o) LEOYEME
No. 124, p.25 ~ 33 (2013)

|
3”“,"‘% J. Jpn. Soc. Soil Phys.
5,

JpGU %
WX

Original Paper

MEF 21— TERBHEAREZS VT VRTLERNE
BihtiEch CO, # R REZBDIRE

MBS AR L A 4R

%{2

Investigation of changes in soil CO; concentration by using compact buried tubing

soil gas monitoring system

Chihiro KATO!, Hiromi IMOTO!, Taku NISHIMURA! and Tsuyoshi MIYAZAKI?

Abstract: Authors developed compact soil gas monitor-
ing system which consisted of gas-permeable silicone rub-
ber, a non-dispersive infrared CO, gas sensor and galvanic
cell O, sensor for the purpose of evaluating changes in
soil CO, concentration in fields. In this study, 0.5-mm-
thick silicone rubber sheet was used for CO; sensing tube,
which was reinforced with plastic and stainless mesh pipes.
Time required to reach 95 % equilibrium of CO, concen-
tration of 0.5-mm-thick silicone rubber tube was 104 min-
utes, while that of 4-mm-thick tube, which reported pre-
viously, was 1175 minutes. The constructed system was
buried in agricultural bare field and continuous monitor-
ing of soil CO, concentration was conducted through a
year. Since an amplitude of seasonal changes in soil tem-
perature in agricultural field is relatively large, e.g., >25
°C at depth of 10 cm in this study field, temperature de-
pendence of NDIR CO, sensors was investigated. After
temperature correction and calibration, monitored results
agreed with the soil CO, concentration which was mea-
sured by conventional gas sampling method. Monitored
data showed seasonal and daily changes in soil CO, con-
centration accompanied with changes in soil temperature.
Quick response to increase in soil CO; concentration fol-
lowing each rainfall event was also observed. Simultane-
ous decrease in O, concentration suggested that microbial
activity could be dominant factor of increase in soil CO;
concentration caused by rainfall.

Key Words : CO,, soil respiration, gas permeable tube,
field monitoring, non-dispersive infrared CO; sensor
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NERRFZEEEETT L (F] 21F Li et al., 1992; Coleman
and Jenkinson, 1996 72 &) & FH W= lFHE %218 L THK
ZImFIshT& T,

AR, M HEEIC IS 1T 2 R RTRIEE (Carbon Capture
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Fig. 1 W/E 4mm & 0.5 mm O Y 22— RHED ik,
4 mm and 0.5 mm thick silicone rubbers.
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AR, H5IZ COp IRIEEREIZ DWW, BFiE CHm%
fli7et o Y RFHFREIZ 2 D, #EHERIENTHLND XD
\Z7¢ -7z, Hiranoetal. (2003) (%, JEE 3mm DR U ik
v =V (PVC) F = — 725 BRS¢ (Non-dispersive
infrared: NDIR) # CO, JREZH#igs (GMD-20, Vaisala)
DAY 1, FARTED L 20 cm BEE T
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Thod. MEDOV Y a—r I xRV L551E, WEN
T XD LWV IEICHAONT OSSN TLE I DR
JEAHELS T HIERARH Y, =S (2010) THRE 4
mm ESImDyYa—rFa—TE2RERLE. Z0
Be, T COy IRED, HIRDFMHEEIZ L LR HE
O LS BRREMOBRG LI/ A DT ENTE. £z,
CO, REZEALDFEMRICKTT 2ISE D & 5 I IR HEH B
GUIHOWT Y, EMMICELOTBZBRET 5 Z &3
BCThotz. 7272L, AE4mm O Y a—rFa—7
X, SMEBD CO,p FEEIZHRT LT 95 % 23T 5 £ TIZ
EHRELZELED, GEETECIHSOEEN,
BUNITEN KR -T2, T2, VAT AR HIERKR
BTHy OME28mm, £ 1m), BEEOEEITHR

T58E, Fa—JREAEER L, B0t
oKk, TA, B EOBEREILEND Z LBERS
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5 COy IRE DOERE AT OIARER & LT, LM
WIZ LD COy Ak &, gz FE LT 25 COy BENZKA
TE 5. i HEoOLA, COy AR E X LA D
R EE & F L <, COpIREE & BIZ O IREZRIET
HZLICEoT, COp IREABOIER ALY L, THEh
D COy HAZBZ DWW THEMARRF N BRI 5. BB
JII (2003) 1%, ‘=R IRARSL T O K FHERHUEIZ 3T, A
BB ZAWTEE =L (5, 10, 3 A) ictEEF o CO,
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U F a—T7WIZ, NDIR & CO, JEEZ#ags & R H v
NoEMK Oy AV HEALZ. LaL, AEA4
mm DY) a—=2Fa2—TD, Oy JBED 95 % AN
122100 43 & COy DFA L ARTEHICREL, BHIC
BIF5 TR Oy REICETIELII TR hoTz. C
DX ITBHHEIC Y AT AORE D=8, it
D CO,p BE L Op I A, A48 L TR EEE
L7aflidig & A L0,

T, 74— RIZBW CIEFHABRBE O HIE 23 8 L
7w, oY, M AE O CERCBIIAE T D BICIX
oY, BEROBRERGEERZITEL, BB EET
LB 5. NDIR R CO, REZEHERITIICR, TR
FE (COr 78 ZMET D0, RODKEEICEL-T
FEREOREFERICKESE, [ECKIBOLT %2 5 E
TARZLERHEREINTWS. 2z, FRAMROEE
IHREICIE LT 7 F 4572, NDIR 2 CO, 25 #i
BERLEEEREEZES L EZOND. BIARLY ¥ —
DWBN IV EH HHIC BT, HIR OB T4+
HL_TREL, HAOEORERMEDEEMITE.

VL EEESE 2 RWFFE T, AT 2O/ ROV A
TR FE AT 3 2 I Bk 1) L & iRy 25 oD il ST % SR
W, NUF 2 — TR R =Y T RT
LEBFE L. 74—/ RIZBIT 5 LT CO, HEH
ME=F Y U TICEAT A7, VAT AIZHWE
NDIR 3 CO, IBEE M DOIRERTFIEOBRT HIT 72,
F7, VAT AT O B bR L, SRHLE
PO3IREICEIT D 1Y COy BREDEFE=F ) 7
(I, MR OZEA RIS 2 Tt CO, IR
EE &Rt L.
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Fig. 2 C-BT-GMS O#f3E.
Outline of C-BT-GMS.

20cm, #20cm O3>V a—r i — k& VT, EE
5 (2010) KAWL OLFECARE 4mm O Y 22—
VFa—T LR THW Y — N OWiE O ik % Fig.
LIZRT. AEO0Smm O — kI, Fa—70RICAR5
LD B LRERE DN ATE & 5 T
MRICS SN D, & 2 TR T, LR Lk
VIEIZIHZ B2, TITAF v I Ay afr (A1
7077 7a T s A— X bR r®, Avvat X225
mm, N 30mm) ([Zv ) a—>r 33— hEBWTHEH
EREER (R— =X, BAXALY) TEHTDILELY
2, AERICOHTZAT L ABOE (A vy athg X
05mm) 27T AF v A w34 THNIZFEA L THI
LTz, ZOLE, TTRF I Ay a7 O
X, T UNROBREERLTH I, Zo®iE, B
34mm, £ 15mmO7 7 VR, —mhrHES 10
mm £ TOWHZEAE29.8mm (F'TIAF v I/ Ay
S TNEL D RRHIY) 12725 K9 ICHl-> TINBIZ L
TIER L, 77RF v I Ay vaXf AIEE L. &
72, TOT 7 INBORETTIAF I Ay afT
B Wy ) a—r v — MEEEA] (A—1"—X) TH
EBELZ &b, YVUa—ri—hrDERbATF LA
Ot EBEOITTHEELZ. LT, A7 L 20OHE
EIOTHESTEME, TTAF I Ay a4 TR
via—ri—hrEEbYET, [Va—rvFa—7) &
M. 77 UABIORIIINRERT, v a—rFa—
7 O—¥iZ NDIR 2 CO, i A #HiE (GMM221, iR
#iPH 0 ~ 5%, Vaisala), figic v S =Fix O, &
B+ (KE-12, GS =7 V) KRUi-a > 2% & o RIEGE
stV EE A L. GMM221 IZHINELE 11 ~18
V CTEET %728, T —% v H— (CR1000, Campbell)
ZRWT, BIERTO 30 £ OB K ER R & ONIE R IZ
12V 2446 L7, BIERRICIE, COy |BIE, vV a—»
Fa—TNEE, O BEOT —X ik Liz. LT, ¥
Ja—rFa—7 ¢ GMM221 O& B ER, BvE% O
O BEvH b T VNIF o —THBR T AE=X
U 727 A (Compact Buried Tubing Gas Monitoring

Thermo=
couple

Data logger

System; C-BT-GMS, Fig. 2) | LS. 7pds, AHFZEIC
BT, HERO TTRRE] 2, HEPSHEEREDS
0o, gl 50 AEEOEE M3 m3] L L, &
HEDE [B] TERTZE LT 5.
VVa—rFa—TmmORIZIEIEIHIZ, AT LA
SNAT OME2mm) EED AT, ZiicH Bizoens
D27 u BOBRHATF 2 —T 2R T2, A
Fa—T0, MHEE, e g, LR Th
FAELIZ WIS R BH D, Fhz, Ao COy A
B, VU a—r I AOFEBMEOR L 1070 (5L
vy (HARBMIN T %4, 1988). Zo@E&EMF =—7
DFESIIZ = 2y 7 # W0, @iy 7 Z2HT
TeRRBlZ Lz, Bik9 57 4 — L RE=Z Y 7280
T, KRB, ay 7 2Bk LBaEHATF2—7 0
N OERTAZEAT L LIZL Ty a—y
Fa—THNOEIEZBWHT (77 v va) fE¥EE2TTo
2. 79 vvadtk, =Havy %ML, B0V a—
CFa—TNOZER L TEERE S, CO, R
Exfedl-. T L T7 7y vathid, ok HicHh
e COEDR Y Y T L— g VROBEIELZITo 7=
B, VA= Fa—TIRI Ty a AT LA
NRAT, v ET 7 )V ABOBROBEATICIE, v—
VUTZH (RRa—r, BAFA) 280, v a—
Vu— NES LT RAPERUSNE, v a—rFa—T
WD T ABER 2N L S E LT,

2.2 C-BT-GMS D& MDD

7 A BB OFHHREE D —21Z, 95 % FHFR GEpE
5,2010) 23H 5. Zhix, Fa—T PO H A EEIZHE
NHDEEIT, TOREENHD 5 % 12725 F TORE
MEE#RT D, ZOREEZHANT, AFETER LA
E05mm DYV a—rF2—7 & L7 C-BT-GMS
KON, =mES (2010) CRICHWE4mm, EX 1m oy
Va—>rFa—T7%47T BI-GMS OIGSEM % ik LT
HIEIZ DWW TIEREH &K, BEFIZOWTIRKF D
FITBNT, 95 % MR 2 3E L.

25°C —EDER=EIZBW T, A¥ Y KiZ C-BT-GMS
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OvYa—rFa—T7EFRYMFITF, RKFPELITKE
B KMl IcHE L7z, £ L C, C-BT-GMS Dk
HF 2—=T 0815, $15% O COy HAZT U a—
VI a—T RO 1.5 HEViAR, mRHAT 2 —T D
a7 EZAUCE. EOREEZABKLE L TEDOEEK
EL, COy IREDOE b ZFSR LT, £, =D (2010)
CEMORE4mm, RS 1moyv)a—rFa—T%
A7 BT-GMS # Wz FEORBRIZE N TIE, F2—
TRZERD % 99.9 % D CO, HEAEH X THEH L
F a2 —TWNEINB & L TEBEIC LRI &2 915
L LTz, 7ok, KTORBRICIT 1 HIRAEWTZKIEKE
v, BRPIEiceE—2—TFa X7 2 LTHEHBL
72. F£7=, C-BT-GMS oW\ TiE, K&H, Ko
&b A— DR E V.

2.3 C-BT-GMS 0 ERF M4 IE

2ty b® C-BT-GMS ZHIRTF v /3 — (= ALy
7) OFICEHEL, REZEEMELSELE O
DAL 5, NDIR 2 CO, i A HLER ORI TT M % fe
WLz HEFY =L, 77X oTF v o/ —
NOZEREBEL, F v N—HNOZERDOIRENE—IC
B EICERFHIN TN D AR TIIEIRT ¥ N —
WOREZ AL E—EICL, ozt Yol HiE
WEETH 2 L MR L. GMM221 OZEHgE =0
T—aud—, NyTV—HITT, INHREORE
BRI ICEEM & X, EIRF v N—DFNZ
[EAAYN

2.4 C-BT-GMS D EFr4 &8I~ D E F

B K KB A B A FE R AR RE A
BEREN O 3S B CRETHIPE HULTT; 35° 447 137 N, 139°
32°30”E) 1238\ C, 201048 A 28 Hne 2011 4 10
H 31 HE T, C-BT-GMS # AWV THEE 10, 20, 50 cm
D COy BEDHEGE=F Y L T & ToT=. FKFZ, [T
RIS OLHOK Sy EHIRBRE L7z, BFE, At=41Y
> 7B DK 2 FRi (2008 48 A) 12, 10m UG ATRE
I0cmBEEFCTCe—X¥ ) —FZ70ENFCIRVEZL,
—kg7e THRML) & L7, Zo%, BEEREA (T8
Ty vy Au—NR, HELFLE) A, HDHV
TR FEF TR ZEICL o THELZBREL, T4
U TR E CHRIMZHERF L. 20k, C-BT-GMS
ZHER U7 BB 2 m R I2IE, BREFDB DAL RNE D
WCHEE L. BSoHEEE, #REm»OSHES 35cm NE
A7+ (£ Loam), 35cm XY Fidyijlle—a+ (£
£ Light Clay) T& -7z (Kato et al., 2011). F7, B
Ao, S)lla—ATOYEHREEEITELEh 1.20,
1.05[Mgm™3] Tho7-. L7=n->T, 50ecmiESICH
7% C-BT-GMS 73321} % 4 v [Ei3,

1.20 x (9.8 x 10%) [Nm~3] x 0.35 [m]

41.05 x (9.8 x 10%) [Nm ™3] x 0.15 [m] = 5.66 [kNm 2]
ThD.

HiRX, C-BT-GMS ® v U a—rF 2 —T7TNIZE A
L7 8vExt & i3hlie, HEpic-a 2202 8o
BEX AR U CHRIE Lz, £, LEKSEOHIEIC

1Z TDR100 (Campbell) (Z#%#5i L 7= TDR (Time Domain
Reflectometry) &4 (BE) MW=, Zh b0
st X% OV TDR100 137 —# v &/ — (CR10X, Campbell) &
Belgi L, 20 3 & iCT— 4 Zidkk L7z, 728, TDR &
FOHAE (FEFEER) 1%, Maxwell - De Loor - Dobson
7/ (Dobson et al., 1985; Dirksen and Dasberg, 1993)
ZRWVTERBEEKRICHE Ui, #EICnE e, & 1
DO HFEE R & O, Kato et al. (2011) 2& MR

L.

C-BT-GMS % TR T A B8, BHICHES 70
cm QWA H L, X 10-15, 20-25, 5055 cm DAL
B, HREIZAKTZ, ES20cm, BITE Scm f2ED
WEIEY, ZOWIZY ) a—rF a—TEIIDRAALTE,
TEMDHE L. C-BT-GMS O CO, A s & OVEL
ERIE, ek D X 91257 — & 1 F— (CR1000, Campbell)
WCHEHE L, 20 0 22T —Z ik L. 7T —F ek
%, vV a—rFa—T7NHTUE LR Z g L, [
DS TIHIIEFFE LW L 2R Lz (7 —2 ).
T2, BBROX I IHEFEICE, va—rFa—TH
(ZHE Ny W AZRED AR, VU a—rF a—TNITFE
LTWAZEREEYV T 17Ty a) EEEToT.

C-BT-GMS DOHRFED =%, Bk 7 AREE (AR,
2003) A%, ¥PEFEHREL, C-BT-GMS LFH U 3
ROBEPOMET AZRR LI, BIRLIZH 7
HZENA T VIR L TEREICRLRY, HAZ7n< |k
72 7 (GC-2014, SHIMADZU) #HWCEE L.

B, 74—V FRE=FV TPV IZ3 Y O
C-BT-GMS &, iREERMAMERBRICHNZ 2y D C-
BT-GMS (32 THlIfEKRTH 5.

25C-BTGMS 0¥+ 1) JL—> 3>

ARG T L7z CO,p IREAHZS GMM v U — X,
COy IREL M (BIE) EOMICHERERRH L Z &
DHRESNTWD., 22T, BHICERLZ3EY MO
C-BT-GMS N ® GMM221 1225\ T, LT HFETE v
U7 L—a &7,

C-BT-GMS ZH#gx L 7=, 1 i L7c@sxH T A
By Fa—TO—Fns, YY) a—rFa—TOFHED
1.5 fERRED COy fZ=HEH 2 (CO,=0.970 % £ 291 %),
Ny WA (CO=0.0%) ZFEAL, YVa—rFa—
TRNEINLDOHATHEZLE., ZoLXx, FIHIcyl
=2 Fa—TWNIZFEL TV AL, b5 —HDis
SHFa—T0ay 7z, HEIGBENH L.

YV a—rFa—TNIEETAZRMZ LIz L, &
Y HOIMEA G, EAET A DR & KPS S E T
F7WTry bk B, 2EEORED CO, i
HAZBZFEALTZON20104FE9 H 9 B (MR 25 ~ 26
°C), Ny HAZEALIZOR20114 1 H 6 A (HIEK
3~8°C) Tholeie®, BHEDOT —HITK L Cidfek
DIREREZITVN25°C O L ZDOHNEICHE L THD
Xy U7 L—ra rXERDE., £z, C-BT-GMS Tff:
A L7zt GMM221 &R LU —AXD NDIR 2 CO,
IR (GMM222, miRER) o' 30 90 % i
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i Air temperature 3.1 C-BT-GMS 0t &
< 06§ 1308 Fig. 3 I, AL TR L7 CBT.GMS 02 ) = —
§ Water temperature % Fa0—7 (V\]}—()Smm) RO, wmAES (2010) & REEO
§ 0.4 4 25 qé YVa—rFa—7 (WE4mm) NI CO, FEAEG 2 %
g P W= LB, YU a—rF a—T R CO, e (F5RE
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Fig. 3 R&HPROKHic
A,

Changes in CO, concentration in the silicone tube in the atmo-
sphere and submerged into water.
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Fovm —JED O (B EIRET 4 ReEAME. 10/30
20 LB IFHEZPEIL, HIRT ¥ A EOT—Zal—o
B AT > TWizlzd, RHMTHD.)

Changes in 4-hour averaged temperature of inside of the constant
temperature chamber, silicone tubes and around data logger. Val-
ues are missing from 30th Oct. to 3rd Nov.).
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(hiRE 7 vy ME25ClekiT 2 fEEEEREE L, KRR
RHBRACESWTREMESZ L7z ha ORI .
Relationship between temperature and output of CO, sensors
(Open symbols mean corrected values based on gas state equa-
tion.)

BRFENZ, FRAED D DD 150 ~ 280 IR LA ST
W5 (R - R\, 2005). TnEEBEL, BETALHE
BN T THEALES &, 1 3T 3 B ) E
ERLATE.

YV a—rFa—THDCO, BEIXHIEEFE TIHA
MWD L, 0%, BN EREIzT v, R
HBcHW Y a—rFa—T70, RRHFIZET 595
% FAHERNL, >V a— 2 OREDN 4 mm OBEIZ 1175

ﬁ}f“&)of;@&:i\fb, WEOSmmIZT25E 104558k
L1501 1L 2o, £/, WE 0.5 mm DY
&, Kfiz 7‘6 95 % VAR X 128 /3 TH Y, =k

5 (2010) EFEE, KEH & HRB LKFTILFHRER
DEL o7

3.2C-BT-GMS OEEXKFHERUVFF ) ITL—3 Y
fER

Fig. 4 12, RERMFAMERBR T OEIRT v =N &,
Z50 C-BT-GMS (A, BE7T%) ov)a—rFa—
TNICE A LT BERCHIE LIZIREOZE L, ROTF ¥
YR—DINIEE LTz a A —JEE OREE L ERT. Z
2T, (aH—EBoRE] 1%, v i—0 %L FICRE
L7z —IAZICL s THELZEETHY, Kiko X
INZEBRFII Y — I A Z KR ONa J—3WEw caEhnT
Wiz, ZoD CBT-GMS Ov ) a—rvFa—T7N, &
VF ¥ o= () a—rFa—704) OEEITIF
FE—HL, FyoR_R—0ORTHERELIFFELro72. F
7=, Fx o=z BW-a B —ENoRE L, E5
FEOREETICE bW ERBIMAZEBL T25°C 7156 20
CCITHERMIT TR LD, KB~/ NEWEE
ZHN5.

Fig. 512, Fry v A"—WNiRE L, ZORESMTIC
7%, C-BT-GMS (A, B) | tkthMMﬂl@ﬁﬁ
EFHEOBMRE R . £z, 25°CIZHBT 2 HMEE
HEHer L, ffEoREFEAICESHTX (1) okdic
IREZALZ BB Lo MiEfE b pfeCORd (Fig. 5, ik
XD URI).

PT P’ (273 425)

— =Xpp— 1
pr~ TPQ27341) M)

Xprr = Xpr

Z 2T, Xpr [mV]IZE) P [hPa], iR T [K] =298

[K]=25[°C] ® & ZxDHAfEicdhH v, FJ328 P [hPa],

WA T (K= ¢ [PCl S 2L L7238 & O I E 2 Xprg

[MV] &4 5. 77 L, Fig. 5 TiE, FEAREE LA
(P=P) L& LT,

I EARAFHERBR I T v N — DB E BT o 7272
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Fig. 6 25 C4AFT D COyp iREE L COy IREZEHGD
BB,

Relationship between CO; concentration and output of NDIR
CO, sensors under 25 “C condition.
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Fig.7 77 vva] oy )a—rFa—T7HD COy KV

O, IREORRKEZE . (Ny HAFEABEREE 0475, (b)
& Ny 7 ABAR 2 43725 20 SRR E A LR LTz.)

Changes in outputs of CO; and O, sensors during and after sub-
stitution of air in the “silicone tube” with Ny gas. (b) is the
extension of the beginning of substitution. O [min.] is the time
when injection of N, gas was started.

B, Fr =D CO,p EITRBHMEZEL T L
A EBR 2otz EZ2bNRD. TRICHEDLLT,
F v U R—WIREDOELIZ E B RV, GMM221 O
B, SAROREFERICE SN THEAEI NI E(L L
NTREAREAET LEZ. ZhiZ, NDIR X CO, JEEZ
BIROBEKRGIELEZDND. ARBRTHELEZ —10
°C /5 40 °C oM TIHIEELTIZE 720 CO, B
BEAS R O O EIEEIN T BB R S, — kB
T o TRWIRERB TR TE 2. ZHEASHER SO
BloGsE, Brhic ko THRE, RENRERL-0,
W AR EICEEMEREZEDLNERH D, —
WG OB E bV C L > TR AR 528,
LT E LT DIREHR (9 —5°C » 55740 °C)
TIEZITIFTE Lo, £ TRMIETIE, UTFD

£ 912 C-BT-GMS (A, B) O GMM221 %= HW\WTHEL
N ZAROEMROMEE DY) (—0.8844) #HZ LT 5
EARIZ K-> T, C-BT-GMS H I iR 1E & 37 7=
HEHER 25°C LEWD, Fa—THNORE Y °C L HL#E
BEOEA =t -25[°ClZKkdD. 25°C LYt Ar°C
ERO & X, M, AX = 0.8844 x (Ar) [mV] E< 72
B. ZZTH°C DL EDHAME = Xpee [mMV] 05 AX
[mV] 251 &, MIEME Xosoc = Xpoc — AX [mV] Z 3R D7,
FHoH L,

Xosoc = Xyoc — AX = Xpoc —0.8844 x (' —25)  (2)

PAFIC7*7 C-BT-GMS (T & - THIE L7 CO, D
ﬁﬁ,%@ﬁ&w@@iﬁﬁﬁmémttﬁf%é

Fig. 6 [CAHFZE CHIGICHE L7 3 &y hd C-BT-
GMSWQ%%DGﬁﬁﬁ—ah%E@%¥)7V%
a ViR ERT. Fig. 5O X951, RUBMOLEHET
&of%,ﬁu%ﬁFvi&émﬁ@%%ﬁtw,mﬁ
% COp W EE I HR PRIL, AR OMEMK T &ITx
V7 L—3 /fﬁ%‘:&m L7=.

Fig. 7 (@) (b) &, (7T v a) $hoO COy LA
BROHNAN=FBIHR Oy & o D HAE ORI %
AL 2L, 77 vy affETE, v a—rFa—
TRED 1.5 BRE O Ny HAZ KV AT DICK 3 4y
%%, Fig. 7 TIZ C-BT-GMS ®+ ) =t—>F 2 —7(C
WIERHTAEEVIALIROTREEZ 05 Lz, 77,
Fig. 7 (b) 1%, 77 v ¥ = Bilhs 2 Syain b BHEAE 20 4
ETOEE Y OHIMEELEZIER L TRLTNWD., &
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Fig. 8 C-BT-GMS & ¥ AHE Z AW THIE L=HE X 10,

20, 50 cm |2 Téi%*(Dg%f (2011 4 6 A7 5 10 A
DEEE 20 cm K50 ecm (2B B ORI, FElRoRE
HDDEEZBND).

CO, concentration at depths of 10, 20 and 50cm observed with C-
BT-GMSs and gas sampling pipes. Fluctuation of observed data
at depths of 20 and 50 cm from Jun. to Oct. 2011 might be due
to loose of wire connection.
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Table 1 2010 4= 10 A 25 2011 4 3 Ho, #X 10, 20, 50
cm (ZH1F 5 H L HiE.

Monthly averaged soil temperature at depths of 10, 20, and 50
cm from Oct. 2010 to Mar. 2011.

Oct. Nov.  Dec. Jan. Feb. Mar.
(2010) (2011)

10 cm 18.4 11.4 7.2 3.0 52 7.7
20 cm 19.3 13.0 9.0 49 5.8 7.9
50 cm 20.3 15.3 11.6 8.0 7.4 8.6

Table 2 2010 4= 10 A 25 2011 4 3 H®, NDIR & CO, &
FEZE AR OWREMEAIZ L D T8 CO, BERNEM LD
RMSE [CO,%] (7> 2aNiE, RMSE O EE O LHif CO,
W REEMER) 1Tx 528G [%]).

RMSE of CO; concentration between with and without tempera-
ture correction [CO,%]. Values in bracket show the ratio [%] of
RMSE to soil CO, concentration.

Oct. Nov. Dec. Jan. Feb. Mar.
(2010) (2011)

0.0206
(9.09)
0.0183
(3.39)
0.0121
(1.51)

0.0140
(10.3)
0.0279
(7.59)
0.0229
(4.04)

0.0121
(11.0)
0.0299
(7.27)
0.0232
(3.88)

0.0446
(158)
0.0410
(22.5)
0.0351
(8.01)

0.0401
(64.6)
0.0389
(18.1)
0.0396
(8.38)

0.0351
(36.3)
0.0346
(8.38)
0.0332
(6.21)

10 cm

20 cm

50 cm

VFa—THND COy LR O, oD AEIZIERHC
BFL, YVa—rFa—7HANRIEEN, A IZE-T
SN L AHRTEE. 79 v aB¥EBIL, 7
7 v v a BHEOEHRGEOWE (BEME) % COp IRE O
% \ZB T HMEE L, Fig. 6 TR L&A OME X 1L
EHEET, ¥V 7 L—2a RO OLEZEE L
Fig. 812, 201048 A 28 H/»% 2011 4= 10 H 31 H
F o, C-BT-GMS THlIE L7Z%EX 10, 20, 50 cm (Z
BT LHET CO, BIE L B FYRIE, BEAKRE (FF
M AMeDAS 7—%) &2, 72, PABRREZHW
THr 7V 7 L3R o e R 2010459 A 9
H5 20112 A4 BEC10R) bOFETORT. 7272
L, & 10cm oW TiE, 2010410 H 15 B & 2011
F1AH6HOREIFXKHTHS. FHRERZNZET S,
& 10, 20, 50 cm @ C-BT-GMS Dl ERE & & H 2 £
HUE 2 W72 COp & Bfil AT DU T 3B 7 fR A
7% (RMSE) OWV¥EEHEINT D &, FNENOHEET
0.0371, 0.145, 0.265 % & 72>7=. Vaisala thic k5 &,
25°C DE&AETFICHIT %5 GMM221 ORIEREL, THIE
L UD £1.5 %+ GiAMED 2 %) & S, ARHFZECTH
VW= GMM221 (CO, BEDRIEL 2 0~5%) Tl
CO, IRFE 0.075% ~ 0.1 % FEETHD. %X 10cm (2
DUV, RMSE 28 ZOHFICE N T\, )7, 3
= 20, 50 cm IZ2W Tk, RMSE 725 0.075 ~ 0.1 % %
kMBS, 72721, 20em TIX 2010 410 A 15 B, [
11 H24 8, XO20114F1H6 A 3[E, 50cm T

X 201049 H9OH, W4 10 H 15 H, 201141 H 6

Ao 3 ENE, fREL 74 2 OEER R C-BT-GMS @
HERRERELS FTES>TEY, ZAbD 3 E45EER<
L, 20cm, 50 cm ¥EIZHIF D RMSE (2121 0.0570
%, 0.107 % L7po7. HAZBRRT 5E1, L
oA B ESTZ DDA T ARDBEZEFERE R LI L »
T, WADEEFKEMES AEL ONLIMENREBZ B
5. IR aw NI 7L B MERESBRT
% &, AKWFGED C-BT-GMS 130E3kik & R%H 5 W\ T
LA EDORERE ¢ COy IREDORENTET-LE X
bhb.

7R, BEEPIEE I SHEE AT 99 % DL E AN
2, ETAMIETIL C-BT-GMS D CO, HEEEZ g
OX ¥ )T L —arEHEPTIToTnS70D, Bl
R T 2 REROEBIMETE L LEZLND.

WIZ, COy PEIE DRIEREEICHOWTEE L BT
&, EOBIIZBWTHRIROAZIC COp JRIEMNKL
EROEIZE < e HHMB BRI S, 20X 5 25
28N, #EFES (2010), Hiranoetal. (2003) 238\ T
LR INTEY, WMAEMIEEOREERFEICERT S
LEZLND.

Table 1 12, 2010 4 10 A5 2011 4E 3 H o, &
10, 20, 50cm @ 1 » A Z & OFHHE, Table 2 1Z[A)
U 6 » HIZ C-BT-GMS THlliE L7z COy IEIZDOWT,
BEMEOEEDOEE L RMSE & L TURY. T,
RMSE @ 17 CO, BE GREMIER) (Ck45E1G
[%] HRT . ARFFETIHIREMIEIL25°C 2 HEHEL LT
BY, BKrHLI0T THIEMEL 22 51 CIREMIED
BT REL D, FHZES 10em 2BV T, 1~3
Rz, BEMHIEDAMEIZ LS RMSE 28 18t CO, )%
? 0.363 ~1.58 {5 & K& 72o7z. ZD L 51T, NDIR
K CO, REAEHIO M EITIREIZ K-> THAENE
b9 272, FEfZE LTRSS CO, RE OB
HAAT 9 B2, NDIR R CO, HEZE#ER O HMEIT% L
TREMEEZT2ZEBXMETHD LD,

Fig. 9122010 45 11 A 25 A»5 10 Ao, #E 10
cm (BT HOHIE, HHKSELE, O BE, CO, BE
OFEAbZERT. Fiz, B UCHMORERBEREE FdH
AMeDAS 5 — %) bL#-ECTRY. 272 L, Oy B,
HAE (BEME) TRLTWS. COy L, REDH
EEHE L HITHRKRT02 % FRREEE L.

Tz, BRI EEKGENEMNT S L, ZRUCt D
RN IET COy IBRED ERF LW Oy IRE DK T 23R &
iz, BENIRED T CO, 8B O INEIBEIE ORI
BOWTHMEINTEY, FEEKEOHINCE LD
SARIE IS X 0 R AIE S s 2 & (BAR
5, 2002) X°, TEEAKGEMMCE B VW ETEED
BEDHE (EEDS, 2010) REIZL-oTHHAINATE
To. AWFSET 13T COy IREE & Oy e 2 FIRFICHRIE L
TR B, ABFZE RIS B TIE, BEFIEED CO,
INZIE, PRAEMFEREFG L TWA Z LRI,
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Response of soil CO, and O, concentration to soil temperature and moisture at depth of 10 cm.

4. FEDH

AWFFETIX, HAZ@MME & NDIR R CO, i EZ
g, IANR=FE MK Oy oV BRI TF 22—
THBRB A A= ) 72T N (&S, 2010) %,
ANRE R OV ORI & B 0 RN %9 A it A A il
SNEEDHIEESHEICKEL, 74—V R 54
T CO, RELBOKRF 21T o7, B Lo
TeOIliFy ) a— U BRORWEEZEL 52 &, MifrE
AR EL DI T 2 — T OMELNIES 2 L
MBUETHDH., 2T, TTRAF I Ay axg T
WE0Smm DU a—ri—haRRxoF, HERIC
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PICIEAL CHEZE LZ. 2ok Hricy ) a— 4l
DOHEZLER EFED, 2010) @ 4 mm 75 0.5 mm I
BT 58T, RRFIZEBIT D 95 % Wik % 1175
BB 104 5 EBEZ 1150 1IZEL Tz, £LT
WRLIZVAT AR EEICEA L 25, 1Y
JEOKRERES S0em 1285V TH, NDIR K CO,
Tiidn R L, COy IREDERE=FY 7 %179 2
ERTET.

B ST, AL S THIED H, FZEEIR K
T2 L EESE %, NDIR 2 CO, 82 H#igs O 1R FE R AT
PEDORETE1T o 7. FORSE, WRE L HE (BEHE)
W IZEDOMBEZRH Y, —10°C 75 40 °C EE DO/ TIX
FIZEAERIC L » TR TE, R URIOZHEs TIElE— o
EEREORE. £, BREMEORKYEL 25°C & Lz
A, BRCEES 10ecm I2BWTIX, 1~3 A, RERM
EEDAHEIZ L% RMSE 3, NDIR = CO, #EZE#agsD
HIMEICIEERIE A5 L CHEH L7 B35k COy IBED

0.363 ~ 1.58 f5 & K& < 7oz,

AR LR ST O CO,y BE GBI L -
T, HIROZFEEHC L 725 COp IEDFHILEHM
BNz, £, BRFICEBEEAKEOEME & Hic
COy BENIMT 2BRN/ L b, TORE, [FIFIZ
HE LTz O BEEFRED LTERY, RBFZERTSGH
B ABEFREO COy BED FRICIE, TEMA %A
HHELTWD Z LR ST,

HiEE

ARFGED X, SCHRMFE RS Bl i T et~
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WFoE (A) |, 20248025, fRF: =R % HEAEISE (B)
21380142, RF:FEFH#H) , B RFHIR B RERIFZE B B
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THEEWEEEE L ZZICEELEEEARLET.

51 Rk

Alvaro-Fuentes, J., Morell, F.J., Plaza-Bonilla, D., Arrue, J.L. and
Cantero-Marinez, C. (2012): Modelling tillage and nitrogen
fertilization effects on soil organic carbon dynamics. Soil Till
Res., 120: 32-39.

Coleman, K. and Jenkinson, D.S. (1996): Roth C-26.3 — A model
for the turnover of carbon in soil, In: Powlson, D.S., Smith, P.
and Smith, J.U. (ed.) Evaluation of soil organic matter models
using existing long-term datasets. NATO ASI Series I, vol.38,
Springer, pp.237-246, Berlin.



L

AINRTF 2 — TR IR AE=F V) TV AT DV EM IR CO, TAREEBOMG 33

Dirksen, C. and Dasberg, S. (1993): Improved calibration of time
domain reflectometry soil water content measurements. Soil
Sci. Soc. Am. J., (57): 660-667.

Dobson, M.C., Ulaby, E.T., Hallikainen, M.T. and El-Rayes, M.A.
(1985): Microwave dielectric behavior of west soil— part II:
Dielectric mixing models. IEEE Trans. Geosci. Remote Sens-
ing, GE23: 35-46.

R, B S, EASE, TER, EIRE (2010): R
HAR=ZH Y TV AT KWW BERREO REfI R A
TIET COy W AREIEAL DML RERA LoEaim ik,
78(5): 317-323.

JRIEAC (2003): BHiR & A 2 B LHET 0 COy & Oy DZEHE).
TEEOWEYE, 94: 41-49.

Hirano, T., Kim, H. and Tanaka, Y. (2003): Long-term half-hourly
measurement of soil CO, concentration and soil respiration in
a temperature deciduous forest. J. Geophys. Res., 108 (D20):
7-1 ~7-13.

FEAKEE, TR, 1 0, B3 (2003): 3 o A ERER
EBOYWR & HAGE L. HEOWEME, 93: 51-55.

Kammann, C., Grunhage, L. and Jager, H.J. (2001): A new sam-
pling technique to monitor concentrations of CH4, N,O and
CO; in air at well-defined depths in soils with varied water
potential. Europ. J. Soil Sci., 52 (2): 297-303.

Kato, C., Nishimura, T., Imoto, H. and Miyazaki, T. (2011): Pre-
dicting soil moisture and temperature of Andisol under mon-
soon climate in Japan. Vadose Zone J., 10: 541-551.

Lal, R. and Kimble, J.M.(1997): Conservation tillage for carbon

B

sequestration. Nutr. Cycl. Agroecosys., 49: 243-253.

Li, C., Frolking, S. and Frolking, T.A. (1992): A model of nitrous
oxide evolution from soil driven by rainfall events: 1. Model
structure and sensitivity. J. Geophys. Res., D9: 9759-9776.

DT, KEFE— (2005): /N COy & > ¥ OIS FrIE g s
LOZORIEZBE L2 HEOHHIERE. BEXKL, 61 (4):
217-228.

FPARZSF, s BB, FONERT (2002): A5 i 35
e COy HE DREK
57-66.

AAREMEIN T 220 (1988): 77 AF v VI LT —5 7 >
7, p.20, AP 3Rt At

JEMOKFER (2008): HERIRBEALES 1 I(C H BT 2 R &
E[Z 2T, http://www.maff.go.jp/j/press/kanbo/kankyo/pdf/
080321-02.pdf (fE7E 2012/10/17)

Rolston, D.E. (2002): The soil gas phase, In: Dane, J.H. and
Topp, G.C. (ed), Methods of soil analysis Part 4. pp.1075—
1111, SSSA book series No.5, Madison.

Sundquist, E. (1993): The global carbon dioxide budget. Sci., 259:
934-941.

FFABAZK, Phillip Sollins (2002): #RAAERERIZ
WFFE D Lb\%ﬁ% ﬁ%]‘:@@ﬁf%ﬁ?ﬁ
PEABRRE I SR DB —EM I
ff—. H ZIKEEE?/K\EE, 52: 111-117.

BHPEST, & & (2009): 4 A BBV 2 V7o 130 A EREL
12 & D LA TR O JRALE G o "TREME. b LAY,
63(1): 26-31.

b STYRS T
WZ0E D BAb. B AR RFAEE, 49Q2):

B2 WEER
BT D R KA
5 bR FE A E OB

=
=]

itﬁq:coz/}%ﬁﬁ@%@ﬁféty) HAGZ M EH T Y a—rF2—7, NDIR X CO, REZH

EAIaOV NI Zar=

HH I Oy IR o 2 JH o/ NI oD 358 7 A i B AE

VAT NEMERR LT, AHFFET

X, YV a—2Fa—TOREERROREOS AT AO 4mm 75 0.5 mm ([2EL L, F0O, 75

AF v I Ay ang FTeAT LV ABENGE AR E L THE

RRINE D A4 0 AT i 2 2 50 A e L7z,

FTOFER, KREPTF 2—TNHD COy IREEN 95 % REVHICET M 4, EkD 1175 50 b

104 53125k T & 7.
5, BEMRIFICEE CO, BE EANEEZI .
CO; IR LEDIREIX

F—T7—F :COp, HIRIFR, TAE

=1z}

w

o AT LV E - CO, I EHHE Z#FEME2B L TfTo/E 2
FIFFIZ Oy IREIR TR A N9, BlEICRT 5
, AR ARG L TS EEZBND.

WHEF 22—, 74— FE=F1U 7, NDIR X CO, A2 H





