THE UNIVERSITY OF

MELBOURNE

High-resolution thermal imagery holds critical plant physiological
information: lessons learned on water stress and disease
detection using airborne platforms

P.J. Zarco-Tejada, V. Gonzalez-Dugo, T. Poblete, C. Camino, R. Calderon, A.
Hornero, R. Hernandez-Clemente, B.B. Landa, J. A. Navas-Cortes

University of Melbourne, Australia
IAS-CSIC, Spain



Transpiration - Temperature

THE NIVERSY OF
MELBOURNE

s
S
g
=,
T S
! S
CO =
) , =3
’ )
L
CO, | T
. Gates (1968)

Jackson et al. (1977)



stressed (S1) (up to 4-5K

stressed (S2) L " in olive
wel irrigated (R)f ‘L crowns)

Olive crown
temperature

8 16

GMT time

RS 2
S e s

y - o
LA 0

o

o Q.
B
9

T

Tree crown
temperature

Sepulcre et al. (2006) (olive)
Bellvert et al. (2015) (vineyards)
Gonzalez-Dugo et al. (2020) (almond)



THE UNIVERSITY OF
MELBOURNE



i p sDE)"
" T ﬂ.ﬁ’”ﬂab,ﬂf







VERSITY OF
MELBOURNE

e gy

:
")

S
‘

S

= B b

-'?A _Y_R.o.z —~

= f

04 | ADS

1~—vv-'—-...‘_._. -

Ay
s gty w4

B04 BOS‘

AUS

.

»

'T‘;“l

"1 Bos

i

-./_‘
SNe

."‘
o P

[aog /B e |
i

S g

.

.

809

7008 D09

B S~ — — T— Bl W s
e s ™ N A
- L

- T g — ~ |
! : 3 -

A1D AN

B10 BN B12

— —_— Y ——

D10 | pt1 | D12

Wang et al.
(2022)



——_——_ "“”“’*’_"";"-N'M*Wt.uy T e v —
'8 o [—-A P ¢ e .-
B u : . ’ -

MELBOURNE

(Tc —Ta)- e =12
(”S >(1C"IU)LL UC—IU)IL

UPPER LIMIT (CWSI=1):

Wang et al.
(2022)




B LR = VRN
T — N AT

T g— - ) ;
© NIDILIRY Gnm— —0~:|~'—-°-r“—-g:l:; 1 ;.’ are g -
i 4 VG i

THE UNIVERSITY
MELBOURNE

»

HO4

5

> - - “ e e | LS—
nr® VA% S D By I ———— Y & P g —— Y gT—————

: S g ' ’ _ Wang et al.
d-orchard, WIC (AU e 5750l (2022)




1230 hours y = 00033¢ « 0775

R=0M

Y OF

MELBOURN

Estimated CWSI

.2 0 08 150 200 250 200 350
Leaf water potentisl (MPa) Canopy Conductance (mmvs)

Gonzalez-Dugo et al. (2020) - Bellvert et al. (2014) - Berni et al. (2009) -

almond grapevines olive
CWsI CWSI

0.2 0.6 1.0 04 02 0 02 04 06 08
0.0

Ground R?=0.31 A oC

BRDII

Hybnd R?=058 -(’-5;3

Airtbome R?=0.72 8.0

L ferol
15

by o

-2.0
y»038-070
R«05

SWP (Mpa)

-2.3
3.0
-3.5

4.0

Sepulcre-Cantd et al. (2006) - Ramirez-Cuesta et al. (2022) —  Gonzalez-Dugo et al. (2014) -
olive peach citrus




Transpiration - Temperature

THE NIVERSY OF
MELBOURNE

s
S
g
=,
T S
! S
CO =
) , =3
’ )
L
CO, | T
. Gates (1968)

Jackson et al. (1977)



Transpiration - Temperature

Vascular plant pathogens:

- Colonize and block the vascular system - interfere
with water and nutrients flow

- Confounding effects with water stress

Gates (1968)
Jackson et al. (1977)
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Vascular plant pathogens: Verticillium dahliae vs Xylella
o fastidiosa

Verticillium dahliae Xylella fastidiosa




Verticillium dahliae global distribution map

Verticillium dahliae (VERTDA)
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Xylella fastidiosa global distribution map

Xylella fastidiosa (XYLEFA)
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Xylella fastidiosa global distribution map
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Objectives

1. Understanding the dynamics of thermal & hyperspectral-based
traits under water stress

> as a function of stress levels

» across species

2. Disentangling biotic vs abiotic induced stress to improve disease
detection
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Solar-induced Chlorophyll
Fluorescence (SIF)

-2 ~2% of the total incoming radiation
-2 Linked to photosynthesis

- High spectral resolution required
- Early indicator of stress
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Hyperspectral + thermal imaging of horticultural tree crops

>1 M trees scanned hyper + thermal NN R
Varying water stress & disease severity .
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Dynamics of thermal & hyperspectral with water stress
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important water stress indicator
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Specific spectral-
based indicators
across species
almond vs olive
and across
pathogens Xf vs Vd

Accuracy > 92%

Thermal & hyperspectral traits with biotic stress
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Conclusions & Remarks

* Progress made is the last 20 years with thermal and hyperspectral for biotic-induced
stress detection (OA>0.8-0.9; k>0.6)

 Thermal / CWSlI is direct link with transpiration / water status
SIF and plant pigments with rapid dynamics (C,,., Anth) contribute to stress detection

* Abiotic status is needed to improve disease detection performance (OA 80% = 92%)

* Thermal & hyperspectral together are required for water stress and disease detection =
can’t do it with thermal only
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