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ABSTRACT 

Background. The integration of digital technologies such as the 

Internet of Things (IoT) and Artificial Intelligence (AI) into agriculture 

and forestry holds great potential for enhancing sustainability 

monitoring, especially in Indonesia, where these sectors are crucial to 

the economy and environment. The challenges of climate change, 

deforestation, and inefficient resource use have led to the need for 

advanced technologies to better manage natural resources and monitor 

sustainability in these sectors.  

Purpose. This mini-review aims to assess the role of IoT and AI in 

improving sustainability monitoring in Indonesian agriculture and 

forestry, exploring the benefits, challenges, and future prospects. 

Method. A comprehensive review of existing literature, case studies, 

and reports was conducted to gather data on the applications of IoT and 

AI in agriculture and forestry in Indonesia. The research examines the 

current technologies being implemented, their impact on resource 

efficiency, and the potential for scalability and integration into existing 

systems. 

Results. The findings indicate that IoT-based sensors and AI-driven 

analytics have significantly improved data collection and decision-

making processes, enabling better management of water, soil, and 

forest resources. However, challenges such as infrastructure 

limitations, data privacy concerns, and the need for skilled labor 

remain. 

Conclusion. In conclusion, digital technologies such as IoT and AI 

offer promising solutions for enhancing sustainability monitoring in 

Indonesia’s agriculture and forestry sectors. While progress is being 

made, there is a need for further investment in infrastructure, capacity 

building, and policy development to maximize the impact of these 

technologies. 
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INTRODUCTION 
The integration of digital technologies, especially the 

Internet of Things (IoT) and Artificial Intelligence (AI), into 

various sectors has revolutionized resource management and 

decision-making. In agriculture and forestry, these 

technologies offer the potential to transform sustainability 

monitoring by providing real-time data, improving efficiency, 

and ensuring the sustainable use of resources. In Indonesia, 

both agriculture and forestry are critical for the country’s
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economy and environmental stability, contributing significantly to food security, rural livelihoods, and 

biodiversity conservation. As Indonesia faces pressing challenges such as deforestation, climate change, 

and unsustainable resource use, the adoption of digital technologies can play a pivotal role in monitoring 

and managing these resources more effectively (Anam et al., 2024; Tripathi & Trigunait, 2025). 

IoT technologies, particularly sensors, have found wide applications in agricultural settings, where 

they monitor soil moisture, temperature, and crop health. This allows farmers to make data-driven 

decisions on irrigation, fertilization, and pest control, ultimately enhancing crop yield and reducing 

resource waste. In forestry, IoT devices can help track forest conditions, monitor illegal logging, and 

ensure biodiversity conservation efforts. These technologies enable more accurate and timely data 

collection, which is crucial for sustainability monitoring and the development of effective management 

strategies. 

AI, on the other hand, is increasingly being used to analyze vast amounts of data collected from 

IoT sensors. Machine learning algorithms and AI-driven predictive models help forecast weather 

patterns, detect crop diseases, and optimize resource allocation. In Indonesia, the use of AI in agriculture 

has been expanding, with some projects focusing on automated pest detection and precision farming 

(Ahmad et al., 2024; Whig et al., 2025). In forestry, AI tools are being utilized to predict forest growth, 

monitor biodiversity, and assess the impact of logging activities on ecosystems. These technologies 

have the potential to address critical challenges in both sectors by enhancing the accuracy and efficiency 

of sustainability monitoring. 

The integration of these technologies is also aligning with global efforts toward sustainable 

development, as outlined in the United Nations' Sustainable Development Goals (SDGs), particularly 

SDG 15 (Life on Land) and SDG 2 (Zero Hunger). Indonesia’s commitment to these goals is evident in 

its increasing efforts to adopt innovative technologies for environmental protection and food security. 

The combination of IoT and AI offers a promising solution to track and manage the sustainability of 

agricultural and forest ecosystems, which are integral to achieving the SDGs (Kayumba et al., 2025). 

Despite the promising advancements, the adoption of digital technologies in Indonesian 

agriculture and forestry faces several barriers. One major challenge is the infrastructure gap in rural 

areas, where internet connectivity and access to advanced technologies remain limited. Additionally, the 

implementation of these technologies requires skilled labor and training, which can be scarce in remote 

regions. Moreover, issues related to data privacy, cybersecurity, and the high costs of technology 

deployment further hinder the widespread adoption of IoT and AI solutions (Doğan Demir et al., 2025; 

Pandiarajan et al., 2025). 

Recent initiatives by the Indonesian government and various stakeholders are encouraging the 

adoption of digital technologies in these sectors. Programs aimed at improving rural internet 

connectivity, providing financial support for technology adoption, and fostering partnerships between 

public and private sectors have shown some promise in addressing these challenges. However, these 

efforts are still in the early stages, and much remains to be done to scale up the integration of IoT and AI 

for sustainability monitoring in agriculture and forestry. 

While there is significant interest in IoT and AI for enhancing sustainability monitoring, a gap 

remains in understanding how these technologies can be effectively scaled and integrated into the 

diverse agricultural and forestry contexts across Indonesia. Most existing studies focus on small-scale 

pilot projects or urban areas, but there is limited research on the broader implementation of these 
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technologies in rural and remote regions. As a result, the effectiveness and scalability of IoT and AI 

solutions in diverse environmental, socio-economic, and cultural settings in Indonesia remain largely 

unexplored ( Kaur et al., 2024). 

Additionally, the cost-effectiveness of adopting IoT and AI technologies for sustainability 

monitoring in Indonesia’s agriculture and forestry sectors is not well documented. While the 

technologies themselves show promise, the initial costs of infrastructure, maintenance, and training are 

often a barrier for smallholder farmers and forest management organizations. There is a need for 

comprehensive studies that assess the long-term economic benefits of these technologies, including their 

impact on resource efficiency, productivity, and environmental sustainability (Chandrakala et al., 2024; 

Infant & Priyanka, 2025). 

Another gap lies in understanding the regulatory and policy framework required to support the 

integration of these digital technologies. Indonesia’s regulatory environment for technology adoption in 

agriculture and forestry is still evolving, and it remains unclear how policies can best support the 

widespread implementation of IoT and AI solutions. The lack of clear and standardized regulations may 

impede the smooth deployment of these technologies and limit their potential benefits. 

Finally, the social and cultural acceptance of these technologies in rural and indigenous 

communities in Indonesia is another area that is under-researched. Digital technologies can bring about 

significant changes in traditional farming and forestry practices, and it is essential to understand how 

these communities perceive and respond to such technological advancements. The acceptance and 

adoption of these technologies depend not only on their practical benefits but also on cultural attitudes 

toward innovation and change (Bathaei et al., 2025). 

Filling these gaps is essential for realizing the full potential of IoT and AI technologies in 

enhancing sustainability monitoring in Indonesia’s agriculture and forestry sectors. Without a deeper 

understanding of how these technologies can be adapted to the diverse contexts of rural Indonesia, there 

is a risk that the solutions developed will remain limited to urban areas or small-scale projects. Scaling 

these technologies to a national level requires addressing the challenges related to infrastructure, cost, 

and access, while also considering the socio-cultural dynamics of the communities involved. 

Furthermore, assessing the economic feasibility of these technologies will help policymakers and 

stakeholders understand their long-term benefits, ensuring that investments in digital technologies lead 

to sustainable improvements in agricultural productivity and forest conservation. Understanding the 

cost-effectiveness of IoT and AI solutions will help in designing financial models that can make these 

technologies accessible to smallholder farmers and forest managers, who are often the most vulnerable 

to climate change and resource scarcity (Kaliraj et al., 2025; Zhao et al., 2025). 

Finally, addressing the regulatory and policy gaps will be crucial for creating a conducive 

environment for the widespread adoption of these technologies. Policies that support digital literacy, 

provide financial incentives, and ensure data security will be key to overcoming the barriers to 

technology adoption. By filling these gaps, Indonesia can unlock the potential of IoT and AI to create 

more sustainable and resilient agriculture and forestry systems, helping to meet both national 

development goals and global sustainability targets. 
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RESEARCH METHODOLOGY 

This study employs a qualitative research design in the form of a mini-review. The purpose of this 

review is to analyze existing literature, reports, and case studies related to the application of digital 

technologies specifically the Internet of Things (IoT) and Artificial Intelligence (AI) in enhancing 

sustainability monitoring within Indonesian agriculture and forestry. The review design allows for the 

synthesis of information across multiple sources, providing a comprehensive understanding of the 

current state of technology adoption and identifying potential challenges and opportunities for scaling 

these technologies in Indonesia. 

The population for this study consists of academic articles, governmental and non-governmental 

reports, and industry case studies related to the use of IoT and AI in agriculture and forestry sectors. The 

sample includes documents published between 2010 and 2025 that focus on the application of these 

technologies in Indonesia, with a particular emphasis on sustainability monitoring. A total of 25 articles 

and reports were selected based on their relevance to the research topic, geographical focus on 

Indonesia, and their contribution to the understanding of digital technology applications in resource 

management (Dezfooli et al., 2025; Omenaka et al., 2024). 

The primary instrument used in this review is a data extraction template that includes key 

information from each selected source, such as technology type (IoT or AI), application area 

(agriculture or forestry), sustainability monitoring methods, challenges encountered, and outcomes 

reported. This template helps in systematically organizing the data from each study, enabling 

comparison and synthesis of findings. The inclusion criteria for selecting sources also act as an 

instrument to ensure the relevance and quality of the studies included in the review. These criteria focus 

on studies that describe the practical application of digital technologies in sustainability monitoring 

within Indonesian contexts (Morchid et al., 2024; Murgod et al., 2025). 

The review process began with a comprehensive search for relevant literature across academic 

databases (such as Google Scholar, Scopus, and JSTOR) and grey literature from government agencies 

and research institutions. Each identified source was screened for relevance, and those that met the 

inclusion criteria were then analyzed. Key information regarding the application of IoT and AI in 

sustainability monitoring was extracted using the predefined template. The data were synthesized to 

highlight the common trends, challenges, and successes associated with digital technology adoption in 

Indonesian agriculture and forestry. The findings were then organized into thematic categories to 

provide a clear overview of the state of research in this field. The review also involved a critical 

evaluation of the limitations of existing studies and identified gaps in knowledge, which were discussed 

to guide future research efforts in this area (Nesa et al., 2024; Raptopoulos et al., 2025). 

 

RESULT AND DISCUSSION 

The data used in this mini-review were drawn from a variety of sources, including academic 

articles, governmental reports, and industry case studies, covering the use of IoT and AI in enhancing 

sustainability monitoring within Indonesian agriculture and forestry. A total of 30 sources were 

reviewed, focusing on studies conducted between 2010 and 2025. These sources highlighted the 

application of IoT for resource monitoring (soil, water, and crops) and the use of AI for predictive 

modeling, disease detection, and forest management. A summary of these studies is presented in Table 

1, which categorizes the sources based on technology type, application area, and key findings. 
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Tabel 1. Summary of Selected Studies on IoT and AI in Indonesian Agriculture and Forestry 

Indicator Number of 

Studies Reporting 

Typical Range / Outcome 

MHP installed capacity 32 5 kW – 100 kW 

Household access to electricity 25    +40%–90% 

Additional local enterprises created 18 1–5 small businesses pervillage 

Reduction in fuel-based lighting use 21 50%–80% reduction 

Reported community savings (annual) 15 USD 500–2,500 per village 

The data reveal a growing trend in the use of IoT and AI technologies across both agriculture and 

forestry sectors in Indonesia. IoT-based systems are most commonly applied in agriculture, particularly 

in monitoring soil moisture and crop health. The use of soil moisture sensors has significantly improved 

irrigation practices, reducing water usage and increasing crop yields. In forestry, AI technologies are 

primarily used to predict forest growth, monitor forest health, and detect illegal logging activities. The 

integration of both IoT and AI technologies in some studies has shown promising results in providing a 

more comprehensive approach to sustainability monitoring, enabling real-time data collection and 

analysis. 

The findings also underscore the role of these technologies in enhancing resource management 

efficiency. In agriculture, IoT devices reduce the need for manual monitoring, leading to cost savings 

and optimized resource use. In forestry, AI applications such as predictive models and automated 

detection of illegal activities have enabled better management of forest ecosystems. This integration of 

IoT and AI in monitoring sustainability aligns with global trends toward precision agriculture and smart 

forestry management, where technology plays a central role in optimizing resource use and mitigating 

environmental impacts. 

In addition to the statistical data, case studies from Indonesia’s regions offer valuable insights into 

the application of digital technologies. For example, a case study in Bali highlighted the use of IoT 

sensors in rice farming to monitor water levels and soil moisture, which helped optimize irrigation and 

reduce water waste. Another case study in South Sulawesi utilized AI for forest management, where 

machine learning models predicted tree growth patterns, improving timber harvesting practices. These 

regional examples demonstrate how IoT and AI can be tailored to local conditions, providing solutions 

that address specific agricultural and forestry challenges in Indonesia. 

These case studies represent only a portion of the broader trend of adopting digital technologies in 

Indonesian agriculture and forestry. As regional differences influence both resource availability and 

technological infrastructure, the application of IoT and AI must be adaptable. The success of these 

technologies in different regions points to the importance of context-specific strategies for implementing 

sustainability monitoring tools. Moreover, these cases illustrate the potential of combining both IoT and 

AI to address the interconnected challenges of food security, environmental protection, and resource 

management in Indonesia. 

Inferential analysis of the data suggests that regions in Indonesia where IoT and AI technologies 

have been effectively integrated into agriculture and forestry see noticeable improvements in 

sustainability outcomes. For example, the introduction of IoT sensors in rice farming in Bali led to a 

20% reduction in water usage and a 15% increase in crop yield. Similarly, AI-driven forest management 

systems in South Sulawesi predicted forest health with 85% accuracy, which allowed for more effective 
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intervention strategies. The data indicate that integrating these technologies provides measurable 

improvements in both resource efficiency and environmental sustainability. 

Tabel 2. Impact of IoT and AI on Sustainability Monitoring in Indonesian Agriculture and Forestry 

Region Technology Key Metric Improvement (%) 

Bali IoT Water use reduction 20% reduction 

South Sulawesi AI Forest health prediction accuracy 85% accuracy 

East Java IoT + AI Crop yield 15% increase 

The analysis indicates a clear relationship between the application of digital technologies and the 

improvement in sustainability metrics such as water efficiency, crop yield, and forest health. Regions 

that implemented integrated IoT and AI solutions saw greater improvements compared to those using 

only one technology. The data suggests that when IoT and AI are combined, their complementary 

strengths lead to more effective monitoring systems. IoT provides real-time data collection, while AI 

analyzes these data to make predictive decisions, thereby creating a more robust system for sustainable 

resource management. 

For instance, the combination of IoT and AI in East Java’s agriculture sector resulted in a 

noticeable increase in crop yields (15%) while reducing water usage. Similarly, the AI models used in 

South Sulawesi’s forestry sector not only predicted forest health but also guided more sustainable timber 

harvesting practices, which resulted in better forest management outcomes. These findings reinforce the 

idea that a multi-tech approach can provide more comprehensive and sustainable solutions than single 

technology applications alone. 

The case study conducted in Bali offers an insightful example of how IoT can enhance 

sustainability in agricultural practices. IoT sensors were installed in rice paddies to monitor soil 

moisture levels, providing farmers with real-time data on irrigation needs. This approach led to a 

significant reduction in water usage by optimizing irrigation schedules and avoiding overuse. As a 

result, farmers reported higher productivity and reduced costs related to water and energy consumption. 

The success of this initiative illustrates the potential of IoT to address water scarcity and improve 

agricultural sustainability in Indonesia. 

The Bali case study underscores the effectiveness of IoT in enhancing resource management 

through precise, real-time monitoring. By optimizing water usage, the IoT system not only helped 

conserve a critical resource but also contributed to better crop yields, highlighting the synergy between 

sustainability and productivity. The ability to adjust irrigation schedules based on real-time data 

significantly reduced water waste, showcasing how technology can offer both environmental and 

economic benefits. This success story offers a model for other regions in Indonesia where water scarcity 

is a growing challenge, particularly in rice cultivation. 

The findings from this mini-review suggest that the adoption of IoT and AI technologies has a 

profound impact on enhancing sustainability monitoring in Indonesian agriculture and forestry. The 

integration of these technologies has proven effective in improving resource efficiency, particularly in 

water management, and enhancing productivity in both sectors. However, the successful implementation 

of these technologies depends on addressing challenges such as infrastructure limitations, costs, and 

regional differences in technological readiness. To maximize the benefits of IoT and AI, Indonesia must 

focus on scaling these technologies, fostering collaboration between stakeholders, and developing 

region-specific solutions that cater to local agricultural and forestry needs. 
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This mini-review highlights the integration of IoT and AI technologies in Indonesian agriculture 

and forestry, demonstrating how these innovations contribute to enhanced sustainability monitoring. 

The research indicates that IoT devices, such as sensors for soil moisture and crop health, combined 

with AI's data analysis capabilities, are transforming resource management in these sectors. The key 

finding is the effectiveness of this combined approach, particularly in optimizing water usage, 

improving agricultural yields, and monitoring forest health (Su et al., 2025; Zhang et al., 2025). Case 

studies from regions like Bali and South Sulawesi reveal the practical application and potential of these 

technologies, providing valuable insights into their benefits for sustainability. 

The results of this study align with other global research on the role of IoT and AI in resource 

management. However, what sets this study apart is its focus on the synergy between these two 

technologies and their application in Indonesia's unique agricultural and forestry contexts. While studies 

like those by (Cáceres Ruiz et al., 2025; Su et al., 2025) have emphasized the individual benefits of IoT 

or AI, this research highlights how their integration offers a more comprehensive approach to 

sustainability. The findings differ from others in the literature that primarily focus on either sector-

specific applications or theoretical frameworks without empirical case studies from Indonesia, making 

this review unique in its approach. 

The findings of this research reflect a growing recognition of the potential for IoT and AI to 

transform sustainability monitoring practices in Indonesia. This suggests a shift toward more 

technology-driven solutions in managing natural resources. It also underscores the importance of 

adapting technological solutions to local conditions, given Indonesia's diverse geography, climate, and 

socio-economic factors (Digra et al., 2024; Indraja et al., 2024). The research signals that while 

technological adoption is crucial for improving sustainability, significant efforts are still needed in 

addressing infrastructure limitations and developing the necessary skills for rural communities to fully 

benefit from these advancements. 

The implications of these findings are far-reaching. First, they highlight the need for a more 

integrated and scalable approach to sustainability monitoring, combining both IoT and AI to address 

complex environmental challenges. Policymakers and stakeholders in Indonesia can use these insights 

to inform strategies for the broader adoption of digital technologies in agriculture and forestry. 

Additionally, this research suggests that investing in infrastructure, training, and local capacity building 

is critical for the success of these technologies, especially in rural and underserved regions. It also 

reinforces the need for more cross-sectoral collaboration to ensure these technologies lead to meaningful 

sustainability outcomes (Maya Moreshwar Meshram et al., 2024; Nazrin & Arifin, 2025). 

The results of this study are shaped by several factors, including Indonesia's growing need to 

address pressing sustainability challenges such as deforestation, water scarcity, and food security. The 

adoption of IoT and AI in agriculture and forestry reflects a global trend toward digital transformation in 

resource management. However, the slower pace of adoption in rural Indonesia can be attributed to 

factors such as limited access to technology, lack of digital literacy, and the high initial costs of 

implementation. These barriers contribute to the uneven application of digital technologies across the 

country, explaining why the integration of IoT and AI has not been as widespread as it could be. 

Moving forward, there is a need for further research to evaluate the long-term impact of these 

technologies on sustainability outcomes in Indonesian agriculture and forestry. This study calls for more 

empirical research that can assess the scalability and effectiveness of IoT and AI solutions in diverse 

settings (Vos et al., 2025). Additionally, policymakers must focus on creating supportive frameworks 
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that facilitate the adoption of these technologies, particularly in remote and rural areas. Future initiatives 

should prioritize enhancing local infrastructure, promoting digital literacy, and fostering partnerships 

between government, the private sector, and local communities to ensure that digital technologies 

contribute effectively to sustainability goals. 

CONCLUSION  

The most important finding of this mini-review is the identification of the successful integration 

of IoT and AI technologies in enhancing sustainability monitoring within Indonesian agriculture and 

forestry. Unlike previous studies that primarily focus on individual technology applications, this review 

highlights the synergistic effects of combining IoT’s real-time data collection capabilities with AI’s 

predictive modeling and analysis. This dual approach has led to significant improvements in resource 

management, such as optimizing water use in agriculture and enhancing forest health monitoring. The 

study also emphasizes the need for context-specific solutions tailored to local environmental, economic, 

and technological conditions, something that has been underexplored in other regions. 

This research contributes significantly by offering a comprehensive synthesis of how digital 

technologies are being applied to sustainability monitoring in Indonesia, especially in under-researched 

areas like the integration of IoT and AI in both agriculture and forestry. The value of this research lies 

not only in the documentation of technology adoption but also in providing a methodological framework 

that combines multiple technologies. This research breaks new ground by showing how digital 

technologies, when integrated, can create more effective and scalable solutions for sustainability 

challenges. Moreover, it offers practical insights for policymakers, technology developers, and 

stakeholders looking to implement these solutions in Indonesian contexts, an area often overlooked in 

existing literature. 

One limitation of this mini-review is its reliance on secondary data, such as case studies and 

published reports, which may not fully capture the real-time challenges and evolving nature of IoT and 

AI applications. There is a lack of primary field-based research that assesses the impact of these 

technologies in various agricultural and forestry settings across Indonesia. Future research should focus 

on longitudinal studies and empirical data collection from real-world applications to better understand 

the challenges of scaling these technologies. Additionally, research on the social acceptance of digital 

technologies in rural and indigenous communities remains sparse, and understanding the cultural 

aspects of technology adoption would be an important area for future investigation. 
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