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FIRE-INDUCED CHANGES IN SOIL NITROGEN AND CARBON
DYNAMICS IN TALLGRASS PRAIRIE
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ABSTRACT

Periodic fires are essential for the development and persistence of relatively mesic grasslands, including the tallgrass prairies of the
U.S. Central Plains. Today, fire is widely used as a management tool to limit encroachment by woody plants and to maintain the
productivity of the dominant C4 grasses in these grasslands. Fires at different frequencies affect many aspects of tallgrass prairie
ecosystem structure and functioning, including plant species composition, plant productivity, plant tissue chemistry, and the soil
microclimate, all of which can affect soil processes and soil biota. Long-term studies at the Konza Prairie Long Term Ecological
Research site have been evaluating belowground responses to fire at different frequencies (i.e., annual spring fires versus infrequent
fires or long-term fire exclusion). Here we summarize some of the major findings of these studies with respect to belowground nitrogen
(N) and carbon (C) cycling. Fire results in the volatilization of N from aboveground detritus in tallgrass prairie, while subsequent
changes in the light and energy environment generally increase both above- and belowground plant productivity. Increased root
productivity and increased N use efficiency by the dominant grasses leads to greater inputs of plant material to the soil and a wider
C/N ratio of those inputs, both of which influence soil N and C flux. Soils under frequently burned prairie exhibit lower N availability,
evidenced by reduced concentrations of inorganic N and 33–66% lower rates of soil net N mineralization, relative to unburned prairie.
Soils of frequently burned prairie also exhibit less spatial heterogeneity in available soil N, with potential consequences for plant
community dynamics. In contrast to the effects of fire on N mineralization, total soil CO2 efflux is increased by up to 55% in frequently
burned, relative to unburned, prairie. Root productivity and biomass are also higher in frequently burned prairie. Comparisons of soil
C and N dynamics in annually burned and infrequently burned prairie with similar soil microclimates suggest that abiotic factors alone
(e.g., altered soil temperature and moisture) cannot account for these changes and that biotic factors are key to explaining belowground
responses to fire in tallgrass prairie.
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