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Some project aims:
— Examine ER/OR (exchange ratios/oxidative ratios) of different ecosystems components
® | eaf photosynthesis
® Soil and stem respiration
® Direct from organic matter

® Canopy-scale

European Research Council

Lababrosed by the Berspean Cormemission

— O, eddy covariance?

— Incorporate O, into ecosystem modelling

— A holy grail of terrestrial ecologists: partition photosynthesis and respiration fluxes
® Feop = Fp+ Fy

®F,,=ER,xF, + ER, x Fy




OXYFLUX: 2016-2023

European Research Council

Valldatlon OXYF LUX Lssbaakros e by the Euorspean Cormesission

WP2 : Ecosystem level

measurements WP 4 : modelling
& synthesis

Scalin
< Process \ Validation
integration

WP 3 : Oxidative
ratios of
ecosystems

A

WP1 : Leaf, stem, Validation
. <+—>

soil level

measurements

v v

Agricultural and forest Environmental gradients
field sites (WP1 & 2) and global FLUXNET sites (WP3)




GEORG-AUGUST-UNIVERSITAT Faculty of Forest Sciences and Forest Ecology
GOTTINGEN b oo o
Bioclimatology

2x buffers

Introduction - OXYFLUX (160 1)

S

obtaining O,:CO, ratios of blue & red line
various ecosystem components

Calvin n

drying of air

LT Nl

8 soil chambers

LI-820
CO, gas analyzer

(

Oxzilla
modified fuel cell
differential O, analyzer

EGU General Assembly 2023




AEEarent resEirato[x guotient SARQZ of soil

Table 1. The [CO»]. [O2]. and ARQ (average values of replicates) for in situ measurements in acidic and neutral soils in temperate and alpine

forest sites (sites 4, 5. 6). Apparent respiratory quotient (ARQ) values different from the 0.9 + 0.1 expected for respiration (based on plant
composition) were observed in these soils.

N
Date Site  Description SoilpH Depth(cm) CO;% /ARQ

30/05/2001 4 Temperate forest \ 85 0.46 0.58 £ 0.05
31/07/2001 ¢ Temperate forest i 85 0.73 0.70 £ 0.05
07/06/2011 = Alpine forest 40 0.62 0.23+0.04
09/09/2013 = Alpine forest 30 0.28 0.64 £+ 0.06
09/09/2013 Alpine forest : 30 0.26 96+0.24

“Our results demonstrate that, in contrast to the
common assumption, soil ARQ (and RQ) values
are rarely 1.0 and often deviate from this value
considerably. ...”

Angert et al. 2015




ARQ of stems

Hebrew University campus, Israel Temperate forests, USA
Tropical forest, Panama Mediterranean shrubland, Israel
Tropical forest, Brazil

Mediterranean savanna, Spain Tropical forest, Peru l |

Quercus ilex (16,16)
Quercus ilex (4,4)
Tetragastris panamensis (52,42)

Quercus calliprinos (15,1)

Tachigali paniculata (6,3)

Scleronema micranthum (29,7)

Simarouba amara (6,3)

Acer rubrum (7,7)

Pistacia atlantica (13,1)

Quercus calliprinos (12,4)
Hymenolobium pulcherrimum (5,3)

Platanus occidentalis (12,1)
Malus domestica (38,1)
Populus deltoides (14,1)

wisijogejaw ajeipAyoqied Jo DY

I
0.00 0.25 0.50
ARQ

= Considerable variation in ARQ (CO,/O,)
= ARQ of stems much lower than expected

O | S esssssssssssssnssnsssss===|

Hilman et al. 2019
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Introduction - Instrumental set-up

- sequential measurement scheme for 16 chambers
- each measurement cycle (one chamber) for 20-40 minutes

background reference (buffer)
soil chambers

stem chambers

branch chambers
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CO, in colour

O, as black dots
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Introduction - Instrumental set-up

- Leinefelde site in Central Germany:
« 51°20N, 10°22’ E
- pure beech forest, managed
- even-aged, about 140 years old
- study period:
« 17 June - 08 October 2021
- available data:
1min « CO,, O, and H,0 mole fractions for
chambers and buffer
1min « chamber meteorology: PAR, T, T,..¢, RH
10min + tower meteorology: SW_IN, T,,, RH, P, ...
30min « eddy-covariance flux data: NEE, GPP, LE

EGU General Assembly 2023
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Methods - Data processing

» flux calculation (F¢,, Fp,) for steady and unsteady state conditions:

dfgz Ao, - flow —Vp

F. =
S 02 S

dOo
dt

Aco, - flow - Vp
Fco2 —

ACO,, AO, difference between incoming and outgoing CO, or O, mole fractions (Lmol mol?)
flow flow rate (mol s1)

S leaf area (m?)

%4 chamber volume (m3) after Saathoff and Welles et al. (2021),
. ) 3 doi: 10.1111/pce.14178.

P air density (mol m™)

dco, do,

rate of change of CO, or O, mole fractions (umol mol* s1)

EGU General Assembly 2023
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Methods - Data processing M ,., -
- finding measurement cycles of high quality (steady state) Ve | T
change of mole fraction ,__,7-——- ﬁ—._"\-—-:
with time s )
(— last 6 min of each cycle) Fr 09:00

detection with: Ty ...,"" o

- - Bl
R? slope R? and slope

EGU General Assembly 2023




77\ GOTTINGEN i/ oo

(_: GEORG-AUGUST-UNIVERSITAT Faculty of Forest Sciences and Forest Ecology

Bioclimatology

Methods - Data processing

- finding measurement cycles of high quality (steady state):

change of mole fraction oges ...v'/ ...-um
with time S S K
(— last 6 min of each cycle) 5' .:. .:.
T T T
detection with R? slope R? and slope

O O

— — —
high R? high R? high R? and

all for CO, for O, small |slope|

EGU General Assembly 2023
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Results - Meteorological conditions

chamber data

tower data
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Results - Seasonal dynamics

- 632 measurement cycles (425 daytime, 207 nighttime)
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Results - Diel variations

- 632 measurement cycles (425 daytime, 207 nighttime)
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Results - O0,:CO, exchange ratio
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« exchange ratio between
-0.9 and -1.0 mol mol-
« high variation for low flux magnitudes
— but most ‘high quality’
conditions
— extra filtering necessary
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Results - correlations wit
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CO, flux (umol m=2 s™1)
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Methods — measurements: Measure at 0.5, 1 and 3 m agl

— wind speed and -
direction

diation
—) ra
— EC N,0, CO,, H,0 (LW, SW,
fluxes diffuse, PAR)

— air
~ /Il temperature,
4t humidity and

' pressure

— 0,, H,0 and CO,
Concentration at 0.5,
1and 3 m ~

— soil temperature, -
humidity and -heat
flux
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Methods — O, and CO, measurements

‘Blue-box’ with calibration cylinders
i r:*. ¥ .;_3;-_

Analyzer (Oxzilla

$ "\ -airdried to <1 ppmH,0,
" - flow rate of 0.1 Lpm

- 3 heights are sequentially
switched with 8-port Valco
valve for 5 minutes each

- 1 minute averages

- 1 minute removed
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Results — O, and CO, mole fraction Nov 2022 — Aug 2023

CO, (umol mol ™)

O, (umol mol ™)
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— O, and CO, mole fraction are anticorrelated
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Results — 0,:CO, exchange ratio July 2023 from mole
fractions at three heights (day and night)

— 0,:CO, exchange ratio closer to -1.1 with increasing height
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Results — 0,:CO, exchange ratio Nov 2022 — Aug 2023
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Results — O, and CO, net fluxes from K-theory and EC (median diel cycle)

5 _
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Otherwise, ER ~1.1
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® 1-dimensional, multi-layer atmosphere-biosphere gas exchange model
— Baldocchi, 1997: d0i:10.1046/j.1365-3040.1997.d01-147.x
— We added O, fluxes to the model, to study ER
— ER,, = ER of entire ecosystem

=1.06 to 1.12 mol mol!

= ER above and within the canopy

=1.12 to 1.15 mol mol!

—ER

conc

® Re-examined the holy grail goal, with this model:

— Concluded that it *is* possible to partition CO, fluxes into photosynthesis and
respiration, if we measure O, fluxes and we know ER__,.

® But some further improvements in O, instrument precision needed for results to be
meaningful.
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" Terrestrial ecosystem O, measurements are even harder than “traditional” atmospheric O,
measurements!

" There are some very strange results in previous literature, which we believe are likely large
measurement artefacts because of researchers being unaware of the many challenges of
high-precision O, measurement.

® Qur provisional results suggest:

— ARQ from stem respiration ~1.0 mol mol* (much greater than previous literature; in line
with theory)

— Leaf-level ER ~0.9-1.0 mol mol? (complicated analysis owing to non-steady state)

— Soils? TBD. Complicated further by diffusion, pressure gradients, calcareous soil
— Vertical flux gradient measurements promising as eddy covariance alternative

® ER ~1.18 mol mol?, seasonally varying with crop development (probably fossil influence
which needs to be removed...)






