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ABSTRACT: Multichannel automated chamber systems (MCACs) were developed for the continuous monitoring of soil CO,
efflux in forest ecosystems. The MCACs mainly consisted of four modules: eight soil chambers with lids that automatically
open and close, an infrared CO, analyzer equipped with eight multichannel gas samplers, an electronic controller with
time-relay circuits, and a programmable logic datalogger. To examine the stability and reliability of the developed MCACs in
the field during all seasons with a high temporal resolution, as well as the effects of temperature and soil water content on soil
CO, efflux rates, we continuously measured the soil CO, efflux rates and micrometeorological factors at the Nam-san
experimental site in a Quercus mongolica forest floor using the MCACs from January to December 2010. The diurnal and
seasonal variations in soil CO, efflux rates markedly followed the patterns of changes in temperature factors. During the entire
experimental period, the soil CO, efflux rates were strongly correlated with the temperature at a soil depth of 5 cm (r* = 0.92)
but were weakly correlated with the soil water content (r* = 0.27). The annual sensitivity of soil CO, efflux to temperature (Qio)
in this forest ranged from 2.23 to 3.0, which was in agreement with other studies on temperate deciduous forests. The annual
mean soil CO, efflux measured by the MCACs was approximately 11.1 g CO, m? day™". These results indicate that the MCACs
can be used for the continuous long-term measurements of soil CO, efflux in the field and for simultaneously determining the
impacts of micrometeorological factors.
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3, Kang et
al. 2003, Suh et l 2005). =3 A+ 7]7PE 19 \|gtk
o2 57|29 Bbopjeh 24 e g j2l 128
23l W A7 EQo]| oF 4AIE m|Rke] S5 o] o] R0l A
(Moon 2004, Yi et al. 2005, Lee et al. 2012) 27 2 1]

714 205 0] Wistol whe Ael A EoFE g ] ANt
Al - AlD #3te] E4E mtefstal ofsfslr] 7} o] #&
Al o]t} (Liang et al. 2004). S+, A7) & 0] 11 44
100, Z|2 1 u)7]4fe] mEe) B3-S 9igherg)
E AR5l o t]-g 54 (eddy covariance method)
O 230+ Bt W AR s ghe vEle At
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2011).
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Fig. 1. Location of (a) Seoul, Korea and (b) the topography
of Mt. Nam in Seoul with the indication of the ecological
tower and experimental site (@).
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Automated Chamber systems) AX|
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w}e} 41 =R 0 2 RE] o] Fol WAEleiA
CO,9| F=£ (soil CO, efflux rate)E #}7] 2 o]
QA4 AEE A 15kl THERE AHE A2
(multi-channel automated chamber systems, MCACs)
& AL, 8719) AHE AR A ORI S A 3
of 2tz %] 5 g slelch (Fig. 2). &, 212te] et
o] Ajo]o] 71242 24 oFs m o] 44| A7} =l 5
ek, AYefekle] sfetiol = v 9 £ae] CO, 5
BA7] d AMEZL 7|4l X}E*X‘XPZ] MCACs%
ZhAiE gl oekA A A" B FQ 2 AR (main
controlling unlts) 2Ug Y X}E AL PC, 18|31
ALFFA (AC 220V) 59 4712 2|42 1
& 9JRHERY|7] 0 S QHdalA ) o] 71
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Fig. 2. Photography of the multi-channel automated soil
chamber installed at the Nam-san experimental site in
a Quercus mongolica forest.
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MCACs 9] 78 5= 294 CO, F=w4]7]
(Infrared gas analyzer, IRGA; LI-820, LI-COR Lin-
coln, NE, USA), AF=%1%44] (Datalogger; CR-1000;
Campbell Scientific Inc., Utah, USA), Th21d ®H4]
o) hap B 9 AR S, Te)n A5 A ok
Mo 47 BRo2 MA W AE T (Fig 3).
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Fig. 3. Photography of the central module of multi-channel
automated chamber systems (MCACs) developed for
continuous measurements of soil respiration rate in the
field.
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£ FYsHA SR o]df CO, s =5 12 422 10
ot =4 4 CO, =& S A a3 AA] W PC
Agslch COy i 2kl Bt
2| 3717 Al G A A3 A ESHS Lmin™' ]
PRRET PP EER R w}a}wl
AR S07H=25 m 2 o] 9] &8-S 30 ) |
A skt 4 SEAlo| Do H B G
8] deHA] e U 5o 37 Sk HEH A
5 270] o] 2ol w7k A|2] Q7L el A
B2 A& of o f 2hg o = RE Y, e, Bl
A, Pk o] Ret0.2 oI5 S1o] o
3] 9hgo] o 0| B3t F U o] 7 o)

X o

Hﬂlo_ém

11

Ol
—l—‘

=

H—f

4713k ofe] @Rl A Alof AF H 552 ¢
S o= TE1 g3 w4 H’T 1EJE
A

B e, 4 43
= A=54RAA] (Datalogger; CR-1000; Campbell
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HolTL, A2 BAE SJolo] B DA 02 50
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O] 224 e] 1.5 m o] ZA}
ek 55 2= oll @3 (thermocouple
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B 312Ro g3 TDR 5 AlA (CS-616' Campbell
Scientific Inc., Utah, USA)E A3} E9FO] 15 cm
Z0]0] Adx]alo] ZAaloick HAEUE (photo-
synthetically active photon flux density PPFD)+= 5
H A0 Jafe A o ke 19 A 9
S RO oA HE3L7] A *“EHEH (eco-
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QRS9 U=AREL22010 19EEH 12€9714] 12

A Eok 1 Zube} 5 AT ARE 102 7HA 02
Batoto] AR R3] (Datalogger; CR-1000; Camp-
bell Scientific Inc., Utah, USA) 9 AA-2 PCoj| -5
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ox mlm old

2.5 OIRIZH Xtz A EA4 24

SHA T GYAIE EYRHO R HE 7] S
© 2 s = COz—J S 241 (soil CO; efflux rate;
unit: mg CO, m™ s™)= th-&3} Zro| Ak&3}4iT}.

Soil CO, efflux rate = (AC/At) - (V/IA)  (Eq. 1)

Soil CO, efflux rate=a- e '
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Fig. 4. Diurnal variations in (a) air temperatures at the 1.5 m height (°C, solid line), soil temperatures at the 5 cm
depth (°C, red dashed line) and volumetric soil water contents at the 15 cm depth (%, blue dotted line), (b) PPFDs

(photosynthetically photon flux densities) at the 23 m height (umol m? s™

, solid line), and (c) soil CO, effluxes (mg

CO, m? h™", gray circle and solid line) measured with the multi-channel automated chamber systems (MCACs) at
the Nam-san experimental site in a Quercus mongolica forest during the sunny days from 7 to 9 June in 2010. Vertical
bars indicate the standard error of eight soil chambers (n = 8).
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FoR EFT I 7 QAR 7|2, B, BEY
OF B 1), ek I (photosynthetically active
photon flux density, PPFD) 2] d¥H3}= Fig. 40| e}
ek of 717 Etol Ao EE 1.5 m ool A
P25 7] 23} 205 om Zojoll 4| B2 E B
Z+2F17.2 - 27.6°C2} 16.0 - 19.4°C AJo] 2] Qo] A
RIS (Fig. 4 (). AU wete] 49 9]
©]23 m ool A 573 PPFDs+= A& U=of w2t
0-1,195 umolm s1o] ¥ ojof| A H3e} T EjoFe]
NE7F =2 A0 12440 71 2 3-8 B Sk (Fig. 4
(o). e} Eop ke 39 B4 A A
SJgich AR ALY ARl AXEHMCACs 2

.z_xh‘s_]./u-a E9 FgogHd 51 EH7] Zzogd Agg]
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2 & 9] A3} kS 1 ith(Liang et al. 2004, Joo et
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Fig. 5. Seasonal trends in hourly mean (a) air temperatures at the 1.5 m height (°C, solid line), soil temperatures at
the 5 cm depth (°C, red dashed line) and soil temperatures at the 10 cm depth (°C, blue dotted line), and (b) volumetric
soil water contents at the at the 15 cm depth (%, blue solid line), PPFDs (photosynthetically photon flux densities)

at the 23 m height (umol m? s™, black bars) and PPFDs at the 50 cm height (umol m? s™,

red bars) at the Nam-san

experimental site in a Quercus mongolica forest from January to December 2010.
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Fig. 6. Seasonal trends in hourly mean soil CO, effluxes (mg CO, m? h™', gray circle and solid line) measured with
the multi-channel automated chamber systems (MCACs) at the Nam-san experimental site in a Quercus mongolica
forest from January to December 2010. Vertical bars indicate the standard error of eight soil chambers (n = 8).
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