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Robusta coffee productivity in Pupuan Village, Tabanan Regency, has not yet reached its
optimal potential. The main obstacle lies in the use of conventional seed-based seedlings,
which cause high genetic variability due to the self-incompatible nature of Robusta coffee.
To address this, the Community Engagement program focuses on empowering the
younger generation by transferring vegetative propagation technology (stem cuttings) and
implementing the Four Pillars of Cultivation Technology. This program involved 30
students from SMA Negeri | Pupuan as target partners. Quantitative evaluation using pre-
and post-test instruments showed significant changes in knowledge, with students'
technical understanding scores increasing by 33.87% (p < 0.001) after the intervention.
As a tangible result, participants demonstrated a deep understanding of the Standard
Operating Procedures (SOPs) for stem-cutting propagation, including orthotropic shoot
selection, the application of natural Plant Growth Regulators (PGRs) such as shallot
extract, and microclimate regulation. To ensure sustainability, a collective Action Plan is
needed that engages the younger generation in selecting and implementing this
technology. This step is expected to encourage increased coffee plantation productivity in
the future while strengthening the regeneration of young farmers.

Contribution to Sustainable Development Goals (SDGs):
SDG 2: Zero Hunger

SDG 12: Responsible Consumption and Production

SDG 13: Climate Action

SDG 15: Life on Land

1. INTRODUCTION

1.1.  Research Background

output. Within this global landscape, Indonesia plays a vital role
as the world's third-largest Robusta producer, with a production
volume ranging from 9.3 to 11 million bags [1]. Despite this
massive national potential and high global demand, productivity
at the local smallholder level often remains sub-optimal. In Bali

Globally, coffee is one of the most actively traded agricultural
commodities, with total global production projected to reach a
record 178.8 million bags (60 kg per bag) in the 2025/2026 period
[1]. Robusta coffee (Coffea canephora) is a critical component of
this market, accounting for approximately 47% of the global

Province, Tabanan Regency stands out as a significant production
center with substantial potential [2]. Pupuan Village is a
prominent area in Tabanan. However, the local farming
community faces systemic challenges, including stagnant yield
rates and limited adoption of technology among the younger
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demographic, which threaten the long-term sustainability of the
regional coffee sector [3].

Furthermore, the long-term sustainability of the coffee sector
is severely threatened by a crisis in farmer regeneration. Rural
youth are increasingly reluctant to engage in agriculture, often
perceiving it as an unprofitable and outdated profession. This lack
of youth involvement significantly impedes the transition from
conventional farming to modern agribusiness and slows down the
adoption of Good Agricultural Practices (GAP) [4]. Addressing
this demographic challenge requires empowering the younger
generation by transforming traditional farming into a prospective
modern agribusiness [5].

From an agronomic perspective, the stagnant productivity of
local smallholder plantations is primarily driven by the heavy
reliance on conventional seed-based seedlings [6]. Because
Robusta coffee is naturally self-incompatible, generative
propagation by seed results in high genetic variability and
inconsistent yields [7]. Therefore, technological interventions
through vegetative propagation, specifically stem cuttings, are
critical [8]. This method guarantees that the seedlings possess
genetic characteristics identical to the superior mother tree,
ensuring uniform harvest quality, accelerating the onset of
fruiting, and enabling the mass propagation of adaptive clones
such as BP 308 [9]. Beyond the genetic advantages of vegetative
propagation, the implementation of the Four Pillars of Cultivation
covering proper pruning, shade management, balanced
fertilization, and sanitation is essential to remediate the currently
prevalent issue of aging and damaged coffee plants [8], [10].

Despite having the second-largest coffee plantation area
globally, spanning 1.2 million hectares, Indonesia's national
average coffee productivity remains disproportionately low at
approximately 625 kg/ha. This systemic national challenge
closely mirrors the local reality in Pupuan Village, Tabanan,
where smallholder productivity stagnates at only 400-600 kg/ha
(averaging 509 kg/ha) [10]. By integrating vegetative techniques
with the comprehensive Four Pillars of Robusta Coffee
Cultivation Technology comprising (1) Production facilities, (2)
Cultivation processes, (3) Post-harvest handling, and (4)
Marketing this community empowerment program aims to equip
the youth with precise technical competencies to elevate local
yields toward the projected target of 800—1,000 kg/ha/year [3].

1.2.  Research Objective

This program aims to equip Pupuan Village youth with technical
expertise in stem cutting for vegetative propagation. By teaching
the "Four Pillars of Robusta Coffee Cultivation," it seeks to
modernize traditional farming practices and position agriculture
as a viable, technology-driven career for the younger generation.

2. MATERIALS AND METHODS

The Community Engagement activity was held on Friday, June 5,
2026, at SMA Negeri 1 Pupuan, Tabanan Regency, Bali. The
primary target beneficiaries of this program were exclusively 30
high school students who served as target partners in this
empowerment initiative (Fig. 1). This intervention deliberately
targeted the younger generation to address the crisis of farmer
regeneration.

A group of 30 high school students from SMA Negeri 1
Pupuan actively participated in the Community Engagement
program. This initiative specifically targeted the younger

https://doi.org/10.29165/ajarcde.v10i3.1123

generation to overcome the farmer-regeneration crisis and secure
the future of the local coffee agribusiness.

Fig. 1. Participants of the Community Engagement at SMA 1
Pupuan Tabanan.

The demographic profile of the participants is presented in Table
1. The participants consisted of 17 male students (56.7%) and 13
female students (43.3%), enrolled in the 10th and 11th grades
(aged 15-17 years). They were selected specifically for their
socio-economic background, as most belong to coffee-farming
families in Pupuan Village.

Table 1. Demographic characteristics of the participants (n = 30)

Characteristics Frequency (n) Percentage (%)
Gender

Male 17 56.7

Female 13 43.3

Education Level

10th Grade 16 53.3

11th Grade 14 46.7

Age Range

15— 17 years old 30 100.0

2.1.  Training Implementation and Evaluation
Instruments

The educational materials provided to the students consisted of
comprehensive printed modules and visual guidelines covering
the Four Pillars of Robusta Coffee Cultivation Technology as
well as Standard Operating Procedures (SOP) for vegetative
propagation using BP 308 clones. The training was organized as
an intensive one-day program, beginning with two hours of
theoretical counseling and interactive discussions, followed by
three hours of hands-on field demonstrations.

As illustrated in Fig. 2, the resource persons delivered
presentations and led discussions on the technical aspects of
cultivation, post-harvest processing, and modern management of
Robusta coffee. This session was designed to align students’
perceptions of entrepreneurial opportunities within the coffee
agribusiness sector before transitioning to field activities.
Subsequently, Fig. 3 depicts the students’ enthusiasm during
hands-on practice in coffee stem selection and vegetative
propagation. This field exercise was intended to bridge the gap
between classroom-based agricultural theory and practical
operational realities in the plantation setting.
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Fig. 2. Academic resource persons from Warmadewa University
facilitating theoretical counseling and interactive discussions.
The session aligns students' perceptions of modern coffee
agribusiness management and the Four Pillars of Cultivation
Technology before field practice.

Fig. 3. Practical field demonstration of Robusta coffee vegetative
propagation. Students actively practice selecting healthy
orthotropic shoots and high-quality scions from certified mother
trees to ensure genetic uniformity.

To measure the effectiveness of the knowledge transfer, the
program employed pre-test and post-test instruments. The
assessment tool was a structured questionnaire comprising 10
technical questions on seed selection, stem-cutting procedures,
and garden management. Participants' responses were measured
on a S-point Likert scale and then converted to a 0-100
quantitative scale. The evaluation criteria for the program's
success were determined by the absolute percentage shift in
students' positive comprehension categories and the statistical
significance of the score improvement, analyzed using a paired
samples t-test with a significance threshold of p < 0.05. The
overall workflow of this implementation process, from
preparation to evaluation, is systematically depicted in Fig. 4.

52 Situmeang et al.

Structured Five-Phase Implementation Workflow
Con

y engagement program - agricultural technology transfer & mentoring

PHASE 1: PREPARATION & PRE-TEST
* Participant registration & baseline survey « Pre-test knowledge assessment
I
PHASE 2: THEORETICAL COUNSELING
* Four Pillars of Cultivation Technology * Interactive lectures & discussion (2 hours)
+ ~
PHASE 3: FIELD DEMONSTRATION
* Hands-on stem-cutting propagation + Shoot selection & planting practice (3 hours)
4
PHASE 4: POST-TEST EVALUATION
* Post-test assessment * Paired-samples t-test analysis
4
PHASE 5: SUSTAINABILITY MONITORING
* Three-year continuous mentoring « Bl-annual fleld assessment & reporting

Fig. 4. The workflow diagram depicting the comprehensive
implementation process of the community empowerment
program, ranging from phase 1 (preparation and pre-test
assessment), phase 2 (theoretical counseling), phase 3 (field
demonstration of stem cuttings), phase 4 (post-test evaluation), to
phase 5 (3-year sustainability monitoring).

2.2.  Follow-up Plan and Mentoring (Sustainability
Plan)

To guarantee the long-term sustainability of this empowerment
program, a structured sustainability framework was established
encompassing four key components [11]. First, the mentoring
duration is designed for a continuous three-year period, aligning
with the projected timeframe required to increase smallholder
coffee productivity to the target of 800—1,000 kg/ha/year. During
the initial phase, the academic team will closely monitor the
development of the seedlings under shade throughout the
maintenance period until they meet the criteria for planting in
open fields at 4-6 months of age. Second, the monitoring
indicators include the survival rate of the stem cuttings and the
percentage of students actively applying GAP on their family
farms. Third, the follow-up evaluation plan consists of bi-annual
field assessments (every six months) conducted by the academic
team. This process is supported by the integration of a digital
reporting system that allows students to consult on technical
obstacles during the independent maintenance phase online.
Finally, institutional commitment is solidified through a
continuous collaborative partnership involving Warmadewa
University, SMA Negeri 1 Pupuan, and local coffee farming
cooperatives.

3. RESULT AND DISCUSSION

3.1.  Quantitative Evaluation of Knowledge Transfer

The effectiveness of knowledge transfer to participants was
quantitatively evaluated using pre-test and post-test instruments
administered to 30 students. Descriptive analysis revealed a
substantial improvement in their technical comprehension. Prior
to the intervention, the pre-test results showed limited
understanding of modern coffee agribusiness: 35% of students
reported having no knowledge or only some knowledge, 38%
were hesitant, and only 27% reported prior understanding. After
the intensive hands-on demonstrations and mentoring sessions,
the post-test results indicated a remarkable paradigm shift, with
77% of participants reporting that they understand or strongly
understand the technical materials.

https://doi.org/10.29165/ajarcde.v10i3.1123
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Table 2. Paired Samples T-Test Results of Students' Technical
Knowledge (n = 30)

Test IN  [Mean |Standard Statistical [p-value
Parameter Deviation (SD)[Test
Pre-test |30 |57.67 (1191 Paired t- [<0.001
test

Post-test [30 [77.20 |15.88

Based on the paired-samples t-test (Table 2), this intervention
program resulted in a statistically significant increase in technical
understanding (p < 0.001). The average comprehension score of
the participants significantly increased from 57.67 (SD = 11.91)
before the training to 77.20 (SD = 15.88) after participating in the
educational sessions and field practice demonstrations. This
reflects a 33.87% increase in capacity, providing robust empirical
evidence that the intensive mentoring method was highly
effective at transferring practical skills in vegetative cultivation
to the younger generation [12]. This substantial gain in
competency underscores the critical role of hands-on technical
training in overcoming initial barriers to agricultural
modernization, mirroring successful educational outcomes
observed in similar community-based agricultural development
initiatives [13], [14]. Furthermore, the shift from traditional
practices to Good Agricultural Practices is essential for enhancing
institutional capacity and securing the long-term viability of the
coffee value chain [15]. These results corroborate findings that
structured technical training, combined with active field
engagement, is instrumental in elevating both agribusiness
knowledge and practical skills among participants [16]. This
positive trajectory in student achievement highlights the vital
synergy between vocational education frameworks and
agricultural outreach [17], laying the foundation for enhanced
professional competency among emerging farmers [18].

3.2.  Transformation of Understanding through the
Four Pillars of Coffee Cultivation

The transformation of the participants' understanding was
achieved through the comprehensive implementation of the Four
Pillars of Robusta Coffee Cultivation Technology.

Four Pillars of Robusta Coffee Cultivation Technology

An integrated framework far improving smalinolder productivity in Pupuan, Bal

Post-Harveet
Handling

Production Cuitivation
Facilities Processes

* EP 308 certiiad clanes « Balanced fertiizatan

Target Outcome — Productivity Increase

509 —— 800-1,000

kaihaiyear (haseline] Kaihaiyear (rarger

Fig. 5. Conceptual framework of the Four Pillars of Robusta
Coffee Cultivation Technology, illustrating the systematic
integration of production facilities (seedling propagation),
cultivation processes (nutrient and shade management), post-
harvest handling (red-picking and drying), and marketing
(digitalization and cooperatives) to achieve optimal productivity.
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As illustrated in Fig. 5, this conceptual framework integrates
production facilities, cultivation processes, post-harvest handling,
and marketing into a cohesive strategy. During the field practice,
these four conceptual pillars were translated into specific
technical activities:

The First Pillar (Production Facilities): Focused on securing
high-quality seedlings through the selection of superior mother
trees and effective vegetative propagation [19]. Participants
followed standard procedures, selecting healthy 5-6 month-old
orthotropic shoots and preparing 6-8 cm cuttings with a 45-
degree angle [20]. To promote rooting, natural plant growth
regulators such as young coconut water, shallot extract, and
bovine urine were applied through a 1-2-hour soaking process,
providing an eco-friendly alternative to synthetic hormones [21],
[22]. The cuttings were then planted in a porous mixture of
topsoil, cocopeat, and manure. To prevent physiological stress,
students maintained 90-96% humidity using plastic covers
(sungkup) under 30-50% paranet shading [23]. The propagation
process is shown in Fig. 6. This systematic approach to seedling
production effectively bridges the gap between theoretical
agronomy and real-world agricultural applications, ensuring that
students can relate laboratory practices to professional cultivation
standards [24].

Standard Operating Procedure:
Robusta Coffee Stem-Cutting Propagation

o STEP 1 o STEP 2

Select mother tree & Prepare the cutting
shoot

® Cut&-8 cm long at @ 457 angle
 Certified superior clone (BP

= Keep 2-4 nodes; trim leaves by
308)

haif

« Healthy orthotropic shoot, 5-6
months old

0

Apply natural PGR Plant in the polybag

= Soak the base for 1-2 hours © Media topsol : cocopeat :

manure.
« Shallot extract, cocanut water

or cattle urine = Ratio 21111, porous &
well-drained

e STEP 6

Field-ready seediing

O e

Regulate the
microclimate
= Rooted seedling after -6
« Plastic cover (sungkup): months
SRl « Reaty for open-field pianting
« Under 30-50% paranet shade

Field-ready criteria
4-6 pairs of healthy dark-green leaves, a sturdy stem, and roots that have filled the polybag.

-/

Fig. 6. The step-by-step procedure of Robusta coffee propagation
through stem cuttings, demonstrating the 45-degree angle cut, the
application of natural Plant Growth Regulators (shallot extract),
planting in a 2:1:1 media ratio, and the installation of plastic
covers (sungkup) to maintain 90-96% microclimate humidity.

The Second Pillar (Cultivation Processes): Involved the
optimization of nutrient management and vegetative
maintenance. The students learned the importance of pruning,
shade tree regulation (agroforestry), and balanced fertilization to
maintain soil health [25], [26]. This initiative may contribute to
enhancing the resilience of coffee production systems against
climate variability [27].

The Third Pillar (Post-harvest Handling): Emphasized the
standardization of red-pick harvesting and proper drying
procedures to produce premium quality (fine coffee) [28]. The
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participants were educated to abandon "gleaning" (picking fallen
fruit) practices to ensure the highest market value.

The Fourth Pillar (Marketing): Implemented by introducing
digital marketing strategies and strengthening cooperative
networks [30]. Participants were also introduced to financial
literacy and digital branding tools such as the Business Model
Canvas and QR codes to standardize product identity and broaden
market access [29]. The students were trained to utilize digital
platforms to shorten distribution channels, empowering them to
become independent modern coffee agropreneurs [31], [32].
These efforts to modernize agricultural practices ultimately aim
to increase production efficiency and foster a sustainable
agribusiness ecosystem that creates higher added value for the
younger generation [31].

3.3.  Distinguishing Actual Achievements and
Projected Future Impacts

To provide a rigorous evaluation of this community
empowerment program, it is essential to distinguish between the
actual results achieved during the intervention and the projected
long-term impacts. Actual ~Achievements: The immediate,
verifiable outcome of this program is the successful technology
transfer and capacity building of 30 high school students [33]. As
demonstrated by the paired t-test analysis, participants
experienced a statistically significant 33.87% increase in their
technical understanding of modern coffee cultivation.
Furthermore, the participants successfully demonstrated the
practical ability to independently perform vegetative propagation
using stem cuttings according to standard procedures [34].

Projected Future Impacts: The projected increase in Robusta
coffee productivity, from 509 kg/ha to 800-1,000 kg/ha, is
grounded in the shift to superior clones and the Four Pillars of
Cultivation Technology, though immediate verification is
pending due to the short training duration. To realize this goal,
the program established a three-stage action plan: first, planting
polyclonal seedlings, balanced fertilization, and selective
harvesting; second, developing collective drying facilities and
cooperatives; and third, pursuing export independence, agro-
tourism, and youth regeneration. Supported by a three-year
mentoring plan, this initiative builds a strong foundation for
reaching these targets [35]. By utilizing autonomous farmer
groups as local knowledge hubs, the program mirrors successful
participatory models [12] and underscores that agricultural
competitiveness requires both technical proficiency and long-
term institutional capacity building [36], [37].

4. CONCLUSION

The Community Engagement Program successfully achieved its
stated goal of transferring agricultural technology innovations to
30 students at SMA Negeri 1 Pupuan. This achievement was
demonstrated by a statistically significant 33.87% increase in
technical knowledge scores (p < 0.001) and participants'
understanding of vegetative propagation through stem cuttings.
Participants successfully mastered practical skills, including
orthotropic shoot selection, 45-degree cutting, application of
natural plant growth regulators (shallot extract and coconut
water), preparation of an ideal growing medium at a 2:1:1 ratio,
and microclimate control using plastic covers. Furthermore, they
comprehensively adopted the Four Pillars of Robusta Coffee
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Cultivation  Technology covering production facilities,
cultivation processes, post-harvest handling, and marketing. The
immediate result of this activity was increased technical capacity
of the participants. At the same time, the long-term impact
contributed to the sustainability of farming businesses, increased
productivity of small-scale coffee plantations, and provided a
solution to the regeneration crisis among young farmers.
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