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RESPONSES OF SOIL RESPIRATION TO TEMPERATURE IN ELEVEN COMMUNITIES
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Abstract  Soil surface carbon dioxide flux, the sum of plant and microbial respiration, is an important compo-
nent of the carbon cycle of terrestrial ecosystems. Temperature is a key factor that regulates many terrestrial
biogeochemical processes, such as soil respiration. Numerous studies show that soil respiration increases with
temperature, creating a positive feedback to global warming. Accurately quantifying the relationship between
soil respiration and temperature is necessary, because it will help to develop mechanisms of the feedback,
which will aid in predicting the tendency of global change.

In order to determine the law of soil respiration dynamics driven by temperature, and to detect the sensi-
tivity of soil respiration in response to temperature in different communities of temperate grassland, in summer
and autumn, we measured soil respiration in eleven communities using the alkali absorption method. We exam-
ined seasonal patterns of soil respiration, average respiration rate and responses of soil respiration to tempera-
ture. All the communities were located in Xilin River Basin, which has a typical temperate and semi-arid cli-
mate.

The seasonal variations of soil respiration were similar to those of temperature, but were not completely
consistent with each other. The highest value of soil respiration was in summer (June to Aug. ). Average soil
respiration rates of all communities varied from 565.07 mg C'm 2-d"'to1349.56 mg C-m~2-d™", and the
difference was significant (p <0.001) . Respiration was greatest in wet mixed grasses community and least in
Caragana stenophylla community. There was no notable relationship between average soil respiration and air
temperature in all eleven communities, though relation of soil respiration and temperature could be described
well by exponential functions for each community (R*=0.3305-0.7312, p<0.0001-0.0220). The
modeling was better at lower temperature than at higher. Q1q values of all communities were between 1.47 and
1.84, which were similar to or a little higher than the value in global scale. The Qg value of wheat community
was higher than that of other communities, which implied that land use could affect the sensitivity of soil respi-
ration to temperature, and cultivation of the soil in grassland might be a CO, source for atmosphere along with
global warming.
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Table 1 The vegetation of the experiment sites
F5 i 2 3| HEME FEEYFE
Serial number Type of community Location Main floristics

1 AN R L 43°30'38" N -3 ( Filifolium sibiricum) 3 T3 Galium verum ) \HiM1 ( Sanguisorba
Filifolium  sibiricum  and 116°49'29" E officinalis ) \FEEFITEFIF (Achnatherum sibiricum ) . H B3 ( Carex pedi-
mixed herbaceous formis ) A2 B2 ( Festuca dahurica) JKAE 3k ( Serratuda centauroides )

B34t % (Artemisia eriopoda ) . WLHN /K413 ( Stipa baicalensis ) . - ( A-
neurolepidium chinense ) %

2 INEE 43°30'53" N A THRAE /N2 ( Triticum aestiowm ) H9 3, 4 20> B W1 46 223 ( Polygon-
Triticum aestivum 116°49'04" E um conwolvudus ) FI S JBAH Y ( Artemisia spp.)

3 fide s 3 38 43°37'37" N P 15 ( Siwm suave) AT ( Mentha haplocalyx ) . B 7K 75 ( Stachys baicalen-
Wet mixed grasses 116°41'14" E sis )+ B BLAR ( Halerpestes cymbalaria ) . ¥8 3£ 3 ( Triglochin maritimum ) T

HA - 3K Epilobium. palustre) . 5 % 2% ( Silene palustris) /K £ 4 (T.
palusire) \ BB ( Ranunculus japonicus ) JIPBEY ( Caltha palustris )%

4 BE-BERBEX 43°37'05" N W (A, frigida) B EZTBE ¥ ( Potentilla acoulis) " BB K (P.
Artemisia frigida and Poten- 116°41'15" E tanacetifolia ) S KT ¥ ( Cleistogenes squarrosa ) KRk ( Kochia prostra-
tilla acaulis ta) & (Carex spp. ) EH UKF (Agropyron cristatum ) ) %

5 e 43°48'17" N FBE RERE TR E R KR RS (Stipa grandis) (75 B ( Koeleria al-
Aneurolepidium chinense 116°34'25" E taica ) Y5 B ( Allium bidensavum )%

6 BHE 43°49'52" N F5 3 5 (Achnatherum splendens ) . ¥ # ( Artemisia scoparia ) HHZE ( Axyris
Achnatherum splendens 116°31'01" E amaranthoides ) B 3 8. % ( Silene repens )« 3. FG £ 3 ( Stipa krylovii )

B EAAERFS

7 jE =B ) 43°54'48" N B AT B UK RHH R R R X 1 7 ( Heteropap-
Artemisia frigida and Cleis- 116°18'36" E pus altaicus ) KK /NHERIE )L Caragana microphylla) 5
togenes squarrosa

8 W/ HERE L 43°54'54" N N4 L, KR F 2 5% £ K ( Saksola collina ). AR 3k 0
Dune Caragana microphylla 116°06'34" E ( Chenopodium acuminatum ) .58 ( Corispermum, spp. WEE OKHFESE

9 E S 43°56'12" N EE RRETE EEEE KHFE
Aneurolepidium chinense 115°47'38" E

10 Beut-438 )L 43°56'04" N Bent-4 %5 L. Caragana stenophylla) ERTF 5 JE B A MR 0T |
Caragana stenophylla 11529'16" E UGB EFHAE S

11 KEtF- BB FE 43°57'28" N RHER HEEE BRTE KEF LRI GRS
Stipa grandis and Cleisio- 115°11'27" E

genes SquarTosa

3 &ERE59H
3.1 HEMNRAERENET R

3.2 SREEKE T IEFRER LK
FESEN, BMERKSERE LR HA
WP A A2 AR B3 (p < 0.01) A R R

MNE 1B, S B ENRE R AR RA
R BEY s —8, B AR s B
RS SYRBELMNARTMARZSR, I
H7EH BN B LU SRR R M B - K BT 5 /)
EBEZ I B4 MR ERE SR E-E B R R
2 IE RN, BT HEE IR R R AR
WT 6 HTHZE 8 AhhajZiE. &BHENK L ErFR
ZEAMENZIERZE, 5SRKFNVELSES
KHAIR , A K B R L AN, (7 R R 6
~8 A, HER SBEEHEHATE B, MERE
% EMR T H 25 BWIREN—HEXRE, HX—X
ZRIEHE N RSN, A L5 S R
BewEn, B LAAR T A6 - BRI 7R BT B IR LT R
R

B, N 1349.56 mg C-m~2-d~ !, BAHSRR & -2
EREIERIEN 1.72 1%, 0P 53 B B I iR B 57
LR 2.39 5. ZEHBHERGR2)RMA,
BRI AN ER BEREA -8, BRI, K
HERTAR BT EL BT IR A S KR REVE R R R
35 -ZR BBV L R A IR R TR
R A, T B & &4 T AR #2 R 1L FIHE ML
RIS TR B, MXRSITRY, EKES
B L PR R P BIRE Z R B
BEXLA(R=0.0886,p=0.3739),
3.3 - ErRIRO IR B AR A Y e N
FERPERIH A T R S5 SR (B 2) R, R RO
REMS B HTF O R A BEVE NP R S IR 2 (M R R
(R2=0.3653~0.7353,p <0.000 1 ~0.022 0),
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Fig.1 Seasonal patterns of soil respiration and air temperature in 11 communities
B # FF5 Bl 2 1 Serial numbers are same in Table 1

F2 FEEIHRMREEIE
Table 2 Results of Duncan’ s multiple-range test on

soil respiration in 11 communities

BE KR FEY  AERBVIFRER

Type O.f Serial Average respiration rate (gifi
community number (mg C'm'z'd‘l)

R 3 1349.56 + 156.39 A
%ﬁiﬂiﬁf 6 1135.43+170.53 AB
retrogressive 1 952.43 + 144.49 BC

9 911.27 + 133.44 BC
2 839.45 + 137.46 BC
4 785.87 + 114.06 BC
N 5 767.83 + 127.01 BC
f,eﬂ: Retrogres- 7 661.35 + 102.76 C
10 582.41 + 100.27 C
1 581.69 + 100.81 C
8 565.07 +83.32 C

1) 5 [F]# 1 Serial numbers are same in Table 1

DIB A Ze R B BRI R B (R =0.735 3, p <
0.000 1), QofH R & 1 3 P W% X I8 BE AR 4L i
B —A 45 %% (Ohashi et al.,2000),11 MRETE Y

QoEMKIKBEZIINT -

INEREVE 1.84; L EBIE (5):1.78; MAEFRKER
T:1.75; FHREE (9):1.69; MR EHETE . 1.66;%
EOREE TRREVE 1. 63; Bty JLEETE 1.62; K
B BB TRV . 1.62; R M 35 ZR R YR . 1.
53; YA /NS JLENEETE :1.52; R E-B B RR
KK 1.47, B 2 BWE W, BE RS, TR
VA PR MBS RS AR MR, FEE IR
BRI R, 30 BB Wi R BT K. KSR
R QuofE FIBETE SEI6 1 1 1 - 5918 B AT A R 43
oG5, X 1R QuES S HELE
BPHBREZHMPOHELXREBRARE (R =
0.0082,p=0.790 7).,

4 it &

A [RIBHE 5 BT AR B B IR BE 5  SRRIR 2 [ BY
HAR SR AT RE & M R] , BRI BE X - SR R 9 5
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Fig.2 Relationship between soil respiration rate and air temperature in 11 communities
B # ¢ 5 [Rl# 1 Serial numbers are same in Table 1

W JUF ERT BLR — 15 B B R 2R (Lloyd &
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LM B —Z R R R H 0.31; Wagai 5(1998) 78

S[H Wisconsin B H5th A& B, FERHE S B0 ok b,
QofE L EE s RSBk FOK M , BB [R] B9 = a7
IR LR RNEE N ERREE, iT
IERARMLHIMFEE, B Bt Y - S0 I 3of 3
AL BURE R TR, AR EE 2R ERME
BT, FF BB R 1 BB I B O A T BB KRBk
PE— T EEMRHE.

25 PR ¥ 2% (200032002 )  Gupta F1 Singh (1981) i
PR REN, MR SMEY R L HSHET
R LTI AR, HOR BEXT LR EZ RN EE RS
H AR R A B0 AR (ZE R ¥ %6, 2000) o Luo % (2001)
Rustad Fi Fernandez (1998) . Cheng % (1996)1AN, Zt
JR R 55 5 B AT LA R 4 S W R Ko R R W
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