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Abstract
This study focuses on analyzing the current status of information technology (IT) applications in the field of high-tech agriculture (HTA) in Vietnam. By synthesizing data from research reports, national policies, and real-world implementations in various provinces, the study highlights significant progress in integrating technologies such as the Internet of Things (IoT), Artificial Intelligence (AI), Big Data, and Geographic Information Systems (GIS) into agricultural production. However, the application process still faces numerous challenges, including inconsistent technological infrastructure, limited human resources, and a lack of policy support mechanisms. Based on these findings, the paper proposes practical solutions, including increasing digital infrastructure investment in rural areas, training specialized technical human resources, encouraging public-private partnerships, and developing policy frameworks to promote digital transformation in agriculture toward 2050. The study contributes to clarifying the pivotal role of IT in sustainable agricultural development and the modernization of the agricultural value chain in Vietnam.
The application of information technology (IT) in high-tech agriculture (HTA) in Vietnam is increasingly playing a crucial role in improving production efficiency, management, and sustainable agricultural development. This paper analyzes the current status of IT applications in HTA in Vietnam, identifies challenges and obstacles, and proposes solutions to promote comprehensive digital transformation in the sector.
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1. Introduction
High-tech agriculture is an inevitable trend in modern agriculture. In Vietnam, the government has identified HTA as a priority in the national agricultural economic development strategy. However, the implementation of IT in agricultural production still faces many limitations, ranging from technical infrastructure to human capacity. The application of high technology in agricultural production has been replicated in developed and developing countries to improve productivity, meet the market’s demand for agricultural product quality and ensure food security. High-tech vegetables also contribute to eliminating nutritional deficiencies in the meals of children and women. They also have higher market prices with an inexpensive investment process if knowledge and support are available, thereby helping farmers improve their livelihood income and long-term economic incentives for the community (Nhuong and Truong, 2024; 31.33.	Quan & Van, 2022).
In the context of climate change, population growth, and the need to ensure global food security, HTA has become a necessary development direction for developing countries, including Vietnam. HTA not only aims to increase productivity and product quality but also helps protect the environment and utilize resources efficiently. Integrating information technology into the agricultural value chain-from cultivation and harvesting to distribution- opens the door for a profound transformation of traditional agricultural production into a modern, smart, and sustainable model.
According to To Thi Trang et al. (2021), IT applications such as IoT, AI, Big Data, and Blockchain in agriculture enhance environmental monitoring, resource management, pest prediction, and product traceability. Meanwhile, research by Bui Huu Hung (2022) indicates that in Vietnam, IT solutions in agriculture are mostly at the pilot stage, lacking integration and not yet widely expanded. This highlights the urgent need to reassess the current state of IT application in HTA in Vietnam to propose suitable solutions. The export turnover of  agro-products  of Vietnam  is  still very  low because  most  of the agricultural  commodities of  this  country  have been  produced  by  backward  production technologies, exporting in raw forms or, in other words, just supplying raw materials for foreign companies  to  further process  them into  higher value  items.  Thus, technology innovation in agricultural development  in  combination  with high-tech applications in agriculture is the right direction  for  Vietnam  to  increase  the productivity,  quality,  and value  of agricultural products (Tru et al., 2020).
One prominent issue is the weak digital infrastructure in rural areas, affecting farmers' access to technology. In addition, the shortage of digital human resources in agriculture delays the digital transformation process. A report by Nguyen Van Hung et al. (2023) shows that only about 15% of agricultural cooperatives and businesses in Vietnam have technically capable teams to independently implement IT solutions. Furthermore, many technological solutions are not yet localized, resulting in high initial investment costs that smallholder farmers cannot afford.
Despite these limitations, Vietnam also possesses favorable conditions for developing HTA based on IT, such as increasing mobile internet coverage, active participation of tech companies in agriculture, and the strategic orientation of the Government in building a digital agriculture system toward 2030 with a vision to 2050 (Ministry of Agriculture and Rural Development, 2021). Therefore, an in-depth analysis of the current status of IT applications in HTA in Vietnam is not only academically significant but also provides practical arguments for developing sustainable agricultural policies in the digital transformation context.
2. Theoretical Framework and Previous Studies
According to research by Nguyen Van Hoa et al. (2021), applying IoT, AI, and Big Data in agricultural production significantly improves productivity, quality, and disease control. Meanwhile, Pham Thi Lan (2022) points out that IT applications in farms and cooperatives remain fragmented and lack a systematic approach.
2.1. Theoretical Framework on Information Technology in High-Tech Agriculture
High-tech agriculture is a production model that integrates modern scientific and technological achievements to enhance productivity, quality, added value, and sustainability in agriculture. According to Pham and Tran (2020), information technology plays a central role in automating agricultural processes through smart management systems, environmental sensors, GPS, Big Data, and AI to support decision-making, monitoring, and production management.
International studies affirm that IT application is the core factor of smart agriculture. Wolfert et al. (2017) suggest that IT facilitates the digitization of the agricultural value chain, enhances data sharing among stakeholders, and improves production efficiency through predictive analytics models. Similarly, Li et al. (2020) emphasize that integrating IoT, environmental sensors, and GIS enables farmers to tightly control cultivation conditions, optimize input costs, and reduce disaster risks.
In Vietnam, the theoretical framework for digital transformation in agriculture is reflected in national strategies and policies such as the Digital Transformation Scheme for Agriculture by 2030 (Ministry of Agriculture and Rural Development, 2021), which clearly defines the role of IT platforms in building smart agriculture and digital rural areas. However, applying these theories in practice still faces many challenges, such as uneven technological infrastructure, limited digital skills among farmers, and a lack of connection within the agricultural innovation ecosystem.
2.2. Overview of Previous Studies
Numerous domestic and international studies have explored IT applications in agriculture. Domestically, research by To and Le (2021) surveyed the effectiveness of several digital technology models such as automated greenhouses and intelligent pest warning systems in Da Lat and Dong Nai, showing a 20–30% average yield increase compared to traditional methods. However, this study also noted that farmers' access to and mastery of technology remains low.
At the international level, Verdouw et al. (2021) emphasize that effective IT application in agriculture requires an ecosystem involving the state, tech companies, and producers-especially through a "platform-based agriculture" model that integrates real-time data, traceability, and intelligent advisory services.
However, current research lacks a comprehensive synthesis of the status and solutions for IT deployment in high-tech agriculture in Vietnam at a national scale. Therefore, this study aims to fill that gap by analyzing practical implementation, evaluating barriers, and proposing feasible policy recommendations tailored to Vietnam’s context.
3. Current Status of IT Application in High-Tech Agriculture in Vietnam
The adoption of modern information technologies in high-tech agriculture in Vietnam is currently focused on several core areas such as environmental sensor systems, the Internet of Things (IoT), Artificial Intelligence (AI), Big Data, Geographic Information Systems (GIS), and blockchain for traceability.
3.1. Internet of Things (IoT) and Sensor Systems
IoT is a key technology that enables farmers to monitor real-time environmental factors such as temperature, humidity, soil pH, light, and water levels. Sensors integrated into greenhouses, fields, or irrigation systems continuously collect data, enabling automatic adjustments to microclimate conditions to optimize crop growth. According to Nguyen et al. (2020), the implementation of smart sensor systems on tomato farms in Lam Dong helped save 30% of irrigation water and increased yield by 25%.
3.2. Artificial Intelligence and Machine Learning
AI and machine learning are being used for pest and disease diagnosis, yield prediction, and production process optimization. For example, through AI-based plant image processing, farmers can detect early signs of fungal infections, mealybugs, or nutrient deficiencies. Le et al. (2022) developed a deep-learning model that combines satellite imagery and weather data to predict rice yields in the Mekong Delta with up to 92% accuracy.
3.3. Big Data and Decision Support Systems
Big data plays a vital role in integrating heterogeneous data sources (from sensors, satellites, drones) to support precision farming decision-making. According to Kamilaris et al. (2018), open data platforms and data analytics algorithms are helping agricultural enterprises in Asia optimize input distribution, manage climate risks, and improve supply chains. In Vietnam, some agricultural businesses have built smart dashboard systems for farm data analysis, such as RYNAN Agri (Tra Vinh).
3.4. GIS and Remote Sensing
GIS technology and remote sensing images are applied in production planning, land resource management, soil fertility analysis, and environmental change detection. According to Vo et al. (2021), applying GIS in combination with Sentinel-2 satellite imagery has supported the identification of suitable agricultural production zones in the Central Highlands, contributing to more efficient land use.
3.5. Blockchain and Product Traceability
Blockchain is increasingly being used for agricultural product traceability in Vietnam, especially in the value chains of fruits and exported seafood. Thanks to its transparency and immutability, this technology enhances consumer trust and helps businesses comply with export standards. According to the study by Tran and Dao (2023), blockchain has been successfully piloted in several clean vegetable cooperatives in Hanoi and received high acceptance from both consumers and Japanese import partners.
4. Issues and Challenges of Deployed Technologies
Although the implementation of information technology (IT) in high-tech agriculture in Vietnam has made certain progress, many issues and challenges remain, particularly regarding technical infrastructure, investment costs, human resources, and data integration capability.
4.1. Limitations in Technical Infrastructure and Digital Connectivity
One of the major barriers is the lack of synchronized technological infrastructure, especially in remote and mountainous areas where agricultural activities are concentrated. Research by Tran and Nguyen (2021) shows that nearly 40% of farms in the Northern mountainous regions of Vietnam lack stable internet connectivity, hindering the deployment of IoT sensor systems and real-time data analysis. Additionally, imported sensor devices often lack compatibility and are difficult to maintain in actual field conditions.
4.2. High Investment Costs and Unclear Effectiveness
Initial investment costs for high-tech systems such as AI, IoT, or big data analytics often exceed the financial capacity of small and medium-sized farms. According to Pham et al. (2020), a standard smart greenhouse system costs 3-5 times more than traditional greenhouses, making it inaccessible for many farmers. Moreover, the lack of financial support mechanisms or access to high-tech loans also reduces investment motivation.
4.3. Shortage of Technologically Skilled Workforce
The capability to manage and operate new technologies poses a significant challenge. According to Le and Nguyen (2022), over 70% of agricultural workers in Vietnam have not received formal training in digital technologies, especially in data analysis, automatic control system operation, and equipment maintenance. As a result, even when advanced technologies are invested in, their practical effectiveness remains low.
4.4. Lack of Common Standards and System Integration Capabilities
The absence of standardized protocols for data, interface connections, and security reduces the ability to integrate different agricultural IT systems. Kamilaris and Prenafeta-Boldú (2018) noted that current IT solutions in agriculture remain fragmented, poorly connected, and difficult to scale-particularly in developing countries like Vietnam.
4.5. Data Security and Privacy Concerns
The collection and storage of large volumes of agricultural data raise concerns about data security and privacy. While some large enterprises have robust security systems, most small farms use open-source software or lack data protection systems, increasing the risk of information leaks or cyberattacks (Tran & Dao, 2023).
5. Solutions to Promote the Application of Information Technology in High-Tech Agriculture
5.1. Improving Policies and State Support Mechanisms
A key solution is to refine national policies on digital transformation in agriculture. The government should issue clear legal frameworks on agricultural data sharing, digital data protection, and technology standardization. According to Pham et al. (2022), the lack of specific policies for agricultural data has limited the exploitation of big data and the integration of IoT systems into production. Additionally, preferential credit policies and technology investment funds should be implemented to help small and medium-sized enterprises (SMEs) effectively access digital technologies.
5.2. Enhancing Training and Developing the Digital Workforce
Improving digital skills for agricultural workers is an urgent requirement. According to Dang and Nguyen (2023), digital farmer training programs focused on the practical use of farm management applications, sensors, and data analysis increased productivity by 15-25% in some pilot areas. Therefore, it is necessary to scale up and diversify training forms through agricultural extension centers, agricultural academies, and public-private partnership (PPP) projects.
5.3. Promoting Public-Private Partnerships and Developing the Digital Ecosystem
Developing a digital ecosystem in agriculture requires close cooperation between technology enterprises, state agencies, and farmer organizations. Open data platforms, agricultural production and market information portals can serve as integrated infrastructure for information sharing and value chain connectivity. Research by Le et al. (2021) shows that the "three-house" linkage model (government - scientists - enterprises) helps reduce initial investment costs for new technologies and improves adoption efficiency.
5.4. Applying Technology Appropriate to Local Conditions
The choice of technology must align with the production scale and socio-economic conditions of each region. In areas with weak infrastructure, priority should be given to simple, low-cost solutions such as small-scale wireless sensors, solar-powered smart irrigation systems, or free farm management software. According to Zhang et al. (2022), micro-technologies have proven feasible in many rural areas across Asia, helping save water and increase crop yields by more than 20%.
5.5. Establishing a National Agricultural Data Center
Finally, building a unified agricultural database is essential for forecasting analysis, crop zoning, and supply chain control. Research by Singh & Prakash (2021) found that national data centers help synchronize information from sensors, satellites, and production records, thereby supporting intelligent decision-making in agricultural management. Vietnam should invest in data storage infrastructure and AI-integrated analytical software.
Global Trends in IT Application in High-Tech Agriculture and Opportunities for Vietnam
In the context of globalization and the Fourth Industrial Revolution, developed countries are strongly promoting the application of information technology in agriculture to increase productivity, optimize resources, and move toward sustainable development. The United States is a pioneer in precision agriculture, integrating IoT, biosensors, and big data analytics to manage farming processes in real-time (Wolfert et al., 2017). Meanwhile, the Netherlands-despite limited arable land-has become a global hub for agricultural innovation through open data platforms, smart greenhouses, and AI-based agricultural management systems (Van der Burg et al., 2019).
In Asia, Japan and South Korea have implemented agricultural robots, drones, and climate forecasting systems in their agricultural production chains, enabling precision management and minimizing environmental impacts (Lee & Shin, 2020). These countries not only invest in technology but also establish comprehensive agricultural databases and legal frameworks to support open data-something still lacking in Vietnam.
The global digital transformation trend in agriculture presents a major opportunity for Vietnam country with abundant agricultural potential. Vietnam can leverage technology transfers from advanced countries while utilizing open-source platforms and cloud computing to develop a digital agriculture ecosystem tailored to local conditions (Pham et al., 2022). Additionally, growing domestic and international demand for clean, traceable agricultural products serves as motivation for Vietnam to accelerate IT adoption across the entire agricultural value chain.
However, to seize this opportunity, Vietnam needs policies that foster innovation, increase investment in technology, and build a national agricultural database capable of international-standard connectivity and data sharing (Zhang et al., 2022). Public-private partnerships and engagement with ASEAN and OECD smart agriculture networks will help Vietnam quickly close the technology gap with the rest of the world.
6. Conclusion
Vietnam is gradually shifting toward high-tech agriculture (HTA) based on digital platforms, with several notable initial achievements. Information technologies (IT) such as the Internet of Things (IoT), Artificial Intelligence (AI), blockchain, and Big Data have been implemented in various agricultural fields including environmental monitoring, weather forecasting, traceability, and production optimization. However, technology adoption remains limited, mostly concentrated in pilot models and large enterprises, while the majority of farmers still face difficulties in accessing and operating digital systems (Le et al., 2021; Pham et al., 2022).
The biggest current challenge is the lack of a unified digital agricultural ecosystem, including centralized data platforms, standardized technologies, and legal frameworks for agricultural data management. In addition, limited technological capacity, digital infrastructure, and human resources are also hindering comprehensive digital transformation in the agricultural sector (Dang & Nguyen, 2023; Singh & Prakash, 2021).
To sustainably promote IT applications in HTA in Vietnam, a synchronized strategy is needed from central to local levels. Specifically, investment is required to build a national agricultural data center, support the development of open digital platforms, and strengthen digital farmer training. Furthermore, stronger linkages between the government, businesses, and research institutes are essential to forming a technological ecosystem in agriculture, helping bridge the gap between research and real-world production (Zhang et al., 2022).
In summary, the application of information technology is a key factor in developing modern agriculture that is resilient to climate change and capable of global integration. Vietnam must seize the opportunities of the Fourth Industrial Revolution to make breakthroughs in restructuring agriculture toward a sustainable, smart, and high-value direction.
While challenges remain, IT application in Vietnam’s HTA sector is also opening up significant opportunities for sustainable agricultural development. Achieving this goal requires alignment in policies, infrastructure, human resources, and innovation.
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