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Abstract The turbulence data observed by eddy covariance system combined with soil temperature and soil
volumetric water content (VWC) data from Xilinhot National Climate Observatory were used to analyze respiration
process and its key climatic influencing factors of the semi-arid stipa grassland ecosystem in Xilin Gol during the
growing season from 2010 to 2012. The applicability of four different ecosystem respiration models over this
ecosystem was compared, including three multiplication models and a O}y model. Based on this research, the inter-
annual variability of net ecosystem exchange (NEE), ecosystem respiration (R.,) and gross primary productivity
(GPP) were discussed. The respiration was affected by soil temperature and soil water content, in which soil water
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content was an important limiting factor. The precipitation in 2010 and 2011 was less than normal, so this

ecosystem suffered from different degrees of drought stress. The respiration rate increased significantly with soil

water content in the range of 12%-20%, while it was not sensitive to the change of soil water content in the range

of <12% and >20%. In 2012, when the precipitation was abundant, respiration rate was more correlated with the

trend of soil temperature. The fitting results indicated that O, model had better performance (R> = 0.64) than other

three models, and the cumulative total ecosystem respiration during growing season in these three years simulated
by the Q)9 model was 157.32, 138.75 and 246.32 gC/mz. The total amount of NEE was —110.28, —68.79 and
-310.05 gC/m?, while the total amount of GPP was 267.52, 207.57 and 555.85 gC/m’. The effect of drought stress
on photosynthesis was greater than that of respiration. Therefore, the inter-annual difference of net carbon

exchange due to drought stress was more obvious than that of total primary productivity and respiration.

Key words semi-arid grassland; carbon exchange; ecosystem respiration model; eddy covariance
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e Sl
A
Reet E, a b c d R RMSE BE
AR | 9.71x107" 0.07 2.10 0.62 2.50x1072 —2.53x107*
R 2 8.11x107* 3.21x10° 25.40 -36.58 0.61 2.84x1072 1.15x107*
RN 3 2.39x107" 3.19x10? 151.76 0.63 2.45x1072 -6.40x107°
AL 4 2.32x1072 27.69 0.10 27.41 -9.27 0.64 2.44x1072 1.14x107*

FH o O B570 H T FLpRE 1) 45 48 A6 AR T 5% vh 22 B A
U, AERH) HORE AR ) MR A 5 R AR R R G
WeAE Y 64%, KT %R I BT F I HT A% AR A
BRI FIN(78%~87%) ', AT RE i) J5 A 2 A [l 1Y)
ARRGX T R Rz 68 A AR, BARr
Ji PR A S 2 TAE RS .
2.3 ABRGERITIRYFE
231 4% Y% NEE

ME 6 ] LIFE ], 2010—2012 F4: K2 NEE
Y 0 0 H AR ARRRAE, H AR R R, -
F06:00 AR 18:00 24 Wi MR, Fo
09:00 A= 47 NEE ik 2l KMH, ®EAZE0 2%, LT
BARIK, AR NEE i KM HIAE L 09:00 /&
A AT BRI R, 1B K PH AR G ks g, AP AL
KM, JeEVEMZ B — R R, ot & 1E
R e KA AR 17, 30 NEE S RfE 3
FE Ao AE P S B RUGH G AR5 v, R R
FURAERO, 2011 4F, TR RIFEE, FAX
FIRE] 9 NEE 48X E 5 5/, R K(EH-0.09

02 —o—20104F
o1l ——20114E
T faaastas, ——20124 Asbdadan
o I 74
'(5—)0 -0.1 | Ai?xwwxwoowcooo‘ /
= 021} s
&) s \‘\A asad
Z 03t WO
704 I i 1 1 1 ! 1 1 ]
00:00 06:00 12:00 18:00 24:00
ik 1

6 2010—2012 £ 4 KZF NEE FHHEN
Fig. 6 Diurnal variation of averaged NEE during
the growing season in 2010-2012

mgCO,/(m>s). 2012 4F [ K A 7] NEE 46 X {5 15
B2 = F 2010 F1 2011 4F, [ K i K{H 5 %]-0.30
mgCO,/(m*s), #JK 2011 4E/ 3.5 £ . 2010 4E /Y
NEE /F 2011 45 2012 422 6], R T KM N
-0.13 mgCO,/(m*'s),
232 AERKFEHRIHMEWERTH

HRHE A F] A P R 38, FULA 15 23R 1 Bl 4
4S50, 18 R 4 %F 2010—2012 4F 844
K ZE R BPEAE FHEATALAL, 1531 Reo 1 H SRR
H. F454H NEE fOWME 5 GPP, J4 Reco,
NEE il GPP 22401 CO, H F R 1 F 4 Ay v flk Jo ot
RIF3 2] 2010—2012 4F 4= K i g4 3 4l o
(GPP, Reco F1 NEE) H 22 i i) B[] A8 AL R AIE (B 7).
X3 MRS, ZEREA S RGBT BCR
2, (EAHL A 6B VR R WG AR A5 5 4 98 R A
A KA O, DR MR I AT T 5 5 A A S Y
PR S

WE 7(a)fi, 2010 4K FRIIG A), 15
Koy, HEFRE R, MEREAE, LEIEM
BTG, IR F R OOE(E . AR T, K D
A, B R ER AR, HEAERK B R, R, Ml
GPP H Pl +HES /KB A IR, NEE W& R AL,
A FIRBOH IR Reeo M3 GPP 9IS . A K2
H NEE H 2 BUk Kl K-2.57 gC/(m*d), ¥ 1H
$9-0.76 gC/(m*d).

mE 7(0)rs, 2011 A KR, hFRETF5
Wp3te, A HETK A3 Bk B S8 4G 1 Fe R BR A -, R
I3 BE Reco M1 GPP Bifi 25 4 48 25 7K 18 155 A tE AR,
e Wi B2 O 3 4R R AIR(NEE H 2R -4 {E
-0.47 gC/(m*-d)o HAE 7 AWM — KR KSR
Ja, BEE TIESIKEN BT, Re, M1 GPP H R &
A wgA T, R NEE H 2R R 8 i K (E-2.13

601



R EM(ARBIFIR) 54 % B3 201845 A
15 15 15 -
(a) 20104F o NEE (b) 20114E o NEE () 20124F o NEE
] ‘R, ] ‘R, ]
—‘7;: 10 + x GPP _Tp 10 % GPP —‘7,—:
E £ E
@) @) @)
2 2 2
i) IH i)
# & #
J(e( J(e( J(e(
E-Y £ E-Y
-10 — 71 r T . T T T T 1 -10 T T T T T T T 1 -10 T T T T T T T 1
128 157 186 215 244 273 121 159 197 235 273 122 160 198 236 274

FHH

FHH

G|

B 7 2010—2012 F41KZF GPP, Reo #1 NEE H 2R BT HFE
Fig. 7 Time-courses of daily sum of NEE, R.., and GPP during the growing season in 2010-2012

gC/(m*d), /T 2010 F1 2012 4E.,

WE 7(c)izR, 2012 4EA K RREK e, FE
fe 28 432 + K A3 BB HIAVE AN B g, B4R |
IR BCRE, BN ERFERE 6 H—IK
K 4y 7 e AR b s 32 3 B S A, Recos
NEE Fl1 GPP 1y H 2 FH i A8 b, i 34 52 90 55 0 3 A8 1k
ALY BRI 134, NEE H B F 444 b —2.03
gC/(m*d). & 7 A E 2K &, GPP, R,
FMINEE H S Bl #01k 81 e KA, b NEE H 2
KM N-6.55 gC/(m*d).

HR4E 2010—2012 44 K 2= NEE, R, fll GPP &
H 2R Ko B 2), 454 FmE e, alAl
F B 7K 5 | 1) 4 498 3 /K R AR b R S i A S R e it
g ¥ i Y EBLIABE T, AN 405 42 K 221 NEE,
GPP Fll Reeo i AU HLABUN R : NEEo12/NEE,0,0=2.81,
GPP2g12/GPP210=2.08, Recoz012/Recororo= 1.57, NEEqgo/
NEEj11=4.51, GPP1012/GPP2y11=2.68, Recor012/Reco2011=
178 HEIL &8, T 2 Whia x4 17 H (GPP) 15

M) F A (Reco), 33X NEE 1Y4EFRAZfL L GPP
Fl Reeo KR, Nagy Z5PVRIR T 2 25 PR A5t % B
FRLIEE S . AN FEAER £ K 2R Reeo 5 GPP BT
HAEUT R (Reco/GPP)2010=0.59, (Reco/GPP)2011= 0.67,
(Reco/ GPP)201,=0.44, Vi BH T B2 4E 4y, I WA FH
THFE AR b7 6B VR R A e i) Lb R

RIS T 3 AR T R R AR
R4 2007—2008 4F4: K =AY ik A e ok B2, BN
K2 NEE 55 5] h—-68~-50, —109~—55, —73~
0.32 gC/m’, Nagy %P1 & Bi o 45 BE WU A T4 2
v + 5 2003—2004 4F- &L NEE 7£—188~80 gC/m’
ZI AT, BT R IX A PR 2010
2 2012 FHEKZFN NEE LR E-310.05~-68.75
gC/m* Z[n), B W CRE F1 s i T HoAh JL AR b 4
R

HIFESRE— BRI NI, LT 2
TG B, B R AR R 2 /NPT A R R
IR AR 2T ARG R, RS R 2011 AR

£ 2 2010—2012 F£ 44 ZE NEE, R, #1 GPP H 22 (gC/m?)
Table 2 Monthly sum of NEE, R, and GPP during growing season in 2010-2012 (gC/m?)

2010 4F 2011 4F 2012 4
Ay

NEE Reco GPP NEE Reco GPP NEE Reco GPP
5 -14.15 21.65 35.73 -25.43 22.38 47.83 -32.96 30.02 62.41
6 —45.09 42.68 87.78 -1.43 24.70 26.13 -49.53 52.49 102.02
7 —26.14 40.29 66.43 -10.65 39.84 50.50 -89.03 76.97 166.00
8 -16.93 32.60 49.53 -17.36 32.13 49.49 —87.86 58.94 146.80
9 -7.96 20.10 28.05 -13.93 19.70 33.63 -50.67 27.90 78.61

CEA 1m0 15132 w2 879 13875 ws 31005 632 55585




LUGHFAE IR A 25 2R G0 R I ASE T A 2 5 AR K R 0 B 0T 9 TP A9 L e B

i TR AT R B, A 6 H K il 2 R ik
RORRIR, TR, % H B9 NEE B2fE ol 3 4F
o /M (—1.43 gC/mP).

3 #ig

AR ORI PRI A B R AU 65 1 S By 22
3 F ORI 2R 295 1.0 57 P it AR R - S L R B AR
Pir, b7 AL o R X SR R R A S R SE 2010—
2012 4F Al IR T R (Reeo), 1 AT 4 33 3R (NEE) FlLE
WG 7= 71 (GPP), FFi4ie TiZA S R G 72
1) =2 B2 5 ) R - DA BN [ P W ASE 8 1 3 P, 28
L7 (1l

1) ZAE RGN AR5 A K R0 SRR
AEVIKER, WFIE R A7 + 8 R 3 5K
LFEF W . BT A AE 4 (2010 FI 2011 4F), BF
W 33 e f) A AR AR fb R 3 5 IR L K R AR Ak
UG . ARHEA S RGEIFUO AR AR
K AN TR), AR AR K R 3 A
X ] (<12%, 129%~20%, >20%)i473118. TEM KT
T B4R (2012 4F), W 358 9 AR fh e 3 5 1 8
JE AR AR S AR

2) B TERG T 3R B A - AR R L & oK i
I MRE SR EUES 1, Qg0 WP IR B R AE ASHIF S v (1) R IR
THA 3 i e IAY, GRS i R PR A S
RS RGENTWAE I 64%, HHAD 3 A58 5T 4 307
SEBRALIEE R o HE, O MR LR 5 AT AT
fFrokitk: L HOK R RMT, BRI AR R4
b8 R U X A S RGN AR R e FEAE K S
191 A HER A IK DA JA K Z AR ] E HE K A
FITE BT, AR IR ADUE T K

3)2010—2012 A, Bk Re F R |-
R BCIRA, 3 4FE K 22 NEE 435128 -110.28,
—68.79 F1-310.05 gC/m*. [&/K By 2s 53 A AN H 5]
T 11 - HE 5 K AR PR AR fE S 5 A S R G i SE
o dR I EE AR, TR 6 A R
Wi R TR AE A, 53 NEE (U4E R84k He GPP Al
Reco A5, HL 5 (940 T WL AR FH R %) Bl 5 A
B 6B 1 1 52 A B 4 LR A9 B K

AHEFE KRB, A2 R G0 A R T X AR
HISE M AT 20 I 2k TAE ol 5 1A T 38 8% 8
WA BE GPP ok & JR WP W ST 7 LA ) e s A5 7R 1) A5
PIECR . BbAh, TR X A S RGN A 5K
P B VI, AT BN Z 8 B

— S TAEE A

B IR IEFREAGHRERERAEAL
EEIRABRIRMMITERELRFHAZ
e T Rk N S RN

S 30k

[1] White R, Murray S, Rohweder M. Pilot analysis of
global ecosystems: grassland ecosystems. Washington
DC: World Resources Institute, 2000
[2] Nagy Z, Pinter K, Czobel S, et al. The carbon budget
of semi-arid grassland in a wet and a dry year in
Hungary. Agriculture, Ecosystems & Environment,
2007, 121(1/2): 21-29
[3] B4R, BT, T 5, . FbAER R GRE
TSR, B b AR, 2005, 130348 1): 67-73
[4] MZ5=, EHIF, IMNBeR, S N5 5 55K
e AT AL S AR ST, P E R s kR
22,2006, 36(34 ] 1): 174-182
[51 "HOE, BReEEr. hEW 2R LB, b
HuRE AL, 1992
[6] Byrne K A, Kiely G. Partitioning of respiration in an
intensively managed grassland. Plant and Soil, 2006,
282(1): 281-289
[71 Law B E, Falge E, Gu L, et al. Environmental con-
trols over carbon dioxide and water vapor exchange
of terrestrial vegetation. Agricultural and Forest
Meteorology, 2002, 113: 97-120
[8] Reichstein M, Tenhunen J D, Roupsard O, et al. Eco-
system respiration in two Mediterranean evergreen
Holm Oak forests: drought effects and decomposition
dynamics. Functional Ecology, 2002, 16(16): 29-39
[9] Lloyd J, Taylor J A. On the temperature dependence
of soil respiration. Functional Ecology, 1994, 8(3):
315-323
[10] Zhao Z M, Zhao C Y, Yan Y Y, et al. Interpreting the
dependence of soil respiration on soil temperature and
moisture in an oasis cotton field, central Asia. Agri-
culture, Ecosystems & Environment, 2013, 168(11):
46-52
[11] Balogh J, Pintér K, Foti S, et al. Dependence of soil
respiration on soil moisture, clay content, soil organic
matter, and CO, uptake in dry grasslands. Soil Bio-
logy and Biochemistry, 2011, 43(5): 1006-1013
[12] THth, Wk, M, & hE L H#E RS
B R AE 25 AR G0 I Y 2 5 AR R B 5 R R

603



LR (A SR B2 R

54k W3

2018 4F 5 A

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

604

fE. ER HERELE, 2004, 3435 T 2): 84-94
Suyker A E, Verma S B. Gross primary production
and ecosystem respiration of irrigated and rainfed
maize-soybean cropping systems over 8 years. Agri-
cultural and Forest Meteorology, 2012, 165(6): 12-24
Richardson A D, Hollinger D Y. Statistical modeling
of ecosystem respiration using eddy covariance data:
maximum likelihood parameter estimation, and Monte
Carlo simulation of model and parameter uncertainty,
applied to three simple models. Agricultural and Forest
Meteorology, 2005, 131: 191-208

EYesE, BHOL. MBERXAERKFERS CO, E
FRAEATAT. T E R 2=3E ik, 2010, 26(13): 363-365
PR, MAIE 5 CO, il i 8 fb AR X BRI 7 Y
M. e E A E AR, 2014, 30(34): 107-111
ZEgpdl, WA SC, ERL PSR R JRUR 4k R
BRI, B Rl 2004, 21(5): 49-51

MM, XA, BKkEE, 45 EBEX-2000 jiif i #il Bt
VY IE 0 b 2 BE o - A PR 5 TR RELAT 5T . b Bt R AA 2 i
(FARBL:RR), 2013, 39(3): 443-451

FUGHE, RIRAE, XUAE. 345 AR H AR & T
R EWE ST . HOER YR 2247, 2012, 55(2): 428-440
Reichstein M, Rey A, Freibauer A, et al. Modeling
temporal and large-scale spatial variability of soil
respiration from soil water availability, temperature
and vegetation productivity indices. Global Biogeo-
chemical Cycles, 2003, 17(4): 1104-1119

Pavidson E A, Belk E, Boone R. Soil water content

and temperature as independent or confounded factors

[22]

[23]

[24]

[25]

[26]

[27]

(28]

controlling soil respiration in a temperate mixed
hardwood forest. Global Change Biology, 1998, 4(2):
217-227

Xu M, Qi Y. Soil-surface CO; efflux and its spatial
and temporal variations in a young ponderosa pine
plantation in northern California. Global Change Bio-
logy, 2001, 7(6): 667-677

Wen X F, Yu G R, Sun X M, et al. Soil moisture effect
on the temperature dependence of ecosystem res-
piration in a subtropical Pinus plantation of south-
eastern China. Agricultural and Forest Meteorology,
2006, 137(3/4): 166-175

Jassal R S, Black T A, Novak M D, et al. Effect of
soil water stress on soil respiration and its tempera-
ture sensitivity in an 18-year-old temperate Douglas-
fir stand. Global Change Biology, 2008, 14(6): 1-14
Suyker A E, Verma S B, Burba G G. Interannual
variability in net CO, exchange of a native tallgrass
prairie. Global Change Biology, 2003, 9(2): 255-265
g, XIRAE, P, L ARESRS CO, il
SRR B RAE A M S . M ER W AR, 2006, 49
(5): 1298-1307

REF, Toth, EHIF, % KoPbax sl
PR AR RGOUEMERAE TR, b ER
2 HLERBRE, 2006, 360 T 1): 183-193

FRRE, XK, BER, & B TEXERAEASR
e AR AE . P E R HUERRE R, 2012, 42
(5): 711-722



