International Journal of Advanced and Applied Sciences, 13(9) 2026, Pages: 274-283

N

Contents lists available at Science-Gate

K International Journal of Advanced and Applied Sciences e
{1N8E >
g " J e Journal homepage: https://www.science-gate.com/IJAAS.html '_ e
Enhancing sustainable food security through agricultural skills training CrossMark

and access to green technology: The mediating role of agricultural human
resource empowerment in Indonesia's 3T regions

Sahat Simbolon 1 *, Agus Susanto 1, Tennisya Febriyanti Suardi 2, Adrian Babtissay Simbolon 3, Nasib Nasib1!

IManagement Study Programs, Institut Bisnis Informasi Teknologi dan Bisnis, Medan, Indonesia
2Agribusiness Study Program, Universitas Medan Area, Medan, Indonesia
3Management Study Programs, Universitas Wirahusada Medan, Medan, Indonesia

ARTICLE INFO

ABSTRACT

Article history:

Received 18 May 2026
Received in revised form
20 September 2026
Accepted 8 October 2026

Keywords:

Agricultural training
Green technology
Farmer empowerment
Food security
Sustainable agriculture

This study examines the influence of agricultural skills training and access to
environmentally friendly agricultural technologies on sustainable food
security through the empowerment of agricultural human resources in the
3T regions of Nias Regency. It aims to investigate the structural relationships
among these variables and assess the mediating role of agricultural human
resource empowerment. A quantitative survey design was adopted, involving
48 respondents purposively selected based on predefined criteria. The
respondents included active farmers, agricultural extension officers, village
authorities, representatives of the Agricultural Office, and community
leaders. A pre-test of the research instrument was conducted before the main
survey to ensure clarity and reliability. Data were collected through face-to-
face questionnaires using a five-point Likert scale and analyzed using
structural equation modelling-partial least squares (SEM-PLS). The results
show that agricultural skills training and access to environmentally friendly
agricultural technologies have positive and significant effects on agricultural
human resource empowerment and sustainable food security. Agricultural
human resource empowerment also plays a significant mediating role in the
relationships between agricultural skills training and technology access and
sustainable food security. These findings highlight the need to strengthen
food security in 3T regions not only through physical support and increased
agricultural production but also by enhancing farmers' -capacities,
independence, and sustainable resource management.

© 2026 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

important element in achieving sustainable
agricultural productivity and improving long-term

Food security is one of the strategic pillars in
national development, especially in under-
developed, frontier, and outermost (3T) regions,
which still confront numerous structural issues in
the agricultural system (Prayitno et al, 2025).
Availability of land, natural resources, or production
capacity alone does not determine food security; the
quality of agricultural human resources (HR), as the
major actors of the food production system (Bulkis
et al,, 2026), is also a significant determinant. The
building of farmers’ capacity through skills,
knowledge, and adaptive capacity enhancement is an
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food security, particularly given the backdrop of
climate change, limited access to technology, and
food system vulnerabilities (Yusriadi et al, 2026).
Agricultural difficulties in undeveloped, border, and
outermost (3T) regions in Indonesia are often more
complex than those in developed regions, including
poor infrastructure, weak institutional support,
restricted access to technology, and minimal
agricultural technical training. These conditions
imply that communities still rely on traditional
agricultural systems with poor productivity, which
are less resilient to climate change, market
conditions, and new innovations in modern
agricultural technology (Ben Hassen and El Bilali,
2022). Consequently, food security in these areas is
stil somewhat vulnerable, particularly to
disruptions in food distribution, major weather
changes, or global economic pressures that influence
the stability of local food systems (Song et al., 2024).
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One of the areas that is confronting this food
security problem is the Nias Islands. Nias is an
archipelago with  considerable potential of
agricultural resources, strategic opportunities to
promote regional and local food security. This
potential, however, has not been completely
harnessed because of the low agricultural human
resource (HR) capacity and weak institutional
support for the food production system. Food
security in Nias is rather low, mainly because of
restricted food availability, limited access to modern
farming technologies, and high levels of rural
poverty. This condition leads most farmers to adopt
conventional agriculture characterized by low
productivity and limited capacity to respond to
climate change, market dynamics, and agricultural
innovation development (Fragomeli et al, 2026).
Recent studies have indicated that low farmer
technological literacy, limited agricultural extension
services and inefficient farmer institutions are
important hurdles to advancing sustainable
agricultural transformation, particularly in rural and
remote locations (Amolegbe et al,, 2026). Thus, the
food security problem in Nias is not only about
production aspects, but also about the low quality of
agricultural HR, limited access to technology, and the
less-than-optimal role of institutions in encouraging
a more adaptive, productive, and sustainable
agricultural transformation.

The low productivity of farmers in Nias is mainly
caused by the reliance on conventional agricultural
systems, poor technical training, and limited access
to agricultural innovation. These factors lead to less-
than-ideal production efficiencies, low adaptation to
environmental change, and restricted sustainability
of the agricultural system. Recent studies reveal that
limited access to technical training and agricultural
innovation severely constrains productivity growth,
technology adoption, and farmers’ capacity to face
the hazards of climate change and market volatility
(Meng et al., 2024). Furthermore, local institutions
such as farmer groups and village cooperatives have
not yet functioned ideally to transfer knowledge,
distribute information, and increase market access
(Abdelaziz and Abay, 2026). However, empirical
studies indicate the critical importance of farmer
institution building in enhancing the coordination of
output, boosting market access, and speeding the
diffusion of sustainable agricultural technologies
(Shietal, 2026).

Studies in the past have indicated that
agricultural training boosts farmer competence and
production, and technology adoption enhances the
efficiency and sustainability of agricultural systems
(Caffaro et al, 2025). Other studies have also
stressed the strategic importance of building local
institutions for agricultural resilience and market
access (John and Hungu, 2026; Markow et al., 2023;
Vandenberg and Krellenberg, 2026). However, most
research still looks at these three components in
isolation and has not merged training, technology,
and institutional improvement into a coherent
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empowerment paradigm, particularly = when
considering 3T regions.
Furthermore, the emergence of modern

agricultural technologies such as smart farming, the
Internet of Things (IoT), and green technology
creates new prospects to enhance food security
(Zhou et al., 2026). However, the application of these
technologies in the 3T regions still faces several
hurdles such as low technology literacy, insufficient
institutional capacity, and limited policy backing.
Thus, technology intervention alone is not enough
without simultaneous enhancement of human
resource capacity and local agricultural governance.

This study aims to fill the gap in previous
research by developing an integrated model to
empower agricultural human resources through
agricultural skills training, access to green
technology, and strengthening local institutions as
an interconnected system that supports food
security sustainability in the 3T (Underdeveloped
and Remote Areas), especially the Nias Islands. This
study contributes to the literature by combining
these three elements into a more holistic
empowerment framework, unlike earlier studies that
merely looked at each factor in part. Thus, this study
specifically aims to analyze the effect of agricultural
skills training and access to green technology on
agricultural human resource empowerment and
sustainable food security and to examine the
mediating role of agricultural human resource
empowerment in this relationship based on this gap.
Theoretically, this study is expected to contribute to
the literature on agricultural human resource
empowerment and food security. Practically, the
results of this study are expected to be the basis for
recommendations for local governments,
agricultural extension workers, farmer groups, and
other stakeholders in formulating more adaptive,
productive, and sustainable agricultural
development policies in the 3T (Underdeveloped and
Remote Areas).

2. Literature review

Sustainable food security is a state in which the
food system can supply sufficient, safe, nutritious,
affordable, and stable food for the community while
ensuring environmental, social, and economic
sustainability (Tyczewska et al, 2023). The World
Food Summit defines food security in four
fundamental dimensions: availability, access, use,
and stability (Byaruhanga and Isgren, 2023). From
the sustainability perspective, food security is not
only a function of the volume of production but also
of the capacity of the agricultural system to sustain
long-term productivity without impairing natural
resources and socio-economic balance (Frimawaty et
al, 2013). Under the Human Capital Theory
framework, farmers’ knowledge, skills, and
flexibility, expressed as a capacity, constitute a
strategic asset for the establishment of a sustainable
agricultural system.
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Farmer capacity, access to technology, and level
of empowerment are closely related to sustainable
food security (Aworh, 2023). Farmers with proper
skills and access to agricultural technologies are
generally more productive, efficient, and able to
react to changes in the environment and market
dynamics. However, other research has indicated
that the relationship between farmer empowerment
and food security is still inconclusive, particularly in
distant locations with inadequate technical and
institutional capacities (Siaw et al., 2024).

Agricultural skills training is the process of
improving farmers’ capacity via the development of
knowledge, technical skills, work attitudes, and
managerial abilities in agricultural operations (Sun,
2026). Training is considered a strategic tool to
improve the quality of human resources so that they
may perform more effectively, adaptively, and with a
continuous improvement attitude from a human
resource development point of view. Agricultural
training involves more than just methods of
cultivation, including land management, optimal
utilization of production inputs, integrated pest
management, post-harvest handling, and the
capacity of farmers to make knowledge-based
decisions (Ruf, 2026).

Agricultural skills training is very critical since
many farmers still have challenges in acquiring
information, understanding new technologies, and
changing agricultural methods for climate change
and market demands (Albertz and Pilz, 2025).
Previous studies have documented that training and
agricultural human resource development greatly
boost technical knowledge, farm management skills,
access to updated agricultural information, and the
effectiveness of farmer groups, as shown by higher
crop production and income. In fact, this is the
empowerment of agricultural human resources
through training that makes farmers capable of
identifying problems, choosing suitable solutions,
and independently adopting innovations. Farmers
with better capabilities tend to be more confident in
managing farm activities, employing local resources,
and making decisions together (Yang et al., 2025).
Hence, agricultural skills training should be seen not
only as a knowledge transmission process but also as
an empowering process that allows farmers to
participate as proactive agents in agricultural
development (Cheng et al,, 2024).

Training in agricultural skills results in
sustainable food security and empowerment
(Hernandez et al., 2024). Farmers with good training
are better able to raise output, maintain quality of
product, reduce the risk of crop failure, and use more
effective and ecologically friendly agricultural
methods (Ma et al, 2023). As farmers’ capacities
increase, agricultural production systems become
more secure, versatile, and sustainable, and
contribute to long-term food security.

Access to environmentally friendly agricultural
technology refers to the ability of farmers to acquire,
comprehend, and use agricultural technologies that
improve productivity while maintaining
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environmental sustainability (Brenya and Zhu,
2023). Technologies include water-saving irrigation
systems, organic fertilizers, integrated pest control,
climate-adaptive seeds, basic mechanization, digital
agricultural  technology, and  climate-smart
agricultural practices (Musani et al., 2025). Access is
an important notion since technology itself is not
sufficient; farmers also need to have the opportunity,
knowledge, information, and institutional support to
properly embrace and use these technologies
(Bhagat et al, 2024). In sustainable agriculture,
access to environmentally friendly technology is vital
to improve production efficiency, reduce
environmental degradation, and improve resilience
to climate change (Ma and Rahut, 2024).

Empirical research has frequently emphasized
the positive impact of environmentally friendly
agricultural technology on productivity
development, resource efficiency, and agricultural
sustainability. For example, climate-smart
agriculture has been demonstrated to increase
farmers’ output and revenue, while increasing
adaptive ability to climate change and lowering
environmental risks. Furthermore, the use of
technology is highly related to agricultural human
resource empowerment, as farmers with higher
access to technology are likely to have better
possibilities to develop knowledge, improve
decision-making capacity, and increase their options
for output (Ishtiaque et al., 2024). However, past
research also shows that the use of environmentally
friendly technology is still hindered by the lack of
financial capacity, technological literacy, weak
institutional support, and infrastructure, especially
in rural and impoverished regions (Ma et al., 2024).
These findings indicate that access to technology
alone is not adequate to achieve sustained food
security unless it is coupled with agricultural skills
training and empowerment of human resources.

Agricultural human resource empowerment
refers to the process of strengthening farmers’
capacity, independence, participation, and ability to
manage agricultural resources productively and
sustainably (Pandey et al., 2025). Empowerment is
not merely limited to the provision of assistance, but
involves a broader process that enables farmers to
acquire knowledge, technical skills, self-confidence,
access to resources, and decision-making capabilities
in agricultural activities (Murtiningrum et al., 2023).
Within the agricultural development framework,
empowerment is regarded as a strategic approach
because farmers are positioned not as passive
recipients of development programs, but as active
agents in strengthening agricultural systems and
food security.

Empirical evidence shows that agricultural
human resource empowerment is substantially
associated with the improvement of farmers’
production, creative ability, access to knowledge,
and institutional engagement (Duan et al, 2024).
Empowered farmers are in a better position to
optimize local resources, respond to environmental
and market changes, and sustain agricultural
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productivity. But earlier research also reveals that
the empowerment benefits are typically hampered
by a lack of strong institutional support, restricted
access to technology, and inadequate training
continuity, particularly in rural and disadvantaged
areas (Otari et al., 2024). The results suggest that
empowerment is a key channel via which
development inputs such as training and access to
technology can contribute to the overarching
objective of sustainable food security. Hence, this
study considers agricultural human resource
empowerment as an intervening variable that

enhances the relationship between agricultural skills
training, access to environmentally friendly
agricultural technology, and sustainable food
security.

2.1. Research hypotheses

Based on the theoretical foundations and
empirical findings from previous studies, this study
develops a set of hypotheses, which are
systematically formulated and presented in Table 1.

Table 1: Research hypotheses

No Hypothesis statement

H1 Agricultural skills training positively and significantly affects agricultural human resource empowerment.

H2 Agricultural skills training positively and significantly affects sustainable food security.

H3 Access to environmentally friendly agricultural technology positively and significantly affects agricultural human resource empowerment.

H4 Access to environmentally friendly agricultural technology positively and significantly affects sustainable food security.

H5 Agricultural human resource empowerment positively and significantly affects sustainable food security.

H6 Agricultural skills training positively and significantly affects sustainable food security through agricultural human resource empowerment.

H7 Access to environmentally friendly agricultural technology positively and significantly affects sustainable food security through agricultural
human resource empowerment.

3. Methods Modeling (PLS-SEM), where the minimum sample

This study used a quantitative survey approach
to evaluate the structural links between agricultural
skills training, access to environmentally friendly
agricultural technology, agricultural human resource
empowerment, and sustainable food security in Nias
Regency. The quantitative technique was chosen as
the most suitable for the empirical assessment of
causal links between variables and validation of the
suggested conceptual model.

The research was conducted in Nias Regency,
North Sumatra Province, in Gido, Hiliduho, and
Idanogawo districts. They were picked on purpose as
they are agricultural regions with significant
production potential, but are nevertheless
characterized by structural problems, such as
restricted access to agricultural technology,
insufficient farmer training, and weak institutional
support. This backdrop makes Nias an interesting
place to study concerns of sustainable food security
in disadvantaged, frontier, and outermost (3T)
regions of Indonesia.

The target group was active farmers and major
agricultural stakeholders with direct involvement in
farming activities, agricultural empowerment, and
local food security programs. Sampling was done
purposively with 48 respondents based on the
criteria. The sample consisted of 30 active farmers, 7
agricultural  extension  officers, 4  village
administrators, 4 officials of the Nias Regency
Agricultural Office, and 3 community leaders. The
respondents were selected based on the following
criteria: (1) active in agricultural activities for at
least three years; (2) directly involved in the
production of food crops; (3) participated in
agricultural training programs; and (4) have
knowledge on environment-friendly agricultural
practices or technologies. As recommended by Hair
et al. (2016), the sample size is considered adequate
for Partial Least Squares Structural Equation
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size should be greater than ten times the largest
number of structural paths directed at a latent
construct.

The research instrument was constructed based
on the established indicators from prior studies for
each concept and measured on a five-point Likert
scale from 1 (strongly disagree) to 5 (strongly
agree). The instrument measured four major
constructs, namely agricultural skills training, access
to eco-friendly agricultural technology, agricultural
human resource empowerment, and sustainable
food security.

To confirm the appropriateness and context fit of
the indicators, the questionnaire was content
validated by three experts in agricultural and rural
development before the main survey. A pilot test was
then conducted with 10 respondents to test the
clarity, consistency, and reliability. The pilot test
findings indicated acceptable reliability, as the

Cronbach’s Alpha values were above the
recommended cut-off point of 0.70.
Interviewer-administered structured

questionnaires were used to collect data to decrease
misunderstanding among the respondents and to
increase the data accuracy. Direct field-based data
collection was particularly critical given that some
rural parts of Nias had low literacy rates and poor
technological access. To minimize sampling bias, the
eligibility of the respondents was checked with the
cooperation of local authorities and the Agricultural
Office of Nias Regency.

The data were analyzed using SmartPLS version
4.0 with Structural Equation Modeling-Partial Least
Squares (SEM-PLS). SEM-PLS was selected due to its
appropriateness for prediction models, mediation
analysis, and very modest sample sizes. The analysis
was performed in two steps. The first stage was the
assessment of the measurement model (outer
model), which includes convergent validity,
discriminant validity, and construct reliability. The
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convergent validity was examined by outer loadings
and Average Variance Extracted (AVE). The
reliability was measured by Cronbach’s Alpha and
Composite Reliability. The second stage was to
evaluate the structural model (inner model) such as
R-squared, F-squared, path coefficient, t-statistics
and p-value to determine the significance and
strength of the hypothesized link.

The study was performed according to research
ethics norms. Prior to data collection, all
respondents were informed of the aims of the study,
and their freely given informed consent was
obtained. The privacy and anonymity of the
participants were assured, and all data collected
were utilized strictly for academic and research
purposes.

The study was conducted according to ethical
principles recognized in social science research.
Prior to data collection, all respondents were
informed about the objectives of the study, and their
voluntary informed consent was obtained before
participation. Participants were assured that their
responses would remain anonymous and
confidential, and that all collected data would be
used solely for academic purposes.

4. Research results
4.1. Outer model testing

The measurement model (outer model) was
evaluated to assess the validity and reliability of the
constructs. The results of convergent validity,
discriminant validity, and construct reliability are

summarized in Table 2.

Table 2: Outer loading values

Variable Code Out‘er Description
loading
PKP1 0.812 Valid
PKP2 0.846 Valid
. . . PKP3 0.791 Valid
Agricultural skills training PKP4 0.828 Valid
PKP5 0.807 Valid
PKP6 0.835 Valid
ATP1 0.801 Valid
Access to environmentally ATP2 0.824 Val%d
friendly agricultural ATP3 0.786 Val%d
technology ATP4 0.854 Val}d
ATP5 0.831 Valid
ATP6 0.819 Valid
PSDM1 0.833 Valid
PSDM2 0.861 Valid
Agricultural human resource PSDM3 0.847 Valid
empowerment PSDM4 0.809 Valid
PSDM5 0.826 Valid
PSDM6 0.858 Valid
KPB1 0.815 Valid
KPB2 0.842 Valid
. . KPB3 0.829 Valid
Sustainable food security KPB4 0806 Valid
KPB5 0.850 Valid
KPB6 0.837 Valid

As shown in Table 2, all indicators have outer
loading values above the threshold of 0.70, which
indicates that the measuring items have fulfilled the
convergent validity requirements and sufficiently
represent their respective constructs. The results of
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construct reliability and validity are shown in Table
3.

Table 3: Construct reliability and validity

Variable Crc;r]lll;)}?:h s ig{li;%?lsilttye AVE Description
Agricultural skills - 595 0919  0.654  Reliable
training
Access to
environmentally
friendly 0.887 0914 0.640 Reliable
agricultural
technology
Agricultural
human resource 0.912 0.932 0.697 Reliable
empowerment
Sustainable food 0.903 0925 0673  Reliable
security

The Cronbach’s Alpha and Composite Reliability
values of all constructs are above the acceptable
level of 0.70, as presented in Table 3. Furthermore,
all constructs have Average Variance Extracted
(AVE) values larger than 0.50. These results show
that all constructs in this study have the properties
of construct reliability and convergent validity. The
results of the discriminant validity based on the
Fornell-Larcker criterion are reported in Table 4.

Table 4: Discriminant validity — Fornell-Larcker criterion

Variable PKP ATP  PSDM  KPB
Agricultural skills training 0.809
Access to environmentally
friendly agricultural technology 0.612  0.800
Agricultural human resource 0674 0692 0.835
empowerment
Sustainable food security 0.641 0.663 0.728 0.820

As shown in Table 4, the square root of the AVE
for each construct is greater than the inter-construct
correlation values. This indicates that each construct
has satisfied the discriminant validity criterion.

4.2. Inner model testing

The structural model (inner model) was
evaluated to check the predictive relevance and the
explanatory power of the proposed model. At this
stage, the R-squared values were checked to find out
to what extent the exogenous variables explain the
variation of the endogenous constructs. The higher
R-squared values indicate the stronger predictive
power of the model. The results of R-squared
analysis are shown in Table 5.

Table 5: R-squared results

Endogenous variable R- Adjusted R- Description
squared squared
Agricultural human 0.612 0.595 Moderate
resource empowerment
Sustainable food security 0.728 0.710 Strong

Based on Table 5, the R-squared value for the
agricultural human resource empowerment variable
is 0.612. This means that agricultural skills training
and access to environmentally friendly agricultural
technology are able to explain 61.2% of the variance
in agricultural human resource empowerment, while
the remaining 38.8% is explained by other factors
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outside the research model. The R-squared value for
the sustainable food security variable is 0.728. This
means that agricultural skills training, access to
environmentally friendly agricultural technology,
and agricultural human resource empowerment are

able to explain 72.8% of the variance in sustainable
food security, while the remaining 27.2% is
influenced by other variables outside the research
model. Furthermore, the F-squared results can be
shown in Table 6.

Table 6: F-squared results

Variable relationship F-squared Description
Agricultural skills training — agricultural human resource empowerment 0.214 Medium
Access to environmentally friendly agricultural technology — agricultural human resource empowerment 0.286 Medium
Agricultural skills training — sustainable food security 0.091 Small
Access to environmentally friendly agricultural technology — sustainable food security 0.124 Small
Agricultural human resource empowerment — sustainable food security 0.362 Large

Based on Table 6, the strongest effect is shown by
the relationship between agricultural human
resource empowerment and sustainable food
security, with an F-squared value of 0.362. This
indicates that agricultural human resource
empowerment has a strong substantive contribution
to improving sustainable food security. Meanwhile,
agricultural skills training and access to
environmentally friendly agricultural technology
show small to medium effects on the endogenous
variables in the model. Then the results of the
hypothesis testing are shown in Table 7. The results
of the hypothesis testing are reported in Table 7. The
findings show that agricultural skills training has a
positive and significant effect on agricultural human
resource empowerment (3 = 0.381; t = 3.742; p <
0.001), which therefore supports H1. Agricultural
skills training has also a substantial and positive
association with sustainable food security (B =
0.214; t = 2.184; p = 0.030), supporting H2.
Furthermore, the presence of eco-friendly
agricultural technology has a significant impact on

agricultural human resource empowerment (8 =
0.456; t = 4.315; p < 0.001), supporting H3, and on
sustainable food security ( = 0.246; t = 2.527; p =
0.012), supporting H4. The results also reveal that
agricultural human resource empowerment has the
most favorable effect on sustainable food security (8
= 0.487; t = 5.628; p < 0.001), which supports H5.
The mediation test also indicates that agricultural
human resource empowerment significantly
mediates the relationship between agricultural skills
training and sustainable food security (§ = 0.185; t =
3.116; p = 0.002), confirming H6. Agricultural human
resource empowerment also significantly mediates
the relationship between access to environmentally
friendly agricultural technology and sustainable food
security (B = 0.222; t = 3.684; p < 0.001), hence
supporting H7. Overall, these findings imply that
agricultural skills training and access to eco-friendly
agricultural technology are both important in
enhancing sustainable food security directly and
indirectly through agricultural human resource
empowerment.

Table 7: Path coefficients and hypothesis testing

Original T- P-

Hypothesis Variable relationship . Decision
sample statistics value

H1 Agricultural skills training — agricultural human resource empowerment 0.381 3.742 0.000  Accepted

H2 Agricultural skills training — sustainable food security 0.214 2.184 0.030  Accepted

H3 Access to environmentally friendly agricultural technology — agricultural human 0456 4315 0.000  Accepted
resource empowerment

Ha Access to environmentally frlendlysaegcrlllcr?tl;ural technology — sustainable food 0246 2527 0012 Accepted

H5 Agricultural human resource empowerment — sustainable food security 0.487 5.628 0.000  Accepted

e Agricultural skills training — agrlcultural humar.l resource empowerment — 0185 3116 0002  Accepted
sustainable food security

H7 Access to environmentally friendly agricultural technology — agricultural human 0222 3.684 0.000  Accepted

resource empowerment = sustainable food security

5. Discussion

The findings indicate that agricultural skills
training has a positive and significant effect on
agricultural human resource empowerment. This
result confirms that training functions not only as a
mechanism for knowledge transfer but also as a
strategic instrument for strengthening farmers’
capacity, decision-making ability, and independence
in managing agricultural activities. This finding is
consistent with previous studies by Plana-Farran et
al. (2023) and Zhang and Yang (2025), which
reported that agricultural training significantly
improves farmers’ technical competencies, adaptive
skills, and managerial capabilities. From the
perspective of Human Resource Development,
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training plays an important role in enhancing
farmers’ human capital and adaptive readiness. In
the context of Nias, where agricultural activities are
still dominated by traditional family-based farming
systems and intergenerational knowledge transfer,
training becomes highly relevant in reducing
knowledge gaps and increasing farmers’ capacity to
respond to climate and market uncertainties.
However, previous studies by Setiawan et al. (2024)
found that training alone often produces limited

long-term effects when not supported by
institutional  strengthening and post-training
assistance.

The findings further suggest that the teaching of
agricultural skills has a favorable and considerable
impact on sustainable food security. The result
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indicates that the higher the skills of farmers, the
more stable the production, the lower the risks of
crop failure, and the higher the efficiency in the use
of resources. Raji et al. (2024) and Shafieisabet and
Mirvahedi (2025) came to similar conclusions,
demonstrating that farmer training greatly improves
local food production systems and household food
security. Agricultural training is a strategic
intervention to improve resilience in Nias, where
food production is very vulnerable to erratic rainfall
patterns, low mechanization, and insufficient
irrigation infrastructure. However, Hakim et al
(2025) found opposite results, indicating that
training does not necessarily immediately increase
food security when farmers are faced with
significant financial and technological restrictions.
This implies that the success of Nias’ training is
contingent on the integration of supporting
resources.

Access to eco-friendly agricultural technology
was found to have a favorable impact on the
empowerment of agricultural human resources and
sustainable food security. These results are in line
with the research of Liu (2024) that highlighted the
role of climate-smart and green agricultural
technologies in increasing productivity, building
resilience, and improving resource efficiency. In
Nias, access to technology is hindered by
geographical isolation, insufficient transport
infrastructure, and limited coverage of agricultural
extension. Technologies such as climate-adaptive
seeds, organic fertilizers, and water-efficient
irrigation have high potential to increase production
outcomes, but their uptake depends on local
acceptance and farmers’ capacity to adapt them to
the agroecological circumstances of Nias. However,
Ma et al. (2024) pointed out that the acceptance of
technology in distant areas is often met with
opposition due to cultural attachment to
conventional farming practices and limited
technological literacy.

Empowerment is the most dominant factor in
building local food systems and has the largest direct
influence on sustainable food security, i.e.
agricultural human resource empowerment. This
finding is in line with previous studies by Zhou et al.
(2025), which showed that farmers who are
empowered are better able to manage production
resources, access to markets, and adjust to
agricultural risks. In Nias, empowerment is of
considerable socio-cultural relevance as farming
operations are often incorporated in communal
structures and collective ideals such as gotong
royong. These social institutions provide chances for
communal learning and sharing of resources. But
counter findings by Sahoo et al. (2024) implied that
empowerment alone may not be sufficient to
increase food security when farmers still face
structural constraints such as poor market access,
limited financial capital, and inadequate policy
support. The situation is still applicable in Nias,
where institutional capacity and market integration
are still relatively weak, further emphasizing the
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necessity of combining empowerment with larger
systemic assistance.

The mediation results further demonstrate that
agricultural human resource empowerment strongly
moderates the relationship between agricultural
skills training, access to environmentally friendly
agricultural technology, and sustainable food
security. These findings are consistent with the ideas
of Ospina and Collazos (2025) and Sahoo et al.
(2025), who argued that sustainable food systems
not only require access to information and
technology, but also empowered individuals who can
translate these inputs into productive outcomes. In
Nias, structural hurdles such as poor infrastructure,
fragmented institutional support, and a strong
cultural dependence on conventional farming make
empowerment a vital bridging tool. However,
Wereta et al. (2026) have indicated that the
mediating effect of empowerment may be weakened
if the training programs are sporadic and the
technology diffusion lacks strong institutional
coordination. Nevertheless, a critical view of
empowerment in Nias has shown that it should not
be seen as a stand-alone strategy but needs to be
combined with ongoing training, affordable green
technologies, and improved farmer institutions. This
study also adds to the literature by indicating that
sustainable food security in underprivileged
agricultural areas is best attained through a holistic
and integrated empowerment strategy instead of
piecemeal interventions.

6. Conclusion

The study indicated that agricultural skills
training and access to environmentally friendly
agricultural technologies are crucial to improving
agricultural human resource empowerment and
sustainable food security in the 3T region of Nias
Regency. Agricultural human resource
empowerment was the most influential element of
all the factors evaluated. It implies that farmers with
greater technical capacity, decision-making capacity,
and independence are better equipped to sustain
agricultural productivity and long-term food
sustainability. Findings underline the limited
potential of training and technological therapies
without integration within empowerment-based
approaches.

In the specific case of Nias, where the agricultural
systems are still based on traditional farming
techniques, lack of infrastructure, poor farmer
institutions, and limited market access, practical
interventions should be more context-sensitive.
Local governments should focus on decentralized
farmer training programs in villages, strengthen
agricultural extension services in remote areas,
increase access to climate-adaptive seeds and low-
cost, environmentally friendly technologies, and
strengthen farmer groups as community-based
institutional support systems. Such solutions are
particularly significant in Nias, where geographical
remoteness and socio-cultural dependence on
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conventional farming still represent considerable
obstacles. Therefore, a holistic empowerment
approach of training, technology access, and
institutional development is important to increase
sustained food security in marginalized agricultural
communities.

Several limitations of the present investigation
should be noted. First, the sample size is small;
hence, the generalizability of the findings beyond the
setting of Nias Regency is limited. The second
drawback is that the study was conducted in selected
districts in a 3T region, which may not be
representative of the broader agricultural context in
other rural areas. Thirdly, the cross-sectional
approach has limits in capturing long-term changes
in farmers’ empowerment and food security. Future
research can use larger sample sizes, longitudinal
approaches and wider regional coverage to better
the empirical understanding of sustainable food
security in poor agricultural areas.
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