Effects of prescribed burning and litter type on litter decomposition and nutrient release
in mixed-grass prairie in eastern Montana
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Introduction
Most of the inorganic nutrients necessary for plant growth are by-products of
the mineralization of plant residues. The three main factors regulating litter
decomposition across all ecosystems are climate > litter quality > soil
organisms. In semi-arid environments, precipitation is the main climatic
factor driving surface litter decomposition but soil temperature and other
factors are also important. Understanding the regulators of decomposition is
central to understanding the processes that affect overall nutrient cycling
and productivity.
Litter dynamics are also affected by fire. Fires remove litter, release
nutrients into the atmosphere (e.g., nitrogen) and soil (e.g., phosphorus),
and alter nutrient dynamics. Fires may also alter soil temperature and soil
moisture. These changes and effects on grassland production and litter
quality are all likely to alter subsequent litter turnover and nutrient cycling
following fire.
We used a litter bag technique to test the effect of summer fire and three
distinct litter types on decomposition rates and nutrient loss of litter in a
semiarid mixed-grass prairie site in eastern Montana.
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Methods
• Effects of fire and litter type were tested on litter decompostition rates and
litter nitrogen, carbon, and carbon to nitrogen ratio (C:N) in 2004 through
2006.
• Summer burn treatment in August 2003 (4 replicates)
• Three litter sources were collected in summer and fall of 2004
• Barley straw
• Mixed species grassland
• Alfalfa
• Litter was dried at 60C
• Litter bags with 1.5mm mesh were filled with 10g of litter
• Litter bags were placed on soil surface of plots October 19-20, 2004
• Four subsample bags were collected from each treatment replication at
each of six collection times and averaged
• Litter was separated from soil residue and measured
• Results were analyzed with ANOVA

Results

Results
• Litter type had a predictable effect on decomposition rates with more labile
litter (alfalfa) decomposing more quickly than recalcitrant litter (straw) and
similar reductions in litter carbon and nitrogen over time.
• We observed an interesting interactive effect of burning and time. From
2004-2005, litter maintained more mass in burned than unburned plots;
however, this reversed in 2006.
• Levels of carbon and nitrogen in leaf litter decreased over time and were
affected by burning. Unlike patterns for mass loss, C and N content
remained higher in control than burned plots.
• Not surprisingly, carbon:nitrogen ratios varied by litter type. We also
observed an interaction between litter type and time. C:N of range litter
decreased over time but straw litter initially increased and then decreased
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Summary
• Decomposition rates were slower in burned than unburned plots during
most of the first two years after deposition but reversed by the end of the
third year after fire. Slower decomposition rates post-fire may enable litter
pools to accumulate.
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Northern Great Plains Steppe Ecoregion. Over 53 million acres of large intact mixedgrass prairie persist in this portion of the Great Plains. Fort Keogh Livestock and Range
Research Laboratory, located in southeastern Montana, is 22,257 ha and is centrally
located in this region. Average annual precipitation is 326 mm.
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• A major surprise was that the effect of fire differed for measures of total
mass loss vs. amounts of carbon and nitrogen. It is not entirely clear how
total mass could decrease more in control plots while carbon and nitrogen
content remained higher in control than burned plots. One possibility is that
different microbial communities colonized litter in these two treatments that
differed significantly in their carbon and nitrogen content; however,
differences in abiotic factors on leaching and physical degradation may also
be important.

