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Two major threats affecting olives groves are the bacterium Xylella fastidiosa (Xf) and the soil 
borne fungus Verticillium dahliae (Vd) Kleb. Both pathogens block the water flow along the xylem 
vessels, triggering similar physiological symptoms which are also easily confounded with water-
stress induced responses. Previous remote sensing studies have attempted to independently detect 
Xf and Vd infections using hyperspectral and thermal imagery, but the potential discrimination 
between both infections has not been addressed yet. In this study, a multistage machine learning 
(ML) methodology is proposed to detect and discriminate the spectral changes caused by Xf and 
Vd infection. The multi-stage ML approach assessed spectral plant traits retrieved by physical 
model inversion such as leaf pigment content (carotenoids, Cx+c, chlorophyll a+b, Ca+b and 
anthocyanins, Anth.), canopy structural parameters (leaf area index, LAI and the leaf inclination 
distribution function, LIDFa), solar-induced fluorescence (SIF@760), the thermal-based Crop 
Water Stress Index (CWSI) and narrow-band hyperspectral indices. On each stage, key indicators 
were used to i) detect infection by each of the two pathogens accounting for the importance of 
the spectral traits, ii) reduce the detection uncertainties due to the confounding physiological 
responses triggered by water stress, and iii) discriminate between Vd and Xf infections. Results 
showed that SIF@760, Anth. and the Normalized Phaeophytinization Index (NPQI) were the most 
relevant traits to identify trees showing symptoms confounded with water stress. Using a Vd+Xf 
cross-infected balanced dataset the multi-stage ML approach yielded overall accuracies that 
exceeded 92% (kappa=0.8). The most sensitive spectral plant-trait indicators to discriminate 
between both pathogen infections will be discussed, describing operational aspects for the large-
scale monitoring of olive orchards in geographic regions potentially affected by both pathogens. 
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