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ABSTRACT

Background: Agricultural productivity in Rwanda is constrained by variable environmental conditions and
resource limitations. The adoption of engineering-led process-control systems for irrigation and nutrient delivery has
been proposed as a key intervention, yet a rigorous methodological evaluation of their comparative efficacy is

lacking.

Purpose and objectives: This study conducts a comparative methodological evaluation of three dominant
process-control systems—centralised, distributed, and hybrid adaptive control—to determine their statistical
reliability in measuring and optimising crop yield improvements.
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Article Highlights
* Hybrid adaptive control showed a 17.3% mean yield
increase over centralised systems.
* Multilevel regression successfully accounted for unobserved
zonal heterogeneity.
« Distributed system performance was highly variable and
often statistically insignificant.
« Findings support prioritising hybrid architectures for
heterogeneous conditions.

Core Methodology

Longitudinal multilevel regression analysis, nesting farm-
level data within regional agro-ecological zones, with
inference based on robust standard errors.

This study provides a novel framework for the methodological
evaluation of agricultural control systems.
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