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Abstract

In order to analyze the sensitivity of carbon dioxide flux by soil temperature in the grassplot, carbon dioxide flux and soil
temperature were observed 24 times from March, 2010 to March, 2011 at nine sites in the grassplot. The average of CO, in the
grassplot is 2.2~36.7C, the highest in August, the lowest in January, and the average of carbon dioxide flux is 12~1479
mgCO,'m™>hr', and the carbon dioxide emission from the grassplot to the atmosphere was 10 times higher in summer than in
winter. The temperature response coefficient estimated by the exponential function of carbon dioxide flux according to soil
temperature was ranged from 0.1065 to 0.1274, and the increase tendency of CO, flux with soil temperature was linear at 0~2
0°C and exponential at 20~40C. The Qo values for each of nine observation sites on the grassplot was in the range of 2.901 ~
3.575, and the Qo value using the total data observed in the lawn was estimated to be 3.374. In the homogeneous grassplot
area, the average of Qo values by observation point and the Qo value by the total data were estimated similarly.
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7] d, A0 Tt die, B olalela] 54 &
o] itk AAHe] FFe) U= A ETH aboveground
biomass)© |t} YHZ Z]4x(leaf area index)e} -2 218
O] AEA A sHAQ] WHSKphenological change), 333H3
@& Al(photosynthetic active radiation), 7|} &
oFe] £, 789 ol ofsl) Al GRS etk
(Raich et al., 1992; Boone et al., 1998; Davidson et
al., 1998; Epron et al., 1999; Davidson et al., 2000;
Rustad et al., 2000; Fang et al., 2001; Xu et al., 2001;
Liu et al., 2002; Yuste et al., 2003; Reth et al., 2005;
Tang et al., 2005; Davidson et al., 2006; Gaumont
-Guay et al., 2006; Nishimura et al., 2015).
LxAJofA] 2r=of EF gpH]of ke ok &
20 WIRE(Q10) Bhe P, 14, =1 5ol v
gh Rl o R pRlEQle). nl=e] Bl Y tallgrass) o
2 A oM 7Ra(drought) A7) §<tol] = o]
oF olilsletas WERke] WA Aell e (Liu et al.,
2002), §7] 37hH LA B0}, Eel, H)0] 117] B
Ao EA] HeE|of Ex] o] g2 Moo ulE #ie] 25
& HrIsto] Bie] 214o] SIS T8 Quo w4t
o] 714G 11513 2 H(Bahn et al., 2006), 2 AfA|
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2009), F=o] Azt 7|5o] ek YIS
(Ingleborough) AARGAL| HHEX|(grazing)ol|A]
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w2 E0F5 880 M7 & BA451% O H(Paz-Ferreiro
et al., 2012), $=2] REZ(semiarid) 23 7]
o= = (loess) AL A oA Al T 2o
T2 oliileha: WERRe] vzt ottt A viskE
AeFA o 2 A= o m(Jia et al., 2014), S=+2] E]H)|
E a9 FxAoA 2= it AeA I5E
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respiration)2r W30 APH Qg ghS E4ot] EQF
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Fig. 2. Panorama of the grassplot for observation period.

Zxgakm, olilelela Hwe} S AT Fue] 2k

H4E Wu(closed chamber)S Ax|5l] Z43150c) ko] o5 zh]ukul t)7] Aloo] o]AkslEkA
B2 ofs] 0F 234)0] SRSl B ARKE  Bels 2N Ay 5k A K2Rclosed

Z| 1ARE oW 2 3jof & AHE 3712%) WAE 2 dynamic chamber system)© &x4] ]2 Z247|(STP-1),
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(a) STP-1

(b) SRC-1

(c) EGM-4

(d) Scene of measurement

Fig. 3. Soil temperature and carbon dioxide flux measuring instruments and measurement scene.

oIS = 248 FH(SRC-1), A(EGM-4) =
T8I Fig. 3). oAkl Fie= EAlo] BE
A M7 7 (infrared gas analyzer; IRGA)E 5
S EASIL A Wofl 23 7IAIE 2A|= ok
Al 33 o o] B2 ARE 59E 273 REEA o= of4ls}
g FeS SAT waE oot W= T
= Qo ZdolA ti7] = o ilelekas Esln s
e WolA] olilaieta: wert S7IsHA Hrk e W
ofld] S A} At whE oikRlEkA: Fie ARE
ol-g51d 4] (1)ell olsf ojilaleta: ZHAE APYS 4
QIth(Field 5, 1989).

Fe—t T (1)

o714, Fi= opilsleks ESAML T, Vi Wy
o] AA[LY], Atz oltsheba 5= 274 AIZEZHA[T),
A== gl Zofe] ZHALY, ¢ = 9 Y o

AlEre 27] FE[MLY] 9 o= At AR AT} 52
e W oAtk 5E[ML7] o]ct.

AEAPIA oilstekiso] W2 A§515FA(biochemical)
9 Ae]e}2|(physiological) 2Fgo]| ofsl WAYslL, ol
o IS o] AuiAQl kS W=th(Luo et al,
2006). A}E2] ¥a] F-5(root respiration) 02 Q13 |
2(soil temperature)°]] Thet o|iteleha: WETe] W}
= A58 FeElR2 YR (Lloyd et al., 1994; Fang
et al, 2001), F== AYIsba] wkgof ofsf A|ulject
(Atkin et al., 2000). A Zof|A= A|20] 4585 o]
Arefekao] Wiao] STt 45~50C o] o|=
W g2 HAel= S Holal(Palta et al., 1989),
o= JL2of|A] Aix(enzymes)®] B-52lo] A5l o] o]
Aleeka: Wsado] sl wlzooh 2o Higt &
SE(ohlelgke 829 318} Hkg-5 Argsly] fiet
P AR 2 Q1 A mElE A (2)of] AJA[EISATE

R=aexp(bT) 2
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o714, RE ZEFEML T, as 2571 0C U of
o] FTIMLT'], vt LA (temperature
response coefficient), 7= %[ C]o|th &%9f tigh
S5E0] W (sensitivity)= Qio ©-83}o] A5}
3L, Qo 2%=7F10°C WS uf 25-8-0] }slRS U
= grom Holwlm 4] (3)02 wHETKLuo et al,
20006).

Ry 1o
Qo = TT” 3)

o]7]A], RTUQ} Ry g 27 &= 7,9} T,+10C
off sfgehs SFE{ML T Jolc). o] et 5.5&
o] A g7k Al 7, Qo A (2)0lA
T2 LERESARD)E A (4ol tHdste] AR
(Chen et al., 2014; Jia et al., 2014; Zhang et al., 2015;
Feng et al., 2018).

@, = exp (10b) 4)

3.1, RN Xi2:t o|fteEtA S2IA0| AW HE

Hhele] 97 Aol 19 51t 2427 B

ojrlaieta ZYAE ATt Ao, 257l 2|
22970 Aol A BSE k= 5 2ot S vERd
Zlole}. Zhet 97 2ol tigth Hat A|9] ®Ifk=
2.2~36.7C Ar=A] 8ol 71 =01 1of] 71 Wk
o, ke 0.4~37.4C A2 790 7P = 1
Hof| 7P woror, Uil 4.6~39.5T H=2A 74
o] 7F EaL 1ol 71 Wekom, 5 HAR= 0.1~1.6
AERA 1ol 7P =01 390l 7P Wt

ZHeR 97h Z[Fol| Tt et oilaleka: S0 1
9= 12~1479 mgCO, m™-hr' AT EA 9Yo]| 714 &=
I 1o 7R Wtow, XS -3~1088
mgCO,; m™hr! AEEA 8ol 71 a1 1of| 73
vkt iz 28~2120 mgCO, m™>hr! FEEA] 9

ol 7P & 19o] 7P Wskow, #EHAe
10~319 =224 9ol 7P a1 14of] 71 R3keh
ZheollA TS ol ik E2 0] Hatol| oJehy,
= Al7]ell ZhetollA] ti7]® oiislekao] W
(emission)©| Z<=H absorbtion) Fr} o H g Zprjwr
oflA oliteta E¥Ae ()Y S 7HIAL 950l A
21T} 108 A A YERITKim et al., 2014). 2+
ofa] 2o A58z A17191 53t ofFoll= 2 ¢
o] Zhllsio] 2] o] Hie] S5 BEmAE S50l
ofgh olilstetad] wkEsko] FHsH| F7IeHloH
(Wang et al., 2009), o|AkslekA Z22A 9] H47to] &
O] Zro= yepd 1ha} 292 27} alAfE|o] ] ©
o] HHgsHA| ghom E¢F eS| 2ol mie- Az
Slo] Zit]bol| x| tf7]29] ol ikeletas W=sto] nju|s}
%7] mhzolthKim et al., 2014). EZF ExI5H(E) o
A tf7] 5 olhlaekA: = o5l BIsh AL =&
b=, Agoll= ti7lolx] Mo s gpk= ol W
S T HopA ojilalea ST SO 3hE
UERH 2102 ke Th ofilaeha: S0 FkAQl
EFAE oulehs EEHANE o 5o Z-&HT 108]
opt =& Ao=® UEPen, ol= o] &2 okt
g WSO 2 Qlaf) K 97l 23] Ale]9] orlalek
a2 A AJol7h A Ul | whizolth
FEHARE A2} o itk S0 ghol 719
ojoll whef JuiAQl FRks Hou R Hlwek= AR
2o A719F 9ol R A ok vl w42 Q=
SAGX(coefficient of variation)E A5} Zc]dto)|
A I 2] AR RS EASIGITE A1l HE
A= 0.01~1.60, olilepea E220] W Alpe
0.13~1.709] W= elylth WAl olilsleta
Se27h Ao sl 108 = =3kom, ofi= Ao
H]af ojrlaleao] F7HAQ1 ExtAAdo] 5= onfgt

o,

3.2, ZIC|OA X2t OMSIEIA FE=A0| Z7t BX
o} Mt M
ZhcREe] 97 = A -olA] 243 PSH ARE o1&
slo] 2P A3} olalslekA Z2A9] box-whisker
plots& 5 AHER EASHITHFig. 4). Kol
A2 97 A= A-oA] FAlel R oH, R0 Fogke
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Table 1. Descriptive statistics of soil temperature and carbon dioxide flux at the monitoring date

Soil temperature (°C)

CO, flux (mgCO, m™>hr')

Monitoring date

Avg Min Max SD (6% Avg Min Max SD (0%
2010/03/23 10.6 10.4 10.7 0.1 0.01 175 111 233 37 0.21
2010/04/05 20.8 19.8 21.5 0.5 0.02 511 343 593 68 0.13
2010/04/29 18.9 18.1 19.8 0.5 0.03 426 219 665 126 0.30
2010/05/04 27.0 25.8 28.2 0.7 0.03 646 503 883 139 0.21
2010/05/21 29.4 279 30.5 0.7 0.03 1129 817 1692 261 0.23
2010/06/05 329 30.9 34.9 1.2 0.03 638 289 911 187 0.29
2010/06/20 322 30.8 334 0.9 0.03 770 576 1113 181 0.24
2010/07/09 33.1 31.9 34.7 1.0 0.03 1026 807 1538 239 0.23
2010/07/26 38.5 374 39.5 0.6 0.02 1267 994 1599 201 0.16
2010/08/09 36.7 344 384 1.2 0.03 894 563 1192 207 0.23
2010/08/24 36.5 36.1 373 0.4 0.01 1334 1088 1908 256 0.19
2010/09/09 30.1 28.8 31.2 0.8 0.03 1479 1001 2120 319 0.22
2010/09/28 25.4 24.4 26.5 0.7 0.03 470 79 646 153 0.33
2010/10/12 26.1 25.2 27.0 0.6 0.02 783 545 928 114 0.15
2010/10/23 22.0 21.1 22.8 0.6 0.03 326 67 455 105 0.32
2010/11/08 152 14.5 16.2 0.6 0.04 85 4 162 42 0.49
2010/11/22 159 14.3 17.2 1.0 0.06 109 62 160 26 0.24
2010/12/07 10.2 9.8 10.8 0.3 0.03 76 25 115 25 0.33
2010/12/23 9.1 8.5 10.0 0.5 0.06 67 24 100 21 0.31
2011/01/06 5.9 4.7 7.7 0.8 0.14 12 -20 47 21 1.70
2011/01/20 22 0.4 4.6 1.6 0.71 14 -3 28 10 0.72
2011/02/05 11.2 9.0 11.8 0.8 0.07 34 -11 65 22 0.65
2011/02/19 11.6 10.8 13.0 0.6 0.06 183 115 220 28 0.15
2011/03/07 12.5 11.5 13.8 0.7 0.06 105 88 126 13 0.13

20°C Awo)al ZHghe 35T opolir gghe 5T ©]
Sl el 2hefdofla] oilsfeka: Eel o] So7kS
GP1 x&oA] 250 mgCO, m™-hr! oJalo]glom, L
2] ¥ ZHoA= 400~500 mgCO, m>-hr' o] W9z
Al fARHAl LT olilslear SA0) 253k 9
7l T oA 0 mgCOy/m’*hr AEE GAFEHS.L

Z|HZES 1300~2200 mgCO, m™-hr' o] ML= A 37t
2Rl Ajol= Hirk zhefoflA = JEe] F114Ql
EiE AlRo] ojileletar SEAHTE HASH el

& Sk

Table 20]] Afalolch. Aol x|} ol xlsheka:
o] A4 0.81-0.929) HSIR AbgEiglom, o)
3 Aol 2|2} ojAkefek Bejoo] Aol %
& Ao Uehr), 2 x|l ojteieke
20 oizk wligo] A 2o ofs) AuEel ake W
o] o}

oF 4> 91O (Wang et al., 2009), 2] of|A]
[e)

=
=

-
fus

>~
e
A2 FT ottt Sl o] ARFA Q] 37
AR =g A 08 ek

3.3. HCILOIM OIAMSIELA B2iAc] O, MY U B4

o) 97) 12 Aol 248] BEE ARE o]
8510] Aol W2 olisleke Felne] A|434T
SAB AN Fig. 5). U2 APEE Z4E Aeo] e
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Fig. 4. Box-whisker plots of soil temperature and carbon dioxide flux at the monitoring point.

Table 2. Correlation coefficient between soil temperature and carbon dioxide flux at the monitoring point

Monitoring point GP1 GP2 GP3

GP4 GP5 GP6 GP7 GP8 GP9

Correlation coefficient 0.87 0.81 0.82

0.89 0.84 0.90 0.91 0.81 0.92

* The correlation coefficients are good at 0.01 (both) level.

ol Fio| At AAR) 0.6792~
0.83539] WZA EoH, LERRSAlF= 0.1065~
0.12749] W= LERdTE A 971 5 ARE=
T B AdollA A120] 0~20T 2| 2okd=
opteEta FeATT B A 0 S| S7IARE A
20] 20~40TC 2] oM = oWl S22} 2=
Aoz G| S5k d8= EArk 71| AT

Asji: Bela) 271k A% Rl ZloR B
=] Ick(Palta et al., 1989; Atkin et al., 2000).
2] 97) 3 AR R 2 Aol
T LS AS(AIE 4] (4)o] Thelslo] 7
Qio 8k APFSIEK Table 3). Zhejke] 971 5 213
w2 AP Qup GES 2901-3.5759) glolaL, Hetwh
FFHARE Z17F 3,186t 0.210 02 APF=|QAc A Al
Ale] =x2AoNA Quo #ES] Bl 2.130]31 Z1 §9l=
0.9~4.6 Jrolg)om, 2xdet 2| o|A2] B2 2.23
o]l Arf) X|of|A|Q] Byt 1.942 APF=| T Wang

et al., 2009). Mikan et al.(2002)-20°C o]a}ol| A= Qo
#ho] 60~200 =g =okA|aL, 0°C oldollA9] Qi %k
= 2| 9 “greetarl Busieick 7|0 Aol ofshH
A & 271(20~35TC)0lkl= olilsteka: WEso|
7ok, Aleat 2o he niE EEt e o5
o] As}=lo] olilgleta WERro] gk Btk &
A A2 A O] WSk Q15E A2} a2l A] ofik
Sl o] thefsiA R Quo glo] 2Rt
AR =] 4P 2o sk eoliA 9
7N & A5 Quo Fhol AfolE LRl o= 7] ke]
THEZE 50m X 120m HEo) i GARSE A1 2(Table 1 2+
2 - 2|t AL 1.6)0f|M = 1] o] Hieo} BEqfe] &
/3 5ol ke ] S5O Alolo] oJsff ojilaekas &
HA7} Zulj =21 7] wiEo]cH Chen et al., 2014; Feng et
al., 2018). FFolli= B AE zir] Weet 9 WA
4= & o83l B TERE gL o5 Bl &
tiof| A oflleha: Ze 0] FTFAR] EetE S o
gl A5 staLAt gk
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Fig. 5. Exponential functions of carbon dioxide flux according to soil temperature at the monitoring point on the grassplot.
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Table 3. Q) values and descriptive statistics at the monitoring point

GP1 GP2 GP3 GP4

GP6 GP7 GP8 GP9 Avg SD
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Fig. 6. Exponential function of carbon dioxide flux according
to soil temperature for all data.
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