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Technology transfer. over four months (January-April 2025) involving 25 participants from

Gapoktan Nilam farmer group in North Sumatra. The tri-partite
partnership included farmers, PT. G10 Aggrotech, and Universitas
Negeri Medan. Training modules covered aeroponic fundamentals,
micro-tuber applications, and integrated system management. post
assessments measured survival rates, productivity, knowledge, and
skills using paired t-tests.

Results: Survival rates improved significantly from 52.3+8.2% to
83.7+4.1% (p<0.001). Monthly seedling production increased by 171%
from 2,040+320 to 5,520+280 units. Participant knowledge scores
doubled from 4.2+0.8 to 8.5+0.6 (p<0.001). The program achieved 95%
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participation with 78% satisfaction rates and demonstrated 240%
return on investment within 12 months.

Conclusion: The integrated approach effectively addresses
transplant shock while establishing sustainable community
partnerships. This model demonstrates successful scaling of complex
agricultural technologies at grassroots level, contributing to
enhanced food security through improved seed systems.

This is an open-access article under the CC-BY-SA license.

1. Introduction

Global food security increasingly depends on sustainable seed systems, particularly for
staple crops like potato (Solanum tuberosum L.), which ranks as the world's fourth most
important food crop [1], [2]. Despite significant advances in tissue culture technology
producing pathogen-free plantlets, the transition from sterile laboratory conditions to field
environments remains problematic, achieving only 40-60% survival rates in developing
countries [3], [4].

This challenge is particularly acute where smallholder farmers constitute the backbone of
agricultural production. Transplant shock, caused by temperature fluctuations, humidity
variations, and pathogen exposure, represents the primary limitation in tissue culture-derived
potato propagation [4]. Aeroponic technology has emerged as a promising solution, providing
precise control over root zone environments and achieving survival rates of 85-95% under
controlled conditions [5]-[7].

However, a critical research gap exists in community-level implementation of integrated
aeroponic systems. While technical efficacy has been demonstrated in controlled
environments, limited studies examine practical adoption through community partnerships in
developing countries. Most research focuses on technical optimization rather than socio-
economic factors influencing technology transfer and sustainability.

Research Gap, Current literature lacks comprehensive studies on community-based
implementation of integrated aeroponic-micro tuber systems, particularly examining the
effectiveness of multi-stakeholder partnerships in facilitating technology adoption and
capacity building.

North Sumatra Province, as one of Indonesia's major potato-producing regions, exemplifies
these challenges where traditional propagation methods fail to achieve economically viable
success rates [8]-[10]. Community-based technology transfer approaches have shown promise
when implemented through participatory methodologies that engage stakeholders as active
partners [11]-[14]. This study addresses the research gap by implementing and evaluating an
integrated aeroponic-micro tuber system through a tri-partite community partnership. The
objective was to enhance potato seed propagators' technical capacity while establishing

sustainable technology transfer mechanisms that contribute to regional food security.
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2. Method

This study employed a Participatory Action Research (PAR) approach conducted over a
four-month period from January to April 2025 in Medan Tuntungan District, North Sumatra
Province, Indonesia (3°34'N, 98°40’E; elevation 25-30 m above sea level). The study site
features a tropical climate characterized by average temperatures of 26-28°C, relative humidity
of 75-85%, and annual rainfall of 2.200-2.400 mm. The PAR framework was selected to enable
collaborative involvement of researchers, institutional partners, and participants throughout
the development and implementation of aeroponic technology and micro-tuber integration.

The program was implemented through a tri-partite partnership model involving
Gapoktan Nilam, PT. G10 Aggrotech, and the community service team from Universitas Negeri
Medan and University Putera Malaysia (UPM). Gapoktan Nilam provided field facilities and 25
farmer participants. PT. G10 Aggrotech contributed 5,000 plantlets of the ‘Granola’ potato
variety and 2,000 laboratory-produced micro-tubers valued at USD 1,400. The UNIMED-UPM
academic team supplied technical expertise, aeroponic equipment, training materials, and
scientific monitoring support.

Participants were selected using purposive sampling based on four criteria: at least two
years of active membership, basic literacy skills, commitment to participate in all program
phases, and willingness to adopt new technologies. The cohort consisted of 60% male and 40%
female participants, with a mean age of 42.8 + 8.4 years.

The technological components applied in this study comprised an aeroponic system
constructed from fiberglass tanks (4 m x 2 m x 0.5 m) equipped with timer-controlled misting
at 15-minute intervals, nutrient management (EC 1.2-1.8 mS/cm; pH 5.8-6.2), and digital
environmental monitoring. A 200 m? screen house equipped with 40-mesh insect netting, UV-
stabilized covering, and climate control targeting 22-26°C temperature and 75-85% relative
humidity supported the cultivation process. Laboratory-generated micro-tubers (5-15 mm
diameter) were integrated following a 14-day gradual acclimatization protocol in accordance
with the Indonesian National Standard (SNI 01-4226-1996).

Implementation followed four sequential phases. Phase 1 involved baseline assessments
through structured interviews, focus group discussions, and technical evaluations. Pre-
intervention measures included a 30-item knowledge test, a 25-item practical skills checklist,
and initial production benchmarking. Phase 2 consisted of capacity-building activities
delivered through three instructional modules on aeroponic fundamentals, micro-tuber
biology and acclimatization, and integrated system management with quality control
procedures. Phase 3 comprised supervised implementation during which weekly monitoring
was conducted to record plant survival rates, growth parameters, and environmental
conditions. Phase 4 entailed a comprehensive post-intervention evaluation involving
knowledge reassessment, economic analysis, and sustainability planning.

Data collection incorporated both quantitative and qualitative approaches. Quantitative
indicators included survival rates, productivity indices, knowledge scores, and economic

variables, while qualitative insights were gathered through participant satisfaction surveys,
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focus group discussions, and participatory observation. Statistical analyses were performed
using SPSS version 28.0, employing paired t-tests to compare pre- and post-intervention scores
at a significance level of o = 0.05, with effect sizes calculated using Cohen’s d. Qualitative data
were analyzed using a thematic framework approach, with independent coding conducted by
two researchers.

The study received ethical approval from the Research Ethics Committee of Universitas
Negeri Medan (Protocol #2024-001). All participants provided written informed consent, and
all personal data were handled confidentially throughout and after the study period.

3. Results and Discussion

3.1. Technical Performance and Innovation

The integrated aeroponic-micro tuber system demonstrated superior performance across
all measured parameters Table 1. The 60% improvement in survival rates from 52.3% to 83.7%
exceeded initial projections and aligns with previous research reporting 85-95% success rates
under controlled conditions [15], [16]. However, this study's unique contribution lies in
demonstrating practical implementation feasibility at the community level rather than

controlled laboratory environments.

Table 1. Comparative Analysis of Technical Performance Indicators

Improvement p- Effect Size
Parameter Pre-Program Post-Program (%) value (Cohen's d)
Survival Rate (%) 52.3+8.2 83.7+4.1 60.0 <0.001* 4.69
Monthly  Productivity ) 510,300 55204280 1706 <0.001*  11.84
(units)
Knowledge Score (1-10) 4.2+0.8 8.5+0.6 102.4 <0.001* 6.07
Practical Skills Score (1-10) 3.8+0.9 8.2+0.7 115.8 <0.001* 5.47
fg)rmpam Satisfaction (1= 51,15 9.1+0.4 78.4 <0.001* 425

*Statistically significant at a=0.01

The micro-tuber integration proved particularly effective in bridging the physiological gap
between sterile laboratory conditions and field environments. This staged acclimatization
reduced transplant shock from 65% to 15%, validating the integrated approach's biological
rationale. Environmental monitoring confirmed stable growing conditions within target

ranges throughout the study period

3.2. Economic Feasibility and Sustainability

Economic analysis revealed compelling financial returns with 240% ROI within 12 months
and 4.2-month break-even period in Table 2. The 32% reduction in production costs through
improved efficiency and reduced waste enhances long-term sustainability. Employment
creation (8 new positions) contributes to rural development objectives while addressing youth

migration issues.
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3.3. Community Partnership Effectiveness

The tri-partite partnership model proved highly effective in facilitating technology
transfer and ensuring sustainability. Success factors included complementary resource
mobilization, shared ownership development, and local capacity building. The emergence of
5 local technology champions demonstrates successful knowledge internalization and peer-to-
peer transfer capabilities.

Participant feedback revealed 88% commitment to continuing technology use beyond the
program period, with 76% expressing willingness to invest in system expansion. These
commitment levels substantially exceed typical technology adoption rates in agricultural
programs [17], [18].

Table 2. Economic Impact Analysis

Economic Indicator Value Impact Assessment
Initial Investment (USD) 2,500-3,500 per unit Moderate capital requirement
Monthly R I
(Uosrll)) y Revene Mcrease 3,200 175% improvement
Break-even Period (months) 42 Rapid payback
Return on Investment (12 o . .
months) 240% Highly profitable
Cost Reduction (%) 32% Significant efficiency gains

Enh livelih
Employment Creation (FTE) 8 positions nhanced 1V.e .1 ood
opportunities

3.4. Capacity Development and Knowledge Systems

The substantial improvements in knowledge (102.4%) and practical skills (115.8%)
demonstrate the effectiveness of hands-on training combined with practical implementation.
Qualitative analysis revealed three key themes: cognitive transformation (enhanced
understanding of plant physiology and environmental control), skill development (practical
competency in system operation), and behavioral change (adoption of systematic production
management approaches) [19]-[21].

3.5. Social and Environmental Impact

The program generated broader impacts beyond direct technical outcomes. Social benefits
included enhanced community cohesion, increased women's participation (40%), and
strengthened organizational capacity. Environmental benefits encompassed 60% water use
reduction, elimination of soil-borne pathogen risks, and 90% decrease in pest incidence
through controlled environment protection in Figure 1 and Figure 2.

The high level of women's participation represents a significant achievement in
agricultural technology adoption, demonstrating the importance of inclusive design and
targeted outreach strategies [22]-[24].

3.6. Contribution to Sustainable Development Goals

The program meaningfully contributes to multiple SDGs: SDG 1 (No Poverty) through
175% income increase lifting 15 families above poverty threshold; SDG 2 (Zero Hunger)
through enhanced seed security; SDG 4 (Quality Education) through certified technical
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competencies for 25 participants; and SDG 5 (Gender Equality) through 40% female
participation with active leadership roles [25]-[29].

PROGRAM MAGANG & PENELITIAN
KULTUR JARINGAN

Aeroponics system

® o “u'

Figure 2. Overview of community service activities conducted
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4. Conclusion

This study demonstrates the effectiveness of integrated aeroponic-micro tuber technology
for enhancing community-based potato seed propagation capacity. The tri-partite partnership
model successfully facilitated technology transfer while building sustainable local capacity,
achieving significant improvements across technical, economic, and social parameters. This
research contributes to agricultural extension theory by demonstrating the effectiveness of
participatory, partnership-based approaches to technology transfer. The successful
development of local expertise and peer-to-peer knowledge transfer mechanisms provides
insights for designing sustainable agricultural development programs. The 60% improvement
in survival rates, 171% productivity increase, and 240% ROI demonstrate the economic
viability of community-based aeroponic systems. The model provides a replicable framework
for scaling agricultural innovations while ensuring local ownership and sustainability.

Limitations the study's four-month duration limits long-term sustainability assessment.
The single-site focus restricts generalizability across different socio-economic contexts.
Economic analysis relies on relatively short-term data, warranting longer-term impact studies.
Future studies should examine long-term adoption dynamics, comparative analysis across
diverse settings, and policy integration for scaling community-based aeroponic systems.
Research should also investigate factors influencing sustained technology adoption and
development of context-specific adaptation strategies. The integrated aeroponic-micro tuber
approach addresses critical challenges in tissue culture potato propagation while providing a
replicable model for sustainable agricultural development through effective community

partnerships.
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