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RRS Bulletin 7: Pre- and Post-Fire Soil Comparisons, Rogers 
Research Site, North Laramie Mountains, Wyoming

Stephen Williams1,2, Claire Wilkin3,4, Larry Munn1,2, Michael Urynowicz5, and Robert Waggener6,7

Introduction
Soil microbiological and chemical properties change under 
the influence of fire. These changes vary significantly 
based on the intensity of the fire, site location, and 
micro- and macro-topographic and climatic variations 
(Certini, 2005). Soil property affects can include soil 
carbon (C) content, pH, electrical conductivity (EC), and 
the concentrations of major cations and anions including 
nitrate nitrogen (NO3-N), ammonium nitrogen (NH4-N), 
phosphate phosphorus (PO4-P), calcium (Ca), magnesium 
(Mg), potassium (K), and sodium (Na). Microbial 
community composition and the relative abundance of 
different microbe taxonomic groups are common points of 

focus as soil microorganism responses to fire, particularly 
with regard to re-vegetation, decomposition, and recovery.

In summer 2012, the Arapaho Fire in southeast 
Wyoming’s Laramie Mountains burned approximately 
98,000 acres of wildland, including the 320-ac Rogers 
Research Site (RRS), which is owned by the University 
of Wyoming and managed by the Wyoming Agricultural 
Experiment Station. Fire modifies ecosystems very 
quickly, allowing some organisms that have been dormant 
to become active and others to decrease or disappear. As 
such, understanding how fire impacts microbial organisms 
and other soil properties is paramount to understanding 
the ponderosa pine (Pinus ponderosa) system at RRS and 
surrounding lands.

Objectives
Objectives were to (1) determine if important nutrients in 
the surface soil would be available in higher concentrations 
following this high-intensity burn; (2) whether pH and 
EC would reflect this; and (3) if the surface soil microbial 
biomass would be significantly changed.

Materials and Methods
As part of an original study to document soils at RRS, 
eight monitoring plots were established in spring 2012 
(Fig. 1). Soil samples were collected from a soil pit 
excavated at the center of each square plot in June—work 
that occurred, fortuitously, just days and weeks before 
the lightning-caused fire started on June 27. To address 
fire effects, additional soil samples were collected in late 
July 2012. A subsample of each soil horizon sample was 
placed on dry ice. From these subsamples, NO3-N and 
NH4-N were extracted using 2M KCl (2-molar potassium 
chloride) and analyzed using BioTek™ colorimetric assays. 
Microbial biomass and community composition were 
estimated using phospholipid fatty acid analysis (PLFA).

Results and Discussion
All fatty acid signatures demonstrated a post-fire 
reduction compared with pre-burn samples. Data had 
a high standard error, so significant differences for an 
alpha of 0.05 were only observed in the actinomycetes 
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Figure 1. Larry Munn obtains Global Positioning System coordinates 
at one of the sites at RRS where soil samples were collected. Fortuitously, 
these samples were collected shortly before the 2012 Arapaho Fire; thus, 
the samples provided important baseline data for post-fire studies. (Photo 
by Steve Williams)
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and protozoans. Both arbuscular mycorrhizal fungi and 
ectomycorrhizal fungi showed significant differences at 
an alpha of 0.10. Post-fire soils were substantially richer 
in available base cations and phosphate phosphorus, 
and surface soil properties were more severely altered as 
compared to the subsurface.

The pH of surface soils increased by 1.22 units, on 
average, across the eight sites sampled, while Ca, Mg, K, 
Na, EC, and PO4-P all increased significantly following 
the fire (Table 1). Weight %N and %C both increased, 
apparently indicating that the fire at RRS did not heat 
the soil long enough or at high enough temperatures 
to volatilize significant amounts of biomass litter N 
and C. Our study also showed that NH4-N increased 
significantly, while NO3-N increased significantly when 
comparing surface soils only (Table 1). After observing 
marked soil chemical and biotic changes following the 
fire, we became interested in exploring the subsequent 
effect these changes might have on the soil microbial 
communities, including how the addition of external soil 
amendments affect the system. The results of this study 
are summarized in the next paper in this section.

RRS Bulletin 7 is nearing completion and will be posted 
on the James C. Hageman Sustainable Agriculture 
Research and Extension Center website at http://bit.ly/
RogersResearchSite.
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Table 1. Pre- and post-fire soils data from eight 50 m × 50 m (164 ft × 164 ft) plots at Rogers Research Site.

NO3-N (nitrate nitrogen), NH4-N (ammonium nitrogen), and PO4-P (phosphate phosphorus) are in milligram/kilogram (mg/kg) dry soil. All cations 
are in milliequivalents per liter (meq/L), a chemical unit commonly used to characterize salt concentration in solutions. Ca=calcium, Mg=magnesium, 
K=potassium, Na=sodium, EC=electrical conductivity, SAR= sodium adsorption ratio, Wt%N=nitrogen content, Wt%C=carbon content. An asterisk 
(*) denotes a significantly higher variable response between a single soil horizon and its paired counterpart, α<0.05.




