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1. ABSTRACT

3. METHOD

Photosynthesis is a complex process that consumes carbon dioxide and water to produce Flow configurations

oxygen and glucose. Studies to investigate leaf-level photosynthetic activity have been St

conducted using systems that control certain parameters such as light intensity or partial Flow 0O,+C0O, measurements of the leaf chambers

pressure of CO,. For instance, the LI-COR LI-6800 Portable Photosynthesis System Drierite

enables the user to control and measure light, temperature, CO, and water vapor Picarro CRDS e ] e [ %NU'Z'W ___________________________________________________ |
concentrations. Measurement of O, fluxes concurrent with CO, exchange and other = Z e — =

parameters is a technical challenge since a very high level of precision on a large O, 250um Soda X

background is required. Only few analytical methods including mass spectrometry, fuel cell, Filter Lime

ultraviolet and paramagnetic cells can achieve the required high-precision O, analysis.
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Here we present new developments of a high-precision gas analyzer that utilizes the g Nl?lp"m .
technigue of Cavity Ring-Down Spectroscopy to measure oxygen concentrations. Its Mass Flow Meter ~0.7 lpm
compact and rugged design combined with high-precision and long-term stability allow the v e i
user to deploy the instrument in the field for continuous monitoring of atmospheric oxygen LI-6800 Sensor Head

level. Measurements have a 1-0 5-minute averaging precision of 1-2 ppm for O, over a
dynamic range of 0-25%. We present collaborative work with LI-COR where we coupled the - O, reference measurements
Picarro G2207-1 O, analyzer with the LI-6800 Portable Photosynthesis System to enable O, Ultra Pure o ot

analysis for laboratory studies of photosynthesis. To validate the setup, we conducted light COy-Free Flow

. Air Drierite )
and CO, response experiments. l Picarro CRDS HL= i I g I

In order to reduce the uncertainty in CO, and O, gas 25um  Soda

Filter Lime
2. INSTRUMENTATIONS exchange fluxes it is best to operate the setup with a
C —

large leaf area (6x6cm chamber) and low flow rate.
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CRDS Technology and Picarro G2207-1 Analyzer

Cavity Ring-Down Spectroscopy (CRDS) Technology et Dete"“”_‘?'_
utilizes the unique infrared absorption spectrum of A0 TR L Tom Uit Pare
gas-phase molecules to quantify the concentration of ~ Viror— i
(and sometimes isotopes of) H,O, CO,, CH,, N,O, '

CH,O, NH..

e  Q P 8§ 9 e i °£t 3
[ Fimj— S
Sample Wavelength
CRDS Fea'[ureS Gas Inplet Moni%or 4 RESULTS

« Small 3-mirrored cavity ~ 35 cc Laser
» Long effective path-length (> 10 km)
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Light-response and CO, Response curves

* Time-based measurement C, plant, Phaseolus vulgaris (bean) C, plant, Zea mays (corn)
« Laser is switched on and off, and scanned 25 50
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The LI-COR LI-6800 Portable Photosynthesis System 0, 106 98 097
probes the carbon fixation reactions of photosynthesis o1 - - - n i ° - - = o
by calculating fluxes for CO, (assimilation) from the y L
Jcozor JO2 (umolm™s™) Jcoz(umol m-s)

difference in measured concentrations of CO, and
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o e . 5CONCLUSON
. Elow control * CO, analysis (IRGA) 5. CONCLUSION
+ CO, control * H,0O analysis (IRGA) » High-precision continuous and real-time measurement of O, with the Picarro G2207-i
Water vanor control . FEluorometer (<2ppm 1-o uncertainty with 300 seconds averaging)
. Y
P » Straightforward coupling of the G2207-1 O, analyzer and the LI-COR LI-6800 Portable
* Temperature control Photosynthesis System for combined O, and CO, measurements for leaf-level

physiological research
* Light response curves for the C; plant Phaseolus vulagris (bean) and CO, response

curve for the C, plant Zea mays (corn) are in line with expectations (expected
REFERENCES stoichiometry for CO,:0, is about 1, see [1, 2])

 Electron transport rates (ETR) for Zea mays from fluorescence measurements and

[1] Von Caemmerer. Biochemical Models of Leaf Photosynthesis. CSIRO publishing, 2000. derived from CO, and O, gross fluxes agree well.
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