Standard Devia=on 

The table included three statements related to the supply chain: sourcing and procurement of inputs, logis4cs and 
distribu4on channels, and supply chain management prac4ces. Each statement was rated on a scale from 1 to 4, 
with 1 indica4ng ineffec4ve and four indica4ng highly effec4ve. In this case, the mean score across all statements 
was 3.84, with a standard deviation of 0.2333, indicating that stakeholders believed supply chain best practices 
were essential to the effec4veness of hydroponic farming in Bulacan. 

A per4nent study by Nguyen et al. (2020) scru4nized supply chain management prac4ces in hydroponic farming 
ventures in Bulacan, focusing on procurement, logis4cs, inventory management, waste reduc4on, and quality 
control. The study evaluated how these prac4ces affected produc4vity and sustainability using interviews and 
surveys with farm managers and supply chain professionals. The findings aligned with the themes in Table 13, 
emphasizing the importance of an efficient supply chain in ensuring input availability, reducing costs, and 
enhancing the environmental sustainability of hydroponic farming opera4ons. 

The results summarized in Tables 9-13 collec4vely highlighted the mul4dimensional effec4veness of hydroponic 
farming in Bulacan. Respondents rated the system posi4vely across all key business areas, par4cularly opera4ons 
and supply chain management. While the financial and marke4ng aspects showed moderate effec4veness, they 
also revealed areas for improvement, including access to capital and market expansion strategies. Overall, upon 
evalua4on, the data supported the viability of hydroponic farming as a sustainable and effec4ve agricultural model, 
reinforcing the need for strategic business planning and con4nued ins4tu4onal support to op4mize performance 
across all domains. 

Table 14 and Figure 3 present a summary of the key results, trends, and perspec4ves for the development of a 
sustainable business model. 
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Table 14 

Summary of Effec=veness Ra=ngs of Hydroponic Farming in Bulacan  

Key Areas Mean Score 
Standard 
Devia)on 

Interpreta)on 

Management/Administra4on 3.86 .1451 Highly Effec4ve 

Opera4ons (Produc4on) 3.94 .1392 Highly Effec4ve 

Marke4ng Strategies 3.96 .1392 Highly Effec4ve 

Financial Management 3.95 .1302 Highly Effec4ve 

Supply Chain Coordina4on 3.84 .2333 Highly Effec4ve 

 

Figure 3 

Summary of Effec=veness Ra=ngs of Hydroponic Farming in Bulacan 

 

 

 

 

 

 

 

 

 

 

 

The data presented in Table 14 and Figure 3 provided a comprehensive summary of the effec4veness ra4ngs across 
key opera4onal areas of hydroponic farming in Bulacan. The consistently high mean scores in management and 
administra4on, opera4ons, marke4ng strategies, financial management, and supply chain coordina4on reflected 
a strong consensus among respondents regarding the importance of effec4veness in their hydroponic farming 
prac4ces. These results underscore the cri4cal role of opera4onal efficiency in sustaining and scaling hydroponic 
farming ventures. Furthermore, the findings were a founda4on for developing a strategic business model. 

III. Challenges Encountered by Hydroponic Farmers in Bulacan 
The results of in-depth interviews were coded using various methods, including Descriptive, Process, Emotion, and 
In-vivo, to derive thema4c percep4ons. This sec4on explored the themes generated from each coding method. 
Refer to Table 15 for a comprehensive overview of the categories and themes below. 
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Table 15 

Challenges of Hydroponic Farming in Bulacan 

Respondents Categories Theme 
3,4,6,7,11,13, 
14,16,17,19,  

Weather and Environmental Factors Theme: Environmental and 
Economic Challenges  
 
Sub-Theme 1: Extreme Weather, 
Pests, and Plant Diseases 
 
Sub-Theme 2: High Costs and 
Market Uncertainty 

2,5,8,20 
 

Pest, Disease, and Seedling 
Management 

1,10,12,18 Market and Demand Issues 
9, 15 
 

Training, Capital, and Resources 

 

The theme generated from various codes in challenges was "Environmental and Economic", which highlighted 
several challenges the hydroponic farmers faced in Bulacan. The availability of sufficient sunlight, essen4al for 
photosynthesis and plant growth in hydroponic systems, was a frequently cited obstacle. According to farmers, 
plants need at least 6 to 8 hours of sunlight daily to thrive and reach their full poten4al. However, many farms 
suffered from insufficient light exposure due to environmental obstacles such as nearby trees or buildings. Some 
farmers chose to build greenhouses in key spots or even cut down trees to increase the amount of sunlight 
reaching their crops. 

The described challenges are closely aligned with those cited in the papers by Velazquez-Gonzalez et al. and Alipio 
et al. (2022), who emphasized the importance of resource efficiency and strategic hydroponic system setup. This 
supported the findings that farmers noted insufficient sunlight due to environmental obstruc4ons and took costly 
correc4ve ac4ons, such as cuxng trees or building greenhouses in new loca4ons, that would affect them 
economically. 

On the other hand, hydroponic farming was celebrated for reducing land use and soil degrada4on (Resh, 2013); 
the altera4on of natural landscapes, such as the removal of nearby trees to op4mize greenhouse performance, 
could have had nega4ve environmental consequences, including biodiversity loss and microclimate disrup4on 
(Pineda et al., 2020). This indicated that, while hydroponics was osen regarded as a green alterna4ve, its 
applica4on in specific regions such as Bulacan necessitated context-sensi4ve design to minimize trade-offs 
between economic impact and environmental conserva4on. 

Moreover, reflec4ng the result "Extreme Weather, Pests, and Plant Diseases," it became evident that the 
challenges iden4fied in the descrip4ve code were further compounded by climate-related risks such as typhoons, 
heavy rainfall, and extreme weather, pests, and insects further compounded the challenges. Typhoons posed a 
direct threat to greenhouse structures, osen causing damage that disrupted farming opera4ons. 

During the dry season, extreme weather stressed crops and increased reliance on mis4ng or cooling systems. This 
led to increased electricity consump4on and opera4onal costs, directly affec4ng the farming enterprise's 
profitability. These weather-related factors demonstrated the vulnerability of hydroponic farming to climate 
variability, even though it was considered a more controlled method of agriculture. The in-vivo code "WEATHER, 
BOLTING, LEGGY, PEST CONTROL" highlighted a cri4cal aspect of this challenge, emphasizing that extreme weather 
and pest infesta4ons exacerbated the difficul4es faced in Bulacan, causing significant concern among farmers. This 
difficulty led to growing fear and doubt about the future of hydroponic farming in Bulacan, thereby demonstra4ng 
the emo4on code. 

Addi4onally, farmers noted issues with seedling management, including poor germina4on and suscep4bility to 
fungal infec4ons. These problems osen stemmed from inconsistent temperature and humidity control within 
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greenhouses, limited access to high-quality seeds, or technical guidance on nutrient management. Stefanakis 
(2020) emphasized the importance of educa4on and experience in managing hydroponic systems. Findings aligned 
with this, as seedling issues and nutrient mismanagement osen stemmed from limited technical knowledge, 
reinforcing the need for formal training and guidance. 

Pointedly stated in the paper of Sisodia et al. (2020) that to minimize losses, farmers reported inves4ng in stronger 
greenhouse frames, using more durable materials, and reinforcing the founda4ons of their setups. Hydroponics, 
as a controlled and effec4ve system, revealed that climate variability, such as typhoons and extreme weather, s4ll 
significantly disrupted opera4ons. 

Despite being in a controlled environment, the issue of pest infesta4on and insects was addressed as a challenge. 
Farmers opera4ng near forested or water-rich areas, such as those near the Tibig Dam, reported frequent 
infesta4ons due to the proximity of wildlife, which could introduce pests into the system. Closely aligned with 
Barbosa et al. (2015), hydroponic systems were suscep4ble to biological risks in the ini4al stages, par4cularly when 
farms were near open natural habitats. Many farmers relied on organic pest control methods, aligning with their 
goal of producing healthy and eco-friendly crops. This finding aligned with Santos and Ocampo (2021), who noted 
that hydroponic vegetables require fewer chemical treatments, resul4ng in safer, higher-quality produce. 

However, according to Basilio et al. (2023), farmers osen adopted more aggressive pest management techniques 
to maintain high yields; when these methods failed to control severe pest infesta4ons and plant diseases, they 
turned to chemical insec4cides, raising concerns about cost, health risks, and environmental impacts. Also, some 
respondents raised concerns about relying on synthe4c nutrient solu4ons, a viewpoint echoed by Jagdish (2023), 
who warned that improper nutrient management could undermine sustainability. 

Another theme generated by the codes was "High Costs and Market Uncertainty." One of the most pressing 
economic issues faced by hydroponic farmers was market uncertainty. Interviewees shared experiences of 
harves4ng crops only to find no immediate buyers, threatening income stability. Unlike tradi4onal farmers, who 
may have had long-standing supply chains, hydroponic prac44oners, many of whom were rela4vely new to the 
industry, struggled to establish consistent market linkages. Farmers turned to personal networks and partnerships 
to counteract this, such as collabora4ng with vendors at public markets or selling directly to friends and 
acquaintances. While this strategy helped ensure that their products were sold, it limited their market expansion 
and may not have been sustainable in the long term. The need for broader market access and value chain 
integra4on remained a cri4cal area for development. Another key challenge iden4fied was the lack of training 
support. Farmers needed regular training programs to stay up to date with the latest hydroponic technologies, 
techniques, and best prac4ces. Lack of knowledge may have led to high costs because of the trial-and-error 
prac4ce. 

Similarly, Alipio et al. (2022) pointed out that hydroponics' economic and market challenges revealed real-world 
challenges such as inconsistent buyer access and unstable income, especially for newcomers without an 
established market. Farmers' reliance on personal networks showed resilience but highlighted the absence of 
structured supply chains, a gap noted by Dona et al. (2021). 

Stefanakis (2020) agreed that the importance of experience and educa4on in managing hydroponic systems aligns 
with this, as seedling concerns and nutrient mismanagement are often limited by limited technical knowledge, 
reinforcing the need for formal training and guidance, which can lead to high costs. Payne (2021) directly reflected 
this, as farmers voiced frustra4ons over the high capital costs of regular government training, clear barriers to 
entry, and scale. 
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The data gathered from the hydroponic farmers in Bulacan reflected a comprehensive view of the mul4-layered 
challenges they faced. Therefore, more substan4al policy support, infrastructure investment, training programs, 
and market development. These interven4ons could help unlock the full poten4al of hydroponic farming as a viable 
solu4on for sustainable agriculture in Bulacan. 

Table 16 below summarizes the challenges, with descriptions to facilitate easy comprehension of the narration. 

Table 16 

Summary of Challenges Encountered by the Farmers in Bulacan 

Challenges Descrip)on 

High Ini4al Investment Costs 
Farmers face significant financial barriers in purchasing 
hydroponic equipment, systems, and quality inputs. 

Limited Access to Affordable 
Inputs 

Essen4al materials like nutrients, growing media, and 
infrastructure are costly and not readily available locally. 

Insufficient Technical Knowledge 
and Support 

Farmers lack consistent access to training, updated 
technologies, and expert consulta4on. 

Difficulty in Market Penetra4on 
Farmers struggle to reach broader markets and mainly rely on 
personal networks for selling produce. 

Inconsistent Supply Chain 
Coordina4on 

Delays in supply deliveries and lack of coordinated logis4cs 
affect produc4on and marke4ng efficiency. 

Vulnerability to Environmental 
Risks 

Although hydroponics is more controlled, external factors 
such as extreme weather events s4ll affect opera4ons. 

 

In summary, hydroponic farming in Bulacan faces challenges related to financing, technical skills, access to supplies, 
and environmental management. Addressing these issues is essen4al to support the sector’s growth and long-
term sustainability. 

IV. Opportuni)es of Hydroponic Farming in Bulacan for Sustainable Agriculture 
The results from Table 17 highlight important opportuni4es for hydroponic farming in Bulacan, as 

perceived by the respondents. 

Table 17 

Opportunities of Hydroponic Farming in Bulacan 
Respondents Categories Theme 

1, 5, 6, 7, 8, 12, 13, 
15, 16 

Additional Income and Economic 
Benefits 

Theme: Hydroponic Farming as 
a Sustainable and Profitable 
Agricultural Solution in Bulacan 
 
Sub-Theme 1: Economic 
Growth and Livelihood 
Opportunities 
 

2, 3, 19, 20          Sustainability and Environmental 
Benefits 

 
10,11,18 

 
Health and Lifestyle Benefits 
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Sub-Theme 2: Environmental 
and Health Benefits 

 

Through interviews with hydroponic farmers in Bulacan about opportuni4es, highlighted codes generated a theme: 
"Hydroponic Farming as a Sustainable and Profitable Agricultural Solu4on in Bulacan." It became apparent that 
the decision to explore hydroponic farming was influenced by the COVID-19 pandemic and the changing 
agricultural landscape in the region. The pandemic, with its restric4ons on movement and access to tradi4onal 
markets, prompted farmers to seek alterna4ve livelihood op4ons. One respondent men4oned that the idea of 
hydroponic farming arose from the need to sustain livelihoods despite the pandemic's limita4ons. Addi4onally, 
the intrusion of major developments, such as the airport, in the region led to the displacement of tradi4onal 
farmers, further mo4va4ng individuals to explore modern farming methods like hydroponics. The poten4al to 
assist fellow farmers, par4cularly those who had lost land due to development, was a driving factor in the decision 
to venture into hydroponic farming, with the aim of providing a sustainable source of income and support to the 
agricultural community in Bulacan. 

Another theme generated was "Economic Growth and Livelihood Opportuni4es." Respondents expressed 
op4mism about the poten4al of hydroponic farming to not only provide addi4onal income but also to introduce 
modern farming prac4ces to others in their community. The prospect of earning 10,000 to 20,000 pesos per month 
through hydroponic farming was seen as a significant contribu4on to the livelihoods of farmers in Bulacan, 
par4cularly in San Nicolas, where tradi4onal agriculture was prevalent. While some respondents acknowledged 
that hydroponic farming some4mes resulted in break-even net profits, they remained hopeful that with further 
investment and opportuni4es for collabora4on with larger companies, profitability could be increased. To preserve 
their standard of living and support their communities, farmers are increasingly embracing new technologies and 
adapting to changing agricultural conditions. 

This study confirmed the conclusions of Chong et al. (2021) that some hydroponic systems may be installed in 
industrial and urban environments where tradi4onal farming is imprac4cal. According to the ar4cle by Maniego et 
al. (2018), hydroponic farming was a feasible industry for small business owners, as indicated by interviews with 
farmers. The poten4al of hydroponics to advance food security and sustainability aligns with the UN Sustainable 
Development Goals (SDGs), par4cularly Zero Hunger (Goal 2) and Responsible Consump4on (Goal 12) (Goh et al., 
2023).  

Although other respondents also saw this as a restric4on, Yasay (2021) noted that high upfront costs and technical 
knowledge requirements may have deterred small-scale farmers from implemen4ng the strategy. According to 
Despommier (2024), legisla4ve and technological support were needed for hydroponic farming to be widely used. 

Moreover, respondents emphasized promo4ng healthy living by ea4ng vegetables in the theme "ENVIRONMENTAL 
and HEALTH BENEFITS." Aside from the health benefits, it would encourage agricultural innova4on through 
environmental conserva4on, as hydroponics' ability to save water was essen4al in regions experiencing periodic 
droughts. This finding aligned with Goh et al. (2023), who reported that hydroponic systems use 90% less water 
than soil-based farming, making them a sustainable op4on in water-scarce areas. A contras4ng view from Hancock 
(2023) highlighted that while water use was minimized, energy consump4on for climate control and ligh4ng could 
be a drawback, which some respondents also acknowledged. 

The opportuni4es outlined in Table 17 align with global and regional research findings and reflect local reali4es 
based on respondents' experiences. While hydroponics offered clear advantages in land use efficiency, yield, and 
resource conserva4on, challenges such as cost, technical exper4se, and energy consump4on remained key 
considera4ons for long-term sustainability. 

Table 18 below summarizes the opportunities, with descriptions to facilitate easy comprehension.  
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Table 18 

Summary of Opportuni=es of Hydroponic Farming in Bulacan 

 

Opportuni)es Descrip)on 

Growing Demand for Healthy, 
Pes4cide-Free Produce 

Increased consumer awareness of health and wellness creates 
strong demand for fresh, chemical-free vegetables. 

  

Urban Market Expansion 
Urbaniza4on and infrastructure development (e.g., Bulacan 
Airport) offer new markets and distribu4on channels for 
hydroponic products. 

  

Year-Round Produc4on 
Hydroponic farming allows con4nuous cul4va4on regardless of 
seasonal changes, increasing overall produc4vity and 
profitability. 

Technological Advancements 
Access to improved hydroponic systems, automa4on tools, and 
digital marke4ng plarorms enhances opera4onal efficiency 
and market reach. 

  

Suppor4ve Government 
Policies 

Emerging policies promo4ng sustainable agriculture and urban 
farming create opportuni4es for grants, subsidies, and training 
programs. 

Poten4al for Export and 
Ins4tu4onal Markets 

Growing interest from hotels, restaurants, supermarkets, and 
export markets boosts poten4al for bulk sales and business 
expansion. 

  

Resource Efficiency and 
Climate Resilience 

Hydroponic systems require less water and land, offering a 
compe44ve advantage in areas affected by climate change and 
resource scarcity. 

 

In summary, hydroponic farming in Bulacan presents significant opportuni4es to advance sustainable agriculture, 
meet the rising demand for healthy produce, and create new economic pathways. Strengthening support systems 
and expanding market access will be key to maximizing these opportuni4es. 
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Figure 4 

Transi=on Flow to Strategic Business Model 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 illustrates the logical flow from the farmers' socio-economic profile, effec4veness perspec4ve, challenges 
encountered, and opportuni4es iden4fied to the formula4on of a strategic business model tailored for sustainable 
and scalable opera4ons. 
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Table 19 

Synthesis of Quan=ta=ve and Qualita=ve Findings 

Quantitative Findings Qualitative Findings 
Majority are middle-aged (31–50 years old). 
More males than females 
Most have college degrees 
3–4 years hydroponic experience 
Capital from personal savings 
Farming secondary source of income 

Farmers are educated and motivated, but 
financial limitations and lack of accessible 
financing restrict growth. Hydroponic 
farming serves as both a main and 
alternative source of income. 

Hydroponic farming in Bulacan was rated as 
"Highly Effective" in management, marketing, 
operations, finance, and supply chain. 

Farmers emphasized the importance of 
personal management skills, creative 
marketing strategies, and technology 
adaptation. 

 Challenges mainly involve infrastructure 
costs, access to consistent utilities, and 
technical skills development. 

 Recognized potential in pesticide-free 
produce, health-conscious buyers, and 
urban farming growth. 

 Farmers recommend improvements in 
branding, financial assistance, government 
and private sector collaboration, digital 
presence. 

 

The findings on the socio-economic characteris4cs, opera4onal effec4veness, challenges, and opportuni4es of 
hydroponic farming in Bulacan provided a comprehensive founda4on for strategic planning. Guided by these 
insights, the following sec4on presents the development of a proposed business model to enhance the 
sustainability and growth of hydroponic farming in the province. 

V. Strategic Business Model for the Sustainable Success of Hydroponic Farming in Bulacan 
 

Table 20 presents par4cipants’ responses from qualita4ve interviews, thema4cally analyzed as the basis for 
developing a business model in hydroponic farming in Bulacan.  

Table 20 

Strategic business model of hydroponic farming  

Respondents Categories Theme 
1, 13, 18               Social media and Marketing Strategies Theme: Sustainable 

Market-Driven Strategies 
for Hydroponic Farming 
Success in Bulacan 
 
Sub-Theme 1: Innovative 
Marketing and Market 
Expansion 
 
Sub-Theme 2: Quality 
Production and Strategic  

2, 3, 19, 20          Sustainability and Environmental Benefits 
 
2, 11, 14 

 
Quality Control and Farm Management 

3, 10, 11, 15, 16, 19 Marketability and Selling Strategies 
 

5, 6, 10, 17, 20       Business Strategy and Planning 
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The theme generated from respondents' answers was "Sustainable Market-Driven Strategies for Hydroponic 
Farming Success in Bulacan." Ensuring the success of hydroponic farming in Bulacan required a strategic business 
model that addressed key aspects, including sustainable, market-driven strategies, innova4ve marke4ng and 
market expansion, quality control, and farm management. 

Market analysis was crucial for iden4fying target markets, understanding consumer preferences, and assessing the 
compe44on. By conduc4ng thorough market research, hydroponic farmers could tailor their products to meet 
local consumer demands and differentiate themselves from competitors through a value proposition. Diversifying 
revenue sources through products could reduce risks and improve the long-term viability of Bulacan hydroponic 
farming opera4ons. Farmers should inves4gate value-added ventures, such as processing, packaging, and 
distributing hydroponic goods like herbs, spices, and prepared salads, in addi4on to selling fresh fruit. Crafting an 
engaging brand narrative that highlights the unique value proposition, environmental initiatives, and community 
benefits of hydroponic farming could attract clients and help the business stand out from compe4tors. 

The respondents emphasized that consumer demand for fresh, pes4cide-free vegetables was increasing, making 
hydroponics a profitable venture. This aligned with Badrinath et al. (2022), who highlighted that hydroponically 
grown produce commanded premium prices in urban markets due to its higher nutri4onal value and safety. 
However, Jagdish (2023) argued that despite rising demand, public awareness and affordability remained 
challenges in developing markets. Some respondents echoed this concern, no4ng that hydroponic produce was 
perceived as expensive, poten4ally limi4ng its market reach. 

The sub-theme developed was "Innova4ve Marke4ng and Market Expansion." Leveraging digital marke4ng 
channels such as social media, websites, and online marketplaces could reach a wider audience and drive sales. 
Moreover, offering agritourism experiences such as farm tours, workshops, and farm-to-table dining could 
generate addi4onal income and promote brand awareness. Furthermore, exploring niche markets such as organic, 
specialty, or ethnic produce could tap into new customer segments and create compe44ve advantages. Building a 
strong brand iden4ty and marke4ng strategy was essen4al for crea4ng awareness, abrac4ng customers, and 
establishing credibility in the hydroponic farming industry in Bulacan. Consequently, building strong partnerships 
with local markets, restaurants, and grocery stores could help secure reliable distribu4on channels and establish a 
loyal customer base. 

The study recommended direct-to-consumer sales, collabora4ons with supermarkets, and integra4on with farm-
to-table efforts to assure market penetra4on. Santos and Ocampo (2021) supported this approach, noting that 
urban hydroponic farms benefited from shorter supply chains, thereby reducing spoilage and transport costs. In 
contrast, Despommier (2024) claimed that logis4cal concerns, such as cold storage and effec4ve delivery, remained 
a barrier for hydroponic farmers in developing countries. Some respondents men4oned the necessity for 
government aid in infrastructure and transporta4on to create supply chains.  

The sub-theme of "Quality Produc4on and Strategic Business Planning" was found using a code created from 
respondents' responses. Efficient use of water, nutrients, energy, and space was cri4cal to maintaining opera4ons 
while minimizing resource consump4on. Implemen4ng modern hydroponic methods with water recircula4on and 
nutrient recovery capabili4es minimizes environmental impact while incorpora4ng renewable energy sources, 
such as solar power, to enhance sustainability and reduce opera4onal costs. Smart monitoring and control 
technologies also enabled real-4me surveillance of environmental parameters and plant health, resul4ng in 
proac4ve management and resource op4miza4on.  

Technology adop4on was an important driver of efficiency and innova4on in hydroponic farming. Inves4ng in 
cuxng-edge solu4ons such as ver4cal farming, automated nutrient dosing, and data analy4cs sosware helps 
streamline opera4ons, improve crop quality, and increase yields. Furthermore, adop4ng advanced technologies 
such as blockchain for supply chain transparency and the Internet of Things (IoT) for remote monitoring improved 



 

 

Lunday	Research	Journal	
ISSN	Print:	2984-8288	

ISSN	Online:	2984-8385 
						
						
						
						
						
						
						
						
						
						
						
						
						
						
						
						
						
	
V
o
l
.	
4	
N
o
.	
1
,	
p
p
.	
6
-
2
0
,	
J
a
n
u
a
r
y	
2
0
2
6	

 

traceability and accountability across the produc4on process. Hydroponic farmers may preserve their 
compe44veness and establish themselves as industry leaders by staying up to date with technological 
breakthroughs and con4nually innova4ng.  

The most important factors for consumer trust and legal compliance were food safety and quality control. Strict 
adherence to sanita4on guidelines, hygiene standards, and pest control techniques protected the quality of the 
produce. Implemen4ng circular economy concepts, such as turning organic waste into compost or bioenergy, 
improves resource efficiency and reduces waste. The long-term viability of hydroponic farming in Bulacan was 
largely dependent on environmentally conscious agricultural methods and sustainable farming prac4ces. Using 
environmentally friendly prac4ces, such as organic farming, conserving water, and enhancing biodiversity, 
decreases environmental impact and increases ecological resilience. By combining technological innova4on, 
quality assurance, and sustainable prac4ces, as outlined in Goh et al. (2023), hydroponic farming may be a viable 
way to ensure food security and agricultural sustainability in Bulacan. It also promotes resource-efficient farming, 
which aligns with the global sustainability goals (SDG 2 & SDG 12).  

Conversely, Hancock (2023) noted that reliance on technology increased energy costs, which some respondents 
iden4fied as a financial hurdle to running large-scale hydroponic farms. Consequently, Sisodia et al. (2020) 
cau4oned that not all hydroponic farms used eco-friendly prac4ces, and excessive reliance on synthe4c nutrients 
could pose environmental risks. Some respondents recognized this issue and suggested more research into organic 
alterna4ves to enhance sustainability. The long-term viability and profitability of hydroponic farming opera4ons in 
Bulacan depended heavily on risk management and financial planning. To secure capital and attract investors, a 
thorough business plan with reasonable financial projections—such as launch costs, operating expenses, revenue 
projections, and cash flow analysis — was crucial. Risk management applica4ons such as insurance, crop 
diversifica4on, and backup plans for bad weather or market swings can also protect against unforeseen difficul4es 
and ensure business con4nuity.  

The business model implied careful investment in cost-effec4ve processes to guarantee profitability. Li and Kee 
(2020) supported this strategy, arguing that economies of scale could lower opera4onally costs while increasing 
return on investment (ROI) for commercial hydroponic farms. However, Yasay (2021) warned that costly ini4al 
capital expenditures remained a substan4al obstacle, par4cularly for small-scale farmers. Some study respondents 
stated that financial help from the government and private investors was cri4cal for business viability. 

Educa4on and community involvement were essen4al elements of a successful business plan to increase 
awareness and acceptance of hydroponic farming in Bulacan. Locals may learn about the advantages of 
hydroponics and gain support and trust if workshops and farm tours are offered. Furthermore, working with 
government organiza4ons and educa4onal ins4tu4ons to incorporate hydroponics into extension programs and 
school curricula may inspire a new genera4on of hydroponic enthusiasts and business owners.  

The strategic business model in Table 20 addressed market demand, financial sustainability, technology use, and 
policy support to guide the growth of hydroponic farming in Bulacan. 

Table 21 and Figure 5 below illustrate this model, developed from data and interviews, as a prac4cal tool for 
sustainable and compe44ve opera4ons. 
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Table 21 

Business Model Canvass of Hydroponic Farming in Bulacan 

Business Model 
Canvass 
Component 

Management / 
Administration 

Operations Marketing Financial Supply 
Chain 

Key Activities training  crop production, 
nutrient, and pest 
control 

promotion cost control 
 

Key Resources skilled staff greenhouses, 
water, nutrient and 
seeds hydroponic 
systems,  

social media  capital 
 

Key Partners 
 

Agricultural expert Reseller 
 

supplier 
Customer 
Segments 

  
restaurants, local 
market, reseller 

 
 

Value 
Proposition 

  
sustainable, fresh 
high-quality crops 

  

Revenue 
Streams 

  direct sales of 
crops, bulk 
orders  

  

Cost Structure 
 

equipment, seeds, 
nutrient solutions,  
pest control  

   

Customer 
Relationships 

 quality assurance 
of crops 

bulk order deals 
 

collaborative 
arrangement 

Channels 
  

social media, 
direct selling, 
farm to table 
partnerships 

  

Figure 5 

Strategic Business Model of Hydroponic Farming in Bulacan 
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Figure 5 shows the Strategic Business Model of Hydroponic Farming  in Bulacan, illustra4ng the key drivers needed 
to sustain long-term success. The model emphasized the  integra4on of innova4on, strategic partnerships, 
efficient resource u4liza4on, and a market-driven approach. It  also underscored the importance of collabora4on 
among public-sector ins4tu4ons, academia, and the private sector, as well as the need for con4nuous farmer 
educa4on, efficient logis4cs, and targeted promo4onal efforts. With a comprehensive framework for the area to 
promote hydroponic farming as a viable and  profitable industry in Bulacan. 

To evaluate the viability of the proposed hydroponic farming business model in Bulacan, a SWOT analysis was 
conducted using the framework of Gürel (2017). The analysis, supported by the findings and a review of related 
literature, iden4fied key strengths, weaknesses, opportuni4es, and threats, as summarized in the table below. 

Table 22 

SWOT Analysis of the Hydroponic Farming Business Model in Bulacan 

Strengths Weaknesses 
Efficient use of water and space; uses up to 90% less 
water than soil-based farming. 

High initial investment required for setup and 
infrastructure. 

Enables high yield and year-round production under 
controlled conditions. 

Requires technical knowledge in system operation 
and nutrient management. 

Produces pesticide-free, high-quality vegetables, 
appealing to health-conscious consumers. 

Dependence on consistent water and electricity 
supply, which can be unreliable. 

Well-suited for urban and peri-urban settings with 
limited land. 

Limited marketing channels and distribution 
systems for small producers. 
  

 
 

 
Opportunities  

 
 
 

Threats 
Growing demand for organic and sustainable produce in 
local and niche markets. 

Vulnerable to waterborne diseases, pests, and 
system failures. 

Support from government programs such as TESDA and 
the Department of Agriculture. 

Fluctuating market prices and stiff competition 
with traditional farming. 

Integration into schools and communities for food 
security and education. 

Limited access to financing, especially for 
smallholder farmers. 

Potential for export and scalability through public-
private partnerships. 

Technological access challenges in remote and 
low-income areas. 

 

The hydroponic farming model was adaptable for both smallholders and commercial scales. Smallholders could 
use low-cost methods like the Kratky or NFT method, which require minimal capital and space and are ideal for 
urban or backyard farming (Wanniachchi & Jayakody, 2022). These setups benefited from local direct-to-consumer 
sales and community-based support (Prayoga & Putra, 2020). 

In contrast, commercial opera4ons could scale ver4cally with greenhouse automa4on and advanced systems, 
suppor4ng high-volume produc4on and formal market integra4on (Souza et al., 2019). The model was also 
regionally flexible and suitable for urban, rural, coastal, or mountainous areas by adap4ng inputs to local 
condi4ons (Cifuentes et al., 2020). 

According to the SWOT analysis, hydroponic farming in Bulacan displayed much poten4al as a scalable and 
sustainable business model. Despite obstacles such as high startup costs and technical requirements, there were 
ample opportunities stemming from the benefits of efficient produc4on, rising market demand, and suppor4ve 
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government policies. Strategic planning, focused training, and suppor4ng policies would mi4gate threats and 
ensure the long-term sustainability of hydroponic farming in Bulacan. 

Conclusion, Limita)ons, and Recommenda)ons 

This sec4on summarizes findings from the five specific issues addressed in the study. Both quan4ta4ve and 
qualita4ve data were examined to provide a thorough understanding of hydroponic farming in Bulacan. 

1. How may the socio-economic characteris)cs of hydroponic farmers in Bulacan be described in terms of: 
1.1. Age. Regarding age, most farmers were between 36, and 50 years old, followed by those aged 51–

60, indica4ng that middle-aged individuals predominantly prac4ce hydroponic farming. Younger 
farmers, aged 18–25, indicate a limited presence of youth in this sector. 

1.2. Sex. Gender analysis showed that most hydroponic farmers were male, while females accounted 
for a notable propor4on, reflec4ng a male-dominated field with notable female par4cipa4on. 

1.3. Educa=onal aJainment. Educa4onal abainment revealed a highly educated demographic, 
indica4ng that the sector abracts individuals with advanced educa4on. 

1.4. Years of experience prac=cing hydroponics. Regarding experience, farmers had 3–4 years of 
prac4ce, sugges4ng the rela4ve newness of hydroponic farming. A smaller propor4on had more 
than 5 years of experience, indica4ng that the technique was s4ll emerging and gaining popularity. 

1.5. Source of capital. Farmers primarily fund their ventures through personal resources, relying on 
savings.  External financing op4ons were limited, and securing loans and receiving support from 
private investors was difficult. 

1.6. Sources of income. Income sources were diverse, including farmers earning from hydroponics and 
other ac4vi4es, on-farm income, and supplemental income from external employment. 

2. How may the perceived effec)veness of hydroponic farming in Bulacan be evaluated in terms of: 
2.1. Management/Administra=on. Par4cipants agreed on the significance of supervising resource 

distribu4on, fostering interdisciplinary collabora4on, coordina4ng outreach efforts, managing 
data, and assessing impact.  

2.2. Marke=ng. Respondents firmly asserted that crucial marke4ng prac4ces included digital 
campaigns, strategic collabora4ons, product innova4on, and consulta4ve selling.   

2.3. Opera=ons. Respondents agreed and emphasized the importance of effec4ve system 
maintenance, pest management, environmental monitoring, and con4nuous staff training. 

2.4. Financial. Respondents unanimously agreed that financial management effec4veness included 
budge4ng, profitability monitoring, and strategic planning. 

2.5. Supply chain. Respondents unanimously affirmed that effec4veness covered input sourcing, 
distribu4on efficiency, and inventory management. 

3. What challenges have farmers in Bulacan encountered with hydroponic farming? 
The interviews with hydroponic farmers in Bulacan revealed several challenges encountered in hydroponic 
farming, reflec4ng the complexi4es of implemen4ng innova4ve agricultural prac4ces in the region. They faced 
high ini4al investment costs, with most relying solely on personal savings due to a lack of access to loans or 
government grants. They also had limited technical training, especially in nutrient mixing, system maintenance, 
and troubleshoo4ng. Marke4ng difficul4es included limited customer reach, informal pricing strategies, and a 
lack of branding. A weak supply chain was characterized by inconsistent availability of materials and inputs, 
osen at high costs. Minimal government or ins4tu4onal support, both in policy and extension services, was 
another challenge. These challenges indicated a strong need for support systems such as training, access to 
finance, and coopera4ve-based supply networks. 

4. What opportuni)es does hydroponic farming offer for sustainable agriculture in Bulacan? 
Hydroponic farming presented significant opportuni4es for sustainable agriculture in Bulacan, as evidenced by 
interviews with local farmers. Notwithstanding the challenges, significant opportuni4es were iden4fied that 
posi4oned hydroponic farming as a viable and scalable enterprise. Rising demand for fresh, pes4cide-free, and 
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health-oriented produce among households, restaurants, and wellness businesses was observed. Independent 
of weather condi4ons, year-round produc4on made it resilient against climate-related risks. Urban adaptability 
made hydroponics suitable for small spaces and urban households' interest in innova4on among younger and 
tech-savvy farmers seeking sustainable, high-return ventures. There was poten4al for value-added products like 
salad kits, pobed herbs, and agritourism experiences. These opportuni4es supported the case for hydroponics 
as a future-ready agricultural solu4on, especially when coupled with proper educa4on and marke4ng. 

5. What strategic business model may be recommended to ensure the success of hydroponic farming in 
Bulacan. 

To provide a comprehensive understanding of the study, both quan4ta4ve and qualita4ve data were 
synthesized. Quan4ta4ve findings showed that while hydroponic farmers demonstrated strong opera4onal and 
managerial capabili4es, significant gaps remained in marke4ng strategies, financial management, and supply 
chain coordina4on. These numerical results were supported by qualita4ve observa4ons, which revealed that 
farmers osen relied on personal networks for sales, faced difficul4es in accessing affordable inputs, and 
struggled with limited technical assistance. The convergence of these findings underscored the importance of 
the Agricultural Innovation Theory by emphasizing that, despite adoption, institutional and resource 
constraints continued to impede the full expression of innovation. The relevance of external collabora4ons was 
also emphasized in the qualita4ve narra4ves, highlighting the applicability of Business Ecosystem Theory to 
understanding the relationships among hydroponic farmers, suppliers, customers, and support organiza4ons. 
This comprehensive analysis reinforced the founda4on for developing a strategic business plan tailored to the 
unique circumstances of hydroponic farming in Bulacan. 

Overall, the study highlighted that hydroponic farming in Bulacan was a promising but currently under-
supported venture. It presented significant findings that aligned with a strategic business model, offering 
prac4cal guidance for farmers to overcome challenges and maximize their poten4al. With the right support, 
hydroponics could thrive as a sustainable and profitable agricultural prac4ce in the region. 

Conclusions 

Considering the findings of the study, the following conclusions were drawn: 

1. The study concluded that most hydroponic farmers in Bulacan were middle-aged, college-educated individuals 
with limited experience in the industry. They were dedicated to sustainable and innova4ve farming prac4ces 
despite their limited experience. It reflected the Agricultural Innova4on Theory, which suggested that farmers 
responded to changing market demands, urbaniza4on, and land scarcity by adop4ng novel techniques such as 
hydroponics. Their par4cipa4on in hydroponics represented a growing trend toward crea4ve, climate-resilient, 
and space-efficient farming methods. Establishing suitable development programs and ensuring efforts match 
Bulacan hydroponic prac44oners' skills, requirements, and incen4ves required an understanding of the 
farmers. 

2. The findings indicated that hydroponic farming in Bulacan was generally effec4ve in 
management/administra4on and opera4ons. However, there were significant deficiencies in marke4ng 
strategies, financial management, and supply chain coordina4on. This supported the Business Ecosystem 
Theory, which highlighted that business success depended not only on internal efficiency but also on 
collabora4on with external stakeholders such as suppliers, distributors, and customers. Iden4fying 
effec4veness across key areas ensured that strengths could be reinforced and weaknesses strategically 
addressed through capacity-building ini4a4ves. 

3. Hydroponic farmers faced cri4cal challenges, including high ini4al investment costs, difficulty in accessing 
affordable inputs, limited market reach, and insufficient technical support. These challenges were consistent 
with Agricultural Innova4on Theory, which acknowledged that the adop4on of innova4on was osen 
constrained by economic and ins4tu4onal barriers. Iden4fying specific challenges provided clear direc4on for 
policy reforms, funding programs, and ins4tu4onal support efforts to reduce barriers to successful hydroponic 
farming. 
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4. Despite the challenges, hydroponic farming presented numerous opportuni4es, par4cularly the growing 
demand for pes4cide-free, high-quality produce among health-conscious consumers, urbaniza4on trends, and 
infrastructure projects such as the Bulacan Airport. These opportuni4es were consistent with the Induced 
Innova4on aspect of Agricultural Innova4on Theory, which emphasized that economic incen4ves drove 
technological adop4on. Recognizing and leveraging these opportuni4es enabled farmers to scale their 
opera4ons, improve profitability, and strengthen their contribu4on to local and regional food security. 

5. A strategic business model was developed to maximize the poten4al of hydroponic farming through five core 
components: management, opera4ons, marke4ng, supply chain, and financial management. Aligned with 
Agricultural Innova4on and Business Ecosystem Theories, the model addresses current gaps while building on 
exis4ng strengths. It offers a prac4cal, scalable framework tailored to hydroponic growers in Bulacan, 
promo4ng sustainability, profitability, and long-term success. As hydroponics gains trac4on, it presents a 
powerful tool for revitalizing local agriculture, improving food security, and driving economic growth in an 
evolving world. 

Recommenda)ons 

Based on the findings and conclusions of the study, the following recommenda4ons were hereby submibed: 

1. Providing capacity-building programs that concentrate on the design, opera4on, maintenance, pest 
management, and sustainable agricultural prac4ces of hydroponic systems is essen4al for farmers and 
farming communi4es. Their entrepreneurial and opera4onal capabili4es will be further developed through 
training in financial planning, digital literacy, farm administra4on, and marke4ng. To enhance 
environmental sustainability and efficiency, farmers should be encouraged to implement water recycling 
systems and adopt renewable energy solu4ons, such as solar panels. Establish farmer coopera4ves to 
enhance collec4ve bargaining power, facilitate market access, and promote resource sharing. 
Furthermore, to ensure consistent demand and visibility for hydroponic produce, it is impera4ve to 
strengthen supply chains by establishing strong partnerships with Bulacan Hydroponic Supply, local hotels, 
supermarkets, and restaurants. Adopt best prac4ces, par4cipate in training, form coops to reduce costs, 
and access beber markets. 

2. To create a conducive environment for hydroponic farming, governments and policymakers must develop 
regulatory frameworks, infrastructure, and enabling policies. Subsidies, financial incen4ves, coopera4ve 
funding schemes, and microloan access should be available to scale small-scale enterprises and reduce 
entry barriers. Demonstra4on farms and publicly funded training centers will be learning sites and 
promote broader adop4on. To ensure quality and build consumer confidence, the government should also 
encourage the use of cer4fica4on and branding for hydroponically grown products. Local government 
units (LGUs) should implement subsidy programs for hydroponic inputs (e.g., PVC pipes, grow lights, 
nutrient solu4ons) and offer tax incen4ves to agripreneurs inves4ng in urban farming technologies. TESDA 
and the Department of Agriculture should develop 4ered training modules (Basic, Intermediate, 
Advanced) focusing on system setup, pest management, nutrient calibra4on, and business planning. 
Modules should include hands-on demos and online cer4fica4on.  

3. Women and underrepresented groups should develop inclusive training programs tailored to their unique 
responsibili4es and requirements in the agricultural sector. Empowerment and par4cipa4on will be 
fostered by facilita4ng access to capital and support for female-led hydroponic ventures. To cul4vate 
innova4on and equity within the agricultural sector, it is impera4ve to encourage gender-inclusive 
entrepreneurship ac4vely. 
Entrepreneurs and startups are encouraged to drive agricultural innova4on by joining incuba4on 
programs, tech clusters, and agri-business centers that support the development of localized hydroponic 
solu4ons.  

4. Entrepreneurs and startups are encouraged to engage in agricultural innova4on through incuba4on 
programs, tech clusters, and agri-business centers. These plarorms will help create value-added products 
such as pre-packed greens and ready-to-eat salad kits tailored to urban consumers. By promo4ng Bulacan 
as a model for sustainable and resource-efficient agriculture, entrepreneurs can align their ini4a4ves with 
na4onal development goals and contribute directly to Sustainable Development Goal 2: Zero Hunger. 
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5. Private-sector actors and technology providers are essen4al to enhancing hydroponic agriculture in 
Bulacan by fostering innova4on, increasing efficiency, and broadening market access. They should partner 
with local coopera4ves and government en44es to provide cost-effec4ve, scalable hydroponic systems, 
leveraging new technologies such as automa4on, IoT sensors, AI-powered monitoring tools, and ver4cal 
farming configura4ons to improve produc4vity. Crea4ng intui4ve digital tools and mobile applica4ons for 
smallholder farm management can enhance opera4onal efficiency and decision-making. Expanding 
market access and increasing consumer awareness can be achieved through strategic partnerships with 
culinary service providers, retailers, and e-commerce plarorms.  

6. Educa4onal ins4tu4ons are encouraged to incorporate hydroponics into their formal curricula and 
extracurricular programs.  Integrate hydroponic modules in K-12 and higher educa4on; build on-campus 
demo farms to encourage learning and food produc4on. The industry's academic founda4on will be 
for4fied, and youth interest in agripreneurship will be s4mulated through partnerships with universi4es 
for research, training, and technology transfer. 

7. Establish a partnership model of public-private partnerships (PPP) where local agri-tech companies 
provide system installa4on and maintenance, while LGUs handle farmer enrollment and agreements. 
Community coopera4ves can manage group purchasing and market linkage. 

8. Lastly, the researcher recommends that research ins4tu4ons and prospec4ve researchers conduct 
longitudinal studies on the financial sustainability and profitability of hydroponic farming across different 
farm scales and loca4ons. Conduct consumer acceptance studies on hydroponically grown produce to 
beber understand market poten4al and branding strategies. Analyze cost-benefit comparisons between 
hydroponics and tradi4onal farming over mul4ple cropping cycles in the same region. The generalizability 
and applicability of the findings will be improved by broadening the scope of future studies to encompass 
various regions of the Philippines. 
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