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Detection of the effects of hydraulic activation of stomata (HAS) on
the water use efficiency of crops
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Hydraulic activation of stomata (HAS) is the process of wicking water from the leaf interior to the

surface, promoted by deliquescent salt on the leaf surface, serving as a critical physiological

mechanism that affects stomatal behavior, water fluxes, and ultimately water use efficiency (WUE)

in vegetation. This study is the first to evaluate the HAS effect under field conditions, investigating

the potential role of hygroscopic urea ammonium nitrate (UAN) foliar application promoting HAS

and detecting its effects through changes in transpiration, stomatal slope (g
1

), carbon-water

exchange rate (λ), and inherent water use efficiency (IWUE) at the ecosystem scale.

Using eddy covariance (EC) observations across four ICOS European cropland sites (FR-Gri, BE-Lon,

DE-Kli, DE-Geb) from 2005 to 2020, our findings revealed distinct crop-specific responses, with HAS

influencing transpiration dynamics after foliar UAN application. Barley, maize, and winter wheat

exhibited significantly increased transpiration, as evidenced by substantial increases in g
1

and λ (p

< 0.05). These changes were accompanied by reductions in IWUE, reflecting enhanced stomatal

conductance and more water loss under the HAS effect. In contrast, rapeseed showed reductions

in transpiration, g
1

, and λ, but an increase in IWUE, suggesting improved water use efficiency

through distinct physiological response. Except for rapeseed, foliar UAN application enhanced CO

2

assimilation, leading to a larger difference in CO

2

concentrations (C
a

− C
s

) and decreased

temperature gradient (T
a

− T
s

) between air and surface, which was attributed to cooling effects

induced by elevated transpiration across sites. Notably, g
1

remained stable over a one-month

period in the absence of foliar UAN application, indicating that observed changes in WUE are

primarily driven by the effects of UAN rather than intrinsic stomatal regulation under natural

growth conditions.

These findings highlight HAS’s distinct impacts on transpiration, surface energy fluxes, and WUE

under field conditions, underscoring the need to incorporate HAS into ecosystem models. The



neglect of HAS in current models results in an overestimation of WUE following foliar fertilization

in cereals. This limitation may also extend to other vegetation types due to hygroscopic deposition

of aerosols, emphasizing the broader significance of integrating HAS into models to improve WUE

predictions and support sustainable ecosystem management practices.
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