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Abstract

Wildfire may cause major losses of forest soil organic matter and consequently limit soil nutrient availability and forest
regeneration, although the characteristics of post-fire organic matter are also likely to influence these processes. The
2011 Pagami Creek wildfire in northern Minnesota was a historical fire event and resulted in a range of fire severity
levels determined via remote sensing and field measurements. To evaluate the effects of fire severity on forest soil
organic matter, we sampled soils immediately following fire in areas and quantified total soil carbon (C) and nitrogen
(N) content using elemental analysis, and black (pyrogenic) C using nuclear magnetic resonance (NMR) spectroscopy.
Forest floor C content decreased with fire severity, and there were no differences in forest floor N content among
severity classes. Similarly, there were no differences in total C or N contents for mineral soil at 0-10 cm or 10-20 cm
depths. All fire severity levels decreased C:N ratio relative to unburned reference areas for the forest floor and 0-10
cm mineral soil; however, there were no differences in C:N among severity levels. Results on pyrogenic C content will
be presented. Our results indicate that fire effects on soil C and N contents are limited primarily to the organic soil
layers, and that effects on mineral soil are minimal. Understanding the environmental effects of forest fire as a
function of fire severity is critical for developing appropriate policies and practices for minimizing detrimental effects
and managing fire-prone forests for long-term resilience.
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1 INTRODUCTION

contributes to resistance to decomposition and its

potential to sequester C over the long term (Preston &

Fires can both stimulate and depress forest recovery by
affecting soil processes. In moisture-limited systems, such
as dry coniferous forests, fire can accelerate soil organic
matter (SOM) breakdown and nutrient release (Neary et
al., 2008). Severe fires, however, may contribute to
decreases in nutrient availability by consuming SOM,
volatilizing nitrogen, and decreasing microbial processes
associated with nutrient cycling, thereby potentially
limiting post-fire forest recovery.

Incomplete combustion of biomass during fires produces
black carbon (C), a highly concentrated form of C
characterized by an aromatic chemical structure, which

Schmidt, 2006; Schmidt & Noack, 2000). However, black C
guantity and characteristics depend on the fire conditions
in which the black C was produced (Bergeron et al., 2013),
and knowledge of the role of wildfire-produced black C in
forest soils is limited. The 2011 Pagami Creek wildfire in
northern Minnesota provided a unique opportunity to
evaluate the effects of a range of fire severity levels on
forest soil carbon (C) and nitrogen (N), including the black
C component of forest soil.

2 METHODS

The 2011 Pagami Creek wildfire was initiated by a mid-
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August lightning strike in the Boundary Waters Canoe Area
in northern Minnesota, USA. Although fire is a key
ecological process in this region (Frelich, 2002;
Heinselman, 1996), the 38,000 ha fire was the largest to
occur in this region since 1894. The fire burned through
diverse forest types including Pinus-dominated stands and
Populus-Betula stands with Picea-Abies understory and
exhibited a full range of behavior ranging from light
surface fire to rapidly spreading crown fire. The fire
resulted in range of fire severity levels based on both field
estimates (Jain & Graham, 2007) and remotely sensed
measures using a RANBR approach (Miller et al., 2009).

Soils were sampled from the burned area in October-
November 2011. Fire severity was assessed in each sample
plot, using severity estimates for soil and for the forest
canopy. Unburned reference sites were sampled in the
spring of 2012. To evaluate the effects of fire severity on
forest soil organic matter, we quantified total soil carbon
(C) and nitrogen (N) using elemental analysis, and black
(pyrogenic) C using nuclear magnetic resonance (NMR)
spectroscopy in areas classified as low to high fire severity.

3  RESULTS AND DISCUSSION

Forest floor C content decreased with fire severity, and
there were no differences in forest floor N content among
severity classes. Similarly, there were no differences in
total C or N contents for mineral soil at 0-10 cm or 10-20
cm depths. All fire severity levels decreased C:N ratio
relative to unburned reference areas for the forest floor
and 0-10 cm mineral soil; however, there were no
differences in C:N among severity levels. Results on
pyrogenic C content will be presented.

Up to 40% of soil C may exist as black C in fire-disturbed
forests (Preston & Schmidt, 2006). Black C has been
positively correlated with soil pH, total C and N, P
availability, and conifer seedling regeneration (MacKenzie
et al., 2008; Makoto et al., 2011), indicating that black C
influences post-fire forest recovery. Our study provides
information on the black C component of total soil C, and
evaluates relationships among fire severity, black C, and
total soil C and N in forest soil. The western Great Lakes
region has experienced recent patterns of prolonged
drought (Potter & Conkling, 2012), which increases wildfire
risk and severity. Understanding the role of black C in post-
fire forest soils as a function of fire severity is important
for anticipating how continued changes in regional climate
will affect nutrient pools in forest soil.

4 CONCLUSIONS

Our results indicate that fire effects on total soil C and N
are limited primarily to the organic soil layers, and that
effects on mineral soil are minimal. These results represent
immediate (<1 year) effects of fire on soil. Evaluating
changes in black C and total soil C and N through time
since fire will provide additional information on how the
persistence of fire effects differs among fire severity levels.

Our study provides information on the environmental
effects of forest fire as a function of fire severity, and is
relevant for anticipating changes in wildfire disturbance
regimes likely to occur under predicted future climate
scenarios (Turner, 2010). This information is critical for

developing appropriate policies and practices for

minimizing detrimental effects of ecosystem disturbance
and managing fire-prone forests for long-term resilience.

ACKNOWLEDGEMENTS

This work was supported by an NSF RAPID award to P.
Townsend, R. Kolka, S. Fraver, E. Gustafson, B. Sturtevant,
and P. Wolter. Miesel and Hockaday acknowledge NSF
EAR-1132124 for NMR instrumentation and training funds.

REFERENCES

Bergeron SP, Bradley RL, Munson A, Parsons W. 2013. Physico-chemical
and functional characteristics of soil charcoal produced at five
different temperatures. Soil Biology & Biochemistry 58:140-
146.

Frelich, L.E. 2002. Forest Dynamics and Disturbance Regimes: Studies
from Temperate Evergreen-Deciduous Forests, Cambridge
University Press, Cambridge, UK.

Heinselman, ML. 1996. Fire Origin of the Virgin Forests. In: The Boundary
Waters Wilderness Ecosystem University of Minnesota Press,
Minneapolis, pp. 45-73.

Jain TB, Graham, RT. 2007. The relation between tree burn severity and
forest structure in the Rocky Mountains. In: Powers R (Ed.),
Restoring fire-adapted ecosystems: proceedings of the 2005
national silviculture workshop. Gen. Tech. Rep. PSW-GTR-203,
USDA Forest Service, Pacific Southwest Research Station,
Albany, CA, pp. 213-250.

Makoto K, Hirobe M, DelLuca TH, Bryanin SV, Procopchuk VF, Koike T.
2011. Effects of fire-derived charcoal on soil properties and
seedling regeneration in a recently burned Larix gmelinii/Pinus
sylvestris forest. Journal of Soils and Sediments 11:1317-1322.

MacKenzie, MD, Mclintire EJB, Quideau SA, Graham RC. 2008. Charcoal
distribution affects carbon and nitrogen contents in forest soils
of California. Soil Science Society of America Journal 72:1774-
1785.

Miller JD, Knapp EE, Key CH, Skinner CN, Isbell CJ, Creasy RM, Sherlock
JW. 2009. Calibration and validation of the relative differenced
Normalized Burn Ratio (RANBR) to three measures of fire
severity in the Sierra Nevada and Klamath Mountains,
California, USA. Remote Sensing of Environment 113:645-656.

Neary DG, Ryan KC, DeBano LF. 2005. (Revised 2008). Wildland fire in
ecosystems: Effects of fire on soils and water. General

24



FLAMMA | Vol. 6 | 1| 23-25

Technical Report RMRS-GTR-42-vol.4, USDA Forest Service,
Rocky Mountain Research Station, Ogden, UT.

Potter KM, Conkling BL. 2012. DRAFT Forest Health Monitoring 2011
National Technical Report, USDA Forest Service, Washington,
D.C. Available online:
http://fhm.fs.fed.us/pubs/misc/draft_ FHM_2011_National_Te
chnical_Report_FHM_Web.pdf.

Preston CM, Schmidt MW!I. 2006. Black (pyrogenic) carbon: a synthesis of
current  knowledge and uncertainties with  special
consideration of boreal regions. Biogeosciences 3:397-420.

Schmidt MI, Noack AG. 2000. Black carbon in soils and sediments:
Analysis, distribution, implications, and current challenges.
Global Biogeochemical Cycles 14:777-793.

Turner MG. 2010. Disturbance and landscape dynamics in a changing
world. Ecology 91:2833-2849.

25



