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Abstract. Smart agriculture is increasingly recognized as a digital
transformative to achieving stage of food security and environmental
sustainability, particularly through the digital technologies such as IoT, Ai,
and remote sensing. However, this research and adoption remain
concentrated in high income countries, with limited exploration of youth
engagement in Indonesia. This study combines scientometric mapping of
global innovative agriculture research with empirical field insights from 90
youth respondents in Indonesia to assess the alignment between academic
trends and real-world adoption. Scientometric analysis revealed growing
interest in precision agriculture and sustainability technologies but a lack of
focus on youth and community-based innovation. Field findings indicated
high awareness among Indonesian youth of the benefits of smart agriculture,
especially in terms of productivity, environmental, and market access. The
result shows that the need for inclusive strategies integrated youth
perspective, build local capacity, and participate in rural development. This
study contributes to academic and policy discussions on inclusive
agricultural innovation ecosystems in developing regions. Keywords:
Scientometric Mapping, Smart Agriculture, Youth Participation.

1 Introduction

Agricultural sector nowadays experiencing transformation driven by the convergence of
digital technology, sustainability imperatives, and socio-demographic transitions [1,2].
Digital precision in agriculture is known by smart agriculture for representing a new
paradigm integrating innovation in technology such as the Internet of Things (IoT), artificial
intelligence, remote sensing, and big data analytics to enhance productivity, resource
efficiency, and ecological sustainability [3—5]. As the global food system faces increasing
pressure from climate variability, land degradation, and growing population demands, smart
agriculture has become a strategic response to ensure long-term food security and rural
development [6,7].
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While the academic discourse on smart agriculture has expanded significantly over the
past decade, it remains concentrated mainly in high-income and technologically advanced
countries [8,9]. A notable gap persists in how these scientific developments are translated
into meaningful adoption and localized innovation in developing regions [10,11]. Most
existing studies focus on the technological aspects, such as system architecture and efficiency
optimization, while socio-behavioral dimensions, such as awareness, participation, and
community-based innovation, are underexplored. Additionally, limited attention has been
given to youth as potential drivers of smart agriculture, especially in countries where
agriculture still forms the backbone of rural economies.

In the Indonesian context, despite various governmental initiatives promoting digital
farming and sustainable rural infrastructure, the adoption of smart agriculture among young
people remains limited and fragmented. The integration of youth perspectives in agricultural
innovation is often overlooked, and policies tend to emphasize technology provision rather
than ecosystem-based support for knowledge dissemination, behavioral change, and
institutional synergy [12, 13]. There is a lack of comprehensive understanding regarding how
young populations perceive, interact with, and contribute to the implementation of smart
agriculture, particularly in decentralized and diverse regional contexts.

This study addresses these theoretical and empirical gaps by combining a scientometric
mapping of global smart agriculture research with field-level insights from youth respondents
in Indonesia. Through this integrated approach, the research aims to analyze the alignment
between scholarly trends and ground-level realities, reveal the systemic challenges to youth
engagement in digital agriculture, and provide evidence-based recommendations for
inclusive agricultural transformation.

2 Literature Review

2.1 Smart Agriculture

Smart agriculture refers to the application of advanced digital technologies to enhance the
efficiency, productivity, and sustainability of agricultural systems. It encompasses a wide
range of innovations including sensor networks, Internet of Things (IoT), remote sensing,
drones, machine learning, and decision support systems. These technologies enable real-time
monitoring of crops, automated irrigation, predictive analytics, and precision farming that
minimizes input waste while maximizing output.

The adoption of smart agriculture is increasingly seen as a vital response to global
challenges such as food insecurity, environmental degradation, and the need for climate-
resilient agricultural practices. It aligns with the broader agenda of sustainable development
by promoting efficient resource utilization and reducing greenhouse gas emissions in farming
processes. Moreover, smart agriculture offers new economic opportunities through
agribusiness digitalization, contributing to rural revitalization and youth employment.

However, despite its transformative potential, several theoretical and practical gaps
remain. First, much of the existing literature focuses on the technical effectiveness and
system design of smart agriculture technologies, with limited attention to the social,
institutional, and behavioral dimensions of adoption. Second, there is a lack of empirical
research examining how marginalized or non-traditional actors such as youth, women, and
indigenous communities perceive and participate in smart agriculture ecosystems. Third,
policy and governance aspects, particularly the coordination between stakeholders at local
and national levels, are often discussed in fragmented terms without a systems-level
framework.
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Thus, while the concept of smart agriculture is technologically robust, its societal
embeddedness, contextual adaptation, and inclusive implementation require further
exploration to realize its full potential in different socio-economic environments.

2.2 Scientometric Trend Smart Agriculture

Scientometric analysis provides a systematic overview of the evolution, distribution, and
thematic patterns of scientific knowledge in a specific domain. In the context of smart
agriculture, scientometric studies have revealed a sharp increase in the volume of
publications over the past decade, particularly from technologically advanced countries. Core
topics include precision farming, climate-smart agriculture, IoT applications in crop
monitoring, and sustainability practices in land management.

These studies offer critical insights into the intellectual structure and collaborative
networks in the field. Emerging clusters identified in recent mapping exercises include
themes such as big data in agriculture, Al-driven farm decision systems, smart irrigation, and
energy-efficient greenhouse technologies. The leading contributors to the scientific output on
smart agriculture tend to be concentrated in North America, Europe, and East Asia,
suggesting a geographic imbalance in research production and innovation capacity.

Despite this growing body of literature, several gaps persist. Firstly, scientometric trends
often underrepresent contributions from developing countries, where the practical needs for
smart agriculture are most urgent. Secondly, there is limited integration between
scientometric data and field-level analysis, which hinders the ability to assess whether
scientific outputs translate into policy relevance or community impact. Lastly, the role of
youth and early-career researchers in shaping the discourse and practice of smart agriculture
remains largely undocumented in bibliometric assessments.

This study addresses these gaps by not only conducting a scientometric mapping of global
smart agriculture research but also triangulating it with field insights from youth respondents
in Indonesia. This dual approach provides a more holistic understanding of the alignment or
misalignment between scientific development and real-world implementation, particularly
among a demographic that is critical for the future of agriculture.

3 Methodology

This study employs a mixed-methods approach, combining quantitative scientometric
analysis with field-based survey research. The integration of bibliometric mapping and
empirical perception analysis is intended to bridge the gap between academic discourse and
practical realities surrounding smart agriculture adoption. The design follows an explanatory
sequential strategy where scientometric results inform the interpretation of field data to
contextualize scholarly trends in real-world implementation.

4 Results and Discussion

The scientometric analysis revealed a marked increase in smart agriculture publications
between 2020 and 2025, indicating growing global attention to digital farming technologies.
Dominant clusters of research were identified around themes such as precision agriculture,
IoT applications, smart irrigation, and agricultural sustainability. Most of the literature
originated from countries with advanced digital infrastructure, such as the United States,
China, Germany, and India.
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Fig. 1. Demography of Respondent.

The demographic profile of the respondents in this study reflects a youthful and
academically engaged population, predominantly within the age group of 20-25 years. This
suggests that the insights gathered represent perspectives of early-career individuals who are
likely at the intersection of education and entry-level workforce exposure. The majority of
respondents identified as students, particularly university-level, indicating a high potential
for digital literacy and awareness of contemporary agricultural innovations. This aligns with
the study’s focus on youth engagement in smart agriculture, as these individuals are
positioned to be both recipients and drivers of technological adoption in rural development.

Geographically, respondents were distributed across various regions in Indonesia. This
diversity offers a glimpse into the decentralized nature of youth participation and digital
awareness across urban and semi-rural areas. The representation from multiple provinces
enhances the generalizability of the findings to broader youth populations in Indonesia, while
also highlighting the regional variances that may affect access to digital infrastructure and
agricultural resources. Overall, the demographic data supports the relevance of the study in
capturing the socio-technological readiness and localized perspectives of young Indonesians
in relation to smart agriculture adoption.
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This research observes in figure 2 that digitalization of agriculture to increase efficiency
and productivity ranks highest in youth perception, indicating that young respondents
recognize the transformative potential of digital technologies in enhancing agricultural
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outcomes. Similarly, high scores are seen in realizing the benefits of pesticide-free agriculture
and the role of digital marketing and e-commerce, reflecting a strong awareness of both
environmental concerns and market-driven approaches.

Digital agribusiness training and preference for organic products also received favorable
ratings, showing youth readiness to embrace sustainable and knowledge-based farming
practices.

In contrast, participation in village spatial planning and the use of renewable energy
technologies received slightly lower scores. These components reflect more hands-on or
systemic involvement, suggesting that while youth understand the importance of smart
agriculture, their actual participation, especially in institutional or infrastructure-based
initiative is still limited.

Overall, the chart underscores a clear knowledge-practice gap: youth are conceptually
aligned with smart agriculture principles but may lack the access, opportunities, or
institutional inclusion to fully implement or experience these innovations on the ground.
Bridging this gap requires integrated strategies focusing on education, practical exposure,
and youth-inclusive governance in rural development planning.

t;chnol‘adoptlon

"'.
tilizers .
abiotigstress .« uje .
_:::x ga"'wﬂ 524 ’j J ‘Eal i
.00 09 i Tandomgy f@re<? adversﬁﬂl machine Iearnmg
%o *% - 3
R ats aoh F - iStagle”, ¢
plant E H «
e ﬁ..., I==s-plantidisease WL L o
leaf disease

bl
nanofegtilizers

Fig. 3. Scientomerticul Sustainable Smart Agriculture.

This scientometric visualization demonstrates that research in smart agriculture is
inherently interdisciplinary, involving the convergence of environmental science, data
technology, climate policy, and agronomic innovation. It reveals the growing emphasis on
leveraging digital tools to promote sustainability, productivity, and resilience in agricultural
systems. Visualization of keyword co-occurrence showed that terms like "climate-smart
agriculture," '"remote sensing," "big data,” and "machine learning” were frequently
interconnected, reflecting the multidisciplinary nature of the field. However, topics related to
youth engagement, community-based innovation, or grassroots adoption were either
marginal or absent, signaling a critical thematic gap in the global discourse.

This bibliometric gap underscores a structural disconnect between high-level research
and its social applicability in emerging economies, where youth represent a vital stakeholder
group yet remain underrepresented in scientific output.
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The quantitative analysis of responses from 90 Indonesian youth reveals a generally
positive perception of smart agriculture, particularly in relation to its potential to improve
productivity and sustainability. The statement receiving the highest mean score (3.63) was
“Digitalisasi pertanian meningkatkan efisiensi dan hasil produksi, ” reflecting a strong belief
among respondents that digital technologies can significantly enhance agricultural outcomes.
Environmental awareness was also prominently displayed, as shown by the high agreement
(mean = 3.60) with the statement “Saya menyadari manfaat pertanian bebas pestisida bagi
kesehatan dan lingkungan,” suggesting that sustainability considerations are becoming
integral to youth perspectives on agriculture.

Beyond production efficiency and environmental consciousness, youth respondents
acknowledged the broader ecosystem of smart agriculture, notably the role of digital
marketing and e-commerce (mean = 3.56). This indicates that young people view smart
agriculture not only through the lens of technological innovation but also as a means to access
markets and improve livelihoods. Similarly, their preference for organic products (mean =
3.56) and the perceived benefit of digital agribusiness training (mean = 3.56) demonstrate a
readiness to engage with sustainable and knowledge-based agricultural practices.

However, this optimism is tempered by moderate to low scores on variables related to
direct experience, such as the use of renewable energy technologies and participation in
village-level spatial planning or governance. These items received mean scores in the range
of 2.5 to 3.2, indicating a significant knowledge-practice gap. While youth express awareness
and positive attitudes toward smart agriculture, their actual involvement in implementing or
experiencing these innovations remains limited. This highlights the need for targeted
interventions that move beyond awareness-raising to focus on hands-on exposure,
institutional inclusion, and capacity-building within community-based agricultural systems.

The juxtaposition of scientometric and field insights highlights a misalignment between
the global research agenda and the localized realities of smart agriculture adoption. While
scholarly attention is increasingly directed toward optimizing technological tools, less
attention is paid to capacity-building, behavioral readiness, and institutional support
mechanisms needed to implement these tools in developing contexts.

Moreover, the survey illustrates that Indonesian youth are not indifferent to smart
agriculture. Instead, they are constrained by access barriers such as inadequate infrastructure,
lack of localized training, and low involvement in policy dialogues. These findings resonate
with calls for more inclusive innovation ecosystems in agriculture, where youth are not just
passive recipients but active co-creators of sustainable farming futures.

5 Conclusion

This study has examined the adoption of smart agriculture among Indonesian youth through
a dual lens: global scientometric trends and localized field insights. The scientometric
analysis revealed a rapidly growing body of literature centered on technological innovations
in agriculture, with dominant themes such as IoT applications, precision farming, and
climate-smart practices. However, it also highlighted notable thematic and geographic
gaps—particularly the underrepresentation of studies addressing community participation,
youth involvement, and the socio-institutional dimensions of agricultural transformation in
developing countries.

Field survey results from 90 youth respondents in Indonesia reinforced these findings.
While participants demonstrated high levels of awareness and positive attitudes toward the
benefits of digital farming particularly in terms of efficiency, environmental sustainability,
and market access, their practical experience with technologies such as renewable energy
systems and involvement in local agricultural governance remains limited. This points to a
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persistent knowledge-practice gap in the implementation of smart agriculture at the
grassroots level.

The integration of scientometric mapping and empirical field data provides a
comprehensive understanding of both the state of research and the realities of adoption. It
underscores the need for more inclusive and context-sensitive strategies that move beyond
technological deployment to focus on education, capacity building, and participatory policy
frameworks. To fully realize the potential of smart agriculture in Indonesia, especially among
youth, future initiatives must align scientific innovation with local empowerment and
infrastructural readiness. This study thus contributes not only to the academic discourse on
digital agriculture but also to the practical formulation of inclusive innovation pathways for
sustainable rural development.
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