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ABSTRACT 

We review measured rates of soil respiration from terrestrial and wetland ecosystems to define 
the annual global C0 2 flux from soils, to identify uncertainties in the global flux estimate, and 
to investigate the influences of temperature, precipitation, and vegetation on soil respiration 
rates. The annual global C02 flux from soils is estimated to average ( ± S.D.) 68 ± 4 PgC/yr, 
based on extrapolations from biome land areas. Relatively few measurements of soil respiration 
exist from arid, semi-arid, and tropical regions; these regions should be priorities for additional 
research. On a global scale, soil respiration rates are positively correlated with mean annual air 
temperatures and mean annual precipitation. There is a close correlation between mean annual 
net primary productivity (NPP) of different vegetation biomes and their mean annual soil 
respiration rates, with soil respiration averaging 24 % higher than mean annual NPP. This dif
ference represents a minimum estimate of the contribution of root respiration to the total soil 
C02 effiux. Estimates of soil C turnover rates range from 500 years in tundra and peaty wetlands 
to 10 years in tropical savannas. We also evaluate the potential impacts of human activities on 
soil respiration rates, with particular focus on land use changes, soil fertilization, irrigation and 
drainage, and climate changes. The impacts of human activities on soil respiration rates are 
poorly documented, and vary among sites. Of particular importance are potential changes in 
temperatures and precipitation. Based on a review of in situ measurements, the Q 10 value for 
total soil respiration has a median value of 2.4. Increased soil respiration with global warming 
is likely to provide a positive feedback to the greenhouse effect. 

1. Introduction (Houghton and Woodwell, 1989; Schlesinger, 
1977). By comparison, fossil fuel burning adds 
about 5 Pg C/yr to the atmosphere (ca. 1980-1982, 
Marland and Rotty 1984 ); even a small change in 
the soil respiration flux may rival the annual fossil
fuel loading of atmospheric C02 • Soil respiration 
is a major flux in the global carbon cycle, second in 
magnitude to gross primary productivity, which 
ranges from 100-120 Pg C/yr (Box, 1978; Bolin, 
1983; Houghton and Woodwell, 1989), and equal 
to or greater than the estimated global terrestrial 
net primary productivity of 50-60 Pg C/yr (Box, 
1978; Ajtay et al., 1979; Bolin, 1983; Olson et al., 
1983; Houghton and Woodwell, 1989). The C-flux 
in soil respiration defines the rate of C-cycling 
through soils, thereby constraining estimates of 
above- and belowground detritus production and 
root respiration rates and enabling the estimation 

Carbon dioxide is produced in soils by roots 
and soil organisms and, to a small extent, by 
chemical oxidation of carbon-containing materials 
(Lundegardh, 1927). C0 2 is released from soils in 
the process variably referred to as soil respiration, 
soil-C02 evolution, or soil-C0 2 effiux. The rate at 
which C02 moves from the soil to the atmosphere 
is controlled by the rate of C02 production in the 
soil (the true soil respiration rate), the strength of 
the C0 2 concentration gradient between the soil 
and the atmosphere, and properties such as soil 
pore size, air temperature, and wind speed that 
influence the movement of C02 through and out of 
the soil. 

On a global scale, soil respiration in terrestrial 
ecosystems is estimated to total 50-75 Pg C/yr 
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