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Supplementary Material 

Supplementary Table 1. Narrow-band hyperspectral indices derived from hyperspectral and thermal 

data included in this study and their formulations. 

Hyperspectral indices Equation Reference 

Structural indices   

Normalised Difference Veg. Index 𝑁𝐷𝑉𝐼 = (𝑅800 − 𝑅670)/(𝑅800 + 𝑅670) Rouse et al. (1974)1  

Renormalised Difference Veg. Index 𝑅𝐷𝑉𝐼 = (𝑅800 − 𝑅670)/√(𝑅800 + 𝑅670) Roujean & Breon (1995)2  

Optimised Soil-Adjusted Veg. Index 𝑂𝑆𝐴𝑉𝐼 = ((1 + 0.16) · (𝑅800 − 𝑅670)/(𝑅800 + 𝑅670 + 0.16)) Rondeaux et al. (1996)3  

Modified Soil-Adjusted Vegetation 

Index 
𝑀𝑆𝐴𝑉𝐼 =

2 · 𝑅800 + 1 − √(2 · 𝑅800 + 1)2 − 8(𝑅800 − 𝑅670)

2
 Qi et al. (1994)4 

Triangular Vegetation Index 𝑇𝑉𝐼 = 0.5 · [120 · (𝑅750 − 𝑅550) − 200 · (𝑅670 − 𝑅550)] Broge & Leblanc (2001)5  

Modified Triangular Veg. Index 1 𝑀𝑇𝑉𝐼1 = 1.2[1.2(𝑅800 − 𝑅550) − 2.5(𝑅670 − 𝑅550)] Haboudane et al. (2004)6  

Modified Triangular Veg. Index 2 
𝑀𝑇𝑉𝐼2 =

1.5[1.2(𝑅800 − 𝑅550) − 2.5(𝑅670 − 𝑅550)]

√(2𝑅800 + 1)2 − (6𝑅800 − 5√𝑅670) − 0.5

 
Haboudane et al. (2004)6 

Modified Chlorophyll Abs. Index 𝑀𝐶𝐴𝑅𝐼 = [(𝑅700 − 𝑅670) − 0.2(𝑅700 − 𝑅550)] · (𝑅700/𝑅670) Haboudane et al. (2004)6 

Modified Chlorophyll Abs. Index 1 𝑀𝐶𝐴𝑅𝐼1 = 1.2[2.5(𝑅800 − 𝑅670) − 1.3(𝑅800 − 𝑅550)] Haboudane et al. (2004)6 

Modified Chlorophyll Abs. Index 2 
𝑀𝐶𝐴𝑅𝐼2 =

1.5[2.5(𝑅800 − 𝑅670) − 1.3(𝑅800 − 𝑅550)]

√(2𝑅800 + 1)2 − (6𝑅800 − 5√𝑅670) − 0.5

 
Haboudane et al. (2004)6 

Simple Ratio 𝑆𝑅 = 𝑅800/𝑅670 Jordan (1969)7  

Modified Simple Ratio 𝑀𝑆𝑅 =
𝑅800/𝑅670 − 1

(𝑅800/𝑅670)0.5 + 1
 Chen (1996)8  

Enhanced Vegetation Index 𝐸𝑉𝐼 = 2.5 · (𝑅800 − 𝑅670)/(𝑅800 + 6 · 𝑅670 − 7.5 · 𝑅800 + 1) Liu & Huete (1995)9  
 
Pigment indices 

  

Vogelmann indices 𝑉𝑂𝐺1 = 𝑅740/𝑅720 Vogelmann et al. (1993)10  

 𝑉𝑂𝐺2 = (𝑅734 − 𝑅747)/(𝑅715 + 𝑅726) Vogelmann et al. (1993)10 

 𝑉𝑂𝐺3 = (𝑅734 − 𝑅747)/(𝑅715 + 𝑅720) Vogelmann et al. (1993)10 

Gitelson & Merzlyak indices 𝐺𝑀1 = 𝑅750/𝑅550 Gitelson & Merzlyak (1997)11  

 𝐺𝑀2 = 𝑅750/𝑅700 Gitelson & Merzlyak (1997)11 

Transformed Chlorophyll Absorption in 

Reflectance Index 

𝑇𝐶𝐴𝑅𝐼 = 3 · [(𝑅700 − 𝑅670) − 0.2 · (𝑅700 − 𝑅550)

· (𝑅700/𝑅670) 
Haboudane et al. (2002)12  

Transformed Chlorophyll Absorption in 

Reflectance Index/ Optimised Soil-

Adjusted Vegetation Index 

𝑇𝐶𝐴𝑅𝐼

𝑂𝑆𝐴𝑉𝐼

=
3 · [(𝑅700 − 𝑅670) − 0.2 · (𝑅700 − 𝑅550) · (𝑅700/𝑅670)

((1 + 0.16) · (𝑅800 − 𝑅670)/(𝑅800 + 𝑅670 + 0.16))
 

Haboudane et al. (2002)12 

Chlorophyll Index Red Edge 𝐶𝐼 = 𝑅750/𝑅710 Haboudane et al. (2002)12 

Simple Ratio Pigment Index 𝑆𝑅𝑃𝐼 = 𝑅430/𝑅680 Peñuelas et al. (1995)13  

Normalised Phaeophytinization Index 𝑁𝑃𝑄𝐼 = (𝑅415 − 𝑅435)/(𝑅415 + 𝑅435) 

Barnes et al. (1992)14  

Peñuelas et al. (1995)13 

Barnes et al., 1992)14 

Normalised Pigments Index 𝑁𝑃𝐶𝐼 = (𝑅680 − 𝑅430)/(𝑅680 + 𝑅430) Peñuelas et al. (1995)13 

Carter indices 𝐶𝑇𝑅𝐼1 = 𝑅695/𝑅420 Carter (1994)15  

 𝐶𝐴𝑅 = 𝑅695/𝑅760 Carter et al. (1996)16  

Reflectance band ratio indices 𝐷𝐶𝑎𝑏𝐶𝑥𝑐 = 𝑅672/(𝑅550 · 3𝑅708) Datt et al. (1998)17  

 𝐷𝑁𝐼𝑅𝐶𝑎𝑏𝐶𝑥𝑐 = 𝑅860/(𝑅550 · 𝑅708) Datt et al. (1998)17 

Structure-Intensive Pigment Index 𝑆𝐼𝑃𝐼 = (𝑅800 − 𝑅445)/(𝑅800 + 𝑅680) Peñuelas et al. (1995)13 

Carotenoid Reflectance Indices 𝐶𝑅𝐼550 = (1/𝑅510) − (1/𝑅550) Gitelson et al. (2003; 2006)18,19  

 𝐶𝑅𝐼700 = (1/𝑅510) − (1/𝑅700) Gitelson et al. (2003; 2006)18,19 

 𝐶𝑅𝐼550_515 = (1/𝑅515) − (1/𝑅550) Gitelson et al. (2006)19  

 𝐶𝑅𝐼700_515 = (1/𝑅515) − (1/𝑅700) Gitelson et al. (2006)19 

 𝑅𝑁𝐼𝑅 · 𝐶𝑅𝐼550 = (1/𝑅510) − (1/𝑅550) · 𝑅770 Gitelson et al. (2003; 2006)18,19 

 𝑅𝑁𝐼𝑅 · 𝐶𝑅𝐼700 = (1/𝑅510) − (1/𝑅700) · 𝑅770 Gitelson et al. (2003; 2006)18,19 

Plant Senescencing Reflectance Index 𝑃𝑆𝑅𝐼 = (𝑅680 − 𝑅500)/𝑅750 Merzlyak et al. (1999)20  
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Pigment Specific Simple Ratio 

Chlorophyll a 
𝑃𝑆𝑆𝑅𝑎 = 𝑅800/𝑅675 Blackburn (1998)21  

Pigment Spec. Simple Ratio Chl. b 𝑃𝑆𝑆𝑅𝑏 = 𝑅800/𝑅650 Blackburn (1998)21 

Pigment Specific Simple Ratio Carot. 𝑃𝑆𝑅𝑅𝑐 = 𝑅800/𝑅500 Blackburn (1998)21 

Pigment Specific Normalised 

Difference 
𝑃𝑆𝑁𝐷𝑐 = (𝑅800 − 𝑅470)/(𝑅800 + 𝑅470) Blackburn (1998)21 

 
Xanthophyll indices 

  

Photochemical Refl. Index (570) 𝑃𝑅𝐼570 = (𝑅570 − 𝑅531)/(𝑅570 + 𝑅531) Gamon et al. (1992)22  

Photochemical Refl. Index (515) 𝑃𝑅𝐼515 = (𝑅515 − 𝑅531)/(𝑅515 + 𝑅531) Hernández-Clemente et al. (2011)23  

Photochemical Refl. Index (512) 𝑃𝑅𝐼𝑚1 = (𝑅512 − 𝑅531)/(𝑅512 + 𝑅531) Hernández-Clemente et al. (2011)23 

Photochemical Refl. Index (600) 𝑃𝑅𝐼𝑚2 = (𝑅600 − 𝑅531)/(𝑅600 + 𝑅531) Gamon et al. (1992)22 

Photochemical Refl. Index (670) 𝑃𝑅𝐼𝑚3 = (𝑅670 − 𝑅531)/(𝑅670 + 𝑅531) Gamon et al. (1992)22 

Photochemical Refl. Index (670 and 

570) 
𝑃𝑅𝐼𝑚4 = (𝑅570 − 𝑅531 − 𝑅670)/(𝑅570 + 𝑅531 + 𝑅670) Hernández-Clemente et al. (2011)23 

Normalised Photoch. Refl. Index 𝑃𝑅𝐼𝑛 = 𝑃𝑅𝐼570/[𝑅𝐷𝑉𝐼 · (𝑅700/𝑅670) Zarco-Tejada et al. (2013)24  

Carotenoid/Chlorophyll Ratio Index 𝑃𝑅𝐼 · 𝐶𝐼 = (𝑅570 − 𝑅530)/(𝑅570 + 𝑅530) · ((𝑅760/𝑅700) − 1) Garrity et al. (2011)25  
 

R/G/B indices 
  

Redness Index 𝑅 = 𝑅700/𝑅670 Gitelson et al. (2000)26  

Greenness Index 𝐺 = 𝑅570/𝑅670 Calderon et al. (2013)27  

Blue Index 𝐵 = 𝑅450/𝑅490 Calderon et al. (2013)27 

Blue/green indices 𝐵𝐺𝐼1 = 𝑅400/𝑅550 Zarco-Tejada et al. (2005)28  

 𝐵𝐺𝐼2 = 𝑅450/𝑅550 Zarco-Tejada et al. (2005)28 

Blue/red indices 𝐵𝑅𝐼1 = 𝑅400/𝑅690 Zarco-Tejada et al. (2012)29  

 𝐵𝑅𝐼2 = 𝑅450/𝑅690 Zarco-Tejada et al. (2012)29 

BF1 𝐵𝐹1 = 𝑅400/𝑅410 Zarco-Tejada et al. (2018)30  

BF2 𝐵𝐹2 = 𝑅400/𝑅420 Zarco-Tejada et al. (2018)30 

BF3 𝐵𝐹3 = 𝑅400/𝑅430 Zarco-Tejada et al. (2018)30 

BF4 𝐵𝐹4 = 𝑅400/𝑅440 Zarco-Tejada et al. (2018)30 

BF5 𝐵𝐹5 = 𝑅400/𝑅450 Zarco-Tejada et al. (2018)30 

Red/green indices 𝑅𝐺𝐼 = 𝑅690/𝑅550 Zarco-Tejada et al. (2005)28 

Ratio Analysis of Reflectance Spectra 𝑅𝐴𝑅𝑆 = 𝑅746/𝑅513 Chappelle et al. (1992)31  

Lichtenthaler Index 𝐿𝐼𝐶1 = (𝑅800 − 𝑅680)/(𝑅800 + 𝑅680)] Lichtenhaler et al. (1996)32  

 𝐿𝐼𝐶2 = 𝑅440/𝑅690 Lichtenhaler et al. (1996)32 

 𝐿𝐼𝐶3 = 𝑅440/𝑅740 Lichtenhaler et al. (1996)32 
 

Chlorophyll fluorescence 
  

Reflectance Curvature Index 𝐶𝑈𝑅 = (𝑅675 · 𝑅690)/𝑅683
2  Zarco-Tejada et al. (2000)33  

Fraunhofer Line Depth (FLD) principle 𝐹𝐿𝐷 =
𝐸𝑜𝑢𝑡·𝐿𝑖𝑛−𝐸𝑖𝑛·𝐿𝑜𝑢𝑡 

𝐸𝑜𝑢𝑡−𝐸𝑖𝑛
  

Plascyk (1975)34 

see Mohammed et al. (2019)35 

 

Plant disease index   

Healthy-index 𝐻𝐼 =
(𝑅534 − 𝑅698)/

𝑅534 + 𝑅698

−
1

2
· 𝑅704 Mahlein et al. (2012)36  

 

Thermal index 
  

Crop Water Stress Index (CWSI) 
𝐶𝑊𝑆𝐼 =

(𝑇𝑐 − 𝑇𝑎) − (𝑇𝑐 − 𝑇𝑎)𝐿𝐿

(𝑇𝑐 − 𝑇𝑎)𝑈𝐿 − (𝑇𝑐 − 𝑇𝑎)𝐿𝐿)
 

LL, UL = lower and upper limits, respectively 

Idso et al. (1981)37 
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Supplementary Table 2. Primer sequences for the PCR and qPCR techniques used for 

Verticillium dahliae (Vd) and Xylella fastidiosa (Xf) in this study. 

 

Protocol Target 

Pathogen 

Primers Sequence 

PCR V. dahliae Forward primer DB19 5’-CGGTGACATAATACTGAGAG‐3′ 

  Reverse primer DB22 5’-GACGATGCGGATTGAACGAA‐3′ 

  Internal primer 5’-TGAGACTCGGCTGCCACAC‐3′ 

qPCR X. fastidiosa Forward primer XF‐F 5′‐CACGGCTGGTAACGGAAGA‐3′ 

  Reverse primer XF‐R 5′‐GGGTTGCGTGGTGAAATCAAG‐3′ 

  Probe XF‐P 5′‐6‐FAM‐TCGCATCCCGTGGCTCAGTCC‐BHQ‐1‐3′ 

 

 

 

 

 

Supplementary Table 3. Values and ranges used for the model inversion and look-up-table 

(LUT) generation for the PROSAIL (PROSPECT-D + 4SAIL) radiative transfer model. 

 

Parameter Abbreviation Value / range 

Chlorophyll content [μg/cm²] Ca+b 10–70 

Carotenoid content [μg/cm²] Cx+c 0–20 

Anthocyanin content [μg/cm²] Anth 0–7.5 

Dry matter content [g/cm²] Cm 0.012 

Water content [g/cm²] Cw 0.009 

Mesophyll struct. coeff. N 1–2.5 

Leaf Area Index [m²/m²] LAI 0.3–5 

Average leaf angle [deg.] Lidfa 0–90 

Hot spot parameter  Hot 0.01 

Soil reflectance Rsoil - 

Observer angle [deg.] tto 0 

Sun zenith angle [deg.] tts 0–53.75 

Relative azimuth angle [deg.] psi 0 
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