Quantifying global terrestrial photosynthesis is essential to understanding the global
carbon cycle and the climate system. Remote sensing has played a pivotal role in
advancing our understanding of photosynthesis from leaf to global scale...
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What is global photosynthesis? History,

uncertainties and opportunities




BRIGHT SIDE:
Carbon uptake can be reasonably well estimated under steady conditions

P=APAR x LUE

P=ETR=(PRI, SIF), SIF=NIRv P x Fyield
Hyperspectral

etc.

DARK SIDE:
Photosynthesis is everything but steady-state in the real world



THE DARK SIDE

Content:

Light fluctuations (stomatal conductance and NPQ-relaxation)
CO2 fluctuations (vertical and horizontal CO2-gradients in the field)

 Measurement issues (GPP & Reco)
* Photosynthesis & Growth paradigms
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Dynamic photosynthesis
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l. Speedy stomata



Stomatal conductance
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Il. Photoprotection (NPQ) relaxation



Dynamic photosynthesis
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NPQ relaxation

from 1200 to 200umol m-2 s-1

from 600 to 200umol m-2 s-1
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lll. [CO2] fluctuations
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DISCUSSION AND SUMMARY

The daytime decrease in the CO, content of the
alr among plants carrying on active photosynthesis
has been confirmed and shown to extend, with some
lag, to a height of 152 m or 500 ft. A typical fluctu-
ation in the CO, content at 152 m was 0.03 % at

night, decreasing to 0.027 9% during the day. With
winds of 5 mph or more the CO, content of the air
in a corn field sampled at a height of 1 m, was nearly
the same as that at the 152 m level, but on still days
and nights a maximum variation of 0.02 9% has been
observed; from 0.041 % at night to 0.021 9% during
active photosynthesis. Since the equilibrium CO,
level at which net photosynthesis becomes zero is in
the neighborhood of 0.01 9% (21) such marked drops
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THE CARBON DIOXIDE CONTENT OF FIELD AIR '

H. W. CHAPMAND? L. 2 GLEASON * axpo W, E. LOOMI=

Deraprsext or Boraxy, lowa Srame Cosrmox, Aves, lowa

Studies of the CO,; content of the air have been
published over the last 200 years. Stepanova (20)
gives 220 abstracts in ber 1052
r[-uh:): several extensive studes |-I-"l:-hn'li in botam-
cal journals or any work in which CO, measurements

review, without n

were incidental to studies of photosynthesis, sodl respa-
ratwon, ete. Although DeSanssure (7) showed dinrnal
vanations in the COy content of field air as carly as
IS16, and correctly interpreted them as due prine-
pally to photosynthesis and resparation, omne 1952
paper s histed as an endeavor to clanfy the l“'[‘lfl"l
point of whether the CO, content of the air &= con-
stant or varnable

I'be point 15 of more than scademibe interest, for
Bohning (3), Chapman and Loomis (5), Decker (6)
and Thomas and Hill (21) have shown that photo-
synthesis varies directly with the CO, concentration at
levels present in the field. Normal € ), 1 gemerally
considered to be 003 volume percent, which is 300
ppm or 050 mg/liter of air at sea Jevel and 0° C
Ghlueckauf (9) belseves, however the average con-
centraton s inercasing with the utihization of oil and
coal, and is mow above 330 ppm. Balloon and rocket
fights have shown that the volume pereentage of CO,
i essentially uniform to heights of at Jesst 70 km or
42 miles (9) A value of 0029 & 002 <% at 72000 fr
was reported by the l‘j\[-!u.’('! Il azcent (17). Atmos

X .

”h"t.l'i”(‘fm(/‘( )|2 alelsinda 20 abo..

coptrations Simalar cl:.xm:r- have been rr[-vr!nl
recently by other workers (4, 11, 15, 16, 22, 25)
Chapman (4) found lesz Suetuation in the CO; con-
tent of the air in a drvland field at Aliance, in west
ern Nebraska, than had been reported for Ames,
lowa., He assumed that the lower soil organic matter,
mossture andd temperature reduced the build-up of
free CX )s Mt might, and that the generally more Sparse
vegetation resulted i less utidizatwon dunng the day
Results in Palestine (16) were similar to those in
lown, but analvses at Milano, Italy (22) showed a
considerable inerense In average ('H: content of th
air in the sammer. The daytime drop during the
summer was of the same magnatisde as that in Jowa

Verduin and Loomis (24) noted that the low dav-
time OO, at ground level was not increased apprecia
by by winds of moderate velocity, thus raising the
guestion of stratification and limited mixing of surfaes
ur with higher levels. In the summer of 1952 the
Opportunity  aroey of wsing the lowa State Colleg:

evision tower for continuous sampling of air at a

werate height in comparison with analvses from an
wdjoiming corn hield

MeTHODS

A modification of Heinscke's method (10) de
senibed by Chapman and Looeks (5) was used. Five
t/16 inch 1D, copper tubing were connected

P hpea af
t }l(‘l(i :l'rur;a‘;-ll‘. towers, These hines sampled the
MOWA averagi

o 1 m above the grwn_r..l and about 20 m
<) ‘order of a large corn field; (b) 1 m in the
irea, a grass plot about 40 by 60 m com-
rounded by corn: (¢) 10 m above the

the tower: (d) 30 m on the tower, and

1 R(‘('('i\'(}(l :\Iil}' 12, 195"‘ . n.' the l-w: of the transmitting .I!I""'xl.‘“l on

2 Journal paper No. J-2

Manometers and thermometers were in
e air lines just abead of the flow meters to
ta for correcting apparent air voluames

IO‘- differences were small; pressure drope

3.4 Present addresses: Dep™t o vivied between about 10 and 0




Corn field, summer 2018
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Conclusions from THE DARK SIDE:

Dynamic photosynthesis is relatively poorly studied, but is extremely
Important

They may be driven by a number of processes of biological but also
physical nature

The measurement of “true photosynthesis” in the field is difficult and

knowledge of ETR alone cannot help in some instances in separating
carboxylation and oxygenation

This does not certainly negates the critical importance of
estimating ETR under quasi steady-conditions but it is
always good to know that things may not be so simple



Thanks for your attention !!



