Nonlinear and machine learning modelling water consumption of  'Cabernet Sauvignon' vines 
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[bookmark: _GoBack]Abstract. Skilled regulated deficit irrigation regime is the basis for controlling grape yield and wine quality.  High accuracy of vine evapotranspiration (ETc) modelling serves as a foundation for precise and efficient irrigation calculation. ETc measurements of Vitis vinifera ‘Cabernet Sauvignon’ were conducted during 2013-2017 with 6 drainage lysimeters in the mountainous region in Israel, along with a continuous record of meteorological data. The effect and interactions of meteorological variables (MV) such as temperature, total solar radiation, relative humidity and wind speed, as well as Leaf area index (LAI) on ETc were established. Different time-series multiple regression models (machine learning and non-linear models) were used to determine the relative influence of MV and LAI on ETc during four growing seasons and suggest several types of forecasting models for a fifth season. Additionally, within-season temporal patterns and variations according to five phenological stages (based on berry development) were studied. Finally, a comparison between different sets of variables and different regression models was performed to evaluate the quality of model fitting for ETc forecasting purposes. The findings show LAI had a pronounced impact on ETc compared to MVs and was found to have a relative influence ranging between 62 and 86% for the different growing seasons. Within each season, each phenological stage was characterized by a unique composition of relative importance of the predictor variables (MV, LAI and temporal predictors), with ETc variability being largely explained by the temporal variables. All non-linear regression models produced reliable results. Adding LAI data into the regression models resulted in improved models with higher levels of predictive performance. Using time-series statistics to explore meteorological and vegetative temporal characteristics, patterns, interrelations and relative influence on ETc may facilitate the understanding of plant response to meteorological conditions and ETc dynamics according to vegetative development and assist in generating more precise and skilful applications of irrigation methods.

