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Linking Ponderosa Pine Ecosystem Restoration with Soil 
Ecology Following a High-Intensity Wildfire at Rogers 

Research Site, North Laramie Mountains, Wyoming

Stephanie Winters1 and Linda van Diepen1

Introduction
Warming temperatures associated with climate change 
have increased wildfire intensity and frequency. Ponderosa 
pine (Pinus ponderosa) regeneration following high-
intensity wildfire is limited in mid-elevation, lower 
montane, xeric (dry) forests in the Rocky Mountain 
region. This is due to a reduction of seed supplies from 
living trees, warm temperatures, and limited precipitation. 
Though low-intensity fires are common in ponderosa 
pine forests, there is currently no best management 
practices for restoration of ponderosa pine forests post 
high-intensity wildfire. In July 2012, a lightning strike 
started the Arapaho Fire in the north Laramie Mountains, 
burning ~98,000 acres. The Rogers Research Site 
(RRS)—a University of Wyoming-owned and Wyoming 
Agricultural Experiment Station-managed property—
experienced ~95% ponderosa pine mortality due to 
the high-severity fire, which burned during an extreme 
drought and unusually warm temperatures.

Objectives
Our study aims to bridge the gaps in knowledge regarding 
best restoration practices for ponderosa pine forest 
regeneration post-wildfire and how soil ecology (e.g., soil 
chemical and physical characteristics, and soil microbial 
community function and composition) correlates with 
ponderosa pine survival and regeneration.

Materials and Methods
An earlier research team implemented a block design 
within RRS in 2015 to determine the best combination of 
management treatments for ponderosa pine restoration 
(this is covered in the paper summarizing RRS Bulletin 
5). Four blocks were established with each comprising 18 
plots of 164 × 164 feet, or 0.62 acre in size. Each block 
received different combinations of pine planting treatment 
(hand-planted seedlings, hand-seeding ponderosa pine 
seed, and natural regeneration), cutting treatment (cut 
and remove slash, cut and leave slash, no cutting/leave 
all dead material in plot), and erosion treatment (seeding 
with a native grass mix, no seeding) for a total of 72 plots 
across all four blocks. In 2017, ponderosa pine seedling 

counts were performed in all treatment plots as well 
as vegetation species composition using Daubenmire 
quadrats along 50-m (~165-ft) transects (Fig. 1). The 
Daubenmire method uses cover classes to estimate the 
percentage cover of plant functional groups or specific 
plant species. Soil ecology measurements to be taken 
in summer 2018 include carbon and nitrogen pools, 
microbial activity through enzymatic analysis, and 
microbial community analysis using molecular methods.

Results and Discussion
Mean live pine seedling density was significantly higher 
in the planted seedling treatment at 34 seedlings per acre 
compared to 0.8 and 0.4 seedlings per acre for natural 
regeneration and hand-seeded treatments, respectively. 
The combination treatment of ‘hand-planted’ and 
‘cut/remove slash’ resulted in the highest stem density at 
55 seedlings per acre.

Vegetation cover was dominated by perennial forb 
lifeforms for all cut treatments. Two subshrubs, fringed 
sage (aka prairie sagewort/Artemisia frigida Willd.) and 
white sagebrush (Artemisia ludoviciana Nutt.), and two 
shrub lifeforms, Fendler’s ceanothus (Ceanothus fendleri 
A. Gray) and snowbrush ceanothus (Ceanothus velutinus 
Douglas ex Hook.), had the second highest cover in 
‘cut/remove slash’ and ‘no cutting/leave all dead’ 
treatments. Two perennial grasses, rough bentgrass 
(Agrostis scabra Willd.) and green needlegrass (Nassella 
viridula [Trin.] Barkworth), and sub-shrub lifeforms had 
the second highest cover in the ‘cut/leave slash’ treatment.

Cheatgrass (aka downy brome/Bromus tectorum L.) was 
the most abundant invasive species present in all cut 
treatments. Canada thistle (Cirsium arvense [L.] Scop.) 
was most abundant in the ‘cut/leave slash’ treatment 
compared to the other cut treatments. The native grass 
seeding slightly reduced invasive species abundance, 
but the reduction was not statistically significant. The 
planned soil ecology research for summer 2018 will 
determine how restoration treatments post-wildfire affect 
soil biogeochemistry and the microbial community, 
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and if there is a correlation with ponderosa pine forest 
restoration success.

Acknowledgments
Great thanks go to Department of Ecosystem Science 
and Management field assistants Kristina Kline, a 
UW agroecology undergraduate, and Tiffany Simpson, 
a UW alum who earned a B.S. in rangeland ecology 
and watershed management, for help with counting 
ponderosa pine seedlings and performing vegetation 
surveys. The study is supported by a U.S. Department of 

Agriculture, National Institute of Food and Agriculture 
McIntire-Stennis award.

Contact Information
Linda van Diepen at linda.vandiepen@uwyo.edu or 
307-766-2781.

Keywords: ponderosa pine, wildfire, post-fire restoration

PARP: III:5, X:1, XII:1

Figure 1. Field assistants Tiffany Simpson, left, and Kristina Kline count ponderosa pine seedlings at one of the restoration treatment plots at Rogers 
Research Site.
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