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CHANGE BETWEEN SOIL AND ATMOSPHERE

WANG Wei WANG Tao PENG Shu-Shi and FANG Jing-Yun

Department of Ecology  College of Environmental Sciences Key Laboratory for Earth Surface Processes of Ministry of Education — Peking University
Beijing 100871  China

Abstract Winter CO, efflux from soils is a significant component of annual carbon budgets and can greatly
determine carbon balance of ecosystems. However present estimates of annual soil respiration are mostly based
on measurements taken during the growing season and assume that microbial respiration in frozen or snow-cov-
ered soils is negligible. We analyze methods used magnitude of winter soil respiration and influencing fac-
tors. There are very few measurements of winter soil respiration except in tundra and alpine ecosystems. Winter
CO, efflux from soils ranged from 0.002 to 1.359 ymol G m™* s~ ' and 0.22 t0 0.67 pmol G m~* s~ in
tundra and forest ecosystems respectively. No direct relationship between soil temperature and winter CO, ef-
flux from soils was found but there is a critical threshold for active respiration typically between — 7 and
-5 °C below which lack of free water limits microbial contributions to winter soil respiration. The depth
timing and duration of snow cover greatly influence the magnitude of winter CO, efflux from soils with water
availability an important limiting factor. If insulating snowpack is present carbon availability also controls het-
erotrophic activity. We discuss current problems and future research needs.
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Table 1  Average net winter CO, efflux from soils of Arctic tundra communities Fahnestock et al. 1999
Seasonal range of . .COZ
Tundra communty type Mean COziefﬂux? Imeasurements Number of Estimated winter CO, efflux rates
pmol G m™% 7! pmol G m~2 5! samples gC m?
Tussock Acidic 0.68 0.002 ~ 1.360 352 20.95
Riparian Riverside willow 0.05 0.006 ~ 0.420 180 12.82
Wet sedge 0.05 0.020~0.830 150 12.19
Natural drifts 0.11 0.003 ~0.520 119 26.37
Dry heath 0.05 0.002~1.210 92 9.46
Water track 0.16 0.066 ~0.749 30 21.65
Tussock Nonacidic 0.01 0.007 ~0.082 20 2.10
Moist dwarf shrub 0.02 0.019~0.088 20 0.55
/ Disturbed/Revegetated 0.03 0.010~0.186 20 4.55
Average 0.11 0.002 ~ 1.359 12.30
2 gCm?
Table 2 Reported values of winter CO, efflux ¢ G m~2  from seasonally snow-covered forests
CO,
Location Ecosystem types Winter CO, efflux
Colorado  USA Coniferous 143 145 Monson et al. 2002
Finland Coniferous 60~90 Suni et al. 2003
Colorado USA Coniferous 45 Brooks et al. 1999
Wyoming Glees USA Coniferous 110 Sommerfeld et al. 1993
Canada Coniferous 40~55 Winston et al. 1997
Colorado USA Coniferous 71 Hubbard et al. 2005
Idoho USA Coniferous 132 McDowell et al. 2000
Canada Deciduous 89~ 132 Lafleur et al. 2003
Colorado USA Deciduous 81 Brooks et al. 1999
Wyoming Glees USA Deciduous 152 Sommerfeld et al. 1993
Gifu Prefecture Japan Deciduous 22.4 Mariko et al. 2000
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