5§31 %5 11 ) B

& Vol.31,No. 11
2010 4F 11 H

Nov. ,2010

G
ENVIRONMENTAL SCIENCE

FEERMIMRHFERESRERFRNER T

2R, BT

(1. ERE R A S HORAT AT, JLat 1001015 2. P EBABEHTFTAERE, dLa0 100049)

37 O T 2 O AR O 8 X 2 T R SR DN R B 36 LAY AR A R G W CO, R EAT TINEE, AT TAE R RGN
PRI R 2R, HRT 2 R AR S R G0 RAY 22 ROR A AT T A 2 e i SRR L 40 [R]85 AR S R G IR CO, P
$997(12.03 £2.10) mg- (m’+min) =", B FEMMF WUIREF RO (20.09 £4.41) mg- (m®~min) =" ] [ 3 58 H0 5L 1) B L
KT VUIMRE 255 (p <0.001) . 3 KK JFURN DUAN/R 8128 R pUE S RGP WA S IR (B NR S om F11S em 1R BA
BFEMIEBRBOCHR . WL A BT B, MR AR P A i, AR RGPS o Eh pH R FEEAT 3 B9 A G
P, Eh pH X CO, i & (1 52 W T BE 2 o iR AR AL 4L 5 R /Y, T CO, M SiF AR AR 2N 7 —E MM, SHED
R S5 AR OGN, 2 R R CO, 3 S T LT I B i RO R R 1T AR A M R4, R T R Y BLLRUR (R R 0,568 ~

0. 639) it 4 F TR A RM (R® 4 0.323 ~0.426) . il 2 2 Bl J5 A 45 R G0 W e B8 A5 o [ 3%, B M T b R
TR LS R GV BRI R DX, 1 SEOE IR Y A 3R RGP L (85w, DUMNR B 56 B U R A A HLB & B R s T
HB RGN CO, i .

KBRS RETW; FREEE,; DMK FER,; RE; LA VLR
hESES X144 CEFRIRAS A  XE4HS:0250-3301(2010)11-2732-08

Analysis of Difference Between Ecosystem Respirations of Leymus chinensis

Steppe and Stipa baicalensis Steppe

LUO Guang-qgiang'”>, GENG Yuan-bo'

(1. Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract : Static opaque chamber-chromatographic technique was applied to measure the ecosystem respirations of Leymus chinensis
steppe and Stipa baicalensis steppe. The affecting factors of ecosystem respiration were analyzed. The difference between ecosystem
respirations of the two grasslands was compared and the reasons resulting in the difference were analyzed. Ecosystem respiration of
Leymus chinensis steppe [ averaged (12.03 £2.10) mg-(m’-min) ~' ] was significantly smaller than that of Stipa baicalensis steppe
[ averaged (20.09 £4.41) mg-(m’+min) "' ], while aboveground biomass of Leymus chinensis steppe was significantly larger than that
of Stipa baicalensis steppe (p <0.001). CO, fluxes of Leymus chinensis steppe and Stipa baicalensis steppe were significantly correlated
with air temperature in chamber, soil temperature at 5 cm and 15 ¢m depth. The results of partial correlation analysis showed that there
were no significantly correlation between CO, flux and Eh, pH, biomass of litter when soil temperature was unchanged, while it shows
some correlation with biomass of living plant. The apparent liner relationship between CO, flux and Eh, pH may be caused by the
change of soil temperature. The CO, fluxes of the two grasslands can be well explained by exponential models based on temperatures.
Soil temperature can explain more variations of ecosystem respirations (R’ 0. 568-0. 639) than air temperature in chamber (R 0. 323-
0.426). Soil temperature was the most important affecting factor of ecosystem respiration and it may had concealed the effect of
aboveground biomass on CO, flux. The contribution of soil respiration to ecosystem respiration was large in this region and its higher soil
organic matter content led to higher CO, flux of Stipa baicalensis steppe.
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W T3 A7 AR 2 5 B A 2 S ) DA

1 HB5H®

1.1 WF5EHb 5

SR DX TN S RS SR B O, B AR O
By B, fEh ERER NS R AES RGE
(RS A B N ISR VA R e (U
W, RS R TR R X AR .

WY RS A —EMES . HItEH
- JRUR DU R 858 B SR R R X &, AR
oL

AR R BOE A7 3 F B 99 FE Hb (43°43'N,
116°38'E) P Xt &, #2491 250 m, H 1999 4
B HEAT RS 3 B S0 Y R A O A 2E R B
¥ ( Leymus chinensis ) , {3 & 3% K 4 3 ( Stipa
grandis) A1 PK 5 (Agropyron cristatum ) % %5 M\ R ¥,
RE VUMY 2 K R ZHOe ZAEA A, RE% B
Bm (7 ~8 J1) ik %) 40 ~50 cm, Hf & 7 B 0] 3K
40% ~50% , b HWEEEES L, )R EE K 100 ~
150 em, +3EAPLRIZIEIL 20 ~30 em, FERJER
BEBALAE. FHEEKE 350 ~450 mm, £
#w-0.3~1C.

DUAn 2R B 25 R I BB s BT 4T R 1% DU 2R 1
RN TS X 42 (43°33'N, 116°49'E) , i3k 2y
1350 m, 32 T8 MRiml I i b 555 e 1) = 900 8 65 b
b R MR R R R A, R T AT R
Y. R EAYI R N YRR, A DU R B SP
(Stipa baicalensis ) . 2 % ( Leymus chinensis) . 1% &
(Artemisia frigida) %5 50 4xF0'", @ #EF S UL /R
BF2E. AR R 35 ~60 om AL, BEIK 5 50%
~90% Z I8, F ChBAS A AR R 2 50
em ZE A7, AEBIREK R 450 mm 4G, AEBSRIR 4K
-1.4%C.

TR DUMR 20 B D R 2 b X 2 R S A FRBEFES IR FEE F0~30 em %
53500 T B TR iR R e R A R R JZU TOC TN & & iLFE 1.
£1 XHEERS5NMAHFERTE TOC.INSE"
Table 1 TOC and TN content in soils of Leymus chinensis steppe and Stipa baicalensis steppe
R DU R 28 B
2%k /em R B JnsR g 3 5
TOC/ % TN/ % TOC/ % TN/ %

0-~10 2.31 £0.09* 0.22 +0.01* 2.36 £0.29* 0.23 £0.02*

10 ~20 1.47 +0. 06" 0.15 £0.01* 2.28 +0.24" 0.22 0. 03"

20 ~30 1.14 0. 03® 0.12 £0.01% 1.77 £0. 13* 0.17 £0. 03"

DA M + SD, n=12; TOC: B4 HLAk, TN: 2% ;[ —47 TOC 5 TN ity bR F AR FRREH 0. 05 K12 57

1.2 505k
L2.1 RAETT ik

2008 4E 7 H R AIZE 9 HRIN], SR S w5 A6
TR I R DU R B 5 e JROR A UM RE . A
THKE.8 A 8 HIE., 9 AW feF i w4
FEbh 4 W, 8 AW (5FFHEIT ARRXN) . 8 A
H .8 AR AE DU ZR A 5 55 JFUR 4 3 0k (52 5 ) )
BORITFIRIT A, RBEE U F R R 1K),
ASSRAEH MR B8 R P4 R A, LL2 h S [a]

RRFES W, B FEALIEIR 2 DR S AFAE— €
ZSMAET, 1 d FEXE 10 SRR AT R AR AR F
B R AR 40 ASRE DT AR RE S, AR DU R B
J H R AR 30 ASFETT RO RE i, F BT LUACHEAR . R
JH e 285 05 A BB T LA e i P A A T A P L R
EFR BT R R T S RGO A
. BSR40 cm x 50 em, 30 em &) JH 5
mm J5E B AS AT KL B B ), A AR A A1 R N B
R RE R D G2 AR IR EE 1 b T AR S ) e
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b R R U | S Y B R A AR N AN R 22 AR AE
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SEEBAERIREMA F hL 5 em WL, HE
K, AT 1 h JE AT AARCR S R RPKE R B
R A G I PR A 2 I R op, FHOK % 8, FTIF IR
B HLTR, S MAE ARG 45 0, 7, 14 21, 28 min X
R, BRI 400 mL T A B R 20 AR AR
(81500 mL, K6k TAF 98 8 Be s =) . —
YCORABERTA] 29 28 min, X SR ARE 5 H SRR B JC B &
wh.

FE A5 R BERT G 43 B0 2 KSR K& 5. 15 em
TRAR I b, B O RO ¥ 57 B s S 1 1 4 NS
M. KRR RHEREE G ERE, iR
Ui 2 WD R AR T A P A SN2202 79 %5 9 X
TSE A PO RS R AR R B I . B
R R B RETT PRI R M - 2R R, e IR AR
oYY, RACTERE S AS TR AR L. B S 76 7 h i
WS AN a5, i3y 5 40 A 26 7 (0 DU £y K 3R,
T3 AR ECO ~ 10, 10 ~20, 20 ~30 em AN+
HE, WA RS LIRS R 1 kg, O EHAY
23
1.2.2 Koy

CO, HeE =R FH HP 5890 11 %Y < AH {5 3% A I & ,
HW-2000 833 T E 35 0P 30 A7 Ab 14347 . 46100 25 A
FID ( ZCK A B AR il 25 ), A I 25 i B2 2 200°C.
FE FID Kl CO, Z A7, FE 520 2 45 ol Wiy 5 1 2 K
CO, 4k CHI™. @ik RAKE N2 m HAE R
2 mm f 60 ~80 H 13XMS B4 438 CH, , /38
HEBE HS55C, #HAA N, iy 30 mLemin "
PR (CO, (CH, 1 N,O J& A1) i B 5 bs i ) 5
Hron L, CO, v B 52 40 M kG 2 BE 248 2%o.

F ook (BT 5E) (pH Eh 3 H7 2 E F
RAGS B, R W W A B KT R AR P65 °C Mt
TEEE, H8 &

1.2.3 Gl IR LG
A 8 & AR 3] CO, M A ANy
F=S-H-M-(P/P) - (T/T,)/22.262
(1)
A, Foy [ mg-(m’-min) '], Sk CO, (K
b7 - 1 11 QS O i o ) = I 1 £ S <
[pL-(Lemin) 7' ], H NS SHEAREE (m), M

Hy CO, FEIRHE (44 gomol '), P T MR IR B
TR E(1.013 x 10° Pa) K i B (273.15 K) ,
P T, Ry ST 0 A5 08 KSR SR PN ST 24938 5 r
SRR B AR R ) , 22.262 2 1 mol CO, S AKTEHR
R T AR AL (Lomol ™).

SR ST R AR ¢ K 56 43 BT 2 B R R Y CO, il
R AR R A B E LR X Co, i
it 5 & R AT 1-sample K-S 355, 7E4F 4 IE
Aoy A W9 H Al X CO, 3 M 45 5 R R 91T
Pearson AH 3¢ 438 Fl i #H OC 43 #fr. X CO, 8 & F1 &
JEE R AR B0 R AR AT RO Q0 fH, AKX
mE,

F = ae', Q, = e'” (2)
X, F ol CO, M, T HIRE, a b FE LT
AH.

FRA Ge vt 4y M ¥ 48 SPSS 17.0 g i, R H

Origin 7. 5 {EA.

2 HR5ITR

2.1 FHRFES DUMRE SRR CO, Hibon &

gl B, WL 8] o AR AR AR R
IEIR CO, 38 & IF i &, B{E /T 8.44 ~17.73
mg+ (m’-min) ~'Z [, 7 By HEHE O (12.03 =
2.10) mg+ (m®-min) ~'5 DUBI/R 6 5 555 CO, i it
Wy IE @ &, HFiCE & T 11,49 ~ 27.55
mg+ (m’-min) ~'Z[A], 7 ¥y HEE R (20,09 =
4.41) mg+(m’-min) "' (& 1).
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Fig.1 CO, fluxes of Leymus chinensis steppe and Stipa baicalensis

steppe during observation period
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i g /N T DUIREF P B, Y AR A5 ) 5 R
JEUAE ) R % A B F 20 (228.07 £11.62) gom 7,
DUMMZREF S B JF N (164,37 £6.15) gom ™, EH
JE 3 A B 2 T DU R BE P R 2 R R R %
W3 R (319.60 £23.42) gom , mim kT H
VEAT B 37 0% D1 R & 26 % st [ (53.28 + 6.53)
gem 7L AT UL, AERININIIA], R 2 R R b -
AW R T IR B R, HH CO, HE ik
TEEA X )N
2.2 CO, HEwcE & 52 KR 5 B

4390 6F S BT DL R B 5P BE 5 CO, i
(F) FANSIB(T,). 5. 15 cm #yR (T,. T,5) .0 ~
10,10 ~20 em F KA EFHE (W, Wy) . 0~10,
10 ~20 cm pH {& (pH,,. pH, ). 0 ~10, 10 ~20 cm

Eh {6 (Eh,, | Eh,,) Jf#&&s (H) &Y & (D) #HAT
1-sample K-S #:546;, 453K 2 B R CO, w5
HBHREMFA LS. Wi, % Co, # & 54 W
AT Pearson AHIC/3HT, S HTa R ILE 2. 3.

M2, 3 ATLIE Y, 55 UE IS R SR
CO, BESHNSIE.S5S cm #iE . 15 cm H#i{E . 0 ~
10,10 ~20 em b Eh {fHA R BEFOMHEHE, 5
0~10cm F K& HEH.0~10cem  pHEAR
BFH A, EAHSCHE R sR. DU R B 56 B
EBRGNEN CO, & 5N .S cm HiTR | 15
em Hif . 0 ~10, 10 ~20 em b Eh {-{# B A
WBEMMCH, MS5&)ZEM F K& pH ET
BERASCHE. 2 P s 2 RGN CO, i i 1Yy
553 M TR % ) e T 0 2 AR DG T

F2 FEHEECO, BESEREEHEXEY

Table 2 Correlation coefficients between CO, flux of Leymus chinensis steppe and affecting factors

F T, T Tys Wi Wi pHy, pH,, Ehy, Eh,, H D
F 1. 000
T, 0.634* " 1.000
Ts 0.751** 0.816"* 1.000
Ts 0.748" " 0.754"* 0.968** 1.000
Wio 0.394 " 0.222 0.380" 0.444** 1.000
Wy 0.243 -0.187 0. 042 0. 099 0.600 " * . 000
pHyo 0.397" 0.472** 0.531"" 0.512" " -0.007 -0.203 1. 000
pH,, 0.187 0.224 0.285 0.279 -0.250 -0.263 0.576 ** 1.000
Ehjy  -0.549°" -0.291  -0.528"" -0.685"* -0.694" " -0.699** -0.298  —0.134 1. 000
Ehy, -0.584"" -0.318 -0.567"" -0.698" " -0.612"" -0.818" " -0.458" -0.162 0.815" " 1.000
H 0.230 -0. 004 0. 031 0. 100 0. 049 -0.148 0. 280 0. 251 -0.088 -0.207 1. 000
D -0.202 -0.104 -0.198 -0.162 0. 066 .219 -0.152 -0.095 0. 044 -0.184 0. 080 1. 000
1) = fURAE 0. 05 KT F W3, » UK. 01 KT TFRE, FIH
RI NNMRHFERCO, BEESKERAERXERY
Table 3 Correlation coefficients between CO, flux of Stipa baicalensis steppe and affecting factors
F T, Ts Ts Wio Wi pHy, pHy, Ehy, Ehy H D
F 1. 000
T, 0.555** 1.000
Ts 0.752** 0.847°* 1.000
Ts 0.789" " 0.821"* 0.939°* 1.000
Wio -0.032 -0.639"" -0.363" -0.364" 1. 000
Wy 0.159 -0.207 0.139 0.038 0.531" " . 000
pHyo 0.152 0.370" 0. 236 0.259 -0.530"" -0.238 1. 000
pH,, 0. 023 0. 046 0.072 0. 120 -0.061 -0.059 -0.175 1. 000
Ehy, -0.621" " -0.204 -0.482" -0.597"" -0.252 . 066 -0.054 0. 065 1. 000
Eh,, -0.678" " -0.353 -0.539" -0.628"" -0.302 -0.114 0. 148 -0.230 0.699 " " 1.000
H 0.187 -0.120 -0.012 -0.114 0.285 .302 -0.200 -0.058 0.477" 0.244 1. 000
D 0. 345 0. 351 0.565"" 0.599** -0.003 . 106 -0.101 0.329 -0.520" -0.555" -0.036 1. 000
(EESTIRTE e SR N ) 1P 53 G0 VT 0 S R BE R B b T S e Rk RO R
JRA S RGN CO, il SA AR 5. 15 cm 1T ELAE — 5 0 U B2 3 A3 31 1 AN ) A 25 2R e L

I K45 )2 Eh (G H A W ARG, b siE

BAR IS Y DR e R R (X (2) IR
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CO, il 2y 60% By 21k, HMGRHOR B &L THT
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R IEASAH ], DU RS2 FOR 15 em Hiu i A RE
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Table 4  Parameters of the exponential models of CO, flux with temperature and Q,, values

. A DU R 1 256 I
a b R? pfE Qo a b R? p 1B Qo
T, 4.708 0. 036 0. 426 <0.001 1.43 9. 004 0.031 0.323 <0.01 1.36
T 5.441 0. 038 0.568 <0.001 1.46 6. 694 0. 047 0.588 <0.001 1. 60
Ts 4.767 0. 050 0.571 <0.001 1.65 6. 667 0. 059 0. 639 <0.001 1. 80

EERGER CO, @i 50 ~10, 10 ~20 cm
FoOER (Rt BT bR MG, 2 ] 0 4
UL 2.2 FELIR CO, S R 5 Eh Lt GG
R, b Eh R R R T AR O 0
WAL e WA HUIR & BB K pH T
JIF L Eh {5 F BB 58070 CO, 58 T RERE AL M

(2) L TEJ

F=24.611 - 0.035Ehy,

—_
(=)
T

f@ R? =0.340, p<0.001
8
E
g
i 12
=
o)
S 10
- -
8+
1 1 1 1 1 1 1
300 320 340 360 380 400 420
Ehyy/mV

F2. 3 LIEH, Eh {55 MR A B p AUk C
KFR, IS5 cm HIEBL 15 cm MR M3t A8 &, X
CO, & 5 0 ~10 em Eh {5 10 ~20 cm Eh
HHFAT AR A3 B 45K W CO, &5 Eh {HZ
[ AN P ELAT 3 A G, Eh {E X CO, a7 1Y 5
M) AT FE 2 FR b U AR A TR 422 5 R Y

(b) MR 3 FJR

[\o]
(=2}
T

]

[Ned
S

. F=158.852 - 0.115Ehy
R =0.460, p<0.01

CO,8 & /mg-(m*min) !
— N N
x & B
T T T

16 -
14l
12 - L] -
10 1 1 1 1 1 1
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Ehyp/mV

B2 FEERMIMARSGFER CO, BESLEEMNENXR
Fig.2 Relationship between CO, flux and soil Eh

5 UUIR AT S BN, SRR S R GEIE
W CO, EH5 0 ~10 em b /K705 & pH {HZ (0]
AT AR OG5 e i P A P
FETEA PR &R IR R . MR R CO, il
50~10 em b K& pH (BT LA R,
[ )3 25 R LA 3.

MIE 3 AT, CO, it S b KA & i
pH (B A OC R AL . FHEF 0 ~10 em |
pH {H 5 I B AT A 35 A A G (£ 2), BLS em
Mo o P AL i, SRR CO, AR5 0 ~ 10 em

F o pH EIEATRWAHSC T, 25 R CO, @&y
pH AP RA B F Mk, pH XF CO, i & (1) 7

A BB SR R IR AR A Al . 7 TR T R
X, F K& EEEm A E, Y
Fookay Bk BRI 2R AT R O IR R T A
b SRR A BRI DT LI ],
0~10 cm F KA EEFH 19.57% +0.38% ,
DU JREFF Bl 21.22% +0.55% , K4y & & 4
Xof PG 3G B, R T BRI AR AN, PR S AR A
RGP OGP 22, 2 Fh B A R R G0 CO,
W SRR MEREARENHLLR,
XA e e R AR R W AR AR T e I
FENREIMES A K. DIFERRIR S cm MR R 5 6
g, X CO, 50 AR T AR D A O 43
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Fig.3 Relationship between CO, efflux and soil water content, pH of Leymus chinensis steppe

Br, pHrai R RS, BT WU/ 415 B 5L 1S em
BB CR BT 5 em MR, Uk L DU R
ZRCE LS em MR oM E AR B, X CO, i B9 A
AR AR RA G T, A ATAR LK 6. AR
5.6 T LUA H, DUBIRAE 46l A2 i CO, ik 5
I AR W 2 ) 2 B — S AR G, TS A
AWy Z BT AR B A W B AR DG k. v W o0 Al —
B AR R, 2 HEIC CO, 38 AR IR IR
i FE /N4 G CO, S P R
GR7F LIPS N POl Y o D S v

UL S0 160 il 385 %k 2 o s S A 25 AR G IR W LA D
4 52 i £
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Table 5 Result of partial correlation analysis in Leymus chinensis steppe

P 1 A% F H D
F 1. 000
Ts H 0.314" 1. 000
D -0.082 0. 088 1. 000
1)p=0.066

x6 NMRHFERBHEXTHER

Table 6  Result of partial correlation analysis in Stipa baicalensis steppe

P 1) A% F H D
F 1. 000
T)s H 0.453" 1..000
D -0.260 0.041 1. 000

2.3 2 FhELJE CO, HEHCH i 22 5 50

2 PR AR R G CO, Y S5 NA
TR b U E A B 2 A OGP, AT LT ROC R
FFARUF MR (R 9 0.323 ~0.639). 2, 3 A
DAF AR PN 0t T B AT A 8 35 RO A O, B AT
A LU [ 5 32 b e AE A 25 3R G P W 1 AR AR RRAE (R

4). 2 i E AR 25 R G0 0 I R T M 3 A R L AR R
(R* 47 0.568 ~0.639) % it 3 1 T 5L T4 9 I A9
(R* 590.323 ~0.426) , X {6 W] #1360 42 25 R 420
W R IR R FAS R E— N QR B, S
ZR 55 W W X s I () SO (1. 46 ~ 1.80) K T Xt
R PR O BIURRYE (1,36 ~ 1.43) . FH 25 15 4 2 0
SE 1A A A5 2R G WAL 8 Mo b AR 1 O 0 D L e
W G 348 43, ) — I i) B A 5 2 0[] — b [X. 2 B
JE BRI TS K B, ST 5 2 A R G R Y L B3P
Y9 59. 4% . VLR &R 36 5 S M b A R 2R
BELTREEE, MHHEEIREEEEST
CERRE(F 1), R b SR 5 AR 2 R G Y
FL A AR % 2 B B S0 SR 5. DA R BFSF BR CO, il
T R B R B T o R R X e U

DU ZR B 25 5 i EOR 0 o5 2R 285 2R 40 P W) LE 49 B
PR T2 DX I R R A S AR G I I Y A A

Wy, MR EERAESRETRWEENEZ. H
I, A g A Sy A R B AR A R G T G L
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