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ABSTRACT

This study aimed to develop and validate a plant-based fertigation control system
for greenhouse cucumber using the canopy-air temperature difference (Tc-Ta) as a
water stress indicator. Experiments were conducted under semi-forcing (summer)
and retarding (autumn) cultivation systems. Irrigation levels were set at 100% (full
irrigation) and 33% (restricted irrigation) to analyze Tc-Ta responses. In summer, Tc
-Ta ranged from -0.24 to -0.64° C at full irrigation but increased to -0.16 to
0.07° C under restricted irrigation. In autumn, Tc-Ta ranged from -0.37 to -
0.72° C at full irrigation and increased to 0.30-0.38° C under water deficit,
indicating a distinct canopy temperature rise. Based on the Tc-Ta and vapor
pressure deficit (VPD) relationship, season-specific lower baselines were established
(summer: dTlower = -1.45VPD - 1; autumn: dTlower = -1.339VPD - 0.7), and the
Crop Water Stress Index (CWSD was calculated.

The model was implemented in a smart irrigation system and compared with solar
radiation- and timer-based irrigation methods. In spring cultivation, the solar
radiation-based treatment showed the highest yield (7,993.1 gplant™; 11,222 kg-10a™),
while the water stress-based treatment achieved higher water use efficiency (97.3 gL
“Lplant™). In summer, yields were similar between water stress-based (3,875.7 g-plant™
) and radiation-based (3,851.3 gplant™) treatments, whereas the timer-based
treatment resulted in lower yield (2,765.7 gplant™).

These findings indicate that the Tc-Ta-based model effectively reflects plant
water status and can improve irrigation efficiency in smart greenhouse systems,
although further refinement is needed to enhance control stability under fluctuating
environments.

Key words: Canopy temperature, Water stress, CWSI, Irrigation control, Cucumber
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