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Achieving sustainable food security remains a major challenge in developing countries amid 
climate change, population growth, and degrading agricultural resources. This study examines 
how Collaborative Development Communication (CDC) empowers millennial farmers 
through smart farming, using a qualitative single-case study design in Garut Regency, 
Indonesia. Data were collected over two rounds of fieldwork between 11 and 22 May 2026 
through nine semi-structured interview sessions with eight purposively selected informants 
across government, community, and business stakeholder categories, participatory observation 
at five sites, and a documentary corpus of fourteen sources, analysed using reflexive thematic 
analysis. Four themes were developed: Pentahelix collaborative communication as the 
institutional foundation of smart farming; millennial farmers as communication bridge actors 
connecting digital technologies with local knowledge; intergenerational collaborative 
communication between senior and millennial farmers; and communication outcomes for 
productivity, regeneration, and green economy practices. Two contrasting cases, in which 
technology arrived without a collaborative communication structure, delimit these patterns. 
The study proposes the CDC Model, positioning communication as the institutional 
infrastructure of agricultural transformation. Because one millennial farmer was interviewed 
and the media and academic dimensions rest on documents, the model is an analytically 
generalisable proposition requiring multi-site testing. 
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1. INTRODUCTION

Sustainable food security is among the most pressing
challenges facing developing countries amid accelerating 
climate change, population growth, and degradation of 
agricultural resources [1-3]. Conventional farming systems 
increasingly cannot ensure long-term food availability [4, 5]. 
Achieving Sustainable Development Goal (SDG) 2 (Zero 
Hunger) requires not only technological innovation but 
communication capable of strengthening farmers’ capacities 
and fostering multi-stakeholder collaboration [6-8]. 

Smart farming integrates the Internet of Things (IoT), 
sensors, artificial intelligence, and data analytics to improve 
agricultural efficiency [9-11]. Its implementation in 
developing countries, however, faces limited digital literacy, 
inadequate infrastructure, and insufficient communication 
among development actors [12-14], suggesting that digital 
transformation depends as much on communication as on 
technology [15, 16]. 

Previous studies have focused on technological innovation, 
productivity, and adoption, with little attention to how 
development communication connects government, 
universities, the private sector, farmer communities, and 

media. Work on collaborative governance similarly 
emphasises institutional arrangements over the 
communication processes enabling trust-building and joint 
decision-making. 

In Indonesia, millennial farmers (aged 19–39) are 
recognised as strategic actors in agricultural regeneration [17, 
18], yet their empowerment remains constrained by limited 
access to technology, capital, and market information, and by 
communication that remains top-down rather than 
participatory [19, 20]. 

This is particularly evident in Garut Regency, a leading 
horticultural production centre implementing smart farming. 
The 2023 Agricultural Census shows considerable variation in 
millennial farmers’ technology use across sub-districts (Figure 
1) [21]. These census data are descriptive and do not identify
the sources of that variation; communication arrangements are
one plausible contributing factor alongside infrastructure,
capital, and agro-ecological conditions [22-24]. Rather than
treating the pattern as evidence of a communication effect, this
study takes it as the starting point for qualitative examination
and formulates the relationship as a proposition for future
comparative research (Section 5.4).
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Figure 1. Distribution of millennial farmers (aged 19–39 years) using agricultural technology by sub-district in Garut Regency, 
2023  

Source: BPS Kabupaten Garut [21], processed by researchers. 
 

This study therefore analyses how Collaborative 
Development Communication (CDC) supports the 
empowerment of millennial farmers through smart farming in 
Garut Regency. Three questions guide the analysis: how 
communication is organised among stakeholders; what 
communicative roles millennial and senior farmers perform; 
and under what conditions collaborative communication 
translates into food security outcomes. The study proposes a 
CDC Model integrating participatory communication, 
collaborative governance, and the Pentahelix approach, 
extending linear diffusion perspectives by positioning 
communication as a process of dialogue, trust-building, co-
learning, and collaboration. As a model derived from a single 
case, it is advanced as a proposition open to testing rather than 
a validated framework [25]. 

 
 

2. THEORETICAL FRAMEWORK 
 
2.1 From Diffusion of Innovations to collaborative 
governance 
 

Development communication has evolved from linear 
diffusion toward dialogic, collaborative models. Rogers’ 
Diffusion of Innovations theory conceptualised 
communication as linear transmission through sequential 
stages [26], but was criticised for privileging one-way transfer 
over dialogue and local knowledge [27]. Freire [28] 
reconceptualised communication as dialogic, positioning 
communities as active knowledge-creators, while Servaes [29] 
emphasised cultural diversity and mutual learning over 
technology transfer. These developments gave rise to CDC, 
which treats communication as a process facilitating dialogue, 
collective learning, trust-building, and shared decision-
making [30]. Collaborative governance adds an institutional 
lens for addressing complex public problems through cross-

sector collaboration [31, 32]: communication is the 
mechanism through which government, academic, private, 
and community actors exchange knowledge, negotiate 
objectives, and coordinate resources. 

 
2.2 The Pentahelix model and the conceptual foundation of 
the Collaborative Development Communication Model 
 

In Indonesia, collaborative development increasingly 
follows the Pentahelix model, integrating government, 
academia, business, community, and media [33, 34]: 
government provides policy direction; universities contribute 
scientific knowledge; the private sector supplies technology; 
farmer communities contribute local knowledge; and media 
strengthens public awareness. These perspectives indicate that 
sustainable agricultural transformation cannot be explained by 
technology diffusion alone — participatory communication 
highlights dialogue and empowerment, collaborative 
governance emphasises institutional coordination, and the 
Pentahelix approach explains multi-actor roles — yet they 
have rarely been integrated to explain communication 
processes in smart farming. 

This study develops an integrated conceptual foundation 
examining how communication facilitates collaboration 
among these five actors in empowering millennial farmers, 
conceptualising communication as dialogue, trust-building, 
knowledge co-creation, and collective decision-making. It is 
refined through empirical findings into the CDC Model, and 
summarised in Figure 2. 

 
 

3. METHODOLOGY 
 
3.1 Research design 
 

This study employed a qualitative single-case study design 
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to examine CDC in empowering millennial farmers through 
smart farming in Garut Regency, Indonesia [34]. The case is 
defined as the smart farming ecosystem of the regency, 
examined through five embedded sub-units. Garut was 
purposively selected as a leading horticultural centre 
implementing smart farming with government, university, 

farmer-organisation, and agritech involvement. A single-case 
design was selected because the study seeks analytical rather 
than statistical generalisation: the objective is a transferable 
conceptual model of communication processes, not an 
estimate of their distribution across villages [25, 35]. 

 

 
 

Figure 2. Conceptual framework: A Collaborative Development Communication (CDC) Model for sustainable smart farming, 
empowering millennial farmers for food security 

 
3.2 Research participants 
 

Informants were selected purposively on the basis of direct 
involvement in smart farming implementation, representing 
Pentahelix stakeholder groups. Selection required at least six 
months’ involvement, representation of a stakeholder 
category, and willingness to provide detailed information. At 
the time of fieldwork, one millennial farmer met the inclusion 
criteria as an active smart farming practitioner in the primary 
case site; the consequences for the strength of the evidence are 
addressed in Sections 3.6, 4.2, and 6. 

Sample size was governed by information power rather than 
a numerical saturation threshold [36]. Four conditions increase 
the information power of this sample: a narrow aim 

(communication processes within one bounded ecosystem); 
informants occupying specific and highly relevant institutional 
positions rather than drawn from a general population; an 
established supporting theory; and dialogue-rich, extended 
interviews, one of them repeated. Consistent with critiques of 
saturation as a rationale within reflexive thematic analysis 
[35], no claim is made that the full range of possible themes 
has been exhausted. The narrower claim is that, within this 
bounded case, later interviews and the documentary corpus 
generated no new analytic categories relevant to the research 
questions, while additional stakeholder groups — particularly 
media and university actors — would in all likelihood generate 
further themes. 

 
Table 1. Research informant profile (purposive sampling) 

 
No. Participant 

Code Stakeholder Category Location Relevance to Research 

1 HD Village government representative Kec. Cibatu Smart farming policy maker & Pentahelix 
initiator at village level 

2 PM1 Millennial farmer (smart farming 
practitioner) Desa Karya Mukti Primary smart farming practitioner; 

TikTok/Facebook content creator 

3 KT1 Senior farmer group representative RW 3 & 4, Kec. Cibatu Senior farmer; intergenerational knowledge 
transfer agent 

4 KP1 Technology Transfer Station 
representative 

Desa Cikandang, Kec. 
Cikajang 

Smart greenhouse manager; multi-stakeholder 
collaboration hub 

5 DP1 District government representative 
(agriculture) Garut Regency Government actor; agricultural digitalization 

policy & regulation 

6 DP2 District government representative 
(infrastructure) Garut Regency Technology infrastructure & extension 

coordination 

7 KT2 Farmer group representative Kec. Banyuresmi Semi-smart greenhouse recipient; adoption 
process informant 

8 PK1 Technology field supervisor Kec. Wanaraja Technology operations; practical barriers to IoT 
implementation 

Note: KP1 was interviewed twice, producing nine sessions from eight informants. No media practitioners or university representatives were interviewed; these 
Pentahelix dimensions were examined through documentary sources only (Sections 3.3 and 3.6). 

 
3.3 Data collection 
 

Fieldwork was conducted across six field days in two 

rounds, 11–13 May and 18–22 May 2026, using three 
complementary strategies. First, nine semi-structured 
interview sessions were held with the eight informants in 

3811



 

Table 1 (45–90 minutes each, in Bahasa Indonesia, audio-
recorded with informed consent and transcribed verbatim); 
KP1 was interviewed twice to follow up on the operational 
status of the smart greenhouse. Second, participatory 
observation was undertaken at the five sites in Table 2, 
including walk-throughs of greenhouse control panels, sensor 
arrays, and sprinkler systems. Third, a documentary corpus of 
fourteen items was analysed: the 2023 Agricultural Census 
tabulations [21]; the village–university partnership agreement 
with village programme and cooperative records; a state-

enterprise release on IoT smart farming in three sub-districts 
[37]; a ministry award citation [38]; a peer-reviewed study on 
digital extension service adoption [39]; regional press on 
agricultural modernisation [40]; and national media profiles of 
Garut millennial farmers [41]. Because no media practitioner 
was interviewed, this corpus is the study’s only empirical 
access to the media dimension and is interpreted accordingly. 
Triangulation was conducted across interviews, observation, 
and documents. 

 
Table 2. Research sites and data collection overview 

 
Research Site Sub-

district Program/Focus Stakeholders Involved Data Collection Method 

Desa Karya 
Mukti Cibatu IoT-based smart farming & 

cooperative (KDMP) 
Village govt, UIN Sunan Kalijaga, 
private sector, farmer groups, KWT 

In-depth interview, 
observation, document 

analysis 

TTP Cikandang Cikajang Smart greenhouse, precision 
agriculture, seed production 

Gapoktan, BBSDLP, BRIN, 
Universitas Garut, private pesticide 

companies 

In-depth interview, field 
observation 

Smart GH 
Dangdeur Banyuresmi Semi-smart greenhouse 

(government-assisted) Dinas Pertanian, farmer groups In-depth interview 

Smart GH 
Wanaraja Wanaraja Smart greenhouse supervision & 

monitoring Private sector, Dinas Pertanian In-depth interview, 
observation 

Dinas Pertanian 
Kab. Garut Garut City Agricultural policy, drone 

program, digitalization 
Kementan, BRIN, 42 sub-districts, 

extension workers 
In-depth interview, 
document analysis 

Note: KDMP = Koperasi Desa Karya Mukti. 
 
3.4 Data analysis 
 

Data were analysed using Braun and Clarke’s reflexive 
thematic analysis [42], combining inductive and deductive 
strategies through familiarisation, initial coding, theme 
searching, reviewing, defining, and reporting. Coding 
proceeded through three levels: open coding identified initial 
concepts; axial coding organised these into categories 
describing communication patterns, stakeholder collaboration, 
and technology adoption; and selective coding integrated 
relationships among themes to develop the CDC Model. A 
deliberate search for disconfirming evidence was also 
conducted: sites and accounts that did not fit the emerging 
pattern were retained and analysed as negative cases (Section 
4.5). 
 
3.5 Trustworthiness and research ethics 
 

Trustworthiness was strengthened through source and 
methodological triangulation, peer debriefing between the first 
and second authors on coding consistency, member checking 
of key episodes with HD, PM1, and KP1, negative-case 
analysis, and an audit trail linking each claim to transcripts, 
field notes, or documents. Interview extracts in Section 4 were 
translated from Bahasa Indonesia by the authors and back-
checked against the original transcripts; informant codes 
accompany each extract. Participants provided informed 
consent, confidentiality was protected through research codes, 
and data were used exclusively for academic purposes [43]. 
 
3.6 Scope of stakeholder coverage 
 

The Pentahelix framework specifies five stakeholder 
categories. The interview sample covers government (HD, 
DP1, DP2), community (PM1, KT1, KT2), and, partially, 
business — through PK1, who supervises a privately financed 
smart greenhouse, and KP1, whose station hosts 

collaborations with agritech and agro-input firms. Two 
categories are not represented by direct informants. 

No media practitioner (journalist, editor, or content 
producer) was interviewed. The media dimension is examined 
only through documentary traces — press reporting on village 
smart farming and national awards [38, 40], a state-enterprise 
release [37], and media profiles of millennial farmers [41] — 
together with informants’ accounts of their own media 
exposure and social media practice. Similarly, no university 
representative was interviewed; the academic dimension is 
reconstructed from the partnership agreement, informants’ 
accounts of university mentoring and student placements, and 
comparison with documented patterns of digital extension 
service adoption among smallholder farmers [39]. Statements 
about media and academic actors therefore describe how other 
stakeholders mobilise and experience them, not how those 
actors understand their own roles. The findings, the CDC 
Model, and the conclusions are narrowed accordingly, and 
direct engagement with these groups is the primary priority for 
subsequent research (Section 6). 

 
 

4. RESULTS 
 

The findings derive from reflexive thematic analysis of data 
collected through nine interview sessions, participatory 
observation, and documentary analysis across smart farming 
sites in Garut Regency: Desa Karya Mukti (Cibatu), the 
Cikajang Technology Transfer Station (TTP), a government-
assisted semi-smart greenhouse in Banyuresmi, a privately 
financed smart greenhouse in Wanaraja, and the Garut 
Regency Agriculture Office. Interview extracts are reported 
verbatim in translation and identified by informant code. 

The analysis generated four interrelated themes explaining 
how CDC facilitates the empowerment of millennial farmers: 
(1) Pentahelix collaborative communication as the 
institutional foundation of smart farming; (2) millennial 
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farmers as bridge actors linking digital technologies with local 
agricultural knowledge; (3) intergenerational collaborative 
communication between senior and millennial farmers; and (4) 
communication outcomes contributing to sustainable food 
security, agricultural regeneration, and green economy 
practices. Section 4.5 then presents two contrasting cases in 
which technology was introduced without a collaborative 
communication structure; these are treated as negative cases 

delimiting the scope of the four themes. 
As illustrated in Figure 3, axial coding identified 

communication — specifically dialogue, trust-building, and 
farmer empowerment — as the mechanism connecting multi-
stakeholder collaboration, technology adoption, collective 
learning, and sustainable agricultural outcomes across 
participant groups. These interrelationships provided the 
analytical basis for the proposed CDC Model. 

 

 
 

Figure 3. Axial coding diagram showing relationships among themes and categories underpinning the Collaborative 
Development Communication (CDC) Model for smart farming and sustainable food security 

 
4.1 Pentahelix collaborative communication as the 
foundation of smart farming 
 

Thematic analysis identified Pentahelix collaborative 
communication as the institutional foundation of smart 
farming implementation. In Desa Karya Mukti, adoption 
emerged from structured collaboration among village 
government, universities, private companies, farmer groups, 
and district agencies. Communication within this framework 
extends beyond information transfer to institutional trust-
building and joint problem-solving, in which each actor 
performs a complementary role. 

According to HD: 
HD located the village’s transformation in an explicit 

collaborative principle rather than in the technology itself: 
“We brought in academics, because our principle is 

Pentahelix: we have to collaborate with academics, 
entrepreneurs, government, and community leaders. … The 
knowledge sits with the academics; what we have is 
application in the field.” (HD) 

This principle was institutionalised through a Partnership 

Agreement (PKS) with a university concluded in 2019 and 
renewed in 2024, covering technology transfer, mentoring, 
and capacity-building for IoT-based irrigation. It was 
complemented by private-sector input support and by policy 
support and technical supervision from the Garut Regency 
Agriculture Office. HD framed the rationale in fiscal rather 
than technological terms: “my principle is that village funds 
are not simply handed out; they must be sustainable and 
generate the village’s own revenue” (HD). 

A similar collaborative communication pattern emerged at 
the Cikajang Technology Transfer Station (TTP), which 
functions as an innovation hub integrating government 
agencies, universities, agritech companies, and farmer 
organizations [44]. As explained by KP1: 

KP1 described the station’s function in explicitly 
communicative terms, as an intermediary structure created to 
close a gap between research and practice: 

“In the past there were many researchers and many 
findings, but not one of them reached the farmers, because 
there was nothing to connect them. Researchers had nowhere 
to put their results, and farmers had no access to 
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researchers. … So our role is more that of an intermediary.” 
(KP1) 

“We are open to government, universities, students, and 
also private companies such as agro-input firms. … They 
supply their products free of charge and we trial them; if the 
results are positive, we disseminate them to the farmers we 
mentor.” (KP1) 

KP1 also reported annually revised standard operating 
procedures developed through on-site demonstration plots, 
and formal cooperation with vocational schools and a local 
university, indicating that the station’s collaborative function 
extends beyond equipment to procedural and educational 
knowledge [44, 45]. 

Field observations confirmed continuous dialogue, joint 
experimentation, and collaborative evaluation at the TTP, 
reinforced by the PERURI IoT-based smart farming 
programme [37] and comparable regional digital extension 
initiatives [39] — evidence that the Pentahelix communication 
framework is transferable and scalable beyond individual 
villages. 

 
4.2 Millennial farmers as bridge actors linking digital 
technology and local agricultural knowledge 
 

Thematic analysis identified millennial farmers as strategic 
communication bridge actors translating digital technologies 
into locally usable practice. At the Cikajang TTP, senior 
farmers found the smart greenhouse interface cumbersome 
while younger farmers adapted readily and became its de facto 
operators; the station therefore shifted towards enabling access 
rather than mandating participation, and constituted a separate 
young farmers’ group of 25–30 members. PM1, introduced to 
smart farming through a university community-service 
programme and by the village head, adopted the technology 
selectively: 

“The difference compared with manual work turned out to 
be enormous — far easier and more efficient. … Weeding and 
clearing are still done by hand, but for watering we use smart 
farming. We can multitask: farm and do other things at the 
same time.” (PM1) 

Technology mediation is therefore discretionary and task-
specific rather than wholesale [46, 47]. 

Digital knowledge brokerage was evident in PM1’s use of 
TikTok and Facebook to circulate short educational content on 
fertilisation and cultivation technique: 

“TikTok and Facebook. The content is educational — about 
fertilising and how to farm. My followers are still few, but I 
have posted quite a lot. … The benefits are many: my 
knowledge has grown, things I did not know I now know, and 
it is more profitable and efficient. The constraints are that 
equipment is still lacking, and not all of my friends understand 
the technology yet.” (PM1) 

These accounts suggest that millennial farmers occupy a 
communication position between formal innovation systems 
and everyday practice, translating external input into locally 
adapted routines [48-50]. 

This bridging role is fragile when infrastructure fails. The 
sensor and irrigation-control system at the Cikajang TTP was 
disabled by a lightning strike and remained inoperative for 
about five months at the follow-up interview, because the 
supplying institution had not responded and no local 
technician had the necessary expertise: 

“When there is a problem we stop for a month or two, 
because the technician has to come from Bandung or 

Jakarta. … It was struck by lightning. We have contacted the 
party concerned several times and there is still no response, 
and until there is we cannot repair it. Local technicians do not 
understand it either, and the device is not even sold online.” 
(KP1) 

“A farmer cannot be an operator and the custodian of the 
system at the same time — it is not possible. Even with 
training, it is difficult, because that is specialised 
knowledge. … If digital technology is to be enjoyed by farmers 
and to be sustained, whoever installs the technology must 
supply the specialist alongside it.” (KP1) 

Millennial farmers thus function as system operators rather 
than maintainers, dependent on external specialists [51] — a 
structural dependency that collaborative communication alone 
cannot resolve without technical-support infrastructure [52]. 

Two qualifications delimit this theme. First, only one 
millennial farmer was interviewed directly. The bridging role 
is corroborated across four further stakeholder accounts and 
documentary sources — HD’s allocation of technology and 
media tasks to young farmers, KP1’s judgement that “none of 
the successful digitalisation cases involve senior farmers; they 
are all millennials” (KP1), KT1’s account of receiving digital 
relays through younger intermediaries, PK1’s report that the 
control interface at his site is operated by a young 
administrator, and a regional extension scheme mobilising 
young farmers to support digital extension service adoption [8, 
39, 41]. The claim is therefore presented as a pattern in how 
stakeholders in this case organise communicative labour, not 
as a generalisation about Indonesian millennial farmers, for 
which a substantially larger sample would be required. 

Second, the bridging role does not follow automatically 
from age. At the Wanaraja site the interface is operated by 
young staff, yet no brokerage to the surrounding community 
occurs (Section 4.5). Age supplies the aptitude; it is the 
surrounding communicative structure — mentoring 
relationships, group meetings, assigned roles, and an audience 
to translate for — that converts aptitude into a bridging 
function. 

 
4.3 Intergenerational collaborative communication 
between senior and millennial farmers 
 

A recurring pattern was the deliberate pairing of millennial 
and senior farmers as a communication strategy: HD allocated 
technology and media tasks to millennial farmers while 
entrusting senior farmers with agronomic technique, framing 
this division as a precondition for smart farming rather than a 
by-product [53]: 

“The farmer group members are elderly, so there have to 
be millennial farmers who are not technologically illiterate. 
Otherwise, with a mobile phone, all they can do is make a call. 
The farmer group brings experience — the seniors know the 
ground. So the young hold the technology and the media, and 
the seniors hold the technique and the farming experience.” 
(HD) 

This is exemplified by KT1, a senior farmer-group leader 
responsible for roughly 400 members across two 
neighbourhood units, who has farmed since the age of twelve 
and does not operate a smartphone independently: 

“I have farmed since I was twelve; I am going on sixty-six 
now. … Honestly I cannot read WhatsApp myself, so I ask my 
child to read it out to me. And I never take a phone into the 
fields — five of them have already gone into the irrigation 
canal.” (KT1) 
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The collaborative structure accommodates this constraint 
rather than treating it as a deficit: coordination combines 
twice-monthly group meetings with farmer-group WhatsApp 
updates relayed through family intermediaries, so 
participation does not depend on individual device literacy 
[53]. 

Knowledge exchange is bidirectional. KT1 adopted a non-
chemical pest-control formulation suggested by a younger 
relative, tested it, and incorporated it into his own mentoring: 

“For chilli we tried a non-chemical approach — garlic, 
turmeric, and a fermented milk drink, blended ourselves, to 
deal with anthracnose. It worked. I learned it from my younger 
sibling, who said to try the fermented drink; I tried it straight 
away, and it was effective.” (KT1) 

KT1 described his mentoring as deliberately informal — 
“relaxed, joking, not too serious” (KT1) — and framed smart 
farming as an extension of senior farmers’ standing rather than 
a threat: 

“It has had a real impact. What the community was waiting 
for is exactly this: you have land but you do not need much 
labour if you use the technology. Young people are starting to 
look at farming in a new way. And seniors like me are pleased 
too — our farming knowledge is not lost; it is combined with 
the young people’s technology.” (KT1) 

These findings indicate that co-learning operates through a 
durable division of communicative labour — millennial 
farmers anchor the technological interface while senior 
farmers retain agronomic authority — so that adoption 
reconfigured rather than displaced senior farmers’ roles [53, 
54]. 

 
4.4 Collaborative communication outcomes for sustainable 
food security, agricultural regeneration, and green 
economy practices 
 

At the household level, the Harum Madu programme 
constituted an early, low-technology form of communication-
based empowerment preceding IoT adoption [55]: 

“It began with Harum Madu — an acronym for productive 
and integrated home yards. We were still entirely manual then. 
We ran the nursery in a greenhouse and distributed the 
seedlings to the community: chilli, shallots, tomato, water 
spinach, pak choi — at least five varieties per household. 
Nearly 10,000 polybags, with a village fund allocation of 
around 70 million rupiah, including technical guidance. A 
control team went round collecting the harvest, selling it and 
buying seedlings again, so that the programme would keep 

going.” (HD) 
At the production level, smart farming has been sequenced 

around locally viable commodities: a grape pilot, planned 
melon expansion, and a coffee sector (over 200 tonnes per 
harvest) and elephant ginger (up to 500 tonnes) still sold 
unprocessed — “unfortunately the farmers still sell it as raw 
cherry; there is no roasting yet” (HD) — an explicit 
opportunity for downstream value addition. 

At the institutional level, the Koperasi Desa Karya Mukti 
(KDMP) Cooperative (established May 2025, approximately 
500 members) trades in staples while pursuing financing to 
become a coffee processing and marketing hub supplying the 
national Free Nutritious Meal programme, translating raw 
output into stabilised income [56-59]: 

“The plan is for the cooperative to become the business 
hub: take in the farmers’ coffee, roast it, package it, and sell it 
to cafés and supermarkets. We have already partnered with 
the MBG programme for food supply.” (HD) 

At the regional level, these outcomes sit within a Garut 
Regency context of approximately 307,710 hectares in which, 
according to DP1, central government irrigation investment 
raised production by around 12%. District officials identified 
downstream digitalisation and the participatory stage of 
programme communication as persistent weaknesses: 

“One of our weak points is digitalisation — digitalisation 
of products, and downstream processing. We do already have 
some digitalisation for marketing, but in practice it is difficult. 
That is precisely our weak point.” (DP1) 

“Of the 42 sub-districts, only 14 have drones so far, so it is 
certainly not yet optimal. … Internally within the office, the 
socialisation stage is done. But the stage that involves the 
other parties, including farmers and farmer groups — not 
yet.” (DP1) 

This is analytically significant: the regency’s digitalisation 
agenda has advanced technically while the participatory 
communication stage has not begun, positioning the village-
level model as a response to a gap that district actors 
themselves acknowledge [40, 60]. 
 
4.5 Contrasting cases: Technology transfer without 
collaborative communication 
 

Two sites in the sample did not follow the pattern described 
above and are reported here as negative cases, because they 
specify the conditions under which collaborative 
communication is present or absent.

 
Table 3. Thematic analysis: Representative evidence, stakeholders, and contributions to sustainable food security, including the 

contrasting cases 
 

Theme Analytical Category Representative Evidence Key Stakeholders 
Contribution to 

Sustainable Food 
Security 

Theme 1. Pentahelix 
Collaborative 

Communication 

Institutional Leadership; 
Knowledge Co-creation; 
Private-sector Resource 

Mobilization 

Pentahelix as guiding principle 
(HD, 2026); PKS partnership (2019, 

renewed 2024); agricultural input 
support via PERURI's IoT 

programme. 

Village Government, 
Universities, 

PERURI, Private 
Companies, Farmer 

Groups, BRIN, 
BBSDLP 

Strengthens institutional 
coordination, technology 
transfer, and technology 

accessibility. 

Theme 2. Millennial 
Farmers as Bridge 

Actors 

Technology Mediation; 
Digital Knowledge 

Brokerage; Institutional 
Capacity Constraints 

Efficiency gain vs manual farming 
(PM1, 2026); TikTok/Facebook 

knowledge dissemination; need for 
specialist support (KP1, 2026). 

Millennial Farmers, 
Village Government, 

Online Farming 
Communities, TTP, 
Extension Workers, 

BRMP 

Accelerates IoT 
adoption, expands digital 
literacy, and highlights 

need for continuous 
technical assistance. 
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Theme 3. 
Intergenerational 

Collaborative 
Communication 

Local Knowledge 
Integration; 

Intergenerational 
Communication 

Mechanisms 

Organic pest management 
integrated with IoT farming; regular 

meetings and WhatsApp 
coordination. 

Senior Farmers, 
Millennial Farmers, 

Farmer Groups, 
Families, Extension 

Workers 

Combines indigenous 
knowledge with digital 
innovation and sustains 
community resilience. 

Theme 4. 
Communication 
Outcomes for 

Sustainable Food 
Security 

Household Food 
Resilience; Technology-

enabled Productivity; 
Institutionalization of 

Green Economy 

Harum Madu Program (~10,000 
polybags); healthier, higher-yield 

seedlings (KP1, 2026); KDMP 
Cooperative and MBG market 

partnerships. 

Village Government, 
Women's Farmer 
Groups (KWT), 

TTP, Farmer 
Groups, BBSDLP, 
Cooperative, MBG, 

Media 

Enhances household 
food availability, 

improves productivity, 
and strengthens value 

chains and farmer 
income. 

Contrasting cases 
(Section 4.5) 

Absent Communication 
Structure; Enclave 
Adoption; Reversal 
After Operational 

Failure 

Private smart greenhouse with no 
farmer group, extension officer, or 
knowledge transfer (PK1, 2026); 

subsidised sprinkler abandoned after 
losses and withdrawn 

accompaniment (KT2, 2026); low-
technology organic practice diffused 

through existing social ties (PK1, 
2026). 

Private Company, 
Village Youth 

Organisation, Farmer 
Group, Dinas 

Pertanian 

Delimits the model: 
technology without an 

accompanying 
communication structure 

remains enclaved or is 
reversed, yielding 
limited community 

benefit. 

Note: PKS = Partnership Agreement, KDMP = Koperasi Desa Karya Mukti. 
 

 
 

Figure 4. Integrated Collaborative Development Communication (CDC) Model illustrating the relationships among 
communication processes, stakeholder collaboration, smart farming adoption, millennial farmer empowerment, and sustainable 

food security 
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The first is a smart greenhouse in Wanaraja, operational for 

about seven years and producing melons for export through a 
national distributor. It is privately owned and financed, and its 
communication structure is vertical and enclosed: a single 
manager trains six to eight local staff recruited through the 
village youth organisation. According to PK1 there is no 
extension officer, no farmer group, and no operational 
relationship with the district agriculture office. Technically the 
installation succeeds; communicatively it does not diffuse: 

“With the smart greenhouse there has been no transfer of 
knowledge, because it is not yet understood. … Only the 
people who work inside are involved. … There is no farmer 
group here. … The millennial farmer programme itself never 
actually ran.” (PK1) 

The comparison within this single site is instructive. The 
high-technology system remained enclosed, while a low-
technology practice learned at the same site did diffuse, 
because it travelled through existing social relationships: PK1 
recorded the organic fertiliser technique, tested it on an 
adjacent rice plot, and passed it to the village youth 
organisation and a farmer group, using five kilograms of urea 
where local practice would have used roughly 73, at a 
comparable yield. Transferability tracked the availability of a 
communication pathway rather than the sophistication of the 
technology. 

The second case is a government-assisted semi-smart 
greenhouse in Banyuresmi. Sprinkler equipment supplied 
through a company trial was abandoned after uneven water 
distribution caused nursery losses, and the group reverted to 
manual irrigation. KT2 attributed this to the absence of 
sustained accompaniment: 

“The sprinkler is not used — it was not effective, because 
the watering was not even. Some places were wet, others were 
not, and there were many losses in the nursery, so we went 
back to manual and it has been safe. … If we only get extension 
and a launch, and then we are not accompanied, it is useless. 
It will fail anyway.” (KT2) 

KT2 further explained why capital-intensive protected 
cultivation is rarely adopted independently: “rather than build 
a greenhouse for 100 or 200 million rupiah, farmers would 
rather add more land — that adds to their assets” (KT2). 
Neither private capital nor public subsidy is sufficient alone. 
Where technology arrives without an accompanying 
communication structure — mentoring relationships, a 
receiving collective, and a maintenance pathway — adoption 
either remains enclaved within a firm or is reversed at the first 
operational failure. The CDC Model therefore describes the 
conditions under which smart farming becomes collectively 
beneficial, not an outcome of technology deployment as such. 

Table 3 summarises the evidence base for the four themes. 
Building on the relationships identified through coding and 

thematic synthesis, the CDC Model (Figure 4) positions 
communication as the connective infrastructure linking 
Pentahelix collaboration, millennial bridging, 
intergenerational co-learning, and food security outcomes. 

 
 

5. DISCUSSION 
 

Rather than functioning merely as an instrument for 
disseminating innovations, communication in this case 
constituted the institutional and social infrastructure through 

which agricultural transformation was initiated, implemented, 
and sustained — the premise underlying the CDC Model [61]. 
5.1 Beyond technology diffusion: The communicative 
foundations of smart farming 
 

Classical Diffusion of Innovations theory attributes 
adoption primarily to innovation characteristics and 
communication channels [26], and has been criticised for 
underestimating dialogue and local knowledge [27, 62]. This 
study indicates that adoption depended less on the technology 
itself than on the communication structure surrounding it. 

The Cikajang TTP illustrates the limits of technology-
centred approaches: a greenhouse remained non-operational 
for five months because no local actor could maintain it and 
the supplier did not respond, showing that adoption requires 
sustained communication with technical providers [51, 52]. 

Banyuresmi makes the same point from the opposite 
direction: subsidised equipment was abandoned after one 
unsuccessful season, attributed by the recipient to extension 
without accompaniment (Section 4.5). Both are consistent 
with evidence that adoption in the Global South depends less 
on device availability than on the continuity of advisory 
relationships [24, 52]. 
 
5.2 The Pentahelix as a collaborative communication 
architecture 
 

The Pentahelix model functions not merely as a governance 
arrangement but as a collaborative communication 
architecture in which trust and shared meaning are produced 
through sustained interaction [31, 32, 63]. 

Unlike studies treating the Pentahelix mainly as institutional 
governance [33, 34, 64], this study shows its operation 
depends on communication quality: formal agreements alone 
did not produce adoption, whereas continuous dialogue and 
joint problem-solving did [65, 66]. 

This claim about the media dimension requires 
qualification. Media presence is documented through press 
reporting, a state-enterprise release, and informants’ accounts 
of coverage and platform use [37, 38, 40, 41]; no media 
practitioner was interviewed. The analysis establishes that 
media functioned as a channel of visibility and legitimation, 
but cannot speak to editorial logics, source relationships, or the 
intentions of media organisations. The media component is 
consequently the least well evidenced element of the model 
and is retained as a theorised rather than empirically examined 
dimension. 
 
5.3 Millennial farmers as communication agents of change 
 

A key theoretical contribution is identifying millennial 
farmers as communication agents of change rather than 
passive adopters, mediating between technological systems 
and local knowledge and extending diffusion perspectives 
toward relational models [49, 50]. 

However, advanced systems at the Cikajang TTP required 
dedicated specialists whose expertise could not be substituted 
by farmer training [51], indicating that empowerment requires 
institutional support beyond capacity-building alone. 

Two boundary conditions follow from the negative cases. 
First, the agent-of-change role is not conferred by generation: 
young operators at Wanaraja perform no brokerage in the 
absence of a receiving collective. Second, the role rests here 
on a single millennial practitioner interview, so it is offered as 
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a case-specific communicative pattern requiring confirmation 
with a larger sample [49, 52]. 
5.4 Collaborative communication, smart farming, and 
sustainable food security 
 

The relationship between collaborative communication, 
smart farming, and food security operates systemically rather 
than linearly: communication enables collaboration, 
collaboration enables adoption, and adoption contributes to 
availability, access, and stability [60, 67]. 

The census pattern in Figure 1 is consistent with, but does 
not demonstrate, a relationship between communication 
arrangements and technology use, since descriptive data 
cannot separate communication effects from infrastructure, 
capital, market access, and agro-ecological conditions. The 
qualitative evidence supports the narrower proposition that, 
within the sites examined, differences in extension continuity 
and mentoring corresponded to differences in whether 
technology remained in use. This is advanced as a hypothesis 
for subsequent testing — ideally through a multi-site design 
combining sub-district indicators of extension intensity with 
adoption outcomes — rather than an established finding [24, 
66]. 

More broadly, these findings reinforce SDG 2 by showing 
that food security depends on communication systems 
enabling collaboration, learning, and institutional 
coordination, not on technology alone. 

 
5.5 Scope conditions and limitations 
 

Three limitations qualify these claims. First, the study rests 
on a single regency and five embedded sites; its contribution 
is analytical generalisation to theory, and the CDC Model is a 
proposition derived from one case rather than a validated 
framework [25, 35]. Second, the interview base is small (eight 
informants, nine sessions) and includes one millennial farmer, 
the principal evidential constraint on Theme 2. Third, media 
and university actors were not interviewed, so those 
dimensions rest on documentary evidence (Section 3.6). A 
further caution applies generally: informants with institutional 
roles have an interest in presenting their programmes 
favourably, mitigated through triangulation and negative-case 
analysis but not eliminated. 

 
 

6. CONCLUSIONS 
 

This study provides case-based evidence that CDC 
constituted the institutional foundation of smart farming and 
food security outcomes in the sites examined. The following 
conclusions apply to this case and are offered as analytically 
generalisable propositions. 

First, smart farming is fundamentally enabled by a 
Pentahelix collaborative communication architecture 
integrating government, academia, private sector, farmer 
communities, and media, generating the trust and collaborative 
capacity necessary for sustainable innovation. 

Second, millennial farmers functioned as communication 
bridge actors, mediating between digital technologies and 
established agricultural knowledge while serving as peer 
educators and digital content creators. Because this was 
corroborated across stakeholder accounts but observed 
directly with one millennial practitioner, and because young 
operators at a contrasting site performed no comparable 

brokerage, the bridging role is contingent on an enabling 
communicative structure rather than an attribute of generation. 

Third, intergenerational collaborative communication 
integrating senior farmers' experiential knowledge with 
millennial farmers' digital competencies generates innovations 
neither generation could produce independently, representing 
an effective strategy for agricultural regeneration. 

Fourth, this study proposes the CDC Model, integrating 
participatory communication, collaborative governance, and 
the Pentahelix approach into a comprehensive framework for 
sustainable agricultural transformation. 

The study contributes to development communication 
scholarship by introducing the CDC Model, by showing that 
communication can function as institutional infrastructure for 
agricultural innovation, and by identifying millennial farmers 
as communication agents whose role is structurally rather than 
generationally produced. 

The study is limited to a single case, a small interview base 
including one millennial farmer, and documentary rather than 
interview-based access to the media and academic dimensions 
(Section 5.5). The CDC Model therefore provides a 
transferable framework to be tested rather than a validated one. 
Three priorities follow: comparative multi-site studies; direct 
engagement with media and university actors; and a larger 
sample of millennial farmers, combined with sub-district 
indicators, to test whether communication quality accounts for 
part of the variation in technology use observed in census data. 

From a policy perspective, agricultural transformation 
investments should extend beyond digital technologies to 
strengthen communication ecosystems through extension 
reform, digital literacy enhancement, and formal Pentahelix 
coordination mechanisms essential for resilient agricultural 
systems and food security. 
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