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ABSTRACT

The escalating challenge of water scarcity and the inherent inefficiencies of
traditional agricultural management necessitate the adoption of robust precision
technologies. This study details the development, validation, and comprehensive two-
season evaluation of a low-cost [oT automation system designed for the integrated
control of drip irrigation, sensor-driven fertigation, and microclimate regulation in
salad cucumber (Cucumis sativus) cultivation. The primary objective was to quantify
the technical performance, resource efficiency, and economic viability of the IoT
framework against a conventional, non-automated control system. The methodology
utilized a Completely Randomized Design (CRD) with five treatments (I; to Is), where
four treatments (I;-I4) implemented the IoT closed-loop control and Is served as the
non-automation. The system was validated using high-fidelity sensors, which
demonstrated high accuracy and precision (DHT22 R?=0.985, NPK (c= +Ippm),
confirming the suitability of the low-cost components for scientific application. The
statistical rigor was enhanced by time-series correlation analysis using MATLAB,
which quantified the cumulative, time-lagged impact of microclimate variables
(Temperature, RH, Light) on subsequent yield. The results unequivocally validate the
superior efficacy of the low cost IoT system across all metrics. The IoT -automated
treatments successfully enforced and maintained four distinct soil moisture regimes
over both seasons, demonstrating high precision. This precise control translated into
significant yield gains: the automated treatments clustered in the highest statistical
group for total yield, averaging approximately 95 t/ha versus 80.5 t/ha for the non-
automated control. Furthermore, the low-cost automation achieved a maximum WUE
of 382.5 kg/ha-mm and a superior FUE of 109.87 compared to 94.06 non-automation,
underscoring its role as a resource optimizer. The system also achieved high control
over microclimate, evidenced by low MAE values for temperature and successful
decoupling from external fluctuation MAE of temperature 4.90°C vs. Non-
Automation 6.28°C. The economic analysis confirms the commercial viability of the
IoT investment. The automated system yielded a sustained BCR of 2.22 across the
first four years, driven by an Annual Gross Revenue significantly higher than the

manual system's BCR of 1.86. In conclusion, this research establishes that the



developed low-cost IoT automation system is a scientifically sound, technologically
robust, and financially compelling solution for enhancing productivity and ensuring

resource sustainability in modern greenhouse agriculture.
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