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This study aims to analyze smart farming implementation strategies to
improve water resource efficiency on farmland. The issue is important
because conventional irrigation practices often rely on farmer intuition,
fixed schedules, and limited water availability, which may lead to
inefficient water use. This research employed a qualitative case study
design to explore farmers’ experiences, perceptions, and adaptation
strategies in using smart farming technologies. Data were collected through
semi-structured interviews, limited participatory observation, and
documentation involving farmers, farmer group leaders, agricultural
extension officers, technology providers, and local agricultural stakeholders
selected through purposive and snowball sampling. The data were analyzed
using thematic analysis supported by data reduction, data display, and
conclusion drawing. The findings reveal four main themes: improved
awareness of water efficiency, selective technology adoption based on
usefulness and trust, the role of institutional and social support, and
contextual adaptation of smart farming practices to local field conditions.
These findings show that smart farming works effectively when digital tools
are aligned with farmers’ knowledge, technical support, and local
agricultural routines. The study contributes to socio-technical perspectives
on digital agriculture and offers practical insights for designing inclusive,
affordable, and sustainable smart farming programs. Future research should
compare different agricultural regions, crop types, and irrigation systems to
strengthen broader understanding of smart farming adoption.
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1. Introduction

Agriculture faces growing pressure from climate variability, water scarcity, and the need to
maintain food production under limited natural resources. Water has become one of the most
critical inputs in farming because irrigation practices still depend heavily on fixed schedules,
farmer intuition, and conventional water distribution systems. Smart farming offers a more precise
approach by integrating sensors, Internet of Things devices, automated irrigation, climate data,
and decision-support systems to match water application with crop and soil conditions. Recent
studies show that precision irrigation and loT-based smart irrigation can improve water-use
efficiency, reduce waste, and support sustainable agricultural management (Lakhiar et al., 2024;
Obaideen et al., 2022). These findings indicate that smart farming should not be viewed only as
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a technological innovation, but also as a strategic response to the wider challenge of sustainable
water governance in agriculture.

In many developing agricultural contexts, including Indonesia, the adoption of smart farming
remains uneven. Smallholder farmers often work under limited access to capital, unstable
infrastructure, low digital literacy, and dependence on seasonal water availability. Although
digital agriculture has expanded through mobile applications, sensor-based irrigation, and
automated monitoring systems, many farmers still face practical barriers in using these tools
consistently. Gumbi et al. (2023) found that digital agriculture systems often remain difficult for
smallholder farmers because the supporting ecosystem is still underdeveloped. Porciello et al.
(2022) also noted that many digital agriculture services in low- and middle-income countries
focus on knowledge and advisory support, while evidence on environmental sustainability and
climate resilience remains limited.

Field-level problems show that inefficient irrigation is not only caused by the absence of
technology. It also emerges from habits, risk perception, limited technical support, and weak
integration between farmers’ local knowledge and digital systems. Farmers may hesitate to rely
on soil-moisture sensors or automated irrigation when the data conflict with their traditional
reading of soil texture, leaf condition, weather patterns, or water availability. Ronaghi and
Forouharfar (2020) explain that the use of IoT in smart farming depends on contextual factors
that shape farmers’ acceptance and actual use. This means that the success of smart farming
requires attention to both technical performance and farmers’ lived experiences.

The issue is important because water efficiency in agriculture has social, economic,
educational, and environmental implications. Better water management can reduce production
costs, support crop stability, and strengthen farmers’ capacity to adapt to climate uncertainty. It
can also support farmer education by encouraging data-based decision-making in daily farm
management. However, the implementation of smart farming may create new inequalities if only
farmers with capital, digital skills, and institutional support can benefit from it. Ruzzante et al.
(2021) showed that education, credit access, land size, extension services, and farmer organization
membership often influence agricultural technology adoption. These factors make smart farming
a social process, not merely a technical intervention.

Previous studies have mainly examined smart farming through engineering design, sensor
performance, system architecture, algorithm development, and quantitative measurement of
water-use efficiency. For example, Obaideen et al. (2022) reviewed loT-based smart irrigation
systems in relation to sustainable development goals, while Lakhiar et al. (2024) emphasized the
role of precision irrigation in improving water efficiency, crop yield, and environmental
outcomes. However, fewer studies have explored how farmers interpret, negotiate, and adapt
smart farming technologies within their everyday agricultural practices. This creates a literature
gap in understanding the meanings, experiences, and social processes behind smart farming
implementation.

This study uses a qualitative perspective because the research problem requires deep
understanding of human experience, local practice, and contextual meaning. Qualitative inquiry
is suitable for examining how actors understand complex social phenomena and how they make
decisions within real-life settings (Lim, 2025). In this study, smart farming is viewed through a
socio-technical lens. This perspective recognizes that technology works through relationships
among devices, users, institutions, infrastructure, knowledge, and policy. Klerkx and Rose (2020)
argue that agriculture 4.0 requires responsible management of technological diversity and
transition pathways. Therefore, this research does not only ask whether smart farming improves
water efficiency, but also how it can be implemented in ways that are acceptable, practical, and
sustainable for farmers.

Based on this background, this study aims to analyze smart farming implementation strategies
to improve water resource efficiency on farmland. The research focuses on farmers’ experiences,
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perceived benefits, implementation barriers, institutional support, and adaptation strategies in
using smart irrigation or related digital farming technologies. Theoretically, this study contributes
to the development of socio-technical studies on agricultural technology adoption and sustainable
water management. Practically, it provides insights for farmers, extension officers, technology
developers, and policymakers in designing smart farming strategies that are affordable, context-
sensitive, and aligned with real farming conditions.

2. Materials and Methods

This study employed a qualitative approach with a case study design. The case study design was
selected because the research examined smart farming implementation as a real-life phenomenon
shaped by farmers’ experiences, technological tools, institutional support, and local water-
management practices. A qualitative case study allows the researcher to explore complex
processes in depth, especially when the boundaries between technology, user behavior, and
environmental context are closely connected. Mtisi (2022) states that qualitative case study
research is useful for examining social phenomena within their natural setting. This design was
therefore appropriate for understanding how farmers apply, evaluate, and adapt smart farming
strategies to improve water efficiency on farmland.

The study was conducted in an agricultural area where farmers had introduced or tested smart
farming technologies, particularly technologies related to water management. These technologies
may include soil-moisture sensors, loT-based irrigation systems, automated pumps, drip
irrigation, weather-monitoring tools, or mobile applications for land monitoring. The research site
was selected because it represented a relevant case of early smart farming implementation in
farmland water management. The study was planned for three months, covering preliminary
observation, participant recruitment, data collection, data validation, and initial data analysis. This
period allowed the researcher to observe irrigation routines, farmer decision-making, and the use
of digital tools in different field situations.

Participants were selected using purposive sampling. The main participants were farmers who
had used, tested, or directly observed smart farming technologies for irrigation or water control.
Supporting participants included farmer group leaders, agricultural extension officers, technology
providers, local agricultural officials, and technicians involved in the operation or maintenance
of smart farming tools. The inclusion criteria covered direct experience with smart farming,
involvement in water-resource management, willingness to participate, and ability to provide
detailed information about implementation practices. Snowball sampling was also used when
initial participants recommended other informants with relevant knowledge, such as pioneer
farmers, equipment operators, or farmers who chose not to adopt the technology.

Data were collected through semi-structured interviews, limited participatory observation, and
documentation. Semi-structured interviews explored farmers’ perceptions of smart farming,
reasons for adoption or non-adoption, perceived water efficiency, technical challenges, cost
considerations, training needs, and trust in sensor-based decisions. Observations focused on
irrigation practices, how farmers read sensor data, how they operate pumps or irrigation tools, and
how decisions about water use are made in the field. Documentation included photographs of
tools, irrigation schedules, farmer group records, training materials, technical manuals, and
relevant local program documents. These techniques helped the researcher compare what
participants said, what they did, and what was recorded in supporting documents.

Data credibility was strengthened through source triangulation, method triangulation, member
checking, and audit trail. Source triangulation was conducted by comparing information from
farmers, extension officers, technology providers, and local agricultural stakeholders. Method
triangulation was carried out by comparing interview data, observation notes, and documents.
Member checking was conducted by returning key interview summaries or preliminary
interpretations to selected participants to confirm accuracy. An audit trail was maintained by
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storing interview guides, field notes, transcripts, coding records, analytic memos, and
documentation of methodological decisions. These procedures supported the credibility,
dependability, and confirmability of the study.

Data were analyzed using thematic analysis supported by the interactive model of data
reduction, data display, and conclusion drawing. The analysis began with repeated reading of
interview transcripts, observation notes, and documents to identify meaningful statements. The
researcher then applied open coding to important data segments related to water efficiency,
technology usability, cost barriers, digital literacy, institutional support, farmer trust, and local
adaptation. Similar codes were grouped into broader themes, such as perceived benefits of smart
farming, barriers to implementation, socio-technical adaptation, institutional support, and
sustainable water-management strategies. Thematic analysis was selected because it enables
systematic identification of patterns across qualitative data (Kiger & Varpio, 2020; Braun &
Clarke, 2021).

The final stage of analysis involved interpreting the themes in relation to smart farming
adoption, socio-technical systems, and sustainable water-resource management. The researcher
connected participants’ experiences with relevant theories and previous studies on digital
agriculture, precision irrigation, and technology adoption. The findings were then presented in
narrative form to explain not only what strategies were used, but also why those strategies worked
or failed in the local farming context. This methodological procedure allows limited replication
in other agricultural settings with similar characteristics, especially areas that are introducing
smart irrigation, digital farming tools, or community-based water-efficiency programs.

3. Results and Discussions

The findings show that smart farming was understood by farmers as a practical tool for controlling
water use, not merely as a modern agricultural technology. Most participants linked smart farming
with the ability to know when the land needed water and when irrigation should be stopped.
Farmers who had used soil-moisture sensors stated that the technology helped them reduce
guesswork in irrigation decisions. One farmer explained, “Before using the sensor, I watered the
land based on habit. Now I check the soil condition first, so the water is not wasted” (P3). This
finding indicates that smart farming changed the meaning of irrigation from routine activity into
data-informed decision-making.

The first major theme was improved awareness of water efficiency. Farmers reported that
smart irrigation tools helped them recognize that excessive watering did not always improve crop
growth. Observation showed that farmers began to compare sensor readings with visible field
conditions, such as soil texture, plant color, and weather changes. This practice created a new
learning process in which farmers combined local knowledge with digital information. One
participant stated, “The tool does not replace our experience, but it helps us confirm whether the
soil really needs water” (P5). This finding shows that smart farming worked best when farmers
did not treat technology as a replacement for experience, but as a support system for more accurate
decisions.

The second theme was selective adoption based on usefulness, cost, and trust. Farmers
accepted smart farming when they saw clear benefits, such as lower water use, reduced labor, and
more stable irrigation schedules. However, some participants remained hesitant because of
installation costs, maintenance needs, unstable internet connection, and fear of equipment
damage. One farmer said, “The system is useful, but if it breaks, we do not always know who can
repair it” (P7). This shows that adoption was shaped not only by perceived benefits, but also by
the availability of technical support and farmers’ confidence in long-term use.

The third theme was the importance of institutional and social support. Farmers who received
guidance from extension officers, farmer group leaders, or technology providers showed stronger
confidence in using smart farming tools. Group-based learning helped farmers share problems,
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compare results, and reduce anxiety about new technology. Documentation from farmer group
meetings also showed that training and demonstration plots played an important role in
encouraging adoption. One extension officer stated, “Farmers need to see the result directly. After
they compare water use before and after the tool, they become more open to using it” (E1). This
finding suggests that smart farming implementation depends on social learning and continuous
assistance.

The fourth theme was the need for contextual adaptation. Farmers did not apply smart farming
in the same way across all plots. They adjusted irrigation decisions based on crop type, soil
condition, water source, weather, and labor availability. In some cases, farmers used the sensor
only as a reference, while final decisions still depended on field observation. This pattern shows
that smart farming was adapted to local farming culture rather than applied as a fixed technical
system. The technology became meaningful when it fit farmers’ routines, resources, and
environmental conditions.

Discussion

The findings support the socio-technical view that smart farming is not only a matter of device
adoption, but also a process of interaction between technology, users, institutions, and local
knowledge. The study shows that farmers accepted smart farming when it helped them solve
practical problems in water management. This aligns with Klerkx and Rose (2020), who argue
that agriculture 4.0 requires attention to social responsibility, user diversity, and transition
pathways. In this study, smart farming became useful when it supported existing farming logic
instead of forcing farmers to abandon their knowledge.

The finding on water-efficiency awareness is consistent with Lakhiar et al. (2024), who found
that precision irrigation can improve water-use efficiency and reduce environmental pressure. It
also supports Obaideen et al. (2022), who emphasized the role of loT-based irrigation systems in
sustainable agriculture. However, this study adds a qualitative insight. Farmers did not define
efficiency only as reduced water volume. They understood efficiency as better timing, lower labor
burden, reduced uncertainty, and more confidence in irrigation decisions.

The finding on selective adoption is consistent with Ruzzante et al. (2021), who showed that
agricultural technology adoption depends on education, access to support, credit, and farmer
organization. It also supports Ronaghi and Forouharfar (2020), who found that acceptance of loT
in smart farming depends on contextual factors. The present study extends these findings by
showing that trust in technology develops through repeated use, visible results, and access to
repair support. Farmers were more willing to adopt smart farming when they could test it directly
and receive assistance when problems occurred.

The role of farmer groups and extension officers confirms that digital agriculture requires an
enabling ecosystem. Gumbi et al. (2023) found that sustainable digital agriculture for smallholder
farmers depends on infrastructure, training, institutional readiness, and local capacity. The current
findings show that social learning through farmer groups can reduce resistance to technology.
Demonstration plots, peer explanation, and repeated field assistance helped farmers understand
sensor data and relate it to their own field experience.

The study also reveals a difference from technology-centered studies that assume smart
farming can be transferred directly from one context to another. In this research, farmers adapted
the technology based on soil condition, crop type, and local water availability. This means that
smart farming strategies must remain flexible. A system that works in one farmland may not work
in the same way in another location. This finding strengthens the argument that smart farming
implementation should use a participatory approach that involves farmers from the planning
stage.

Theoretically, this study contributes to the literature on smart farming adoption by showing
that water-resource efficiency is shaped by both technological capability and social acceptance.
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The findings support the use of socio-technical systems theory in understanding digital
agriculture. Practically, the study suggests that smart farming programs should include affordable
technology packages, local technicians, farmer training, demonstration plots, and simple data
interpretation tools. Future research should compare several farming areas with different crops,
irrigation systems, and levels of digital readiness to deepen understanding of smart farming
implementation in diverse agricultural contexts.

4. Conclusions

This study concludes that smart farming implementation can improve water resource efficiency
on farmland when technology is integrated with farmers’ local knowledge, practical needs, and
institutional support. The findings show four main themes: increased awareness of water
efficiency, selective adoption based on usefulness and trust, the importance of farmer groups and
extension support, and contextual adaptation to soil, crop, and water conditions. These findings
contribute to a deeper understanding of smart farming as a socio-technical process, not merely a
technological intervention.

Theoretically, this study strengthens the relevance of socio-technical systems theory in
explaining digital agriculture adoption. Practically, the findings suggest that smart farming
programs should prioritize affordable tools, continuous training, demonstration plots, local
technical assistance, and simple data interpretation for farmers. From a policy perspective,
government and agricultural institutions need to support inclusive digital farming infrastructure
and strengthen farmer-based learning systems. Future studies may compare different farming
areas, crop types, and irrigation systems to expand understanding of smart farming
implementation in diverse agricultural contexts.
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