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Multi-channel automated chamber system for continuous
ly monitoring CO, exchange between agro-ecosystem o

r soil and the atmosphere
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Abstract CO2 exchange between the biosphere and the atmosphere is one of the most importan
t components of the global carbon cycle. The CO,, exchange should be monitored continuously a

nd at multiple geographical points because of great temporal and spatial variations. A Multi-chann
el automated chamber system was developed for continually monitoring CO,, exchange between t

he agro-ecosystem or the soil and the atmosphere. This system consisted of an automated chamb
er subsystem and a CO,, concentration analysis and data logging subsystem. Both subsystems we

re under the control of a programmable logic controller (PLC). The automated chamber subsyste
m contained 18 chambers and a compressor. The chambers, 50 cmx50 cmx50 cm, were constru
cted of clear PV C fixed to an aluminum alloy frame. The chambers had PVC lids hinged at the sid
ewall and each lid was closed and opened automatically by the push and pull of a pneumatic cylin
der mounted on the opposite sidewall. The pneumatic cylinders were controlled by high pressur

e air from a compressor regulated by the PLC. Fans were fixed on each pneumatic cylinder to mi
X the air inside the chamber completely when their lids were closed. A buffer pine (L=1.5m) wit

h an inner diameter of 0.4 mm was inserted through the lid to keep the air pressure balanced betw

een the inside and the outside of the chamber. During measurement, one of the 18 chambers wa
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s closed for measuring and the others were kept open to allow precipitation and |eaf litter to reac
h the enclosure surface, to maintain the soil conditions as natural as possible. Three minutes of cl
sure time was needed for each chamber for measurement at separate locations. Regulated by th
e PLC, measurements for the 18 chambers were completed in 54 minutes, and another cycle o
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f measurement began after asix-minute interval. The CO, concentration analysis and dataloggin
g subsystem was composed of a CO,, analyzer, amulti-channel gas valve and a datalogger. Th

emulti-channel gas valve was controlled by the PLC to switch gas between the chambers and th
e CO, analyzer. During the analys's, one chamber was closed and the air inside it was continuousl

y withdrawn by a pump through a multi-channel gas valve into the CO, analyzer. After the CO, ¢

oncentration was measured, the air was returned into the chamber through another multi-channe
| valve to minimize changes of the air within chamber. The results of the CO,, concentration were r

ecorded by the data logger at intervals of 10 seconds. In addition, environmental variableswere s
multaneously measured by sensors and these results were recorded by the data logger. The CO
, exchange was cal culated as the slope of change in CO,, concentration within chamber, adjuste

d for air temperature and pressure.
The reliability of the multi-channel automated chamber system was tested; the system was used t
o monitor the CO,, exchange between awheat ecosystem and the soil respiration of awheat fiel

d and an apple orchard with the atmosphere. The results showed that the equilibrium of the syste
m could be reached within 60 seconds and the turbulence of the fans had no significant effect on t
his CO, exchange. The changesin air and soil temperature and soil moisture inside the chamber

s due to enclosure of the chambers were within the degree of acceptability for field study. The ne
t ecosystem CO,, exchange for the wheat ecosystem was -2.35 pmolem2es tand the soil respirati

on was 3.87 umolem2es'1in the wheat field and 6.61 umolsm2es'1in the apple orchard. In conclu
sion, the system was reliable for monitoring CO,, exchange continuously and automatically at multi

ple points, and had little influence on natural conditions.
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