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Effects of water content on soil respiration and the mechanisms
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Abstract ;: Soil respiration in terrestrial ecosystem is a significant component of the global carbon cycle, and
its contribution to the global carbon budget has been the focus of wide concern. Because water is one of the
most important environmental factors, study on the relationship between water and soil respiration could
facilitate the research on the role of terrestrial ecosystem in carbon cycle, and could provide evidence on
the riddle of missing carbon sink. Soil respiration is a complicated ecological process. Effects of water on
soil respiration and the mechanisms were summarized in this paper. The influence of precipitation on soil
respiration may vary with time and place. Soil respiration could be restrained by precipitation in humid

ecosystems or humid seasons in ecosystems where dry and humid seasons are alternant, while it might be
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stimulated by precipitation if the conditions were different. The mechanisms are as follows: seeping water
displaces CO, in soil, restrains diffusion of CO, in soil pores, stimulates activity of microorganism and
increases microorganism biomass after rainfall. Because different methods were used to measure the water
content, and because different factors could influence soil respiration, it is very difficult to describe the
effects of water content on soil respiration with the same function. On all accounts, optimum content of
water is usually near to field capability. If the soil was extremely dry or wet, soil respiration would be
restricted. Mechanisms of water content on soil respiration are that dissolved organic matter, aeration in
soil and the energy allocation of microbe and plant are variant with soil moisture. Further studies on
relationship between soil respiration and water should focus on (1) separating effects of water on
microbes’ respiration from those on roots’, (2) discerning potential effects of water distribution change on
the pattern of soil respiration in terrestrial ecosystem along with global change, and (3) counting
contribution of human activity to the CO, efflux from soil by changing water content directly or indirectly.

Key words :soil respiration, water content, mechanisms
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Table 1 Correlations between soil respiration and water content

Type of ecosystem or Correlation between soil respiration
Place X Source
community and water content
South Wisconsion,  Prairie, Corn (tilled), , D, R?=0.04~0. 20, .
. . Wagai  [19]
USA Corn (not tilled) P > 0.05
Eastern s @,R*=0.83,

. Arid Grassland ) Wild Lz0]
Washington, USA i rassian P < 0.01 raune
Florida, USA Slash Pine Plantation ® Fang 3

i Northern Hardwood . . N
Maine, USA @ Simmons 21]
Forests
Massachusetts, Temperate Mixed 8.9 ®,R*= 0.48,P <0 .05; . ,
o Davidson — [22]
USA Hardwood Forest O,R?*= 0.22, P < 0.01
T, R?2=0.70,
Skogaby, Sweden Norway Spruce Stand P<0.01; Gérdendrs[23)

Deforestation,

Southern Alps,  Grassland use, . R .
w,P > 0.1 Thuille  [24]
Ttaly Subsequent Norway
spruce afforestation
Schlewig-Holstein, . Kutesch and
. Agroecosystem W, ,R*= 0.51, S = 0.56 o
Germany Kappen!25]
R U R?2= 0. 31( )3 R?= 0. 31
Para State, Brazil Forest § Davidson ~ [11J
( )P, p < 0.01
B, R2= 0.62¢( YU, R?= 0.54
Pasture -
( )P p < 0.01
Xilin River Basin,  Leymus Chinensis o (26]
o : W, R2= 0. 2547 ,
China Grassland Liet al.
Xilin River Basin, Stiva Grandis S o, (27]
g s Steppe
China 1pa Grandis SKPPE b 92, p < 0.01 Chen et al.
Quercus glauca forest
The east mid-  Phyllostachys ®,R = 0.46,p << 0.05 (28]
subtropical  zone,  pubescens forest ©
S . . . . Huang ez al.
China Camellia  sinensis = YR =0.54,p < 0.01
plantation
<199 o,
North  California,  Yong ponderosa pine . % .
. . R>= 0.54,p~0; >19% Xu and Qil29
USA plantation 5 1o
2 R2= 0.74, pa0
* If not especially emphasized in the column of

correlation between soil respiration and water content,water content is gravimetrical

(DPositive,but not significant ; @ Positive,very significant in late spring and early summer ; 3)No significant correlation ;@)
No significant correlation in local region ;@ Positive in Aug. and Sep. ;(©)Negative in other months ; M Positive with litter-
fall moisture; @ No significant correlation with soil moisture; 9 No significant correlation; (0 Positive; () Negative; 12
Volumetric water content; (3 Negative; () Matrical potential; (5 Volumetric water content; (0 Positive; (7 Positive with
logarithm of soil moisture; (8 Positive; 09 Not significant ; 20 Positive ; 2D Positive when soil moisture<C19 % ; @ Negative

when soil moisture™>19%

(2) Kucera  Kirkham"?*
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