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Abstract: Short- and long-term impacts of wildland fires on forest floor properties and erosion
potential were examined at three locations in the Central Appalachian region, U.S.A. In 2018, two
wildfires were investigated within six months of burning on the George Washington–Jefferson
National Forest (GWJNF) in Bland County, Virginia and the Monongahela National Forest (MNF) in
Grant County, West Virginia. An additional wildfire was studied eight years post-fire on the Fishburn
Forest (FF) in Montgomery County, Virginia. A 2018 prescribed fire was also studied within six
months of burning on the MNF in Pendleton County, West Virginia. Litter and duff consumption were
examined to evaluate fire severity and char heights were measured to better understand fire intensity.
The Universal Soil Loss Equation for forestlands (USLE-Forest) was utilized to estimate potential
erosion values. For the 2018 comparisons, litter depth was least as a result of the wildfires on both
the MNF and GWJNF (p < 0.001). Wildfire burned duff depths in 2018 did not differ from unburned
duff depths on either the MNF or GWJNF. Eight years after the FF wildfire, post-fire litter depth was
less than that of an adjacent non-burned forest (p = 0.29) and duff depth was greater than that of
an adjacent non-burned forest (p = 0.76). Mean GWJNF wildfire char heights were greatest of all
disturbance regimes at 10.0 m, indicating high fire intensity, followed by the MNF wildfire and then
the MNF prescribed fire. USLE-Forest potential erosion estimates were greatest on the MNF wildfire
at 21.6 Mg soil ha−1 year−1 due to slope steepness. The next largest USLE-Forest value was 6.9 Mg
soil ha−1 year−1 on the GWJNF wildfire. Both the prescribed fire and the 2010 wildfire USLE-Forest
values were approximately 0.00 Mg soil ha−1 year−1. Implications for potential long-term soil erosion
resulting from similar wildfires in Central Appalachian forests appeared to be minimal given the
2010 wildfire results.

Keywords: forest soil; litter; duff; fire intensity; fire severity; char height; Universal Soil Loss Equation;
Table Mountain pine (Pinus pungens Lamb.); Appalachian Mountains

1. Introduction

Fire is a landscape-scale natural disturbance that has been present formatively and continually for
millennia [1]. In the eastern United States and around the globe, fire is a very complex phenomenon
that has varied extensively from region to region depending upon vegetative cover type [2], which
represents long-term adaptations to soils, climate, topography, and disturbance. Following the onset of
extensive fire exclusion in the early 1900s, landscapes and cover types have changed. These changes are
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marked by the increasing abundance of more mesic, late successional species across the landscape [3,4].
Many upland pine–hardwood stands now have increased red maple (Acer rubrum L.) and blackgum
(Nyssa sylvatica Marshall) understories, for example, [5,6] exemplifying the ecological theory of
mesophication [7]. Historic fire return intervals for portions of the Central Appalachians were as short
as four years in some locations [8,9]. In the absence of frequent fire, fire-adapted species regeneration
has decreased, and fuels are increasing, which may result in increasing wildfire hazard [10].

Wildland fires have been evaluated in many ways, including fire severity (based upon organic
matter consumption) and intensity (based upon energy output) [11]. Fire behavior and effects can
be altered by the conditions under which burning occurs, such as seasonality and local weather [12].
The amount of litter and duff consumed during a fire may indicate its severity while fire intensity
might be associated with post-fire char heights on tree boles [13,14]. Combinations of both high and
low severity and intensity resulting from wildland fires may be critical for fuel reduction, wildlife
habitat management, and vegetative species control [12].

Several constraints affect the use of prescribed fire as a management tool [12], including the
perception that all wildland fires accelerate soil erosion. The Universal Soil Loss Equation (USLE) was
created to understand and evaluate erosion across all landscapes, including an equation specifically
developed for forests (USLE-Forests) used in this study [15]. Post-fire effects such as soil exposure and
increased erosion are more consistently evaluated using standardized numbers, which USLE-Forest
provides. When considering the effects of prescribed fire on the landscape, estimations of representative
values to compare disturbance regimes allows for informed management decisions.

Most severe wildfires in the United States occur in the western United States [16]. Despite this
western dominance, eastern locations may also be affected by wildfire or may be considered at risk for
wildfire, as evidenced by the extensive wildfire activity of 2016 (Figure 1). During that year, 15 large
wildfires burned over 200,000 acres [17]. The extensive wildfire event that occurred in Gatlinburg,
TN, in 2016 provided an example of potential fire severity under pervasively dry conditions and
high winds.
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Figure 1. Map of Appalachian wildfire activity during November 2016 [18].

The literature indicates that global fire management could be improved with better information
regarding fire behavior and potential fire effects [19–21]. Therefore, the purpose of this study was
three-fold; first, to investigate litter and duff depth resulting from two 2018 wildfires, one 2010 wildfire,
and one 2018 prescribed fire in the Central Appalachian region (as an assessment of fire severity);
second, to estimate potential erosion based upon fire severity estimates (defined as the consumption
of litter and duff); and finally, to observe litter and duff accumulation eight years post-wildfire in
southwestern Virginia to determine post-fire recovery of the litter and duff layers over time.
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We hypothesized that post-fire litter depth would not differ between the 2018 prescribed fire and
2018 wildfire locations, but that both would be significantly less than adjacent, non-burned forests.
It was also hypothesized that post-fire duff depth would be greater for the 2018 prescribed fire locations
than the 2018 wildfire locations due to the intended and prescribed lower fire severities. This duff

depth in the 2018 prescribed fire locations was hypothesized to be statistically similar to adjacent,
non-burned forests. Prescribed fire erosion estimates were hypothesized to be statistically similar to
non-burned estimates, but wildfire erosion estimates were hypothesized to be significantly greater
than both prescribed fires and non-burned locations due to the expected increase in fire severity. As a
result of the 2010 wildfire, litter and duff depths and estimated erosion were not expected to differ
between areas impacted by the wildfire and those that were unaffected.

2. Materials and Methods

2.1. Study Sites

This study was conducted at four locations across four different counties in the Ridge and Valley
and Allegheny Plateau regions of Virginia and West Virginia; specifically in Bland, Grant, Pendleton,
and Montgomery counties (Figure 2). Descriptive site characteristics are outlined in Table 1. Briefly, we
sampled a wildfire that occurred on the Fishburn Forest (FF) in Montgomery County, VA in November
2010. An additional study site was located on the Monongahela National Forest (MNF) in Pendleton
County, WV. At that location, a prescribed burn was conducted in April 2018 to reduce potentially
hazardous fuels and improve wildlife habitat. In that same month, a wildfire occurred on the MNF in
Grant County, WV and was included in our study. We also took advantage of a wildfire that occurred
in Bland County, VA on the George Washington-Jefferson National Forest (GWJNF) in May 2018 as an
additional study site.
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Table 1. Site characteristics for each Central Appalachian study location.

Study Site
George

Washington-Jefferson
National Forest (GWJNF)

Fishburn Forest (FF) Monongahela National Forest (MNF)

Location Bland County, VA Montgomery County,
VA Grant County, WV Pendleton County, WV

Disturbance
Regime Wildfire Wildfire Wildfire Prescribed Fire

Date May 2018 November 2010 April 2018 April 2018
Latitude,

Longitude 37.13◦ N, −81.16◦ W 37.19◦ N, −80.47◦ W 38.92◦ N, −79.25◦ W 38.61◦ N, −79.58◦ W

Aspect West East East East
Average Slope 47% 28% 78% 13%
Elevation [22] 953 m 717 m 670 m 1121 m

Cover Type

Table Mountain pine
(Pinus pungens Lamb.),
pitch pine (Pinus rigida

Mill.)

Mixed Hardwood-Pine Mixed Oak
(Quercus spp.)

Mixed Oak
(Quercus spp.)

Mean Temperature
[23] 14.6 ◦C 11.6 ◦C 7.6 ◦C 7.6 ◦C

Annual
Precipitation [23] 120.47 cm 93.83 cm 138.43 cm 138.43 cm

Soil and Series [24] Berks and Weikert,
Inceptisol

Berks and Weikert,
Inceptisol

Hazleton and Dekalb,
Inceptisol

Hazleton and Dekalb,
Inceptisol

2.2. Sampling: Burned and Non-burned Ridges

In July 2018, linear transects were established along two (MNF, FF) or three (GWJNF) ridges
at each site, depending upon ridge length. These fires occurred on ridges; therefore, we sampled
burned and non-burned ridges with similar aspects as a basis for comparison. Sampling locations
were established along these transects every 45 m. At each sampling location, approximately 20 m
perpendicular to the transect, four measurements were obtained: litter (Oi Horizon) depth (cm), duff

(Oe + Oa Horizons) depth (cm), char height (m), and Universal Soil Loss Equation-Forest (USLE-Forest)
(Mg soil ha−1 year−1). Litter, duff, and char heights were obtained in three separate locations at each
sampling point along each transect and averaged to obtain one measurement per sampling point.
Litter and duff were measured to the nearest mm. Char heights were measured to the nearest 0.3 m.

Sample sizes were as follows (Table 2): 1) GWJNF, MNF, and FF non-burned ridge litter and duff

depth, 20; 2) MNF and FF non-burned USLE-Forest, 20, and GWJNF, 7; 3) MNF prescribed fire, all
variables, 20; 4) GWJNF, MNF, and FF wildfire litter and duff depth and char height (40, 20, and 30,
respectively) and USLE-Forest (14, 20, and 30, respectively). Differing sample sizes were based upon
accessible ridge lengths for litter and duff depth and char height. Differing USLE-Forest sample sizes
on the MNF were additionally related to the time available for sampling prior to imminent, significant
precipitation events.

2.3. Universal Soil Loss Equation

Universal Soil Loss Equation for forest land (USLE-Forest) was calculated using the USDA
guide [15]. The equation is

A = RKLSCP, (1)

where:

A = the estimated loss of soil (Mg ha−1 year−1),
R = the annual rainfall and runoff index value, which was taken from the USLE-Forest manual (MJmm
ha−1 h year) [15,25],
K = the soil erodibility factor, which was taken from the Natural Resource Conservation Service (NRCS)
Soil Map (Mg ha−1 R unit−1) [24,25]. Larger K values were always utilized in this equation to err on
the side of A (total estimated loss) overestimation,
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LS = the slope length and steepness factor, which were obtained by measuring slope distance (Nikon
rangefinder or Haglof DME) and steepness (Suunto clinometer) in the field,
C = cover management factor (i.e., the percent of bare soil with a fine root mat, disturbed or undisturbed),
P = an evaluation of the practices affecting the soil, with associated values for each (i.e., percent bare
soil, canopy height and percent cover, steps, onsite storage, vegetation, and organic matter values).

2.4. Statistical Analysis

For the GWJNF and FF datasets, t-tests were conducted via JMP 14 [26] to compare litter depth,
duff depth, and USLE-Forest between the non-burned and wildfire ridges. For the MNF data, analysis
of variance (ANOVA) was used to determine differences in these variables between the non-burned,
prescribed fire, and wildfire ridges. Least square means were determined, and a Tukey’s test was used
to separate means when differences were detected. These results are shown in Table 2. The cumulative
effect of wildfires on the GWJNF and MNF, regardless of site and aspect, were determined using t-tests
(Table 3). Significant differences were determined at α = 0.05.

Normality was assessed for each dependent variable, and non-parametric tests (i.e., Mann–Whitney
for the GWJNF and FF datasets and Kruskal Wallis for the MNF dataset) were conducted as necessary.
However, those tests did not yield different results than those generated under assumptions of normality.
Therefore, our results only reflect the t-tests (GWJNF and FF), ANOVA (MNF), and Tukey’s (MNF)
analyses described above.

3. Results

3.1. George Washington-Jefferson National Forest (GWJNF) (Figure 3)

Mean char height was 10.0 m on the wildfire ridges. Mean litter depth differed (p < 0.01) between
the non-burned (2.54 cm) and wildfire ridges (0.13 cm) (Table 2), but mean duff depth did not differ (p
= 0.88) between the non-burned (3.76 cm) and wildfire ridges (3.69 cm) (Table 2). Mean USLE-Forest
values differed significantly (p = 0.00) between the non-burned (0.12 Mg soil ha−1 year−1) and wildfire
ridges (6.90 Mg soil ha−1 year−1) (Table 2).

3.2. Monongahela National Forest (MNF) (Figure 3)

Mean char height was 0.60 m on the prescribed fire ridge and 2.35 m on the wildfire ridge. Mean
litter depth differed (p < 0.0001) between the ridges in the following order: non-burned (2.71 cm) >

prescribed fire (0.69 cm) > wildfire ridges (0.01 cm) (Table 2). Mean duff depth differed (p = 0.03) in a
slightly different manner: prescribed fire (2.09 cm) = non-burned (1.88 cm); prescribed fire (2.09 cm)
> wildfire (1.25 cm) (Table 2). Mean USLE-Forest values were 0.00 Mg soil ha−1 year−1 for both the
non-burned and prescribed fire ridges and were significantly less (p < 0.0001) than the wildfire ridges
(21.60 Mg soil ha−1 year−1) (Table 2).

3.3. Fishburn Forest (FF) (Figure 3)

Eight years post-wildfire, char heights were undetectable on the FF. Mean litter depth did not
differ (p = 0.29) between the non-burned (3.30 cm) and wildfire (2.92 cm) locations (Table 2). Mean duff

depth also did not differ (p = 0.76) between the non-burned (2.10 cm) and wildfire locations (2.43 cm)
(Table 2). Mean USLE-Forest values for both the wildfire and non-burned ridges equaled 0.00 Mg soil
ha−1 year−1 and did not differ (p = 0.00) (Table 1).
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Table 2. Comparisons of non-burned, wildfire, and prescribed fire (when applicable) means (±mean
standard error, MSE) litter depth, duff depth, Universal Soil Loss Equation-Forest (USLE-Forest), and
char heights (when applicable) for three locations measured within the Central Appalachian region.

George Washington-Jefferson National Forest, Bland County, Virginia
West Aspect, 2018

Physical Property Non-burned mean ±MSE (n) Wildfire Mean ±
MSE (n) p-Value

Char Ht (m) n/a 10.0 ± 0.96 (n = 40) n/a
Litter Depth (cm) 2.54 ± 0.27 a (n = 20) 0.13 ± 0.02 b (n = 40) <0.001
Duff Depth (cm) 3.76 ± 0.31 (n = 20) 3.69 ± 0.28 (n = 40) 0.88

USLE-Forest
(Mg soil ha−1 year−1) 0.12 ± 0.09 b (n = 7) 6.90 ± 2.31 a (n = 14) 0.00

Monongahela National Forest, Grant/Pendleton Counties, West Virginia
East Aspect, 2018

Physical Property Non-burned mean
±MSE (n)

Prescribed Fire
Mean ±MSE (n)

Wildfire Mean ±
MSE (n) p-Value

Char Ht (m) n/a 0.60 ± 0.07 b (n = 20) 2.35 ± 0.37 a (n = 20) <0.0001
Litter Depth (cm) 2.71 ± 0.19 a (n = 20) 0.69 ± 0.07 b (n = 20) 0.01 ± 0.01 c (n = 20) <0.0001
Duff Depth (cm) 1.88 ± 0.20 ab (n = 20) 2.09 ± 0.15 a (n = 20) 1.25 ± 0.42 b (n = 20) 0.03

USLE-Forest
(Mg soil ha−1 year−1) 0.00 ± 0.00 b (n = 20) 0.00 ± 0.00 b (n = 20) 21.60 ± 4.59 a (n = 20) <0.0001

Fishburn Forest, Montgomery County, Virginia
East Aspect, 2010

Physical Property Non-Burned Mean ±MSE (n) Wildfire Mean ±
MSE (n) p-Value

Char Ht (m) n/a n/a n/a
Litter Depth (cm) 3.30 ± 0.30 (n = 20) 2.92 ± 0.17 (n = 30) 0.29
Duff Depth (cm) 2.10 ± 0.17 (n = 20) 2.43 ± 0.31 (n = 30) 0.76

(USLE-Forest)
(Mg soil ha−1 year−1) 0.00 ± 0.00 (n = 20) 0.00 ± 0.00 (n = 30) 1.00

3.4. Combined Wildfires: GWJNF and MNF

To examine the collective wildfire effects regardless of location, results for the recent GWJNF
and MNF wildfires were combined (Table 3). Mean char heights for the wildfires equaled 7.45 m
(Table 3). Mean litter depth on the wildfire ridges (0.09 cm) differed (p < 0.001) from the non-burned
ridges (2.62 cm). Mean duff depth on the wildfire ridges (2.88 cm) did not differ (p = 0.86) from the
non-burned ridges (2.82 cm). Mean USLE-Forest differed (p < 0.0001) between the wildfire (15.57 Mg
soil ha−1 year−1) and non-burned ridges (0.03 Mg soil ha−1 year−1).

Table 3. Combined short-term effects of two 2018 growing season wildfires in the Central
Appalachian region.

Physical Property Non-Burned Mean ±MSE (n) Wildfire Mean ±MSE (n) p-Value

Char Ht (m) n/a 7.45 ± 0.80 n/a
Litter Depth (cm) 2.62 ± 0.16 a (n = 40) 0.09 ± 0.01 b (n = 60) <0.001
Duff Depth (cm) 2.82 ± 0.24 (n = 40) 2.88 ± 0.28 (n = 60) 0.86

(USLE-Forest)
(Mg soil ha−1 year−1) 0.03 ± 0.03 b (n = 27) 15.57 ± 3.10 (n = 34) <0.0001
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Forests 2019, 10, 493 8 of 13

4. Discussion

Individual wildfire occurrences are generally unplanned and are, therefore, unanticipated.
Therefore, few wildfire studies include pre-fire measurements prior to ignition. For this reason,
similar, adjacent, non-burned locations are often used as comparisons to approximate wildfire effects.
While this is an opportunistic way to evaluate wildfire effects, these investigations are somewhat
limited in their capacity to communicate exact before and after wildfire differences and impacts.
These studies are also often not replicable when the complexity of fire-related topographic, weather,
ignition source, and fuel variables are considered [21]. These constraints limited this study’s scope,
therefore, these inferences must be placed in that context. Specifically, GWJNF and MNF wildfire
effects must be assessed based upon inherent differences at these locations. Aspect (GWJNF: west;
MNF: east), vegetative composition (GWJNF: upland pines; MNF: mixed oaks), climate (GWJNF:
mean temperature 14.6 ◦C; MNF: mean temperature 7.6 ◦C); and slope percentage (GWJNF: 47%;
MNF: 78%) differed between these locations, therefore differences in wildfire effects might be expected.
For this reason, we avoided strict comparisons between wildfires. Additionally, slope position differed
between the MNF wildfire (78%) and prescribed fire (13%) despite similarities in aspect and vegetative
composition. In this regard, despite including numerous ridges in this study, these site locations are
unreplicated when all inherent, potential differences between sites are considered. However, as an
opportunistic way to quantify potential wildfire impacts within this region, these datasets do provide
a unique assessment of natural phenomenon that should be broadly considered for effective, long-term
natural resource management.

Comparisons of burned ridge litter depth to non-burned litter depth suggested that litter
consumption was nearly complete on the GWJNF and MNF. Duff consumption was not, however, as
was intended for the MNF prescribed fire. This is a common prescribed fire phenomenon in the eastern
United States [12] and in other locations, globally. Litter and fine fuels often drive low intensity, low
severity, surface fires in this region and elsewhere. Char heights resulting from the MNF wildfires and
prescribed fires indicated this type of fire behavior. In contrast, the high intensity crown fires observed
on the GWJNF wildfire highlight a different fire dynamic, possibly due to the greater abundance of pine
on these sites compared to the MNF. At both sites, however, duff depth was less affected, indicating low
fire severity [27] across sites regardless of aspect and vegetative cover. As defined here, fire severity is
most related to organic matter consumption and mineral soil exposure as opposed to the composite of
all fire effects across the burned landscape [11]. In this regard, there is little concern for hydrophobic
soil formation or altered mineral soil aggregates, which has been observed in some wildfire-related soil
effects studies, particularly in the western United States [27–30].

Despite the lack of duff consumption and mineral soil exposure resulting from these wildfires,
USLE-Forest estimates were greater than those for non-burned ridges. These values are similar to
those that might be experienced following harvest when site-closure practices are implemented, such
as seeding, mulching, and water control features [31–34]. Aust et al. [35] found that the recovery time
for recently harvested sites averaged four years through an examination of previous research [36,37].
USLE-Forest values might indicate potential soil erosion and subsequent water quality effects, which
may include sedimentation, eutrophication, increased water temperatures, and altered aquatic habitats.
In a recent literature review of prescribed fire water quality effects, Hahn et al. [38] determined that
very few prescribed fires in the eastern United States, regardless of intensity, had drastic water quality
impacts. Impacts were generally related to vegetative cover type, slope position, and the time since
fire when measurements were obtained.

While pre-fire litter and duff values were not present for the FF study location, a few inferences
might be posed. Given the current lack of significant observable char heights, it appears the wildfire
event exhibited both low fire intensity and severity. Since the 2010 wildfire, litter and duff have
reaccumulated to non-burned values, and USLE-Forest values were equal, regardless of fire history.
Therefore, wildland fire impacts were temporary as suggested in additional Appalachian [39,40] and
global [41–43] fire studies.
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The GWJNF (May 2018) and MNF (April 2018) wildfires occurred in the growing season and
offered a unique opportunity to examine post-fire vegetative response following a single fire entry
in long-term non-burned forests. Most planned, prescribed fires in long-term non-burned forests in
this region occur in the dormant season [12]. This prescription is often favored to reduce potentially
negative impacts for specific wildlife species, to reduce potentially erratic fire behavior, and to utilize
trained personnel outside the most common wildfire seasons in this region. One vegetative effect
desired through prescribed fire in the eastern United States is the restoration of competitive oak
regeneration. For many years, forest managers and silviculturists have attempted to utilize prescribed
fire to avert potentially negative mesophication impacts in long-term non-burned forests residing
in historically frequent fire landscapes [7,44,45]. In many cases dormant season prescribed fires
as a singular treatment have produced less than desired results to reduce mesophytic hardwood
competition and increase oak regeneration [46–49].

Many studies have examined the importance of wildland fire for Table Mountain pine (Pinus
pungens Lamb.) regeneration, a fire-adapted, Appalachian endemic tree species [50]. This species
possesses serotinous cones and exhibits shade intolerance. It has been suggested that periodic, high
intensity, stand replacement fires might best promote conditions needed for Table Mountain pine
regeneration. This includes heat to open the serotinous cones and bare mineral soil in which the
released seed may germinate [51,52]. Other studies, however, suggest that frequent, low intensity
fires may actually be most beneficial for long-term Table Mountain pine development and stand
maintenance [3,50–53]. These conditions might be more easily obtained through the use of frequent
and repeated low intensity prescribed fires. This is a critical management consideration for these
ecological communities in this region given their threatened and endangered status. In our study
we found numerous Table Mountain pine seedlings present post-wildfire in Bland County (Figure 4).
These seedlings were growing in duff greater than 3.69 cm deep. This is similar to the findings of Mohr
et al. [54]; numerous seedlings were found in their study growing in 7.5 cm duff. In conjunction with
these other studies, this information may provide much-needed information to better understand how
these communities can be restored and maintained over time.

Forests 2018, 9, x FOR PEER REVIEW  9 of 13 

 

The GWJNF (May 2018) and MNF (April 2018) wildfires occurred in the growing season and 
offered a unique opportunity to examine post-fire vegetative response following a single fire entry in 
long-term non-burned forests. Most planned, prescribed fires in long-term non-burned forests in this 
region occur in the dormant season [12]. This prescription is often favored to reduce potentially 
negative impacts for specific wildlife species, to reduce potentially erratic fire behavior, and to utilize 
trained personnel outside the most common wildfire seasons in this region. One vegetative effect 
desired through prescribed fire in the eastern United States is the restoration of competitive oak 
regeneration. For many years, forest managers and silviculturists have attempted to utilize prescribed 
fire to avert potentially negative mesophication impacts in long-term non-burned forests residing in 
historically frequent fire landscapes [7,44,45]. In many cases dormant season prescribed fires as a 
singular treatment have produced less than desired results to reduce mesophytic hardwood 
competition and increase oak regeneration [46–49].  

Many studies have examined the importance of wildland fire for Table Mountain pine (Pinus 
pungens Lamb.) regeneration, a fire-adapted, Appalachian endemic tree species [50]. This species 
possesses serotinous cones and exhibits shade intolerance. It has been suggested that periodic, high 
intensity, stand replacement fires might best promote conditions needed for Table Mountain pine 
regeneration. This includes heat to open the serotinous cones and bare mineral soil in which the 
released seed may germinate [51,52]. Other studies, however, suggest that frequent, low intensity 
fires may actually be most beneficial for long-term Table Mountain pine development and stand 
maintenance [3,50–53]. These conditions might be more easily obtained through the use of frequent 
and repeated low intensity prescribed fires. This is a critical management consideration for these 
ecological communities in this region given their threatened and endangered status. In our study we 
found numerous Table Mountain pine seedlings present post-wildfire in Bland County (Figure 4). 
These seedlings were growing in duff greater than 3.69 cm deep. This is similar to the findings of 
Mohr et al. [54]; numerous seedlings were found in their study growing in 7.5 cm duff. In conjunction 
with these other studies, this information may provide much-needed information to better 
understand how these communities can be restored and maintained over time.  

 
Figure 4. Table Mountain pine (Pinus pungens Lamb.) regeneration in 3.69 cm duff post-fire on the 
GWJNF. 

Universal Soil Loss Equation-Forest estimates for the wildfires on the GWJNF and MNF 
suggested that immediate, potential soil erosion losses post-wildfire were potentially significant. 
Several other studies have found much higher erosion rates due to higher severity fires [55–57]. In 
Oregon, on a severely burned site with 60% average slope, Robichaud and Brown [58] found erosion 
rates of 25 Mg soil ha−1 year−1. However, it is important to note that the USLE-Forest estimates 
potential erosion but does not estimate sediment delivery to streams, which would be considerably 
less. With this in mind, the authors do recognize the limitations USLE-Forest estimates provide as 
opposed to more robust and site-specific estimates that might be evaluated with experimental plots 
closer to stream channels or other erosional features. However, time was limited to capture these 

Figure 4. Table Mountain pine (Pinus pungens Lamb.) regeneration in 3.69 cm duff post-fire on
the GWJNF.

Universal Soil Loss Equation-Forest estimates for the wildfires on the GWJNF and MNF suggested
that immediate, potential soil erosion losses post-wildfire were potentially significant. Several other
studies have found much higher erosion rates due to higher severity fires [55–57]. In Oregon, on a
severely burned site with 60% average slope, Robichaud and Brown [58] found erosion rates of 25 Mg
soil ha−1 year−1. However, it is important to note that the USLE-Forest estimates potential erosion but
does not estimate sediment delivery to streams, which would be considerably less. With this in mind,
the authors do recognize the limitations USLE-Forest estimates provide as opposed to more robust and
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site-specific estimates that might be evaluated with experimental plots closer to stream channels or
other erosional features. However, time was limited to capture these estimates, both in terms of time
since wildfire and time available during the 2018 summer research season. Therefore, based upon
these constraints, USLE-Forest was the best option available for the completion of this project with the
time available.

While unplanned and unaccompanied by pre-fire measurements, these fires provided a limited
(i.e., only three individual, unreplicated wildfires and one prescribed fire), unique, opportunistic
evaluation of potential wildfire impacts on the landscape in the Central Appalachian region. We hope
to include these study sites on the FF, GWJNF, and MNF in future long-term regeneration studies to
determine potential regeneration following single entry wildfires.

5. Conclusions

This observational study examined forest floor properties and potential soil erosion following
three wildfires and one prescribed fire in the Central Appalachian Mountain region. On two recent
(2018) wildfires within the region, litter (Oi) depth was lower on burned areas compared to adjacent
non-burned areas. Duff (Oe + Oa) depth, however, did not differ between burned and non-burned areas.
Measurements taken eight years following a 2010 wildfire at an additional location suggested that forest
floor effects and the potential for soil erosion were temporally related to wildfires, however, and were
most likely related to both fire intensity (heat release during the fire) and fire severity (consumption
of organic matter). Litter depth on one prescribed fire conducted in the region was also lower than
adjacent, non-burned areas, with no differences in duff depth between burned and non-burned sites,
and there were no significant impacts on Universal Soil Loss Equation-Forest estimates between burned
and non-burned areas.

The high intensity, low severity, growing season wildfire that occurred in Bland County, Virginia
contained considerable Table Mountain pine regeneration seeded in duff over 3.69 cm deep less than
two months post-fire, adding further information to suggest that high severity burns might not be
necessary for successful, long-term Table Mountain pine regeneration. Additional research will be
conducted in this forest to confirm this observation. Given the narrow opportunities to conduct
prescribed fires in this region based upon weather, topography, and smoke management concerns,
consideration should be given to utilize wildfire incidents as potential first-entry prescribed fires
to achieve potential forest management and restoration goals where appropriate. Future burning
in the growing season as opposed to the dormant season may help managers and silviculturists
better understand potential burn season–vegetation effects. Overall, it appeared that an appropriately
managed Central Appalachian prescribed fire significantly reduced surface fuels with minimal concern
for negative long-term forest floor and erosion impacts. Additionally, it appeared that a 2010 wildfire
may have temporarily altered forest floor properties that recovered within an eight-year window
and may have, in fact, provided long-term ecosystem benefits including the reduction of potentially
hazardous, wildfire fuels and the improvement of wildlife habitat.
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