Exploring the scattering and reabsorption of chlorophyll fluorescence: () DSG)
iImplications for remote sensing of photosynthesis

M.P. Cendrero-Mateo2?, Christiaan van der Tol3, Karolina Sakowska#5, Marco Celesti®, Anke Schickling“?, Giorgio Alberti®, Luis Alonso?, Andreas Burkart?, Sergio Cogliati®, Roberto Colombo®, Gemini Delle Vedove®, Tommaso Julitta, Radostaw
Juszczak?®®, Jose Moreno?, Onno Muller?, Cinzia Panigada®, Alessandro Peressotti®, Patrick Rademske?, Micol Rossini®, Giulia Tagliabue®, Nastassia Vilfan**, Peigi Yang?, Franco Miglietta4*?, and Uwe Rascher?

Institute of Bio- and Geosciences, IBG-2: Plant Sciences, Forschungszentrum Jilich GmbH, Germany; 2Image Processing Laboratory, University of Valencia, Spain; 3University of Twente, Faculty of Geo-Information Science and Earth Observation (ITC), The Netherlands; #Institute of BioEconomy (IBE), National Research Council (CNR), Italy; °Institute of Ecology, University of Innsbruck, Austria; °Department of Earth and Environmental Sciences, University of Milano-Bicocca, Italy;
‘German Aerospace Center, Germany; 8Department of Agricultural, Food, Environmental and Animal Sciences, University of Udine, Italy; °JB Hyperspectral Devices UG, Germany; 1°Laboratory of Bioclimatology, Department of Ecology and Environmental Protection, Poznan University of Life Sciences, Poland;'Wageningen University & Research, Business Unit Greenhouse Horticulture, The Netherlands; 12Foxlab Joint CNR-FEM Initiative, Italy

Introduction Materials and Methods

Leaf
biochemistry

Incident Reflected PPFD
PPFD Chlorophyll fluorescence (SIF)

Climate variables

Leaf rEfleCtancel TO Of Cano Land surface parameters
transmittance, P PY

f reflectance .
g AN ~ nci. ent T | Fluorescence
UOrescence Satellite Iandm ey P BT i eat
> \ \ir ) o) 7 \exels ;

Radiative fluxes
in the leaf

POT AND FIELD TRIAL

o I8

(@)
@)
O
@)
lw
o
i
@)
N
+—
@)
0
o
o
>
: | | .,
i‘ -V ST E P 1 STE P 3 Data assimilation
“3 . ) ( of Photosynthesis and >
O Photochemistry (P) Leaf pigment — _ - _ Energy fluxes: SCOPE eattering g
c‘_a; up to 82% and structure RTMo inverted RTMo inverted St £ zmongleaves | O
> 0 JSSNE D s meneet eSS RS S/ | | Photosynthetic capacity Full spectrum active SIF and transmittance. V. V0 [(EESGSINE RN T . =
S LEAF &) Wy 2
2 » | and PAM fluorescence fluorescence | | S~ S
S Heat (NPQ) S, " e}
¥ Transmitted PPFD 18-98% . Retrieved simlator S
o Retrieved B
-~ pa ram ete rs pa fam ete I'S Fluorescence, reflectance, GPP, Energy fluxes k\ 4 Meteorology 5\
o
. . . (LIDFa, LIDFb, =
£  The principle underlying the use of sun-induced chlorophyll = (N, Cx, fqe) Cx. fqe) 3
. . . N
fluores.cence (SIF) as a proxy of gross primary productivity — | | enf Vernax s
(GPP) is based on the fact that the light energy absorbed by (); N STEPS STEP 4 o
chlorophyll molecules can proceed into three different C uw | 2
. .. . : < ~-
pathways: photochemistry, heat dissipation, and chlorophyll e I_;I'il 8 SCOPE SCOPE < | =
" . E_
Since these processes directly compete for the same E | o | o) Weather data )
L . . o
excitation energy, measurements of SIF and non- 3 )+ simulated 0+ Simulated g
- - - fl fl
photochemical quenching (NPQ) are expected to provide CANOPY n (‘;‘i/r:::‘;i:;e (Zovr:rsl;irt‘;e Legend: g
. . . > :
information on photosynthetic performance. - fAPPFD - fAPPFD N~ mesophyll scattering parameter 2
] _ Cx — photochemical reflectance parameter, proxy of NPQ =
However, SIF signal measured at the leaf level or beyond is " APPFD * APPFD fqe - fluorescence quantum emission efficiency 3
ff d b | . I d | h \_/ _ LIDFa, LIDFb - leaf inclination parameters N
aftecte y Seévera processes, Inciu Ing Wave engt APPFD —the amount of absorbed photosynthetically active photons L'S
dependent Scattering and reabsorptionl Which may need to fAPPFD—fI’aCtlon OfabsorbEd phOtosynthetlca”yaCtlve phOtOI’]S E
. . . . >~ # N
be considered when linking SIF data and photosynthetic CO2 AN s <

assimilation.

'1z0'60°91T0T 9s)°[/9T0T 0T/bJ0"10p//:sd1Y ‘600T-60TE-9-bq/76TS5 0T/bI0"10p//:5d11Y :u0NIdIIdSIP |9PON

To address this question, we conducted a multi-scale and
multi-technique study that considered two soybean varieties
and used the collected data to calibrate the “Soil-Canopy
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The SCOPE model was used to investigate
the reabsoption and scattering of SIF

Source: © Cendrero-Mateo et al. All rights reserved.
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