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Xylella fastidiosa (Xf) causes plant diseases that lead to massive economic losses in agricultural
crops, making it one of the pathogens of greatest concern to agriculture nowadays. Detecting Xf
at early stages of infection is crucial to prevent and manage outbreaks of this vector-borne
bacterium. Recent remote sensing (RS) studies at different scales have shown that Xf-infected
olive trees have distinct spectral features in the visible and infrared regions (VNIR). However, RS-
based forecasting of Xf outbreaks requires tools that account for their spatiotemporal dynamics.
Here, we show how coupling a spatial Xf-spread model with the probability of Xf-infection predicted
by an RS-driven modeling algorithm based on a Support Vector Machine (RS-SVM) helps detecting
the spatial Xf distribution in a landscape. To optimize such model, we investigated which RS plant
traits (i.e., pigments, structural or leaf protein content) derived from high-resolution hyperspectral
imagery and biophysical modelling are most responsive to Xf infection and damage. For that, we
combined a field campaign in almond orchards in Alicante province (Spain) affected by Xf (n=1,426
trees), with an airborne campaign over the same area to acquire high-resolution thermal and
hyperspectral images in the visible-near-infrared (400-850 nm) and short-wave infrared regions
(SWIR, 950-1700 nm). We found that coupling the epidemic spread model and the RS-based model
increased accuracy by around 5% (OA = 80%, kappa = 0.48 and AUC = 0.81); compared to the
best performing RS-SVM model (OA = 75%; kappa = 0.50) that included as predictors leaf protein
content, nitrogen indices (NIs), fluorescence and a thermal indicator, alongside pigments and
structural parameters. The parameters with the greatest explanatory power of the RS model were
leaf protein content together with NI (28%), followed by chlorophyll (22%), structural parameters
(LAI and LIDFa), and chlorophyll indicators of photosynthetic efficiency. In the subset of almond
trees where the presence of Xf was tested by qPCR (n=318 tress), the combined RS-spread model
yielded the best performance (OA of 71% and kappa = 0.33). Conversely, the best-performing
RS-SVM model and visual inspections produced OA and kappa values of 65% and 0.31,
respectively. This study shows for the first time the potential of combining spatial epidemiological
models and remote sensing to monitor Xf-disease distribution in almond trees.
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