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Hydroponic cultivation has emerged as a strategic approach in community 

empowerment initiatives, particularly in contexts characterized by limited land 

availability, declining soil fertility, and constrained access to conventional 

agricultural practices. This study aimed to evaluate the effectiveness of a 

hydroponic training program in enhancing participants’ knowledge and 

readiness to adopt soilless cultivation techniques. A pretest and posttest design 

was employed to assess ten indicators encompassing fundamental 

hydroponic concepts, system typologies, nutrient management, and critical 

plant growth parameters. The findings revealed substantial improvements in 

participants’ knowledge, as evidenced by markedly higher post-test scores 

across all indicators. Significant gains were observed in participants’ 

understanding of suitable crop selection, optimal pH regulation, nutrient 

solution management, and the appropriate use of measurement instruments. 

Importantly, these enhanced competencies were translated into practical 

implementation, with participants, particularly members of the PKK group, 

successfully establishing hydroponic systems, conducting harvesting activities, 

and commercializing their produce through local bazaars. This outcome 

underscores the program’s tangible contribution to small-scale food 

production and the generation of supplementary household income. Taken 

together, the study demonstrates that structured and practice-oriented 

hydroponic training effectively strengthens technical capacity while fostering 

community empowerment and sustainable livelihood development. 
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INTRODUCTION 

Agriculture is a vital sector for both the economy 

and food security in Indonesia. However, farmers in 

Sukamakmur Village, located in the Ciomas District of 

Bogor Regency, face various challenges that hinder 

agricultural productivity. Sukamakmur Village is 

located in the valley of Mount Salak, where most of 

the land has been fragmented and developed for 

housing, resulting in limited land for agriculture.  It is 

difficult to develop rice field and garden farming 

businesses; therefore, one way to develop agriculture 

is through the use of yards or small plots of land that 

have the potential to be planted with crops for family 

needs. These challenges include limited agricultural 

land, climate change, and market price volatility. 

Consequently, conventional farming methods have 

limitations, highlighting the need for innovation in 

sustainable agricultural systems. 

One promising alternative to soil cultivation is 

hydroponics, a method of cultivating plants without 

soil using nutrient-rich water as a growing medium. 

Compared to conventional soil-based cultivation 

and simple container planting systems, which 

generally require lower technical expertise, 

hydroponic systems offer superior control over 

nutrient delivery, water use efficiency, and plant 

growth conditions. Although hydroponic cultivation 

requires greater technical knowledge and initial 

adaptation, it presents a more appropriate solution in 

contexts where land availability is limited and 

agricultural productivity needs to be optimized. 

Previous research has demonstrated that 
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hydroponics can significantly enhance the efficiency 

of land and water utilization (Resh, 2022; Gumisiriza, 

2022; Rajaseger et al., 2023; Maisarah et al., 2023; 

Caniago, 2023; Mihrete, 2025), while also reducing 

the risk of crop losses due to pests and diseases 

(Gumisiriza, 2022; Pilanto, 2023; Caniago, 2023; Armas 

et al., 2023). In the context of PKK community groups 

located in densely populated rural areas with 

constrained land resources, the selection of 

hydroponic systems is justified by their capacity to 

optimize limited space, support household-level food 

production, and create potential income-

generating activities when accompanied by 

appropriate technical training. Despite these 

advantages, the adoption of hydroponic systems 

among local farmers remains limited, highlighting the 

need for targeted training and capacity-building 

interventions. The central issue is the lack of 

understanding within the community regarding 

hydroponic technology and its potential benefits for 

enhancing agricultural productivity. The literature 

indicates that knowledge and access to 

technological information are crucial for the 

adoption of agricultural innovations (Gumisiriza, 2022; 

Caniago, 2023; Mihrete, 2025). Therefore, this study 

proposes the implementation of training and 

outreach programs aimed at improving community 

understanding of hydroponics while providing access 

to the necessary tools and materials. 

The goal of these activities is to enhance 

agricultural literacy among the residents of 

Sukamakmur Village and promote the adoption of 

hydroponic systems as an alternative solution to 

improve food security and the economic welfare of 

the community. Through this initiative, it is expected 

that the community will gain a better understanding 

of hydroponic system construction and be able to 

conduct trials with appropriate crops. Additionally, 

the initiative aims to foster collaboration between 

farmers and agricultural experts to support the 

sustainable implementation of hydroponic systems. 

 

MATERIALS AND METHODS 

Materials  
A hydroponic system was developed for the 

Family Welfare Empowerment Group (PKK) in 

Sukamakmur Village using locally available and cost-

effective materials to support small-scale cultivation. 

Compared to conventional soil-based cultivation 

systems, which generally require lower technical 

expertise, hydroponic systems were selected 

because of their superior efficiency in terms of land 

and water use, particularly in densely populated rural 

areas with limited space.  

The main materials used in the hydroponic 

installation were as follows: 

1. Fiber Glass Sheets: Used as a supporting material 

in the hydroponic system due to their durability, 

lightweight characteristics, and resistance to 

environmental conditions.  

2. Light Steel: Utilized for the structural framework of 

the system, providing strength, stability, and 

resistance to corrosion.  

3. PVC or PE pipes: Function as channels for nutrient 

solution distribution, enabling efficient water flow 

and delivery of nutrients to plant roots.  

4. Reservoir: A storage container used to hold the 

nutrient solution before circulation through the 

system.  

5. Water pump: Used to circulate the nutrient 

solution from the reservoir to the plant channels, 

thereby ensuring a continuous nutrient supply.  

6. Aeration system: This system comprises an air 

pump and aeration stone and enhances oxygen 

availability in the nutrient solution, which is 

essential for root development.  

7. Hydroponic nutrient solution: A formulated mixture 

of macro-and micronutrients required to support 

optimal plant growth and development.  

8. Total Dissolved Solids Measurement Device: Used 

to monitor the nutrient concentration in the 

solution to maintain appropriate growing 

conditions. 

The following materials were used for seedling 

propagation and sprouting: 

1. Rockwool: Rockwool is made from rock fibers and 

has excellent aeration and water retention 

properties. It is commonly used as a growing 

medium for seedlings, providing strong support for 

seeds and young roots. 

2. Growing trays or seedling trays: These plastic trays 

contain small cells that are typically filled with 

germination media, such as rockwool, allowing for 

the simultaneous germination of a large number 

of seeds. 

3. Tackpot: A small container specifically designed 

to hold seeds during germination and early 

growth. Tackpots can also be used to place 

germination media. 

4. Seed Trays: These trays have multiple small cells for 

seed germination and are typically made from 

durable plastic. Each cell serves as a growth 

medium for one seed, enabling the planting of 

multiple seeds at once. 

5. Plastic containers with lids: Transparent plastic 

containers made from durable materials with lids 

protect the seeds. These containers provide a 

sterile environment for seed germination and can 

also be used to store planting media and seeds 

together. 

 

Methods 

The methods utilized in community service 

activities in Sukamakmur Village, Ciomas District, 

Bogor Regency, specifically for the PKK group. The 

number of  participants involved from the PKK group  

https://dx.doi.org/10.30656/jpmwp.v10i1.11601


Amin et al., Jurnal Pengabdian Masyarakat Wikrama Parahita, Volume 10 Number 1, May 2026: 38-44 

DOI: https://dx.doi.org/10.30656/jpmwp.v10i1.11601  

 

40 

 

Table 1. Solution of dedication 
 

Problem Solution Outputs Measurable Indicators 

Limited farmland in 

Sukamakmur Village, 

which is a densely 

populated area 

Providing information 

and training on 

hydroponic systems 

that do not require 

large areas of land 

The community can 

utilize limited spaces 

such as terraces, 

balconies, and 

rooftops for gardening 

Number of participants 

applying hydroponic systems 

at home; number of 

hydroponic units installed 

Lack of community 

knowledge about 

hydroponic techniques 

Training on theory and 

practice of hydroponic 

installation, plant care, 

and monitoring 

The community 

understands 

hydroponic systems 

and can apply them 

independently 

Increase in pre test and post 

test scores; percentage of 

participants demonstrating 

correct practices 

Lack of food self 

sufficiency among 

families 

Encouraging 

households to cultivate 

hydroponic 

vegetables 

Increased availability 

of fresh vegetables 

and improved food 

security 

Frequency of harvest; quantity 

of vegetables produced; 

evidence of household 

consumption or sales 

 

ranged  from  15  to  20  individuals. To ensure that the 

addressed the specific needs of the target group, an 

initial problem identification and solution mapping 

process was conducted. Based on the identified 

problems and corresponding solutions presented in 

Table 1, the community empowerment program was 

systematically designed to address the specific 

needs of the target group. This framework served as 

the foundation for structuring a series of integrated 

activities aimed at enhancing participants’ 

knowledge, technical skills, and practical 

implementation capacity. 

 

RESULTS AND DISCUSSION 

Community service activities were implemented 

in Sukamakmur Village, considering the 

characteristics of a densely populated rural area with 

limited agricultural land. The program targeted 

members of the PKK group, who were expected to 

act as agents of change by disseminating 

knowledge and promoting community participation 

in sustainable food production. 

Rapid urbanization in Sukamakmur Village has 

led to significant land conversion from agricultural 

use to residential areas, resulting in reduced food 

production capacity and increased dependence on 

external food sources. In response, the program 

introduced hydroponic cultivation as an alternative 

approach to support household-level food 

production and community resilience. 

Urban farming has been widely recognized as a 

strategic response to land constraints and increasing 

food demand in densely populated regions. Previous 

studies have demonstrated that hydroponic systems 

provide an efficient use of water and nutrients while 

enabling cultivation in limited spaces (Wibawa et al., 

2025; Abraham et al., 2024; Okuputra et al., 2023). 

These characteristics make hydroponics particularly 

relevant to communities such as Sukamakmur 

Village. 
 

 
 

Fig. 1. Training on vegetable cultivation using 

hydroponic systems 

 

Training and educational interventions play an 

essential role in enabling communities to adopt 

hydroponic technology (Fig. 1). Harisdani et al. (2023) 

reported that community-based hydroponic training 

increased participants' knowledge and technical 

capacity, enabling them to independently set up 

and manage hydroponic systems. Similar outcomes 

were observed by Rahmah et al. (2022), who 

highlighted the effectiveness of hands-on 

hydroponic learning for capacity building, 

particularly among educators and local community 

groups. Empowerment outcomes are not limited to 

knowledge acquisition. Puspitasari et al. (2022) 

showed that hydroponic programs involving 

marginalized communities helped foster self-

confidence and provided opportunities for 

behavioral change toward healthier and more 

sustainable food production.  

To assess whether the program achieved its 

intended outputs, changes were evaluated using 

measurable parameters related to land utilization, 

knowledge improvement, and household food 

production (Table 2). 
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Table 2. Changes resulting from service activities 
 

Initial Condition Intervention Condition Change Measurable Parameters 

Limited availability of 

agricultural land in 

densely populated rural 

areas, resulting in 

minimal household food 

production 

Implementation of 

hydroponic training, 

assistance, and 

technical guidance 

programs for PKK 

community members 

Participants are able to 

utilize limited household 

spaces such as terraces 

and small yards for 

hydroponic cultivation 

PKK women as 

participants 

implementing 

hydroponic systems (15 

women) 

Low level of community 

knowledge and 

technical skills in 

hydroponic systems 

Delivery of structured 

training programs 

combined with hands 

on practice and 

continuous mentoring 

Increased knowledge and 

technical competence by 

improved pre test and post 

test results and 

participants’ ability to 

independently manage 

hydroponic systems 

Pre test and post test 

improvement 

Limited household food 

self sufficiency and 

dependence on 

external vegetable 

sources 

Encouragement of 

household level 

hydroponic 

production and 

ongoing technical 

support 

Increased availability of 

fresh vegetables for 

household consumption 

and additional income 

opportunities through 

small-scale sales 

Harvest activity and 

participation in local 

bazaars 

 

Following the intervention, participants 

demonstrated a clear transition from limited 

awareness to the active implementation of 

hydroponic systems. Several households successfully 

established small-scale hydroponic units and were 

able to manage plant growth independently (Fig. 2). 

This shift indicates that the program not only 

improved knowledge but also strengthened 

practical skills and self reliance. The ability to convert 

underutilized household spaces into productive 

cultivation areas highlights the adaptability of 

hydroponic systems in densely populated rural 

settings. This finding supports previous research 

indicating that hydroponic and urban farming 

systems are effective solutions in environments where 

conventional agriculture is constrained (Aydin, 2023). 
 

  
 

Fig. 2. Hydroponic installations in Sukamakmur 

Village 

 

Knowledge Improvement  

The level of knowledge of training participants 

on hydroponics was measured through pre-tests and 

post-tests conducted before and after the training. 

Fifteen participants, comprising PKK women, 

answered questions on the pre-test and post-test 

according to their level of understanding of 

hydroponics. The pre-test and post-test assessments 

measured participants’ knowledge across ten key 

aspects of hydroponic cultivation, including 

conceptual understanding, system types, nutrient 

management, and plant growth requirements. The 

post-test results demonstrated a consistent and 

substantial increase in correct answers across all 

indicators (Fig. 3). 
 

 

 

Fig. 3. Training participants' level of knowledge on 

hydroponics 
 

The significant increase in post-test scores 

demonstrates that the training program effectively 

improved participants’ comprehension and 

technical skills related to hydroponics. Prior to the 

training, participants showed limited familiarity with 

core concepts such as the definition of hydroponics, 
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its benefits, and the types of plants suitable for 

hydroponic systems. This knowledge gap is typical 

among beginner-level trainees and aligns with the 

findings of Nyamwamu et al. (2014), who reported 

that agricultural training programs often reveal low 

initial literacy in modern cultivation technologies. 

After the training, the participants exhibited a 

strong understanding of foundational hydroponic 

knowledge. The improvement in the item definition of 

hydroponic (from five to ten correct answers) 

suggests that the participants gained a clearer 

conceptual framework, an essential first step for 

adopting soil-less cultivation technologies. This is 

consistent with the work of AlShrouf (2017), who 

emphasized the importance of conceptual clarity in 

promoting the adoption of hydroponic farming. 

Technical knowledge regarding nutrient 

management, pH requirements, and proper 

measurement tools also improved significantly. For 

instance, knowledge of the ideal pH range increased 

from 1 to 15 correct answers, demonstrating mastery 

of a critical aspect of hydroponic crop success. 

Nutrient and pH management are core determinants 

of plant health in hydroponic systems, and the 

importance of this knowledge is widely documented 

in the literature (Treftz & Omaye, 2016; Resh, 2022). 

The training appears to have effectively filled major 

knowledge gaps in these areas. 

Similarly, participants’ ability to identify 

important growth factors, good seed selection, and 

common hydroponic problems improved markedly 

in the post-test. This suggests that the training not only 

conveyed theoretical content but also strengthened 

participants’ problem-solving skills related to real-

world hydroponic challenges. Such gains align with 

the findings of Rohaeti & Nurhayati (2023), who 

reported that targeted hydroponic training 

enhances farmers’ readiness to troubleshoot nutrient 

deficiencies and environmental imbalances. 
 

  
 

Fig. 4. Harvesting of hydroponic vegetables 

managed independently by PKK Sukamakmur 

 

The consistently increased performance across 

all indicators reflects the overall effectiveness of the 

training program. The results demonstrate that 

structured, hands-on learning is highly beneficial for 

accelerating knowledge acquisition in hydroponic 

technology, supporting previous studies that highlight 

the role of practical exposure in boosting farmer 

competence and technology adoption. Although 

the improvement in test scores confirms the 

effectiveness of the training, a more significant 

outcome is the participants’ ability to apply the 

acquired knowledge in real practice, as reflected in 

the successful implementation of hydroponic systems 

at the household level (Fig. 4). 

 

Economic Impact Analysis  

The economic impact of the program was 

observed through household consumption and 

small-scale marketing activities. Although harvest 

quantities varied and were not produced in fixed 

cycles, participants were able to harvest vegetables 

for daily consumption, thereby reducing household 

expenditure on vegetables. 

In addition, PKK women sold their produce in 

local bazaars at prices ranging from IDR 5,000 to IDR 

10,000 per pack. Although the scale of production 

remained relatively small, this activity demonstrates 

the potential of hydroponic cultivation to generate 

supplementary income (Fig. 5). These findings 

indicate that even small scale hydroponic practices 

can contribute to household economic resilience by 

reducing dependency on purchased vegetables 

and providing additional income opportunities. 
 

  
 

Fig. 5. Sale of hydroponic vegetables by PKK 

Sukamakmur at a local bazaar 

 

Challenges and Implementation Constraints  

Despite these positive outcomes, several 

challenges were encountered during the 

implementation process. The primary difficulty was 

related to participants’ initial technical skills, 

particularly in managing nutrient solutions, 

maintaining water circulation, and monitoring plant 

growth conditions. 

Some participants experienced difficulties in 

consistently applying maintenance practices, such 

as checking nutrient concentration and ensuring 

proper aeration. In addition, limited familiarity with 

measurement tools posed challenges during the 

early stages of adoption. However, these challenges 
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were gradually addressed through continuous 

assistance and technical guidance, which played a 

crucial role in improving participants’ confidence 

and skills. This highlights the importance of sustained 

mentoring in ensuring long-term program success. 

The findings demonstrate that community-

based hydroponic training programs can effectively 

enhance technical capacity and support 

sustainable food production in land-constrained 

environments. The integration of training, assistance, 

and technical guidance contributed to the 

successful adoption of hydroponic practices among 

participants. Beyond knowledge improvement, the 

program facilitated behavioral change, enabling 

participants to actively engage in food production 

and small-scale economic activities. This indicates 

that hydroponic-based community empowerment 

initiatives have strong potential to support both food 

security and livelihood development in similar 

contexts. 

CONCLUSION 

The hydroponic training implemented as part of 

the community empowerment initiative successfully 

enhanced participants’ knowledge and skills in 

soilless cultivation. Prior to the training, participants 

demonstrated limited understanding of basic 

hydroponic concepts, nutrient management, pH 

monitoring, and crop selection. Following the 

training, the post-test results showed substantial 

improvements across all knowledge indicators, 

confirming the effectiveness of the program in 

strengthening both the foundational and practical 

competencies of PKK members. 

Measurable outcomes were reflected in the 

successful implementation of household-level 

hydroponic systems, where participants were able to 

utilize limited spaces and conduct independent 

cultivation and harvesting. The program also 

demonstrated economic potential through reduced 

household vegetable expenditures and small-scale 

income generation from sales at local bazaars, with 

prices ranging from IDR 5,000 to IDR 10,000 per pack. 

However, limitations were observed in the form of 

small and inconsistent production and varying levels 

of technical skills among participants. To ensure 

sustainability, continued mentoring, periodic training, 

and strengthened collaboration among PKK 

members are recommended to support long-term 

implementation. 
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