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Abstract

Sendangsari Village, Purworejo Regency, has significant agricultural potential, but its utilization is not optimal
due to low digital literacy among farmers and minimal application of modern technology. This condition poses
challenges in supporting sustainable agriculture, so technology-based innovation is needed. This study aims to
analyze the strengthening of digital literacy in sustainable agriculture through the application of the Internet
of Things (IoT) in empowering the Sendangsari Millennial Farmer Community. The method used was a mixed
method with a questionnaire instrument, pre-test and post-test, and plant growth measurements in IoT-based
and manual fields. The results showed a significant increase in participant understanding, marked by a 17.77%
increase in post-test scores from the pre-test score of 70.8. The application of IoT in the experimental field also
resulted in more optimal growth of tomato, lettuce, and caisim plants compared to manual methods, and
increased the confidence of millennial farmers in adopting technology. This study concluded that agricultural
digital literacy can be strengthened through socialization, training, and practice of the application of the
Internet of Things (IoT). Village institutional support, expanding internet access, and developing the capacity
of young farmers are recommended to accelerate the transformation towards sustainable agriculture.

Keywords: sustainable agriculture, digital literacy, internet of things, millennial farmers, community
empowerment

INTRODUCTION

Sendangsari Village, located in Bener District, Purworejo Regency, Central Java Province, has
significant agricultural potential. Located 1.5 km from the sub-district center, 12.5 km from the district
center, and 103 km from the provincial capital, the village covers an area of 202 hectares divided into
four hamlets: Pendemrejo, Krajan Wetan, Krajan Kulon, and Bandongan. According to 2023 data, the
population of Sendangsari Village reached 2,441, consisting of 1,254 men and 1,187 women.
Agricultural land covers 125 hectares of rice fields, 25 hectares of plantations, and 77 hectares of fields.
These geographic and demographic conditions position Sendangsari Village as a pillar of food security
in the surrounding area, but the existing agricultural sector has not been optimally utilized.

The agricultural sector in Sendangsari Village holds significant potential, but faces several
fundamental challenges. Among them are the low level of education on sustainable agriculture, the
lack of interest from the younger generation, and weak digital farming literacy , which are the main
factors hindering the optimization of this potential (Azis & Suryana, 2023). This condition aligns with
the findings of Ilyas (2022), who stated that millennial farmers actually have a strategic position in
agricultural digitalization, but their capacity and involvement are still limited. Another challenge is the
farmer regeneration crisis. The majority of farmers in the village are elderly, while millennials are
reluctant to pursue agriculture because they are considered old-fashioned, labor-intensive, and
financially unpromising. The Central Statistics Agency (BPS) (2023) noted that the proportion of
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farmers aged 19—39 years old is only around 21.93% of all farmers in Indonesia. Ilmi et al. (2025)
emphasized that this regeneration crisis could threaten national food security in the long term.

Another major obstacle, in addition to the regeneration crisis, is farmers' low digital literacy.
Low digital skills make it difficult for farmers to optimally utilize modern technology. Hoang and Tran
(2023) showed that the adoption rate of digital technology by smallholder farmers is heavily influenced
by access to information and digital literacy capacity. This situation is further exacerbated by external
factors such as high investment costs, uneven internet infrastructure distribution, and limited
supporting policies at the village level (Balayev & Mirzayev, 2022). Gebresenbet et al. (2023) also
added that implementing integrated agricultural technology requires institutional and infrastructure
support; without it, digitalization will only benefit a small percentage of farmers. This is also evident
in Sendangsari Village, where limited capital and low digital skills prevent the potential for technology
application from being widely utilized.

To address these challenges, understanding the concept of sustainable agriculture is crucial. This
concept was introduced in the 1980s as an alternative to address natural resource degradation and
pressure on food production (Efendi, 2016). The primary focus of this approach is resource
conservation and improving the quality of life for rural communities. Irianto (2015) emphasized that
sustainable agriculture is a practice that not only pursues economic profit but also preserves the
environment and meets social needs. This concept is increasingly relevant, as it can be bridged through
the digital transformation of agriculture. Abiri et al. (2023) found that the application of digital
technology can increase productivity while reducing environmental impacts, while Birner et al. (2021)
highlighted that the digital revolution in agriculture can only succeed if sustainability is a key pillar.

In this context, empowering millennial farmers is crucial because they are more open to modern
technology. Marpaung and Bangun (2023) explain that the younger generation can bring innovation
through digitalization, while Noviar and Fadhlain (2025) emphasize the importance of policy
strategies focused on strengthening the role of millennial farmers in agricultural transformation. One
approach that can be implemented is the use of the Internet of Things (I0T). IoT enables agricultural
devices to connect to the internet, collect data, and operate automatically. Manoppo (2025)
demonstrated that an IoT-based smart irrigation system improves water efficiency in Minahasa, while
Wahyudi et al. (2025) demonstrated that the use of ESP32 can reduce water consumption by up to
30%. Thus, IoT has the potential to be a strategic solution to overcome limited digital literacy while
simultaneously attracting the younger generation to re-engage in sustainable agriculture.

The results of the preliminary study showed that the average pre-test score for farmers'
understanding reached 70.8, which is considered good. This finding indicates that farmers already
possess basic agricultural knowledge, but this understanding is not sufficient to face the challenges of
the digital era. This relatively good score indicates potential for further development, while also
highlighting the ongoing gap between basic knowledge and practical skills in technology utilization.
This finding aligns with the findings of Fharaz et al. (2022), who stated that farmers' digital literacy
can be improved through intensive training and mentoring. Hoang and Tran (2023) also emphasized
that limited digital literacy is a major obstacle to the adoption of modern technology, making capacity
building a crucial prerequisite for the effective implementation of smart agricultural innovations.
Therefore, the pre-test results indicate an urgent need to strengthen digital literacy through more
targeted strategies.

The implementation of sustainable agricultural innovations, particularly through digital
technologies such as the Internet of Things (1oT), is a strategic step to fill this gap. IoT not only serves
to increase production efficiency but also re-engages the younger generation in actively participating
in the agricultural sector. Abiri et al. (2023) emphasize that digital technology integration can increase
productivity and reduce environmental impact, while Noviar and Fadhlain (2025) highlight the
importance of millennial farmer-based policy strategies for impactful agricultural digitalization.

Therefore, this study aims to analyze the strengthening of IoT-based digital literacy in
sustainable agriculture through empowering the Millennial Farmer Community in Sendangsari
Village. The research focuses on improving knowledge, skills, and the application of 10T in agricultural
practices, thereby supporting the formation of a modern, environmentally friendly, efficient, and
sustainable agricultural ecosystem.

METHOD

This study used a mixed methods approach , combining quantitative and qualitative methods
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simultaneously to obtain more comprehensive data. According to Sugiyono (2017), a mixed methods
approach allows researchers to obtain a more complete picture because quantitative results can be
strengthened by qualitative data. The research subjects were the Millennial Farmer Community of
Sendangsari Village who participated in a socialization, training, and mentoring program for the
implementation of Smart Farming 4.0 technology.

Data collection was conducted using three instruments: a questionnaire, pre-test and post-test
questions, and plant measurement data. The questionnaire was used to determine attitudes (e.g.,
openness to technological innovation), perceptions (e.g., the benefits of IoT for increasing agricultural
yields), and farmers' skills in utilizing Smart Farming 4.0 technology . This instrument covers five
dimensions: ecology, economy, social, institutional, and utilization of agricultural technology. The pre-
test was administered before the socialization and mentoring activities, while the post-test was
administered after the activities were completed, so that the increase in farmers' knowledge regarding
digital farming literacy and modern agricultural innovation could be analyzed. Data from the pre-test
and post-test were analyzed using a Paired Sample t-test to see how the differences were before and
after the treatment.

Additionally, a comparison was conducted between the group of plants using Smart Farming
4.0 technology and the manually managed control group. Observed parameters included plant height
and yield. Differences in yield between the two groups were analyzed using an Independent Sample t-
test to determine the significant effect of technology implementation on agricultural productivity.
Qualitative analysis was conducted through field observations and mentoring notes to strengthen the
quantitative results, in accordance with the principle of qualitative triangulation (Creswell, 2018).

Based on this method design, the research is expected to provide an in-depth overview of the
effectiveness of Smart Farming 4.0 implementation . Quantitative results demonstrate increased
knowledge and productivity, while qualitative findings strengthen the interpretation of farmers'
attitudes and experiences during the mentoring process. Therefore, this method design can
systematically address the research objectives related to strengthening digital literacy in sustainable
agriculture in Sendangsari Village.

RESULTS AND DISCUSSION

Agricultural Sustainability Index

The community service activity in Sendangsari Village began with a questionnaire analysis that
generated an agricultural sustainability index based on five main dimensions: ecology, economics and
marketing, social, institutional, and agricultural technology. The index values for each dimension were
categorized as Poor, Less, Sufficient, and Good, providing a comprehensive overview of the actual
conditions of the millennial farming community, both in terms of strengths and weaknesses that can
serve as a basis for formulating sustainable agricultural development strategies. A similar approach
was applied by Linda et al. (2018) in a study to assess the sustainability status of lowland rice farming
in Denpasar, where the same five dimensions were used with the Multi-Dimensional Scaling (MDS)
method and index indicators to group the sustainability status of the agricultural sector.

Ecological Dimension

Agricultural practices still face significant challenges. Fertilizer use scored 0.328 (Poor),
indicating that fertilizer application does not meet the recommended types and dosages. Crop
productivity showed better results, with an index of 0.734 (Sufficient). Pest attacks remain a major
challenge, with an index of only 0.109 (Poor), consistent with field findings that pest control still relies
on chemical pesticides without a clear schedule. Farmers' understanding of soil conservation reached
an index of 0.516 (Sufficient), although actual implementation on the ground is inconsistent.

Economic and Marketing Dimensions

The analysis results show quite wide variations. Product price stability is in the Sufficient
category with an index of 0.531. Land limitations are a serious problem, only achieving an index of
0.031 (Poor). Agricultural product promotion has been carried out through village social media and
received a Sufficient category (0.547), while the feasibility of farming businesses remains low with a
score of 0.359 (Poor). The use of Village-Owned Enterprises (BUMDes) to support marketing achieved
an index of 0.875 (Good). This high score is supported by the existence of agricultural marketing
business units that actively distribute products to local markets and online.
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Social Dimension

The education level of young farmers only scored 0.484 (Poor). Land ownership was also
relatively low, with an index of 0.281 (Poor). However, there is positive potential in terms of young
farmers' participation in the community, which scored 0.703 (Sufficient). Farmers are still considered
productive, with an index of 0.750 (Sufficient). The questionnaire results showed that the land
inheritance system is largely traditional, where land is only inherited after the parents stop managing
it. This pattern contributes to the low land ownership score of young farmers, which only achieved an
index of 0.281 (Poor). Field observations also showed that some families have begun to provide
opportunities for younger generations to become involved in land management earlier, although this
practice remains limited.

Institutional Dimension

The role of agricultural institutions is considered quite good. Microfinance institutions scored
0.766 (Good), indicating relatively easy access to capital. Marketing institutions through Village-
Owned Enterprises (BUMDes) scored even higher, at 0.875 (Good), reflecting strong institutional
support in marketing products. Access to production facilities scored 0.641 (Sufficient), while the role
of agricultural extension workers was in the Sufficient category (0.531). The distribution of
institutional support is not evenly distributed across all hamlets. This is evident from the results of the
questionnaire, which showed that some farmers in Pendemrejo Hamlet have not received regular
extension assistance, while farmers in Krajan Wetan Hamlet receive more intensive services. This
inequality impacts the variation in the index score for the role of agricultural extension workers, which
is only in the Sufficient category (0.531).

Dimensions of Agricultural Technology

In the agricultural technology dimension, the gap is quite clear. Pest control efforts scored 0.328
(Poor), while post-harvest handling remained low, with a score of 0.500 (Poor). Land utilization and
the use of organic fertilizer showed better results, with a score of 0.641 (Sufficient). The highest index
was found in the application of smart farming , namely 0.859 (Good). The results of the questionnaire
and field observations showed that some young farmers have tried using IoT systems for automatic
irrigation and soil moisture monitoring, so the index value in this aspect is relatively higher than other
technological aspects.

The analysis shows that agricultural sustainability in Sendangsari Village generally falls between
the Fair to Poor categories , with some even falling below Poor, with areas experiencing limited land,
pest infestations, and low land ownership. However, institutional aspects and technology utilization
are already in the Good category , offering opportunities for strengthening through institutional
support and the implementation of the Internet of Things (IoT) to improve digital literacy and promote
sustainable agriculture.

Participant Knowledge Test Results

The average post-test score increased by 83.4, or an increase of 17.77% compared to the pre-test
score . The results of the Paired Sample t-test showed a t value = -9.760 with p = 0.000 (<0.05). The
t value is far from zero and the significant p-value proves a strong difference between the pre-test and
post-test scores. Thus, there was an increase in participants' knowledge about IoT-based sustainable
agriculture after the program was implemented.

Plant Growth

In addition to increasing knowledge, this activity also compared the growth of three types of
plants in an Internet of Things (IoT)-based field with a manual field: tomatoes, lettuce, and Chinese
cabbage. Parameters observed included plant height and yield.

Table 1. Comparison of Plant Growth

Number Tomato Caisim Lettuce
1 28.5 15.5 1.5
2 29.7 16.0 3.5
3 30.1 17.0 1.5
4 31.0 11.5 2.0
5 30.5 12.0 1.0
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6 32.0 13.0 3.0
7 20.8 17.0 3.0
8 31.3 13.0 2.5
9 30.7 - 2.5
10 28.9 - 5.5
11 44.5 22.5 6.7
12 46.2 15.5 6.7
13 471 22.0 5.5
14 45.8 23.0 8.7
15 47.5 21.5 6.0
16 48.0 26.5 6.2
17 46.7 20.0 5.5
18 45.9 20.7 6.2
19 48.3 - 6.5
20 47.2 - 7.2

a. Tomato Growth

Observations show that the average height of tomato plants in IoT-enabled fields reaches 46.72
cm, higher than in manual fields, which is only 30.25 cm. This suggests that tomato plant growth in
IoT-enabled fields is more optimal. This finding aligns with research by Singh et al. (2023), which
demonstrated that the implementation of an IoT-based precision irrigation system can improve
tomato yield and quality through real-time monitoring and more efficient irrigation scheduling.

b. Lettuce Growth

In lettuce, the average plant height in the IoT field reached 6.52 cm, significantly higher than
the 2.6 cm in the manual field, indicating superior growing conditions in the IoT field. This finding
aligns with research by Derafi et al. (2024) which demonstrated that the application of the IoT system
to NFT hydroponics can create an optimal growing environment for lettuce, with an average height of
22.07 cm and a fresh weight of approximately 119.8 g.

c. Caisim Growth

Chinese cabbage plants cultivated in IoT fields showed an average height of 21.46 cm, higher
than those grown in manual fields, which were only 14.37 cm. This indicates that IoT fields are able to
support the growth of Chinese cabbage more effectively. In terms of yield, IoT fields also provide higher
productivity. The quantity and weight of harvests obtained from IoT fields are higher than those from
manual fields, which still face limitations in terms of efficient use of water, fertilizer, and pest control.

Statistical Test of Plant Growth

Independent Sample t-test results showed a significant difference (p < 0.05) between IoT-based
and manual fields for all observed crop types. This confirms that the higher average growth and yields
in IoT fields are significantly influenced by the implementation of IoT-based automation technology.

Changes in Farmers' Attitudes

The questionnaire results also revealed a shift in millennial farmers' attitudes toward managing
their farms. Most respondents felt more confident using new technology after the training. They also
participated more actively in group discussions, field practice, and interactions during mentoring. This
indicates a shift in the role of young farmers from mere recipients of technology to key actors in
implementing sustainable agriculture in Sendangsari Village.

Analysis of Agricultural Sustainability in Sendangsari Village

The results of the index measurements indicate that agricultural sustainability in Sendangsari
Village still faces serious challenges across several dimensions, particularly ecological, economic, and
social dimensions. In the ecological dimension, fertilizer use is suboptimal with a low index, and pest
infestations remain high. This situation indicates limitations in the implementation of appropriate and
environmentally friendly fertilizer practices. A study by Fatimah and Muhafidin (2024) confirmed that
the implementation of fertilizer policies in Indonesia often faces distribution and effectiveness issues,
impacting farmers' fertilization practices in the field. This aligns with the findings of Warr and Yusuf
(2014), which showed that fertilizer subsidies are often poorly targeted and actually reduce production
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efficiency. Excessive reliance on chemical fertilizers without technological innovation contributes to
ecosystem vulnerability (Wirakusuma, 2020).

In the economic and marketing dimensions, the index results indicate limited land and low
agricultural business feasibility, despite positive institutional support through Village-Owned
Enterprises (BUMDes). These findings illustrate that local institutions can serve as a buffer when
markets are less stable. Research by Papadopoulos et al. (2024) demonstrated that digital technology
in agriculture can increase economic efficiency while lowering production costs, but institutional
factors still play a crucial role in market stability. In the local context, the presence of an active
BUMDes in Sendangsari Village demonstrates the strategic role of institutions in expanding market
access and strengthening agricultural value. This institutional support has also been shown to be
effective in strengthening regional resilience, as discussed by Yunandar et al. (2024) through a young
farmer-based digitalization program.

The social dimension also presents significant obstacles. Young farmers' education levels and
land ownership are relatively low, impacting the slow rate of farmer regeneration. This finding is
consistent with research by Suriani et al. (2023), which demonstrated low interest among young people
in agriculture due to the perception that this profession lacks economic promise. Furthermore, a study
by Putrayasa et al. (2021) emphasized that motivational factors, access to land, and low social status
in agriculture play a significant role in discouraging young people from engaging. Land inheritance
patterns also exacerbate the problem by triggering land fragmentation and delaying regeneration.

In terms of the institutional dimension, the index results are relatively high. Microfinance
institutions and village-owned enterprises (BUMDes) demonstrate real support for farming activities,
although the quality and equity of support remain limited. According to Dai (2024), the success of
sustainable agriculture is largely determined by the role of educational and extension institutions in
expanding access to technology. Conditions in Sendangsari Village indicate that although local
institutions are already functioning well, strengthening the role of external institutions such as
agricultural extension workers and universities remains necessary.

The technological dimension demonstrates a dualism. Some indicators, such as organic fertilizer
utilization and land management, are considered adequate, but adoption of pest control and post-
harvest technologies remains low. However, the implementation of smart farming scored very high,
indicating that some young farmers have successfully adopted digital innovations. This is consistent
with Bunkar's (2024) study, which emphasized the importance of technology in strengthening
agricultural extension services. Furthermore, Cao and Solangi's (2023) research highlights that
barriers to technology adoption are often related to limited capital and internet access, necessitating
an inclusive policy strategy.

Improving Digital Literacy and Knowledge of Millennial Farmers

The test results showed an increase in participants' knowledge, from an average score of 70.8 in
the pre-test to 83.4 in the post-test. This 17.77% increase indicates that the outreach, training, and
mentoring activities successfully strengthened the digital literacy of millennial farmers in Sendangsari
Village. This increased understanding not only indicates the effectiveness of the applied learning
methods but also confirms that young farmers are ready to adopt new technologies if given the right
support. The Profit and Competitiveness Study (2023) explains that digital transformation in
Indonesia's agricultural sector is highly dependent on improving human resource capacity,
particularly in mastering technology. This is reinforced by Zhang et al. (2023), who found that the
digital economy and agricultural technology innovation contribute significantly to increasing green
productivity in the agricultural sector.

Increasing digital literacy also aligns with global efforts to promote sustainable agriculture. He
et al. (2023) emphasized that the use of digital technology in agriculture is not only for efficiency, but
also for preserving agricultural heritage and maintaining ecological balance. In the local context, the
improved digital skills of Sendangsari Village farmers can lay the foundation for developing a
sustainable agricultural system based on smart farming . Research by Apriani et al. (2018) also
showed that the application of technology in rice cultivation has been shown to increase technical
efficiency and farm productivity, demonstrating the direct relevance between digital literacy and
increased agricultural yields.

Increasing digital literacy also impacts younger generations' interest in the agricultural sector.
Suriani et al. (2023) highlighted that youth engagement in agriculture is significantly influenced by
exposure to new technologies, which make the sector more attractive and competitive. Similar findings
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were demonstrated by research by Yunandar et al. (2024), where a young farmer-based agricultural
digitalization program in Bogor was shown to increase agricultural entrepreneurship while
strengthening regional resilience. Thus, the increased knowledge of millennial farmers in Sendangsari
Village extends beyond technical skills and has a long-term impact on farmer regeneration.

The Effectiveness of IoT in Supporting Plant Growth

A comparison of cultivation results in IoT-based and manual cultivation showed significant
differences. For tomato plants, the average plant height in the IoT field reached 46.72 cm, while in the
manual field it was only 30.25 cm. Lettuce showed a more striking difference, at 6.52 ¢cm in the IoT
field compared to 2.6 cm in the manual field. Chinese cabbage also outperformed in the IoT field, with
an average height of 21.46 cm, compared to 14.37 cm in the manual field. This difference confirms that
the application of IoT can provide growing conditions more suited to plant needs, particularly through
more accurate irrigation control. Research by Sari and Sari (2025) emphasized that IoT innovation
supports sustainable agriculture by optimizing the use of water, fertilizer, and energy for optimal plant
growth. A similar finding was demonstrated by Al-Jufri (2023), who demonstrated that soil moisture
sensor- based irrigation automation can maintain water availability according to plant needs.

The role of IoT technology is also reflected in the automatic watering system, which activates the
irrigation pump only when soil moisture falls below a threshold. This way, plants are protected from
both under- and over-watering. This finding aligns with Alreshidi (2019), who developed the concept
of smart sustainable agriculture based on 10T and artificial intelligence , where the sensor system
proved effective in increasing water use efficiency by up to 35%. Meanwhile, Aulia's (2023) research
on IoT implementation at the Limapuluh Kota Regency Agriculture Office found that the use of light
sensors and automatic pumps significantly increased the growth of horticultural crops. For chili plants,
Azman (2023) demonstrated that the application of an IoT monitoring system increased plant height
by up to 40% compared to manual methods.

Field findings in Sendangsari Village are also consistent with global studies. Bulut and Wu
(2023) in a systematic review of 10T in the agricultural sector stated that over the past two decades,
the application of IoT has contributed significantly to increased productivity, resource efficiency, and
reduced risk of crop failure. In the context of precision agriculture , Charibaldi et al. (2022) showed
that the use of IoT in regosol soil allows for more precise monitoring of soil nutrients, thereby
improving crop quality. Research by Cisse (2024) also confirms that IoT-based smart farming
management systems support sustainable agriculture by integrating sensors, irrigation systems, and
real-time data analysis. Even deep learning- based approaches , as described by Jin et al. (2020), can
improve predictions of crop water and nutrient needs with greater precision, thereby improving long-
term cultivation efficiency.

Thus, the results of field trials in Sendangsari Village, which demonstrated superior growth of
tomatoes, lettuce, and Chinese cabbage (caisim) in IoT-enabled fields compared to manual ones, are
not coincidental, but rather supported by previous research. IoT has proven effective in optimizing
plant growth through environmental monitoring, irrigation automation, and efficient resource use.
This strengthens the argument that implementing 10T is a strategy to accelerate the adoption of smart
farming among millennial farmers.

Changing Attitudes and Roles of Millennial Farmers

The outreach and mentoring program not only yielded technical impacts in the form of increased
plant growth, but also significantly influenced the attitudes and roles of millennial farmers in
managing their farms. Field observations showed that after the training, participants were more
confident in using new technologies and actively engaged in discussions to solve agricultural problems.
This change reflects a shift from being mere recipients of innovation to being key drivers in
implementing sustainable agriculture. This aligns with the findings of Suriani et al. (2023), who
emphasized that the involvement of the younger generation is crucial for the future sustainability of
agriculture, particularly through technological mastery.

The increasing motivation of the younger generation to return to the agricultural sector is also
inseparable from the influence of digitalization. Desi (2023) reported that IoT smart farming training
encouraged young farmers in Lampung to adopt technology more quickly, while simultaneously
increasing their sense of ownership of the innovations implemented. A similar finding was found by
Fitrianingsih (2023), who noted that the implementation of agricultural technology in Banyumas
strengthened the entrepreneurial skills of young farmers and expanded product marketing
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opportunities. Thus, digitalization not only improves technical efficiency but also strengthens the
socio-economic well-being of millennial farmers.

Farmer regeneration in Sendangsari Village also received positive encouragement through this
program. Some families began involving the younger generation in land management at an early age,
rather than simply waiting for inheritance after their parents retired. This trend aligns with research
by Noviar and Fadhlain (2025), which emphasized the importance of millennial farmer-based policy
strategies in agricultural digitalization. Furthermore, research by Yunandar et al. (2024) showed that
the digitalization program in Bogor increased the interest of the younger generation in the agricultural
sector while strengthening regional resilience. This demonstrates that the integration of digitalization
not only modernizes agriculture but also serves as a mechanism for regeneration.

The changing role of millennial farmers also includes increased social participation. After
participating in activities, they are more active in networking, sharing experiences, and developing
innovative ideas. This situation aligns with Bunkar's (2024) view that technology can strengthen
farmers' social networks in extension programs. Dai (2024) also emphasized that the role of
universities in expanding agricultural technology also encourages the participation of the younger
generation, as better access to knowledge encourages the emergence of agents of change in rural areas.

Thus, the changing attitudes and roles of millennial farmers in Sendangsari Village demonstrate
that IoT-based technological innovations not only have technical impacts but also social ones.
Adopting modern technology strengthens the motivation, engagement, and confidence of young
farmers, while accelerating the regeneration of the agricultural workforce. This demonstrates that
empowering millennial farmers is key to realizing sustainable agriculture that adapts to changing
times.

CONCLUSION

This study concludes that empowering the Millennial Farmer Community through outreach,
training, and mentoring has successfully increased understanding of the concept of Internet of Things
(IoT)-based agriculture, as reflected in the significant increase in post-test scores and the significant
difference in plant growth results in IoT-based fields compared to manual methods. As a
recommendation, the application of IoT needs to be continuously expanded through infrastructure
support, ongoing mentoring, and collaboration between the government, educational institutions, and
young farmer communities so that sustainable agriculture can be realized while also attracting the
interest of the younger generation to contribute to the modern agricultural sector.
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