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CO, emission from an alpine Kobresia humilis meadow in winters
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Abstract: Winter carbon ( C) flux is important for annual C balance over an ecosystem level but the field measurements
are still lacking especially in alpine grasslands which occupy approximately one third of the Tibetan Plateau area.
Consequently a determination of winter carbon flux is essential for the assessment of alpine grassland carbon budget.
Previous studies showed that temperature coefficient ( (,,) an index of temperature sensitivity for respirations increased
with decreasing temperature in other ecosystem. This research therefore hypothesized that Q,, of soil and ecosystem
respiration in alpine meadows would be higher in winters than in summers and higher in cold winters than in warm winters.
To test the hypothesis above ecosystem and soil CO, fluxes were measured by a static chamber — chromatography method in
an alpine Kobresia humilis meadow in two continues winters from 2003 to 2005 at Haibei Alpine Meadow Ecosystem
Research Station of Chinese Academy of Sciences. The objectives of this study were to: 1) clarify the characteristics of
winter soil and ecosystem CO, fluxes and their control factors and 2) compare temperature sensitivity of CO, fluxes under
different thermal regimes. Results showed that both ecosystem and soil respiration showed clear diurnal and seasonal
patterns. Temperature mainly controlled ecosystem and soil respiration explaining more than 44% of the respiration
variance. Ecosystem respiration rates averaged 88.43 mgCO,»m *h ~'( ranging from 51.63 to 206.07 mgCO,>m **h ') in
the first winter and 89.50 mgCO,*m *h ' ( ranging from 35. 12 to 145. 17 mgCO,»m >*h~") in the second winter. By
comparison  soil respiration rates varied from 47.41 to 152.94 mgCO,>m *h ' ( with mean of 77.01 mgCO,»m *h™") in
the first winter and ranged from 28. 21 to 107. 89 mgCO,*m *h ™' ( with mean of 68. 64 mgCO,»m **h™") in the second

winter. Because the aboveground parts were dead in winters no significant difference was observed between ecosystem and
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soil respirations. Soil respiration accounted for more than 85% of ecosystem respiration indicating that soil respiration
composed the main C loss from alpine meadow ecosystems in winters. Our estimate showed soil respiration could release
86.9 gC/m’ in one winter which approximately counteracted 15% carbon fixed by alpine plants in the growing season.
Higher ecosystem respiration than soil respiration in winters could be ascribed to additional decomposition of dead litter
above the ground. The Q,,values of ecosystem respiration in the two winters were 1. 86 and 1. 53 respectively. By
comparison the ), values of soil respiration were 1. 68 and 1.38 respectively. The Q,, values of ecosystem respiration
were higher than those of soil respiration in both winters. This is mainly due to that aboveground standing or falling litter
comprised more labile carbon such as sugars starch etc resulting in higher substrate — availability for ecosystem
respiratory activities than soil. Additionally the Q,,values of respirations were higher in the growing season than in the
winter and higher in warm winter than that in cold winter not supporting our hypothesis. This indicates that the Q,, was

influenced not only by temperature but also by substrate availability and microbial activities.
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Fig. 1 Diurnal variation of CO, emission from alpine Kobresia

(r=0.86 0.87 n=7 P<0.05) . i winter
2.2
2003—2004 (11 — 4 ) 51.63—206. 07
mgCO,>m >*h ™" 47.41—152.94 mgCO,>m *h~"'. 2004—2005
35.12—145.17 mgCO,m **h ™" 28.21—107. 89 mgCO;m *h™', 2
3—4 (
2) . 2 .
. 2003—
2004 91% 2004—2005 78% o

http? o wwiw ! édologica! el



5110

31

COFRICH AR

CO, emission rate/(mg CO;m2h"

2.3

cm

01)

( + ) CO,

2003200444 %

2

—o— LB RYITFR =

200

160

. . \ 0

11-01 11-21 12-11 12-31 01-20 02-09 03-01 03-21 04-10 04-30 11

2

H #] Date

co,

9% 22%

O-— HIEIER

20042005442

-01 11-21 12-11 12-31 01-20 02-09 03-01 03-21 04-10 04-30

Fig.2 Seasonal variation of CO,emission from alpine Kobresia humilis meadow in winters

Co,

N 5 ecm

44%

2003—2004

2004—2005

IV i 38

Respiration rate/(mg CO>m *h")
7
o

2003—20044F &7

200 t p = 133.74¢00426x
R=0.48 P<0.01

( 3,

~

74% ;
co,
2
(r=0.83 0.76 n=12 P<0.

(r=0.83 0.76 n=12 P<0.01),

o HABRLIFR o LI

200
2004200554 = 124430920
v | R=0.66 P<0.01
120 +
80
¥ = 1068300323« 40 + J = 90.552¢005%
R*=047 P<0.05 R>=0.56 P<0.01
L 'l () 1 1 1 1 i
0 5 -20 =15 -10 -5 0 5

A Air temperas

co,

ture/"C

Fig.3 Relationship between air temperature and respiration rate of Kobresia humilis meadow in winters

~

(586.97 mgCOsm *h™")  15%

89.1 gC/m’

Co, .
4 n
. 2003—2005 2
88.96.72.83 mgCO,sm *h~'
(400.40 mgCO,m >h™") 18% ° .
86.9 ¢C/m’
103.3 ¢C/m’

http? o wwiw ! édologica! el



18 CO, 5111

12.27 oC/m* * " & ( ) 1523.5 g/m’(
) " 609.4 oC/m’, 15%
o 2 85% "
2003—2004 -8.0 °C 2004—2005
-5.7C. 2003—2004 91% 2004—2005
78% .
Co, o
1316 Monson

2005 3 16 327

103.43 mgCO»m *h~'.112.01 mgCOrm >h~';

81.72 mgCOsm h ™"

3.2 Co,
Qo
18-19
0 2003—2004
2004—2005 0w
20
QIO
CO2 Q]U QIO

2.0 2 0

-11.5 C. 5 cm
N -6.3.-3.1C.

010 QIO °

References:

17
15 ¢cm 5 cmo 2
89. 84 mgCO,m *h™'.
1.3—3.3

( 3) CO,

Qo 1.53 Qo 1.38;
1.86 1.68. 2 Qo
5-8
Qo
20
2124

0, - 2003—2004

-5.9 °C; 2004—2005

~

1 Valentini R Matteucci G Dolman A J Schulze ED Rebmann C Moors E J Granier A Gross P Jensen N O Pilegaard K Lindroth A Grelle

A Bernhofer C Griinwald T Aubinet M Ceulemans R Kowalski A S Vesala T Rannik U Berbigier P Loustau D Gumundsson J

Thorgeirsson H Throm A Morgenstern K Clement R Moncrieff ] Montagnani L. Minerbi S Jarvis P G. Respiration as the main determinant of

carbon balance in European forests. Nature 2000 404: 861-865.

http? o wwiw ! édologica! el



5112 31

10

11

12

13

14

15

17

18

19

20

21

22
23

24

13

Mast M A Wickland K P Striegl R T. Winter fluxes of CO, and CH, from subalpine soils in Rocky Mountain National Park Colorado. Global
Biogeochemical Cycles 1998 12(4): 607-620.

Monson R K. Climatic influences on net ecosystem CO, exchange during the transition from wintertime carbon source to springtime carbon sink in a
high elevation subalpine forest. Oecologia 2005 146( 1) :130-147.

Wang W Wang T Peng S S Fang J Y. Review of winter CO, efflux from soils: a key process of CO, exchange between soil and atmosphere.
Journal of Plant Ecology 2007 31( 3) :394-402.

Kirschbaum M U F. The temperature dependence of soil organic matter decomposition and the effect of global warming on soil organic C storage.
Soil Biology and Biochemistry 1995 27(6) :753-760.

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(2):217-227.

Luo Y Q Wan S Q Hui DF Wallace L L. Acclimatization of soil respiration to warming in a tall grass prairie. Nature 2001 413: 622-625.
Oechel W C Vourlitis G L Hastings S J Zulueta R C Hinzman L. Kane D. Acclimation of ecosystem CO, exchange in the Alaskan Arctic in
response to decadal climate warming. Nature 2000 406: 978-981.

WuQ CaoGM HuQW LiD WangYS Li Y M. A primary study on CO, emission from soil-plant systems of Kobresia humilis meadow.
Resources science 2005 27(2) :96-102.

Wang Y S Wang Y H. Quick measurement of CH, CO, and N, O emissions from short-plant ecosystems. Advances in Atmospheric Sciences
2003 20(5) :842-844.

Monson R K Lipson D L Burns S P. Winter forest soil respiration controlled by climate and microbial community composition. Nature 2006
439: 711-714.

Fahnestock J] T Jones M H Welker ] M. Wintertime CO, efflux from arctic soils: implications for annual carbon budgets. Global Biogeochemical
Cycle 1999 13(3): 775-779.

LIYN WangQX GuS FuYL DuMY Zhao L Zhao X Q Yu G R. Integrated monitoring of alpine vegetation types and its primary
production. Acta Geographica Sinca 2004 59( 1) :40-48.

HuQW WuQ CaoGM LiD Wang Y S. Growing season ecosystem respirations and associated component fluxes in two alpine meadows on the
Tibetan Plateau. Journal of Integrative Plant Biology 2008 50(3): 271-279.

Marchand P J. Life in the Cold: An Introduction to Winter Ecology. Hanover: University Press of New England 1987.

Jones H G. The ecology of snow-covered systems: a brief overview of nutrient cycling and life in the cold. Hydrological Processes 1999 13( 14) :
2135 2147.

Monson R K Burns S P Williams M W. The contribution of beneath-snow soil respiration to total ecosystem respiration in a high elevation
subalpine forest. Global Biogeochemical Cycles 2006 20(3): GB3030 doi: 10. 1029/ 2005GB002684.

Raich J] W Schlesinger W H. The global carbon dioxide flux in soil respiration and its relationship to vegetation and climate. Tellus 1992 44B
(2): 81-99.

Boone R D Nadelhoffer K J Canary J D Kaye J P. Roots exert a strong influence on the temperature sensitivity of soil respiration. Nature 1998
396:570-572.

Davidson E A Janssens I V. Luo Y Q. On the variability of respiration in terrestrial ecosystems: moving beyond Q,,. Global Change Biology
2006 12(2) :154-164.

Rey A Pegoraro E Tedeschi V. Parri LD Jarvis P G Valentini R. Annual variation in soil respiration and its components in a coppice oak forest
in Central Ttaly. Global Change Biology 2002 8(9): 851-866.

Janssens I A Pilegaard K. Large seasonal changes in Q of soil respiration in a beech forest. Global Change Biology 2003 9(6): 911-918.
Curiel Yuste J Janssens I A Carrara A Ceulemans R. Annual Q,, of soil respiration reflects plant phenological patterns as well as temperature
sensitivity. Global Change Biology 2004 10(2):161-169.

Reichstein M Tenhunen J Roupsar O Ourcival ] M Rambal S Miglietta F' Peressotti A Pecchiari M Tironc G Valentini R. Severe drought
effects on ecosystem CO, and H, O fluxes at three Mediterranean evergreen sites: revision of current hypotheses? Global Change Biology 2002 8

(10) : 999-1017.

o, ) 2007 31 (3) : 394-402.
- Co, ) 2005 27(2) :96-102.
2004 59(1) :40-48.

http? o wwiw ! édologica! el



