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Abstract

Sustainability is a multidimensional concept that underlines the stability and
continuity of benefits over time, requiring dynamic adaptation and a delicate equilibrium
among environmental, economic, and social dimensions. Therefore, this study aims to
conduct a comparative assessment of sustainability indicators across diverse nations. A
comparative-analytical research design was employed, and documentary approach
informed by secondary data was adopted for data collection. The data analysis was
conducted using three primary statistical tools: the Normalization Index, the Relative
Growth Index (RGI), and the Compound Annual Growth Rate (CAGR). This study,
based on the analysis and normalization of data from four countries—Germany, the
Netherlands, India, and Iran—for the two time points of 2010 and 2023, reveals the
existence of three distinct patterns in the global agricultural sector. First, the technology-
driven and sustainability-oriented pattern: Germany and the Netherlands, having
completed the transition from labor-intensive agriculture to capital-intensive models,
have succeeded in maximizing economic productivity (output value) despite a
substantial reduction in agricultural labor, primarily through extensive mechanization
and precise input management. In this context, the Netherlands, by becoming a major
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exporter of agricultural inputs, particularly fertilizers, has transformed its position from
that of a consumer into that of a key factor in the global value chain. Second, the
traditional and labor-dependent pattern: India, by maintaining a high level of agricultural
employment and a strong dependence on chemical pest-management practices, remains
in the process of transitioning from traditional to modern agriculture. However, the
recent surge in imports of critical fertilizers indicates growing pressure on food security
and an urgent need for self-sufficiency in strategic agricultural inputs. Third, the crisis-
prone and transformation-dependent pattern: In this comparison, Iran exhibits a pattern
characterized by structural challenges. The decline in the value added generated by
agricultural production, coupled with high dependence on pesticides and the
underutilization of bioenergy potential, highlights the need to reconsider resource
management—particularly water and soil resources—and to transition from traditional
management practices toward precision agriculture.
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