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Temperature sensitivity of soil respiration in relation to soil moisture in 11
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Abstract: Atmospheric concentrations of greenhouse gases have increased dramatically since the beginning of industrial
revolution due to human activities such as fossil fuel combustion and land-use change. Because of the increasing atmospheric
concentrations of greenhouse gases and their greenhouse effect, a recent IPCC report has predicted that a much warmer climate
is coming. Carbon dioxide is one of the most concerned greenhouse gases in the study of global climate change. Because soil
respiration is a major process that controls and influences atmospheric CO, concentration, response of soil respiration to
temperature changes has become a focal point in studies of the global carbon cycle. In addition to temperature soil moisture is

another important factor that affects soil respiration. While many studies have shown that temperature exerts a major control
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on soil respiration, the relationship between temperature sensitivity of soil respiration (often expressed as Q;,) and soil
moisture conditions is rarely investigated. Using the alkali absorption technique, we measured soil CO, efflux in 11 temperate
steppe communities in Xilin River basin, Inner Mongolia. We calculated the Q,, values of soil respiration in the 11
communities, and then analyzed the sensitivity of Q), to soil moisture content (0~ 20cm). Among the 11 communities, Q)
values varied from 1. 47 to 1.84, with a mean value of 1. 65 and a coefficient of variation of 6.94%. Using the Spearman’s
Rank-Order correlation method, we also analyze the relationship between Q,, values and soil moisture content, and found that
Q1 values were positively correlated to average surface soil moisture (R=0. 64545, p=0.032), indicating that soil moisture
significantly affected soil respiration. Our results showed that the spring wheat field had the greatest Q,, value (1.84),
followed by the wet mixed grasses (Q;,=1.78). Whereas, the Artemisia frigida -Potentilla acaulis community, had the lowest
Q1 value (1.47). In the typical temperate steppe. soil temperature tends to have greater impact on soil respiration in wetter
habitats than in drier habitats. This also implies that any significant change in the spatio-temporal pattern of soil moisture can
have significant effects on soil respiration in the temperate steppe of China, and, therefore. the effect of soil moisture should be
taken into account when soil CO; efflux is to be modeled on a larger spatial and temporal scale.

Key words :CO, efflux; soil water content; spearman’s correlation coefficient; Q,, value

:1000-0933(2004)04-0831-06 :Q145,S812. 2 (A
s s CO, s . IPCC
(Intergovernmental Panel on Climate Change., 2001) s 100a 1.4~5.8
CU: [2~4] s R s
Lo, CO, s o
10 s s
. Raich  Schlesinger™™ Quo 1.3~3.3 sLuo [0 Qo .
Qo ; Boone 17 .
3 ° ’ ’ o QIO ’
.20 , P 30°N  85°N ,
7% ~12%M, , &,
[20~22] s . ? .
o 2001 , 11 o
1
1.1
o —1.4C 2.0 C, 449 mm
327 mm, s, 30a
0.15 C s ; 345 mm s o s
s \23\’ [21]0
11 : (Filifolium sibiricum)- (43°30'38"N,116°49'29"E) ;
(Triticum aestivum) (43°30'53"N,116°49'04"E) ; (43°37'37"N,116°41'14"E) ; (Artemisia frigida)-
(Potentilla acaulis) (43°37'05"N,116°41'15"E); (Aneurolepidium chinense) (A)(43°48'17"N,116°34' 25"
E); (Achnatherum splendens) (43°49'52"N,116°31'01"E ) ; - (Cleistogenes squarrosa) (43°54'
48"N,116°18'36"E) ; (Caragana microphylla) (43°54'54"N,116°06' 34"E ) (B) (43°56"12"N, 115°

47'38"E); (Caragana stenophylla) (43°56'04"N,115°29'16"E) 5 (Stipa grandis)- (43°57'28"



4 833
N,115°11'27"E) .,
1.2
2001 6 2001 10 s 5 .15 2
[25~28]
b o b b .’
. . 5 , CO, ;
o s s . 20 ml, 1 mol « L7!
NaOH ,24h s cO, . (1o
[29]
8 s 7 7 s
. Kriging
. 0~20cm . SAS(VS. 2,SAS Institute Inc. ) s
[16. 30~34]
R, ae’™
R, i1 sa 0c Heesd, S . Qu
Qo = e
N2 o Q1o Spearman .
2 1
2.1 Table 1 Relationships between soil respiration and temperature in
11 11 communities
2 R?
’ (R Type of community Function ?
0. 3653~0. 7353, p<0.0001~0.022), s _
s s Filifolium sibiricum- y=429. 5401277 (. 382 0.0185
mixed grasses
’ 9
(36 Wheat y=277. 45¢0 609« 0.5834 0. 0015
> ’ ’ Wet mixed .
y=489. 34¢0 0559 0.7317 <C0. 0001
; s grasses
s _
Artemisia frigida- y=2372. 27¢0 038« 0.3653  0.022
° Potentilla acaulis
Lo (A) Aneurolepidium e
! y=232. 2¢° 05787 0.5937  0.0013
chinense
Ql() ( 1) 1.47 1. 84 s Achnatherum y:362- 440 0508 0.5254 0. 0034
splendens
Qlo ’ * Qm o
A - Artemisia
Qo > > frigida and Cleistogenes y=230.91e%%8%  0.5714  0.0018
> B> > - squarrosa
- - D
> = ] _ U =920, 12000060 0.5091 0. 0042
Cragana microphylla
> > - . 11
, (B
Qu 1. 65, 6.94% (p<<0.0001), Aneurolepidium y=274.29¢% 0526 0.5529  0.0023
Qo . chinense
Crag
2.2 ragana y=197. 6% 055" 0.5267 0. 0033
stenophylla
b o
- Stipa
’ ’ grandis-Cleistogenes y=203. 02¢" 0184 0.4243  0.0116
R s squarrosa
’ Y (mgC * m 2d D;ax (C) Where
24.88% 83.29% o s v is soil respiration rate (mg C + m~2d~!) and x is air temperature
C 2, s - ('C) in above equations



834 24
N (1400 m . 2.00 184 175 1B 6 e 19 162 162
1.53 1.47 1.52
PN . . , § 1.50
- o
11.55%~13.69% ; ; & 1.00
s . % 0.50
% % =
10 1. 94 o oL
- ' ! [ 2 3 4 5 6 7 8 9 10 1
11 , s FLEF S Serial number of communities
b ’
1 Qlu
b b b
Fig.1 Qo values in 11 communities
1-11 - N
s Qo ,
N N - N (A).
13.69% Q1o 1. 84, i ) i i (B).
— 2.13%. 0.31; .
%+ Qu - .2 Serial numbers
0 g [
28. 260 ,Quo 1. 75, from 1 to 11 respect communities of Filifolium sibiricum-mixed
0/ .
24.29% 5 Qo 0. 28, Qo herbaceous , Wheat, Wet mixed grasses, Artemisia frigida-Potentilla
Spearman ’ ’ R="scaulis, Aneurolepidium  chinense ( A') Achnatherum splendens,
0. 64545, »=0.032, Q1o Artemisia  frigida-Cleistogenes — squarrosa, Dune  Caragana
o microphylla s Aneurolepidium chinense (B) , Caragana stenopylla and
3 Stipa grandis-Cleistogenes squarrosa accordingly. It is the same in
. Fig. 2
s o 40
£
s ‘\h: 30
. §§ 20
g
. 'HE 10 ﬂ r‘
~ : [37] I_I-l ['l [ M= f'l i
> Gulledge  Schimel ) 0 S 2 5 s 7 s 3 non
Qo ; Davidson 033 TS Serial number of communities
’ Q]() 9 Q](W
.3 e . . 2
; Xu Qb , California Ponderosa pine
Fig. 2 Soil moisture in 11 communities
s <14% ,Qu 1.4,
> 14% L.Qu 1.8;Parker % 12
[ J
b b
2 st
84.9 39.5k]J « mol ', % >
£ p
o E;aa -
. Dorr  Minich™*" Sig
3 -
o
- s Qo =
1.4~3.1 Quo Quo 0, 3 p ° 7
; 137K S5 8% The rank of soil moisture
. Luo [ .
3 Qlt)
;Fang [41] Sitka Fig. 3 Relationship between Q) and soil moisture
b 9 o
’ .’
[307,
o ’ 9
0 (33, 42451 ,
2 ’
C : e
161
s s s



4 : 835

s s [36] s
QIO ~ Q]O o C()2
o , CO, s C
C s s CO, s o
s R [1] [21, 22]7
— (11.55% ), 11 3 Q1o (1.53),
11 9 s +
[”]9 Ql() o

References:

[1] Houghton J T, Ding Y, Griggs D J. et al eds. Climate Change 2001: The Scientific Basis. Cambridge: Cambridge University Press.,

2001. 1~896.

[ 2] Jenkinson D S, Adams D E, Wild A. Model estimates of CO, emissions from soil in response to global warming. Nature, 1991, 351: 304
~306.

[ 3] Kirschbaum M U F. Will changes in soil organic matter act as a positive or negative feedback on global warming ? Biogeochemistry. 2000,
48: 21~51.

[4] Lloyd J and Taylor ] A. On the temperature dependence of soil respiration. Functional Ecology, 1994, 8: 315~323.

[5] LiuYF, Ouyang H, Cao G M,et al. SOil Carbon emission from ecosystems of eastern Qinghai, Tibet Plateau. Journal of Natural
Resources, 2001, 16 (2): 152~160.

[ 6] Guo]J X, Zhang H Y. Soil respiration and litter decomposition in Aneurolepidium chinense range. Grassland of China, 1991, 5. 39~41.

[ 7] Huang C C, Ge Y, Chang J, et al. Studies on the soil respiration of three woody plant communities in the East Mid-subtropical Zone,
China. Acta Ecologica Sinica, 1999, 19(3): 324~328.

[ 8] Wang W and Guo ] X. Contribution of CO; emission from soil respiration and from litter decomposition in Lymus chinensis community in
Northeast Songnen Grassland. Acta Ecologica Sinica, 2002, 22(5): 655~660.

[9] WuZM, Zeng Q B, Li Y D, et al. A preliminary research on the carbon storage and CO, release of tropical forest soils in Jianfengling .
Hainan Island, China. Acta Phytoecologica Sinica, 1997, 21: 416~423.

[10] LiL H., Wang Q B, Bai Y F, et al. Soil respiration of Leymus Chinensis grassland stand in the Xilin River Basin as affected by over-
grazing and climate. Acta Phytoeclogica Sinica, 2000, 24(6): 680~ 686.

[11] Liu S H, Fang ] Y, Makoto K. Soil respiration of mountainous temperate forests in Beijing, China. Acta Phytoecologica Sinica, 1998, 22
(2): 119~126.

[12] O’Connel A. M. Microbial decomposition (respiration) of litter in eucalypt forests of south-western Australia; an empirical model based
on laboratory incubations. Soil Biology and Biochemistry, 1990, 22: 153~160.

[13] Thierron V and Laudelout H. Contribution of root respiration to total CO; efflux from the soil of a deciduous forest. Canadian Joural of
Forest Research, 1996, 26: 1142~1148.

[14] Winkler J P, Cherry R S, Schlesinger W H. The Q) relationship of microbial respiration in a temperate forest soil. Soil Biology and
Biochemistry, 1996, 28: 1067~1072.

[15] Raich ] W and Schlesinger W H. The global carbon dioxide flux in soil respiration and its relationship to vegetation and climate. Tellus.,
1992, 44(B): 81~99.

[16] Luo Y, Wan S, Hui D, et al. Acclimatization of soil respiration to warming in a tall grass prairie. Nature, 2001, 413: 622~625.

[17] Boone R D, Nadelhoffer K J, Canary J D, et al. Roots exert a strong influence on the temperature sensitivity of soil respiration. Nature,
1998, 396: 570~572.

[18] Jones P D and Hulme M. Calculating regional climatic time series for temperature and precipitation: methods and illustrations. Int. .J.
Climatol. ,» 1996, 16: 361~377.

[19] Hulme M, Osborn T J, Johns T C. Precipitation sensitivity to global warming: Comparison of observations with HadCM2 simulations.
Geophys. Res. Lett. , 1998, 25: 3379~3382.

[20] MacCracken M U, Cubsch W L, Gates L. D, et al. A critical appraisal of model simulation. In: Schlesinger M E ed. Greenhouse gas
induced climatic change: A critical appraisal of simulation and observations. Amsterdam: Elsevier, 1991. 583~591.

[21] Dai A, Meehl G A, Washington W M, et al. Ensemble simulation of 21st century climate changes: business as usual vs. CO,
stabilization. Bull. Amer. Meteor. Soc. , 2001, 82: 2377~2388.

[22] Dai A, Wigley T M L, Boville B, et al. Climates of the 20th and 21st centuries simulated by the NCAR Climate System Model. Journal
of Climate, 2001, 14: 485~5109.

[23] LiB, Yong S P, Li Z H. The vegetation of Xilin River basin and its utilization. Research on Grassland Ecosystem, 1985, 3; 84~183. .



836 24

[24] Zhao X Y, YaoY C, Yang R R. Ecological geographic characteristics and outlook of natural grasslands resources in Xilin River basin.
Research on Grassland Ecosystem, 1998, 3: 184~226.

[25] Gupta S R and Singh J S. Soil respiration in a tropical grassland. Soil Biol. Biochem. ., 1981, 13: 261~268.

[26] Bowden R D, Nadelhoffer K J, Boone R D. et al. Contributions of aboveground litter, beloeground litter, and root respiration to total
soil respiration in a temperate mixed hardwood forest. Canadian Journal of Forest Research, 1993, 23: 1402~1407.

[27] Toland D E and Zak D R. Seasonal patterns of soil respiration in intact and clear-cut northern hardwood forests. Canadian Journal of
Forest Researchs 1994, 24: 1711~1716.

[28] Marra L. and Edmonds R L. Coarse woody debris and soil respiration in a clearcut on the Olympic Peninsula. Washington, U. S. A.
Canadian Journal of Forest Research, 1996, 26: 1337~1345.

[29] ChenQ S, Li L H, Han X G, et al. Influence of temperature and soil moisture on soil respiration of a degraded steppe community in the
Xilin River Basin of Inner Mongolia. Acta Phytoeclogica Sinica, 2003, 27(2): 202~209.

[30] Kucera C and Kirkham D. Soil respiration studies in tall grass prairie in Missouri. Ecology, 1971, 52: 912~915.

[31] Norman J M, Garcia R, Verma S B. Soil surface CO; fluxes and the carbon budget of a grassland. Jowrnal of Geophysical Research .,
1992, 97 18845~18853.

[32] Raich J] W and Potter C S. Global patterns of carbon dioxide emissions from soils. Global Biogeochemical Cycles, 1995, 9; 23~ 36.

[33] Davidson E A, Belk E, Boone R D. Soil water content and temperature as independent or confounded factors controlling soil respiration
in a temperate mixed hardwood forest. Global Change Biology, 1998, 4. 217~227.

[34] Grace ] and Rayment M. Respiration in the balance. Nature, 2000, 404: 819~820.

[35] Morén A S and Lindroth A. CO; exchange at the floor of boreal forest. Agricultural and Forest Meteorology, 2000, 101: 1~14.

[36] ChenQ S, LiL H. Han X G, et al. Responses of soil respiration to temperature in 11 communities in Xilingol grassland, Inner Mongolia
Acta Phytoeclogica Sinica, 2003, 27(4): 441~447.

[37] Gulledge J and Schimel J P. Controls on soil carbon dioxide and methane {luxes in a variety of Taiga Forest stands in Interior Alaska.
Ecosystems, 2000, 3: 269~282.

[38] Xu M and Qi Y. Soil-surface CO, efflux and its spatial and temporal variations in a young ponderosa pine plantation in northern
California. Global Change Biology, 2001, 7: 667~677.

[39] Parker L. W, Miller J, Steinberger Y. et al. Soil respiration in a Chihuahuan desert rangeland. Soil Biology and Biochemistry, 1983, 15:
303~309.

[40] Dorr H and Miinich K O. Annual variation in soil respiration in selected areas of the temperate zone. Tellus. 1987, 39(B): 114~121.

[41] Fang C and Moncrieff ] B. The dependence of soil CO, efflux on temperature. Soil Biology &. Biochemistry, 2001, 33: 155~165.

[42] Linn D M and Doran. ] W. Effect of water-filled pore space on carbon dioxide and nitrous oxide production in tilled and nontilled soils.
Soil Science Society of America Journal, 1984, 48: 1267~1272.

[43] Doran ] W, Mielk I N and Power J F. Microbial activity as regulated by soil water-filled pore space. In: Ecology of soil microorganisms
in the microhabital environments. Transactions of the 14th Int. Congress of soil Sci. 1991, Symposium II1-3: 94~99

[447] Skopp J, Jawson D M, Doran D W. Steady-state aerobic microbial activity as a function of soil water content. Soil Science Society of
American Journal s 1990, 54: 1619~1625.

[45] Papendick R I and Campbell G S. Theory and measurement of water potential. In; Parr ] F, Gardner W R and Elliot L. F Eds. Water
potential relations in soil Microbiology. Soil Science Society of America Special Publications Number 9. 1~22, Madison, WI, U. S. A.
1981.

[46] Zhang J T. Effects of global climate change on C and N circulation in natural soils. Scientia Geographica Sinica, 1998, 18: 463~471.

[5] . . .. . ,2001, 16 (2): 152~160.

[6] . . . , 1991, 5. 39~41.

[7] . s .. . . 1999, 19(3): 324~328.

[8] . . CO, . . 2002, 22(5): 655~660.

[9] . . .. C CO, . . 1997, 21: 416~423.
[10] . . . . , 2000, 24(6): 680~ 686.
[11] . . . . . 1998, 22(2): 119~126.

[23] . . . . . 3 H.

, 1988. 84~183.
[24] s ,

C 3 . : ,1988. 184~226.
[29] s s PR . » 2003, 27(2):202~209.
[36] s s PR 11 . » 2003, 27(4): 441~447.

[46] . N . ., 1998, 18: 463~471.



