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Abstract

Ecosystem studies often study soil CO, flux as a function of environmental factors, such as temperature, that
affect respiration rates by changing the rate of utilization of carbon substrates. These studies tend not to include
factors, such as photosynthesis, that affect the supply of carbon substrates to roots and root-associated processes.
We examined the role of decreased carbohydrate source on soil CO; flux and root respiration in an annually-burned
grassland through manipulations of light intensity and removal of above ground biomass. We also quantified the
contribution of root respiration to soil CO; flux by measuring the respiration rates of excised roots. Two days
of shading caused a 40% reduction in soil CO, flux, while clipping was associated with a 19% reduction in soil
CO» flux. Both reductions were independent of soil and air temperature at the time of measurement. The relative
decrease in soil CO; flux observed in the clipping experiment was similar in magnitude to an observed decrease
in root respiration per gram of root, linking decreased root activity and soil CO; flux. From these experiments, we
conclude that variation in factors that affect carbon availability to roots can be important determinants of soil CO»
flux and should be included explicitly in studies that measure or model soil CO, flux.

Abbreviations: NPP — net primary production; SOM - soil organic matter; SRR — specific root respiration

Introduction physiological level, an emphasis on temperature im-
plies that respiration of carbon substrates in roots
and by microbes is more dependent on factors that
affect the rate at which available carbon substrates
are respired (*pulls’ sensu Amthor, 1994) rather than
factors that affect the rate at which these substrates
are supplied below ground (‘pushes’ sensu Amthor,
1994). However, some studies show weak relation-
ships between temperature and soil CO2 flux or root
respiration (Ham et al., 1995; Lambers et al., 1996)

Accurate predictions of carbon exchange between ter-
restrial ecosystems and the atmosphere require an
understanding of factors influencing patterns of soil
CO2 flux. Temperatore has been the abiotic factor
most associated with soil CO; flux in reviews of global
patterns of soil CO2 flux (Lloyd and Taylor, 1994;
Raich and Potter, 1995), models of ecosystem car-
bon exchange (Keith et al, 1997; Zhang et al., 1994),

and global change models (Ryan, 1991). This focus
on temperature comes from the systems tradition of
ecosystem ecology in which soils are modeled as a
compartment whose behavior can be predicted with
simple thermodynamic principles such as a Qo re-
lationship between respiration and temperature. At a
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without identifying other ‘pulling’ determinants.
Even when temperature and soil CO» flux are well-
correlated, this association may not be causal. Heating
of the soil is primarily caused by solar radiation and
consequently, soil temperature and light availability to
canopies are often correlated at diurnal (e.g., Thomas
et al., 1996) and annual time scales (Lloyd and Tay-
lor, 1994). The relative importance of temperature and






