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RRS Bulletin 8: Nutrient Additions and Soil Microbial 
Community Recovery Following High-Severity Forest Fire, 

Rogers Research Site, North Laramie Mountains, Wyoming

Claire Wilkin1,2, Stephen Williams3,4, Michael Urynowicz5, Larry Munn3,4, and Robert Waggener6,7

Introduction
In summer 2012, the Arapaho Fire burned approximately 
98,000 acres in the north Laramie Mountains of southeast 
Wyoming, including the Rogers Research Site (RRS). The 
320-ac parcel is owned by the University of Wyoming 
and managed by the Wyoming Agricultural Experiment 
Station. A study was performed at RRS to investigate 
the effectiveness of soil amendments (compost tea, 
‘traditional’ compost, and ammonium nitrate [NH4NO3]) 
fertilizer for re-establishing the soil microbial community 
and hastening the recovery of the site to a healthy 
successional environment following the high-severity 
fire. The long-term goal of this effort is restoration of the 
burned forest stand; however, this study was directed 
toward an evaluation of the below-ground ecosystem and, 
specifically, the microbial communities in the soil on short 
time scales.

Objectives
Objectives were to (1) determine how the microbial 
community structure and chemical properties changed 
from a pre-fire, semiarid ponderosa pine (Pinus ponderosa) 
stand to the post-fire environment; (2) compare treatment 
impacts on soil community recovery to that of the control; 
and (3) monitor belowground community and inorganic 
nitrogen (N) nutrient dynamics over a nine-month period 
after treatment.

Materials and Methods
The post-fire soil amendment study included six 
treatments across seven blocks for a total of 42 treatment 
plots. The treatments included two steeping times of 
compost tea, NH4NO3, traditional compost, water-
only control, and blank control. The treatments were 
applied in a randomized complete block design using 
seven replicates. Four sample sets were collected: one 
day prior to the November 13, 2012, treatments, and 
approximately one week (November 25, 2012), six 
months (May 14, 2013), and nine months (August 14, 
2013) post-treatment. These sample dates are referred 
to as pre-treatment, and post 1, 2, and 3, respectively. 

Site-wide soil samples collected pre- and post-fire (Fig. 1) 
were frozen and subsequently extracted for phospholipid 
fatty acid (PLFA) signatures. These samples were run 
for pH, electrical conductivity (EC), calcium (Ca), 
magnesium (Mg), potassium (K), sodium (Na), sodium 
adsorption ratio (SAR), and phosphate phosphorus. 
Ammonium (NH4) and nitrate (NO3) concentrations 
were also determined.

Results and Discussion
The NH4 and NO3 measurements, carried out over 
the four sample dates, demonstrated a strong seasonal 
trend. The pre-treatment measurement did not show 
any statistical differences across the 42 plots for either 
ammonium nitrogen (NH4-N) or nitrate nitrogen 
(NO3-N). Following treatment, the fertilizer plots 
showed a significant spike in NO3-N, not unexpected 
after the addition of NH4NO3 as fertilizer. This spike 
disappeared by the post-2 measurement; there was not a 
similar spike in the NH4 data. What was most interesting 
was the nearly fourfold increase in both NH4-N (Fig. 2) 
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Figure 1. On July 18, 2012—just over two weeks after the Arapaho Fire 
burned across RRS and surrounding lands—Steve Williams collects soil 
samples as part of a multi-pronged soil study detailed in RRS Bulletins 7 
and 8. (Photo by Stanley Bellgard)
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and NO3-N at the post-3 sample date. This increase in 
both inorganic N values may coincide with seasonal 
environmental changes, as summer 2013 was relatively 
wet and mild, especially in the week prior to the August 
14 sampling. This may also reflect loss of the conifer 
canopy and subsequent reduced water uptake after 
the fire.

RRS was significantly affected by the Arapaho Fire, and 
likely this ecosystem will take many decades to recover to 
pre-fire levels of ponderosa pine production. The release 
of organic-bound nutrients and the charring of woody 
materials may have long-term effects on soil bacteria 
populations. The addition of organic amendments, in 
the form of compost and its aerated teas, may have 
stimulated ammonification and fungal activity and 
narrowed fungi:bacteria ratios over the short-term. The 
observed changes in PLFA signatures in the experimental 
surface soils were typically variable and non-significant 
as the seasons changed and different environmental 
conditions allowed microbial communities to wax 
and wane. The addition of N fertilizer, in the form of 
NH4NO3, stimulated bacterial populations to higher levels 
compared to controls. A longer-term study at RRS with 
an emphasis on characterization of post-fire vegetation 
development and well-defined functional groups of 
microorganisms (e.g., N-fixing bacteria and mycorrhizal 
fungi) is recommended to understand the full implication 
of external amendment addition to this fire-impacted 
forest ecosystem.

RRS Bulletin 8 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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Figure 2. Ammonium nitrogen (NH4-N) average responses for pre- and 
post-treatment analyses. Nitrate nitrogen [NO3-N] showed a similar 
response.

NH4-N mg/kg: ammonium nitrogen in milligram/kilogram dry soil. 
Example: 50 mg/kg of NH4-N=100 lb of NH4-N per acre in a layer 
8 inches thick, the latter of which is commonly called an acre furrow 
slice (AFS) The assumption for AFS is that the soil has an average bulk 
density of 1.33 g/cm3 (~50% pore space by volume). The result is 100 lb 
NH4-N in an AFS that weighs 2 million pounds.

Different letters indicate significant differences between treatments on 
a single sample date (p<0.05). An asterisk (*) indicates significantly 
higher response for a single treatment compared with other sample dates.

The four sample sets include: one day prior to the November 13, 2012, 
treatment (pre-treatment), and approximately one week (post 1), six 
months (post 2), and nine months (post 3) post-treatments. Blank=blank 
control; compost=traditional compost; CT1=compost tea aerated and 
steeped at a ratio of one part compost to five parts water (v/v) for one 
day; CT2=compost tea aerated/steeped for two days; Fert=ammonium 
nitrate (NH4NO3) fertilizer; water=water-only control.




