Retrieving photosynthesis from leaf
chlorophyll fluorescence and green
reflectance

Nastassia Vilfan
Christiaan van der Tol
Wouter Verhoef

@‘) UNIVERSITY OF N WO

TWENTE. Netherlands Organ

ITC for Scientific r::h



ITC

7/ OBJECTIVES

1 0
0.9 F Transmittance | 0.1
08 10.2
07 10.3
06| 04
05 b Absorption 105
04:F Reflectance 0.6
03} 5

107

02 - o

PRI s
5

0.1 B i° -
0 [ 1 1 1 0
400 450 500 550 600 650 700 750 800

UNIVERSITY OF TWENTE.



7/ OBJECTIVES

1 0
0.9 F Transmittance | 0.1
08 10.2
071 10.3
06 104
05t Absorption 05
04r Reflectance | 0.6
0.3 o

107§

0.2} A fg

PRI z

01 J b 'i
. 0

400 450 500 550 600 650 700 750 800

S = Could reflectance and chlorophyll fluorescence provide more information
about photosynthesis, when used together?
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S = Could reflectance and chlorophyll fluorescence provide more information
about photosynthesis, when used together?

» RT model coupled to a biochemical model
@ » The SCOPE model (Van der Tol et al. (2009))
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THE STRUCTURE OF SCOPE
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FLUSPECT

Parameter Symbol
Chlorophyll a+b content Cab
Total carotenoid content Clear
Anthocyanin content Clant
Water content Cyw
Dry matter content Clam
Leaf mesophyll structure parameter N
Senescence material (brown pigments) C
Fluorescence quantum efficiency for PS-1 g
Fluorescence quantum efliciency for PS-II g
Xanthophyll cycle EPS parameter Cx
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BIOCHEMICAL MODEL

Parameters: Weather
Vcmax (T), conditions in the Empirical Ky(x)
Dark respiration leaf boundary function
Biochemical
model
Fluorescence Leaf
emission photosynthesis
efficiency (eta) (Assimilation
NPQ rate)

Van Der Tol, C., Berry, J. A., Campbell, P. K. E., & Rascher, U. (2014). Models of fluorescence and photosynthesis
for interpreting measurements of solar-induced chlorophyll fluorescence. Journal of Geophysical Research G:
Biogeosciences, 119(12), 2312-2327. http://doi.org/10.1002/2014JG002713



BIOCHEMICAL MODEL
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SCOPE
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Parameter Symbol
Chlorophyll a+b content Cab
Total carotenoid content Cear
Anthocyanin content Cant
Water content Cw
Dry matter content Cdm
Leaf mesophyll structure parameter N
Senescence material (brown pigments) |
Fluorescence quantum efficiency n
Xanthophyll EPS parameter Cyx
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COMBINED SIMULTANEOUS IRGA, PAM AND HYPERSPECTRA

15
1 L
&
= [ ]
05 .
“i
% 500 1000 1500
PAR
19
18
. [
17
g
[ ]
15} o
hd
145 500 1000 1500
PAR
ITC UNIVERSITY OF TWENTE.

Photosynthesis

12

—
=]

]

o

e

b

DC?

500

PAR
PAM optical fibre

1000

1500

Transmittance

0.14

0.12

0.1

0.08

0.06

0.04

10

520

540 560
Wavelength

Chlorophyll fluorescence

720 740 760 780
Wavelength



Most important parameters:

- Initial slope of light response curve

- Curvature of the light response

- Caboxylation capacity: highly variable
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RETRIEVING VCMAX FROM GAS ECHANGE DATA

30 L T L T 5 N
‘' 25- % ,
b o0
E . RP=0098 i
o RMSE = 0.906
O °
O 15+ ° i
e °
. ) i
§_ 10 °
|__| ‘
)
S 5- -
o
e
< ol |
0 5 10 15 20 25
2 -1
A mol CO. m~ s
meas [l”l 2 ]

@,

sxc  UNIVERSITY OF TWENTE.

chaxl_C

150

100

50

R?=0.88
RMSE = 5.64
. . ]
o °
oo ®
N ° i
( 3
0 5ro 160
chaxC 02

150



CO, curves

o 40- @
"0 R% = 0.86 o %o %00
o RMSE =442 ¢ :’ ‘ o°
EN 30| ® 30.: ®
o 3oy °
@) ®e o
g 20+ K ®
E! N W o
T 10" °
o
o
e
< 0 - : -
0 10 20 30 40
[umol CO m?s ]
mea
Light curves
40
S RZ = 0.94
(7] RMSE = 1.95
IE 30ﬁ
N ®
3 R
S 20- } °
= * °
= F Kl
S 10~ b
(@]
=
<
0 r r r
0 10 20 30 40

meas

[umol CO m?s ]

chaxspectra

chaxspectra

150
R?=0.14
RMSE = 10.6
100
o' o: °
° °
50+
0 ) ) I
0 50 100 150
Vcmax A
150
RZ = 0.45
RMSE = 9.03
100 ~ o
°
.~. ' L
50~
0 r r
0 50 100 150
Vcmax "



7/ CONCLUSIONS

\ * Coupled RT to biochemical models - new framework for retrieval of
Y photosynthesis

| = Relatively simple code, easily adjusted and upgraded
= Canopy...
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