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Technological Adaptation, Realistic Barriers, and Pathway Optimization
of Artificial Intelligence Embedded in Agriculture

HE Ke" ?, MING Ruoyu" *

(1. College of Economics and Management, Huazhong Agricultural University, Wuhan 430070, China; 2. Laboratory of

Green and Low-carbon Development in Agriculture, Huazhong Agricultural University, Wuhan 430070, China)

Summary: Whether general-purpose artificial intelligence (Al) technologies, powered by large-scale data learning, pattern
recognition, and optimization-based decision-making, can adapt to the laws and complex scenarios of agricultural production
directly determines their practical application effectiveness. Existing studies have mainly focused on what Al can do for
agriculture, while relatively less attention has been paid to what types of Al technologies agriculture actually requires. To
address this gap, this paper shifts the analytical focus from technological functionality to technological adaptation. It
examines the conditions, outcomes, and practical constraints of integrating Al in agriculture through the progressive
relationship of technological affordances, agricultural production responses, and integration performance.

The paper first decomposes technological affordances of Al into three dimensions: perceptual affordance, cognitive
affordance, and decision-making affordance. It then analyzes the differentiated demands of agricultural production for Al
from five dimensions: biological attributes, spatial heterogeneity, seasonality and irreversibility, high labor intensity, and the
experiential and tacit nature of agricultural knowledge. Further analysis indicates that the integration of Al into agriculture
currently faces four major realistic barriers. In response to these challenges, this study proposes a shift from
“technology-driven development” to “scenario-oriented development”. At the technological level, lightweight, highly
adaptable, and interpretable intelligent tools should be developed to lower the barriers to applications across diverse
agricultural scenarios. At the data level, rules governing agricultural data rights and responsibilities, data annotation
standards, and data sharing mechanisms should be improved to enhance the supply of high-quality data. At the service
level, service providers with expertise in both digital technologies and local agronomic practices should be cultivated, while
differentiated service models combining online services with offline support should be developed. At the business level,
outcome-oriented, risk-sharing, and value-sharing mechanisms should be explored, while efforts should be made to ensure
that the green and ecological benefits generated by intelligent technologies receive due compensation.

The main academic contribution of this study lies in shifting the research perspective from the technological
capabilities of Al per se to the relationship of technological adaptation between these capabilities and the characteristics of
agriculture. It emphasizes that agriculture is not a passive recipient of Al technologies, and that its biological attributes,
spatial heterogeneity, production cycles, operator characteristics, and experiential knowledge jointly affect the extent to
which technological value can be realized. This analysis helps explain why similar Al technologies may produce
differentiated application outcomes across agricultural scenarios and provides an analytical basis for shifting the focus of
research, development, and extension services.

Key words: artificial intelligence; smart agriculture; technological adaptation; agricultural data factor; scenario-oriented

development

(=RfE4IE: XRE) (Bxt: v #)

28



