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 = (Rgoo — Re70)/ (Rgoo + Re70) Rouse et al. (1974)!
Renormalised Difference Veg. Index RDVI = (Rgoo — Re70)/+/(Reoo + Rezo) Roujean & Breon (1995)2
Optimised Soil-Adjusted Veg. Index 0SAVI = ((1 + 0.16) - (Rgoo — Re70)/(Rgoo + Re70 + 0.16)) Rondeaux et al. (1996)3
Modified Soil-Adjusted Vegetation MSAVI = 2 Rgoo+1— \/(2 “Raoo + 1)Z — 8(Rago — Rero) Qi et al. (1994)*
Index 2
Triangular Vegetation Index TVI = 0.5 [120 - (Ry50 — Rsso) — 200 - (Rg70 — Rss0)] Broge & Leblanc (2001)>
Modified Triangular Veg. Index 1 MTVI1 = 1.2[1.2(Rgoo — Rss0) — 2.5(Rg70 — Rsso)] Haboudane et al. (2004)°
MTVI2 = 1-5[1-2(R800 _ Rsso) - 2-5(R670 _ Rsso)]
Modified Triangular Veg. Index 2 Haboudane et al. (2004)®
(2Rg00 + 1)2 — (6Rggp — 5+/Re70) — 0.5
Modified Chlorophyll Abs. Index MCARI = [(R700 = Re70) = 0-2(R700 = Rss0)] - (Rs00/Rs70) Haboudane et al. (2004)°
Modified Chlorophyll Abs. Index 1 MCARI1 = 1.2[2.5(Rgp9 — Rg70) — 1.3(Rgoo — Rss0)] Haboudane et al. (2004)&
MCARI2 = 1-5[2-5(R300 - R670) - 1-3(R800 - Rsso)]
Modified Chlorophyll Abs. Index 2 Haboudane et al. (2004)®
(2Rgg0 + 1)2 — (6Rg00 — 5y/Re70) — 0.5
Simple Ratio SR = Rgoo/Re70 Jordan (1969)”
Modified Simple Ratio MSR = _Roo/Rero —1 Chen (1996)8
(Rso0/Re70)%% + 1
Enhanced Vegetation Index EVI = 2.5 (Rgoo — Re70)/(Rgoo + 6 - Re70 — 7.5 - Rggo + 1)  Liu & Huete (1995)°
Pigment indices
Vogelmann indices VOG1 = Ry40/Ro20 Vogelmann et al. (1993)%°
VOG2 = (R734 — R747)/(R715 + R726) Vogelmann et al. (1993)%°
VOG3 = (R7354 — Ry747)/(R715 + Ryo0) Vogelmann et al. (1993)1°
Gitelson & Merzlyak indices GM1 = Ry50/Rsso Gitelson & Merzlyak (1997)%
GM?2 = Ry50/R700 Gitelson & Merzlyak (1997)%
Transformed Chlorophyll Absorptionin  TCARI = 3 - [(Ry00 — Re70) — 0.2 - (R700 — Rss0) Haboudane et al. (2002)12
Reflectance Index “ (Ry00/Re70)
Transformed Chlorophyll Absorption in TCARI
Reflectance Index/ Optimised Soil- OSfV[I(Rm — Re70) — 0.2+ (R700 — Rss0) * (R700/Re70) Haboudane et al. (2002)*?
Adjusted Vegetation Index = ((1+0.16) - (Rg0o — Re70)/ (Raoo + Rero + 0.16))
Chlorophyll Index Red Edge CI = Rys50/Ry10 Haboudane et al. (2002)*?
Simple Ratio Pigment Index SRPI = R,30/Reso Pefiuelas et al. (1995)*3
Barnes et al. (1992)14
Normalised Phaeophytinization Index =~ NPQI = (R4y5 — Rass)/(Rais + Rass) Pefiuelas et al. (1995)*3
Barnes et al., 1992)14
Normalised Pigments Index NPCI = (Rggo — Ry30)/ (Rego + Razo) Pefiuelas et al. (1995)*3
Carter indices CTRI1 = Rgos/R4z0 Carter (1994)15
CAR = Rgos5/R 760 Carter et al. (1996)16
Reflectance band ratio indices DCabCxc = Rg7/(Rsso * 3R708) Datt et al. (1998)*7
DNIRCabCxc = Rggo/(Rsso - Ryog) Datt et al. (1998)"7
Structure-Intensive Pigment Index SIPI = (Rgpo — Raas)/(Rgoo + Resgo) Pefiuelas et al. (1995)*3
Carotenoid Reflectance Indices CRIss0 = (1/Rs10) — (1/Rss0) Gitelson et al. (2003; 2006)*&1°
CRI;00 = (1/Rs10) — (1/R700) Gitelson et al. (2003; 2006)*&1°
CRI550. 515 = (1/Rs15) — (1/Rss0) Gitelson et al. (2006)%°
CRI;00.515 = (1/Rs15) — (1/R700) Gitelson et al. (2006)%°
RNIR - CRI550 = (1/Rs10) — (1/Rss0) * R770 Gitelson et al. (2003; 2006)1819
RNIR - CRIz00 = (1/Rs10) — (1/R700) * R770 Gitelson et al. (2003; 2006)1819
Plant Senescencing Reflectance Index ~ PSRI = (Rggo — Rs00)/Ryso Merzlyak et al. (1999)20



Pigment Specific Simple Ratio
Chlorophyll a

Pigment Spec. Simple Ratio Chl. b
Pigment Specific Simple Ratio Carot.
Pigment Specific Normalised
Difference

Xanthophyll indices

PSSRa = Rgyo/Re7s

PSSRb = Rgyo/Res0
PSRRc = Rggo/Rs00

PSNDc = (Rgoo — Raz0)/(Rgoo + Raz0)

Blackburn (1998)21

Blackburn (1998)21
Blackburn (1998)21

Blackburn (1998)21

Photochemical Refl. Index (570)
Photochemical Refl. Index (515)
Photochemical Refl. Index (512)
Photochemical Refl. Index (600)
Photochemical Refl. Index (670)
Photochemical Refl. Index (670 and
570)

Normalised Photoch. Refl. Index
Carotenoid/Chlorophyll Ratio Index

R/G/B indices

PRIs70 = (Rs70 — Rs31)/(Rs70 + Rs31)
PRI5;5 = (Rs15 — Rs31)/(Rs1s + Rs31)
PRIy = (Rsy2 — Rsz1)/(Rsiz + Rssp)
PRIy, = (Repo — Rsz1)/ (Reoo + Rs31)
PRI = (Re70 — Rsz1)/(Re70 + Rs31)

PRIm4 = (R570 - R531 - R670)/(R570 + R531 + R670)

PRI, = PRI570/[RDVI - (R700/Ré70)

PRI-Cl = (R57o - R530)/(R57o + Rsso) . ((R760/R700) - 1)

Gamon et al. (1992)22

Hernandez-Clemente et al. (2011)3
Hernandez-Clemente et al. (2011)3

Gamon et al. (1992)22
Gamon et al. (1992)22

Hernandez-Clemente et al. (2011)3

Zarco-Tejada et al. (2013)24
Garrity et al. (2011)%5

Redness Index
Greenness Index
Blue Index
Blue/green indices

Blue/red indices

BF1

BF2

BF3

BF4

BF5

Red/green indices

Ratio Analysis of Reflectance Spectra
Lichtenthaler Index

Chlorophyll fluorescence

R = R700/Re70

G = Rs70/Re70

B = Rys50/Rago
BGI1 = Ry0/Rsso
BGI2 = Ry50/Rss0
BRI1 = Ryo0/Re90
BRI2 = Ry50/Re90
BF1 = Ryp0/Ra10
BF2 = Ryp0/Raz0
BF3 = Ryp0/Razo
BF4 = Ry00/Raso
BF5 = Ryp0/Raso
RGI = Rggo/Rss0
RARS = R746/Rs13
LIC1 = (Rgoo — Reso)/ (Rgoo + Reso)]
LIC2 = Ry40/Re90
LIC3 = Ry40/R740

Gitelson et al. (2000)26
Calderon et al. (2013)%7
Calderon et al. (2013)%7
Zarco-Tejada et al. (2005)28
Zarco-Tejada et al. (2005)28
Zarco-Tejada et al. (2012)%°
Zarco-Tejada et al. (2012)%°
Zarco-Tejada et al. (2018)30
Zarco-Tejada et al. (2018)30
Zarco-Tejada et al. (2018)30
Zarco-Tejada et al. (2018)30
Zarco-Tejada et al. (2018)3°
Zarco-Tejada et al. (2005)28
Chappelle et al. (1992)3!
Lichtenhaler et al. (1996)32
Lichtenhaler et al. (1996)32
Lichtenhaler et al. (1996)32

Reflectance Curvature Index

Fraunhofer Line Depth (FLD) principle

Plant disease index

CUR = (Re7s - Reoo)/Rég3

FLD = Eout-Lin—Ein"Lout
Eout—Ein

Zarco-Tejada et al. (2000)33
Plascyk (1975)34

see Mohammed et al. (2019)35

Healthy-index

Thermal index

Ress — R 1
Hi = (Rs34 — Reos)/ R
Rs34 + Reos 2

Mahlein et al. (2012)36

Crop Water Stress Index (CWSI)

(Tc B Ta) - (Tc B Tu)LL
(Tc - Tu)UL - (Tc - Ta)LL)
LL, UL = lower and upper limits, respectively

CWSI =

Idso et al. (1981)37




Supplementary Table 2. Primer sequences for the PCR and gPCR techniques used for
Verticillium dahliae (Vd) and Xylella fastidiosa (Xf) in this study.

Protocol Target Primers Sequence
Pathogen

PCR V. dahliae Forward primer DB19  5°’-CGGTGACATAATACTGAGAG-3’
Reverse primer DB22 5°’-GACGATGCGGATTGAACGAA-3’
Internal primer 5’-TGAGACTCGGCTGCCACAC-3'

gPCR 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 [pg/cm?] Ca+b 10-70
Carotenoid content [pg/cm?] Chx+c 0-20
Anthocyanin content [pg/cm?] Anth 0-7.5
Dry matter content [g/cmZ] Cm 0.012
Water content [g/cm?] Cw 0.009
Mesophyll struct. coeff. N 1-2.5
Leaf Area Index [m%/m?] LAI 0.3-5
Average leaf angle [deg.] Lidfa 0-90
Hot spot parameter Hot 0.01
Soil reflectance Risoil -
Observer angle [deg.] tto 0

Sun zenith angle [deg.] tts 0-53.75
Relative azimuth angle [deg.] psi 0
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