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In today's world, agriculture needs to undergo transformation to overcome challenges such as
population growth, resource constraints, and climate change, and the adoption of digital and smart
technologies is recognized as a fundamental strategy for facilitating this transition. However, the
lack of a comprehensive roadmap that determines the optimal policy mix suited to the institutional
and market context for fostering entrepreneurship in this sector has left decision-makers facing
strategic uncertainty. The main objective of this study is to identify, formulate, and prioritize smart
strategies for the development of sustainable entrepreneurship in Iran’s agricultural sector,
drawing on the experiences of leading countries. This study was conducted using a mixed-method
exploratory design in two consecutive phases. In the qualitative phase, an international
comparative study approach was employed to examine the policies of 11 developed countries
using content analysis. The analytical framework for this phase was based on the integration of
the SECI knowledge management model and dynamic capabilities theory. In the quantitative
phase, the identified strategies were weighted and prioritized using the AHP technique, based on
the judgments of a panel of experts within Iran’s agricultural innovation ecosystem. A
comparative analysis of country experiences led to the identification of 12 key strategies, which
were categorized into four main dimensions: “cognitive,” “technological,” “transparency and
exchange,” and “transformative” infrastructures. The final synthesis of the AHP results showed
that the “education and empowerment” indicator (cognitive infrastructure) ranked first among the
strategic priorities, accounting for 18.9% of the total weight. This was followed by “marketing
platforms,” with 15.4%, and “precision and data-driven agriculture,” with 12.0%. Pareto analysis
demonstrated that these three critical factors collectively accounted for 46.3% of the overall
importance of the roadmap. Advanced technologies such as artificial intelligence and robotics
were also ranked among the lowest-priority areas due to structural and land-scale constraints in
Iran. The research findings strongly suggest that the transition to smart agriculture in developing
economies is a human-centered and economically driven mission rather than merely a hardware-
related challenge. Strategic success in this direction requires prioritizing the enhancement of
farmers’ digital literacy, creating transparency in the supply chain through intermediary platforms,
and developing infrastructure connectivity in rural areas.

1. Introduction

Agriculture is increasingly challenged by population growth, climate change, resource scarcity, and rising food
demand, making digital transformation a strategic necessity. Smart agriculture integrates technologies such as the
Internet of Things (loT), artificial intelligence (Al), big data, robotics, and remote sensing to improve productivity,
optimize resource consumption, and enhance environmental sustainability (DeBoe and Jouanjean, 2019). Recent
reports indicate that global food insecurity and declining agricultural productivity growth have intensified the need
for technological innovation in agriculture (FAO, 2024). Studies also show that Al-based and precision agriculture
technologies can significantly improve crop management, disease detection, and resource efficiency (Liakos et al.,
2018).
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Despite the global expansion of smart agriculture, many developing countries still lack an integrated roadmap aligned
with their institutional and market conditions. In Iran, limited digital infrastructure, low adoption of advanced
monitoring systems, and insufficient policy coordination have slowed the transition toward smart and entrepreneurial
agriculture. Accordingly, this study aims to identify and prioritize smart agriculture strategies for sustainable
agricultural entrepreneurship in Iran through a comparative analysis of leading countries and the application of the
Analytic Hierarchy Process (AHP). The study further employs an integrated analytical framework based on the SECI
knowledge management model and Dynamic Capabilities Theory to explain the relationship between knowledge
creation, digital transformation, and sustainable agricultural entrepreneurship.

2. Methodology

This study is applied in terms of its purpose and adopts an exploratory mixed-methods design. The research was
conducted in two sequential phases. In the qualitative phase, a comparative study of smart agriculture policies and
practices in 11 leading countries, including Japan, the Netherlands, Germany, the United States, South Korea, China,
Australia, Denmark, Spain, France, and Brazil, was conducted. Data were collected through document analysis using
reports from the FAO and OECD, governmental documents, and scientific publications. Thematic analysis was
employed to identify common smart agriculture strategies and policy patterns (Braun & Clarke, 2006). The analytical
framework of the study was developed through the integration of the SECI knowledge management model (Nonaka
& Takeuchi, 2007) and Dynamic Capabilities Theory (Teece et al., 2018). Based on this framework, the extracted
strategies were classified into four dimensions: cognitive infrastructure, technological infrastructure, transparency and
exchange infrastructure, and transformative infrastructure. In the quantitative phase, the identified strategies were
prioritized using the Analytic Hierarchy Process (AHP). Expert judgments were collected through pairwise
comparison questionnaires administered to a panel of 15 specialists in agricultural management, smart technologies,
agricultural extension, and agribusiness entrepreneurship. The consistency ratio of the comparisons was evaluated
according to Saaty’s standard to ensure the reliability of the results.

3. Results

The comparative analysis of the selected countries led to the identification of 12 key smart agriculture strategies,
categorized into four main dimensions: cognitive infrastructure, technological infrastructure, transparency and
exchange infrastructure, and transformative infrastructure. The findings revealed that leading countries have adopted
different strategic priorities based on their institutional conditions, environmental challenges, and economic needs.
While countries such as Japan and South Korea have emphasized automation and smart farming systems, countries
such as Germany and the United States have focused on data infrastructure and digital platforms. In contrast, Brazil
and China have prioritized rural connectivity and reducing the digital divide. The AHP results indicated that “training
and empowerment of farmers,” within the cognitive infrastructure dimension, received the highest priority weight
(18.9%), highlighting the importance of digital literacy and human capital development in the transition toward smart
agriculture. “Digital marketing platforms” (15.4%) and “data-driven precision agriculture” (12.0%) ranked second
and third, respectively. Pareto analysis further demonstrated that these three strategies accounted for nearly 46.3% of
the total strategic importance. The results also showed that advanced technologies, such as Al-driven robotics and full
automation, received lower priority in the Iranian context due to structural limitations, small-scale farming systems,
and insufficient digital infrastructure. Overall, the findings suggest that the successful development of smart
agriculture in developing economies depends more on human-centered capacity building, institutional coordination,
and market integration than on technology adoption alone.

4. Discussion

The findings of this study demonstrate that the transition toward smart agriculture in developing countries is not solely
a technological issue but a multidimensional transformation requiring human, institutional, and entrepreneurial
capacities. The prioritization results emphasize that farmer training and digital empowerment are more critical than
the direct adoption of advanced technologies. This finding is consistent with previous studies highlighting the
importance of digital literacy, social learning, and institutional support for the successful implementation of smart
agriculture systems. The comparative analysis also revealed that successful countries have adapted their smart
agriculture policies according to local environmental, economic, and structural conditions. Therefore, a universal
policy model cannot be effectively applied across different contexts. In Iran, limitations such as fragmented farmland,
weak rural connectivity, and insufficient innovation ecosystems reduce the feasibility of large-scale automation and
Al-based robotics in the short term. Furthermore, the study confirms that digital platforms, data-driven agriculture,
and transparent supply chains can strengthen sustainable agricultural entrepreneurship by improving market access,
reducing transaction costs, and increasing productivity. The integrated framework based on the SECI model and
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Dynamic Capabilities Theory also highlights the role of knowledge sharing, institutional learning, and adaptive
capabilities in achieving long-term agricultural transformation. Overall, the study suggests that policymakers should
prioritize investment in rural digital infrastructure, farmer education, innovation networks, and digital market
platforms to accelerate the development of sustainable smart agriculture ecosystems.

5. Conclusion

The study identified and prioritized key smart agriculture strategies for sustainable agricultural entrepreneurship in
Iran. The findings show that farmer training, digital empowerment, digital market platforms, and precision agriculture
are the most important priorities for successful agricultural transformation. The results also indicate that sustainable
smart agriculture requires an integrated approach that combines technology, human capacity development,
institutional support, and digital infrastructure.
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