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Abstract The purpose of this paper is to report the fuel load following shelterwood harvest of two intensities (70% residual
stocking and 50% residual stocking), the total carbon content contained in these fuels, and the potential carbon emissions from fire.
And the fuel load includes forest litter, woody and herbaceous plants and dead wood. The research results show that the forest litter
and the woody plants display significantly greater carbon content than herbaceous plants. The forest litter represents 36.6%, 50.9%
and 66.0% of the total fuel load for the 50% treatment, 70% treatment and control respectively. Coarse woody debris accounts for
58.4%, 48.0%and 32.6% of the total fuel load for the 50% treatment, 70% treatment and control respectively. Small woody and
herbaceous materials contribute very little to the fuel loading in all treatments. The total fuel loading was determined to be 54.07 t/ha,
41.98 t/ha and 20.73 t/ha for the 50% treatment, 70% treatment, and the control, respectively. If all these fuels were consumed in a
wildfire, it is estimated that the total carbon compound emissions from a fire would be 90.39 t/ha, 70.19 t/ha, and 34.66 t/ha, in the
same respective order. The harvesting treatments produced more 1~10 hours fuels than the control, although not significantly
between them. The 50% treatment and 70% treatment produced 25.08 t/ha and 23.47 t/ha of 1~10 hours fuels, respectively, compared
to 14.38 t/ha in the control. A prescribed fire would more likely consume only the fuels in this fuel category, thus emitting 41.93 t/ha,
39.24 t/ha and 23.55 t/ha of carbon compounds from the 50% treatment, 70% treatment, and the control, respectively. This study may
be worthwhile to account for the reduction in carbon emissions obtained when prescribed burns are implemented as a fuel reduction
strategy in forest carbon offset projects.

Keywords Carbon; Emissions; Harvesting; Fire; Forest fuel load

Background

Historically fire was a frequent disturbance process
that shaped the oak-dominated ecosystems in the
Eastern United States. These fires were the result of
lightning strikes, Native American use of fire, and
later, Euro-American settlers. Oak is well adapted to
fire, and in fact requires fire to help maintain a
dominant position in regeneration layers (Sutherland
and Hutchinson, 2003; van Lear and Watt, 1993).
However, fire suppression policies and practices since
the 1930's have led to a reduction in oak abundance
and sustainability across the eastern landscapes
(Lorimer, 1984; 1993; Abrams, 1992; van Lear and
Watt, 1993).

In recent years, the use of prescribed fire as a means
to maintain or restore oak forests has gained renewed

interest as studies have indicated the potential
effectiveness of this management tool (Reich et al.,
1990; Brose et al., 1999). The abundance of oak
regeneration failure throughout its eastern range
requires that innovative management techniques must
be developed and implemented if forest managers are
to sustain oak forests. Prescribed fire is sometimes
systems, such as
shelterwood harvests, to further
regeneration. The shelterwood method of cutting has
often been recommended as a technique to promote

combined with harvesting
enhance oak

oak regeneration when it is lacking on productive sites
(Sander et al., 1983). However, this method often has
failed because the conditions conducive to the
development of oak regeneration that this system
provides also stimulate intense competition from less
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desirable species (Loftis, 1983; Sander, 1979; Schuler
and Miller, 1995). Combining prescribed fire with
shelterwood harvests have produced promising results
(Jackson and Buckley, 2004; Brose et al., 1999) as this
combined practice takes advantage of the fire
tolerance of oak.

Harvesting alters the fuel load in the forest and the
subsequent carbon pool contained within the fuel
(Barton et al., 1996). Accordingly, this will impact not
only how a prescribed fire will burn, but also the
carbon emissions that result from burning. Carbon
dioxide (CO;) accounts for the largest fraction of
emitted carbon from biomass burning, with more than
80% of the carbon consumed by fire oxidized into
carbon dioxide (Kasischke et al., 2005). CO; is unique
among gaseous combustion products in which it does
not undergo chemical reaction in the atmosphere.
Once in the atmosphere, it has an atmospheric lifetime
of more than 50 years before being reabsorbed by
plants through photosynthesis. Since prescribed fires
in eastern hardwood forests typically consume only
ground-level vegetation, it is doubtful that their
contribution to greenhouse gas (GHG) particulates are
significant on a global scale. However, this could
change as its use continues to increase.

The national plan for reducing GHG in the United
States includes voluntary reporting by entities in the
public and private sector (Abraham, 2004). Since
forest activities at the national level represent a
significant fraction of the potential GHG mitigation
activities (Pacala and Socolow, 2004; Caldeira et al.,
2004),
monitoring forest carbon stocks and sequestration
rates, including leakages from management systems
that result from harvesting and prescribed fire

participation  requires estimating and

(Birdsey, 2006). The purpose of this paper is to report
the fuel load following shelterwood harvests of two
intensities, and the total carbon content contained in
these fuels. The research will provide necessary
information for forest managers regarding how
harvest intensity affects fuel loads and the subsequent
potential carbon emissions from either prescribed or

wild fire after stands are harvested.

1 Results

1.1 Percent carbon

ANOVA (analysis of variance) performed on the
percent carbon revealed that differences existed between
fuel components. Duncan's multiple range test was
performed on the percent carbon means to determine
where significant differences occurred (Table 1). The
forest litter and woody plants displayed significantly
greater carbon content than herbaceous material. Forest
litter and woody plants displayed a content close to 50
percent, which is the common factor used for woody
plant components when the carbon content is unknown.

Table 1 The percent carbon by weight values determined by
fuel component for Richland Furnace State Forest in southern
Ohio

Forest Sample Mean Carbon by weight (%)

floor size Standard ~ Mini-  Maxi-
fuels deviation mum mum

Herbace 11 34.12a 4.24 29.51 41.60
-ous

plant

Forest 12 49.34b 1.17 46.45 50.47
litter

Woody 13 48.090 1.19 4557  49.90
plant

Note: Lowercases mean followed by the same letter aren't
significantly different between forest floor fuels (Duncan's
MRT, p=0.05)

The appropriate percent carbon values for each fuel
component were applied to the estimated biomass
values to determine the carbon content. The percent
carbon by weight value was not determined for
deadwood material. Therefore in this case a value of
0.5 was applied to each decay class once the biomass
was determined.

1.2 Fuel Load and Carbon

One year following harvest the 50% stocking treat
ment had the highest total fuel loading compared to
the 70% treatment and the control (table 2). The 50%
treatment contained the greatest amount of coarse
woody debris (deadwood) compared to the 70%
treatment and the control as a higher amount of
deadwood stems >5 cm diameter occurred in this
treatment. Accordingly, the higher logging intensity
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left more coarse woody debris. The 70% treatment
contained a large amount of small branches <5 cm
diameter in the logging residue as indicated by the
higher forest litter component.

Herbaceous material contributed very little to the fuel
loading in all treatments and the control (table 2). Still,
a trend was indicated that a more open canopy plus
greater disturbance allowed more herbaceous plants to
develop. The greatest amount was found in the 50%
treatment, followed by the 70% treatment and the
control, respectively. Small woody plants likewise
contributed very little to the overall fuel component
one year after harvest. No trends were revealed relative to
harvest intensity or compared to the control.

Both harvesting treatments created significantly more
total fuel than what currently existed in the control (no
harvesting). The majority of the fuel was contained in
the forest litter
contribution of deadwood material to the total fuel

and deadwood material. The

load decreased as harvesting intensity decreased.
Deadwood accounted for 58.4%, 48.0% and 32.6% for
the 50% treatment, 70% treatment, and control,
respectively. This trend was reversed for forest litter,
which represented 36.6%, 50.9% and 67.0% of the
total fuel load for the 50% treatment, 70% treatment
and the control, respectively.

In terms of tonnage, the less intensive harvesting
treatment produced 8% more litter material but 36%
less deadwood material than the more intensive
harvest treatment (Table 2). This may be a reflection
of the type of harvesting system used to implement the
treatments. A mechanical cut-to-length system was
employed, using a knuckle-boom feller-buncher to
harvest the trees and a forwarding machine to extract
the wood. The less intensive harvest treatment would
make maneuverability more difficult and utilization of
topwood material more difficult. Accordingly, more
small branch material would be left behind as a result
of lower utilization and more frequent branch
breakage would occur while maneuvering through a
more dense forest. Because of lower volumes being
extracted from the less intensive harvest, it becomes
more imperative to utilize more of the larger material;
Thus less of the larger deadwood material would be
left behind.

Jenkins and his colleagues (2004) found more residual
coarse woody debris following less intensive harvests
(group selection) than in more intensive (clear cuts).
Their explanation for this observation was the
different market forces related to each harvesting
systems. Smaller openings created by group selection
may not make it economically feasible to utilize as
much topwood as it might in a clearcut system due to
comparatively low volumes produced in a dispersed
harvesting system.

The carbon stored in the fuels follows the similar
trends as the fuel loading. Significantly more carbon is
stored in fuels after harvests compared to the control,
averaging 98%~118% more stored carbon (Table 2).
The majority of the stored carbon (65.7%) in the
unharvested control is contained in the forest litter,
whereas the majority of stored carbon in the 50%
treatment  (59.5%)
deadwood material. The stored carbon in the 70%
treatment is evenly distributed in both the forest litter
(50.6%) and the deadwood material (48.4%).

is contained in the residual

Where the carbon is stored is critical when considering
fire events. Whether the fire is wild or prescribed, the
majority of the fuels consumed would be the forest
litter material. A prescribed burn would consume some
of the smaller deadwood material, but a wildfire would
more than likely consume a larger fraction of this
material. Accordingly, one would expect larger carbon
emissions from a wildfire compared to a prescribed burn.

2 Discussion

2.1 Percent Carbon

The percent carbon by weight values are consistent
with that found by Nicodemus and Williams (2004)
for woody components of hardwoods in Ohio
(47.52%), and by Koch (1989), where the average
carbon content for tree species in the United States
was 52.1% for softwoods and 49.1% for hardwoods.
Hughes and his colleagues (1999) found percent
carbon values for litter and small woody stems
(seedlings) to be 45% and 43%, respectively. This
compares to 49.34% for litter and 48.09% for small
woody stems found in this study.

Many of the studies in the literature use one standard
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Table 2 The mean residual fuel biomass and total carbon following shelterwood harvests in oak-hickory forests that reduced stocking

to 70% and 50% as compared to a control in Richland Furnace State Forest, Southern Ohio

Fuel type Treatment Biomass (t/ha) Carbon (t/ha)
Mean Standard deviation Mean Standard deviation

Herbaceous plants 50% stocking 2.30a 7.36 0.79a 2.51

70% stocking 0.23a 0.27 0.08a 0.09

Control 0.01a 0.04 <0.0la 0.01
Forest litter 50% stocking 19.78a 19.30 9.76a 9.52

70% stocking 21.36a 13.61 10.54a 6.71

Control 13.68a 2.47 6.75a 1.22
Woody plants 50% stocking 0.41a 0.37 0.20a 0.18

70% stocking 0.25a 0.10 0.12a 0.05

Control 0.29a 0.16 0.13a 0.08
Deadwood 50% stocking 31.58a 14.91 15.79a 7.45

70% stocking 20.14b 7.27 10.07b 3.64

Control 6.75¢ 2.86 3.38¢c 1.43
Total fuels 50% stocking 54.07a 33.09 26.53a 15.40

70% stocking 41.98a 16.10 20.81a 7.99

Control 20.73b 4.59 10.27b 2.28

Note: Lowercases mean followed by the same letter aren't significantly different between forest floor fuels (Duncan's MRT, p=0.05)

percentage of carbon for tree components. For many
the value is 50% (Nowak and Crane, 2002; Brack,
2002; Kimble et al., 2003, Makundi et al., 1995,
Dieter and Elsasser, 2002), with one at 45% (Nowak,
1993) and one at 46% (Patenaude et al., 2003). Canary
and other colleagues (2000) calculated the values for
fir and found a range of 48.1% to 54.6% with an
average of 51.2%. All of these values seem to be
consistent with the values determined from this study.

The carbon content value for herbaceous plants in this
study (34.12%) was significantly less than that of
woody plants and forest litter. Hughes and others
(1999) found the carbon content of grasses in humid
tropical climates to be 41%. If a standard value of
50% of dry plant weight had been used to estimate
carbon, it would have been overestimated by 46.5%.
While the herbaceous material made up only a small
fraction of the total fuel, this overestimation can be
quite significant in cases where herbaceous material
comprises a larger portion of the total fuel load.

2.2 Fuel Load and Carbon Emissions

The total fuel loading reported from this study for the
control (20.73 t/ha) was relatively close to the fuel-
loading factor of 19.5 t/ha used by EPA for deter-

mination of predicted prescribed fire emissions for
this 2004;
ttnchiel/net/v3announ cement.pdf). It likewise is close

region (Liu, http://www. epa.gov/
to the mean fuel load value of 22.67 t/ha reported by
Woodall and his colleagues (2007) for oak-dominated
forest ecosystems in the eastern US. It is obvious that
harvesting has more than doubled the average fuel

load reported for these forest types.

Using emission factors reported by Battye and Battye
(2002; http://www.epa.gov/ttn/chief/ap42/ch13/related/
firerept.pdf), if all of this fuel is consumed one might
expect the carbon emissions reported in table 3 from a
wildfire, assuming average combustion efficiency and
fuel moisture. The potential is significantly greater in
the harvested areas compared to the control (Table 3).
It is doubtful that all of this fuel would be totally
consumed by a prescribed burn. However, because a
higher fuel load tonnage occurs in the forest litter (fine
fuels) in the harvested areas compared to the control, a
prescribed fire through harvested areas has a greater
potential to emit larger amounts of carbon. The actual
amount of carbon that is emitted will largely depend
upon how complete the combustion process is, and
whether it results in flaming or smoldering (Rowell
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Table 3 The estimated mean carbon particulate emissions from the Richland Furnace State Forest in Southern Ohio if all surface fuels

were consumed during a wildfire

Carbon emission component (t/ha)

Total carbon

CO, CO CH, emissions (t/ha)
Treatment
Standard Standard Standard Standard
Mean o Mean L Mean o Mean o
deviation deviation deviation deviation
50% 82.24a 50.33 7.79a 4.77 0.37a 0.23 90.39a 55.32
stocking
70% 63.86a 24.49 6.05a 2.32 0.29a 0.11 70.19a 26.92
stocking
Control 31.54b 6.98 2.99b 0.66 0.14b 0.03 34.66b 7.67

Note: Lowercases mean followed by the same letter aren't significantly different between forest floor fuels (Duncan's MRT, p=0.05)

and Levan-Green, 2005). Factors that will determine
the type of combustion is fire intensity (temperature),
type of fuel (fine vs coarse), and moisture.

Dead fuels are often categorized into fuel diameter
classes named according to the timelag principle
(Pyne et al., 1996), where small diameter fuels change
rapidly in response to weather changes, while larger
diameter fuels are slower to respond. A timelag is the
time required for a fuel particle to reach 63% of the
difference between the initial moisture content and
the equilibrium moisture content (or equilibrium with
changed atmospheric conditions). The categories are
named for the “midpoint” of the response time of
each fuel category: 1-hour fuels respond in less than
2 hours, 10 hours fuels respond in 2 to 20 hours, 100
hours fuels respond in 20 to 200 hours, and 1 000
hours fuels respond in greater than 200 hours. The
data in this study did not permit the separation of 1
hour fuels from 10 hours fuels. Accordingly, these
two categories were combined in the fuel analysis.

Harvesting created more deadwood fuels overall;
however the total fuel loading is probably not the
best indicator of fire behavior. Higher amounts of
the 1 to 10hours fuels were created as a result of
harvesting even though it was found not to be
significantly higher than the control (table 4). It is
these fuels, commonly referred to as fine fuels,
which will most likely determine fire intensity and
sustainability (Schoennagel et al., 2004). These fine
fuels primarily determine fire behavior and rate of
spread (Anderson and Brown, 1987; Brown and
Davis, 1973; Brown, 1970; Davis, 1959). With the
higher loading of fine fuels in the treatment areas, a
prescribed burn will more than likely be better
sustained through these areas with higher intensity
than a burn in the control. The more open forest
canopy will allow these fuels to dry more quickly
and thus make them more available. Harvesting
created more heavy fuels (100 hours and 1 000
hours) compared to the control (Table 4).

Table 4 The mean fuel loading (t/ha) following harvesting treatments compared to the control by fuel time-lag category in the

Richland Furnace State Forest, Southern Ohio

Treatment Fuel time-lag category (h)
1~10 100 1 000
Mean Standard Mean Standard Mean Standard
deviation deviation deviation
50% stocking 25.08 Aa 26.33 15.63 Ab 5.50 13.36 Ab 12.91
70% stocking 23.47 Aa 13.43 13.23 Ab 4.10 5.28 Be 4.98
Control 14.38 Aa 2.53 4.10 Bb 0.82 2.29 Bb 2.81

Note: The same capital letter is not significantly different between treatments and control within each fuel category; The same

lowercase is not significantly different between fuel categories within each treatment and control (Duncan's MRT, p=0.05)
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Both harvesting treatments created significantly more
100 hours fuels than measured in the control, and the
50% stocking treatment created more 1 000 hours
fuels than the 70% stocking treatment and the control.
Heavy fuels take longer to ignite, spread slower, burn
longer and throw off large volumes of heat when dry.
Typically heavy fuels are less available than light
fuels.

Heavy fuels in eastern hardwood forests will not
typically be a fire behavior factor during a prescribed
burn. These heavy fuels would become more available
under drought or dry conditions, and if the rate of fire
spread is slow. The accumulation of fine fuels around
the heavy fuels could also cause these heavy fuels to
become involved by allowing prolonged contact with
heat. If heavy fuels become involved, they would burn
and smolder longer, and produce greater output of heat,
thus creating sources of firebrands and continued
heating during the smoldering phase. This creates
potential rekindling issues during the mop up phase of
a prescribed burn. Slow moving fires through heavy
fuels can transfer large amounts of heat to mineral soil
or oil organisms (Rollins et al., 1993). During forest
fires, maximum ground temperatures may reach
200~300 C ; However under heavy fuels ground
temperatures may exceed 1 500°C while the surface
temperatures in these locations is 500~700°C (Neary
et al., 1999). Surface temperatures ranging from
175~275°C have been recorded for prescribed burns
in Southern Ohio, depending on season of burn, slope
position, and slope aspect (Schwe-
Williams, 2007).

mlein and

It is most likely that a prescribed burn performed in
these forests would consume the 1 hour and 10 hours

fuels. It would be rare that the 100 hours and 1 000
hours fuels would become involved in most prescribed
burns With this
assumption, along with the assumption of average
combustion efficiency and fuel moisture during a

in eastern hardwood forests.

prescribed burn when applying emission factors
reported by Battye and Battye (2002; http://www. epa.
gov/ttn/chief/ap42/ch13/related/firerept.pdf), and the
estimated carbon emissions from a prescribed burn are
reported in table 5. It is apparent that prescribed
burning would emit lower amounts of carbon than if
all surface fuels were consumed in a wildfire event.
Narayan et al. (2007) found this to be the case when
analyzing wildfire and prescribed burn data in Europe.
Prescribed burning, although itself a carbon source,
can be an effective management tool for reducing fuel
loads and preventing greater emissions as the result of
wildfire.

The amount of fuel consumed during a fire is a key
variable in modeling fire effects (Peterson et al., 1987).
The amount of fuel consumed will vary, based on fuel
load, ecosystem type (fuel type), fuel moisture,
weather, and fire behavior. It was found that the
variability in fuel consumption during burning in
Alaska is the main driver of uncertainty in the
emission of carbon-based greenhouse gases from
wildland fires (French et al., 2004), and this variability
is both spatial and temporal in nature.

2.3 Conclusions

Forest harvesting in eastern hardwood forests
contributes significantly to fuel loading. Harvesting
created total
compared to the control, with the largest percentage of

these fuels contained in the deadwood material (>5 cm

significantly more surface fuels

Table 5 The estimated mean of carbon emissions resulting from the consumption of 1 hour and 10 hours fuels during a prescribed

burn within the harvest treatments and control in the Richland Furnace State Forest, Southern Ohio

Treatment Carbon emission component (t/ha) Total carbon
CO, CcO CH, emissions (t/ha)
Mean  Standard Mean Standard Mean Standard Mean Standard
deviation deviation deviation deviation
50% stocking 38.15a 40.04 3.6la 3.79 0.17a 0.18 41.93a 44.01
70% stocking 35.70a 2043 3.38a 1.93 0.16a 0.09 39.24a 22.45
Control 21.42a  3.85 2.03a 0.36 0.10a 0.02 23.55a 4.23

Note: Lowercases mean followed by the same letter aren't significantly different between forest floor fuels (Duncan's MRT, p=0.05)
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diameter). The higher harvest intensity (50%
treatment) created significantly more deadwood
material than the lower intensity (70%), with both
treatments having significantly more deadwood than
the control. Increase in harvest intensity leads to
higher residual fuel loading. The amount of carbon

stored within these fuels follows the same trends.

Forest managers need to give consideration to the
subsequent fuel loading that result from various
harvest intensities, which could create increased risks
of wildfire through these stands. Harvesting increased
the amount of 1 to 10 hours fuels on the forest floor,
which are the fuels most likely to influence fire
behavior and determine its sustainability. Harvesting
also increased the amount of 100 hours and 1 000
hours fuels, but to a lesser extent. The greatest
increase in the 1 000 hours fuel category occurred
with the most intensive harvest.

Wildfire is more likely when weather conditions are
hot and dry, particularly over extended periods, which
make more fuel available. Accordingly, wildfire tends
to display more extreme fire behavior and consume
more fuel. In the case of this study wildfire could have
the potential of releasing 70~90 t/ha of carbon
emissions into the atmosphere in post-harvest stands
compared to 35 t/ha in unharvested stands.

Prescribed fire on the other hand is often implemented
under conditions less favorable for wildfire, but
conducive enough to carry fire. Accordingly, only the
1 to 10 hours surface fuels that have the greatest
influence on fire behavior are typically consumed.
Normally, emissions from prescribed fire are less than
what is emitted from wildfire (Liu, 2004). In the case
of this study, if prescribed fire consumed 1 hour and
10 hours fuels, the estimated carbon emissions from
harvested areas would be 39~42 t/ha, compared to 24
t/ha from unharvested areas. The use of prescribed fire
can reduce the wildfire risks and the associated carbon
emissions from these events. Accordingly, it may be
worthwhile to account for the reduction in carbon
emissions obtained when prescribed burns are
implemented as a fuel reduction strategy (Narayan et
al., 2007) in carbon offset projects. In the case of
harvested stands this could mean a total carbon
reduction of 44%~55%,

emission whereas in

unharvested stands the emissions could be reduced
32%.

3 Materials and Methods

3.1 Field Methods

This study was part of a larger study to examine the
effects of combined shelterwood harvests and
prescribed fire on establishment of oak regeneration in
the Richland Furnace State Forest.
different intensities = were
implemented-reduction of the forest to 70% stocking
(less intensive) and reduction to 50% stocking (more

intensive). The percent stocking (forest density) was

Shelterwood
harvests of two

determined by using stocking charts for upland
hardwoods (Gingrich, 1967). A mechanical cut-to-
length harvesting system was used to harvest stands.
Three to five years following these harvests a
prescribed burn will be introduced once the oak
regeneration and its competitors have established. One
set of 70% and 50% stocking treatments will receive a
spring burn, and another set a fall burn. These
treatments will be compared to a control, in which no
harvesting or bur- ning treatments will occur. The data
collection for this study occurred one growing season
following harvest so no burning had taken place.

Richland Furnace State Forest (44.769°N, 117.168°W)
lies within the unglaciated Allegheny Plateau Region,
and is extensively dissected by watershed drains that
exhibit undulating and rough topography. Elevation
within the region ranges from the lowest point of 180
m to the highest point of 320 m above sea level. The
total annual precipitation is 104 cm, with over half of
this precipitation of April through
September. The forest was dominated by oak and
other mixed hardwood species (Table 6). The basal
area averaged 24.3 m2/ha with 326 trees/ha, where
oak and hickory accounted for 84 percent of the basal
While the residual stand targets for the
shelterwood harvest intensities were 70% and 50%
stocking, actual residual stocking was 65% and 43%,
respectively, based on plot data (Table 7).

occurring

arca.

The fuel data collected for this study utilized the
sampling design of the larger study. Each treatment
and control was 10-ha in size, and each contained
eight 0.08-ha circular sample plots. The center of each
of these plots served as the sample point for this study.

-7-
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Table 6 The overstory forest tree species (dbh >10 cm) that

occurred in the Richland Furnace State Forest, Southern Ohio

Tree type Species

Oak Quercus alba L.

Quercus coccinea Muenchh.
Quercus prinus L.

Quercus rubra L.

Quercus velutina Lam.
Carya glabra (Mill.) Sweet

Carya tomentosa Poir. Nutt.

Hickory

Mixed Hardwoods Acer rubrum L.

Acer saccharum Marsh.
Cornus florida L.

Fraxinus americana L.
Fraxinus pennsylvanica Marsh.
Juglans nigra L.

Liriodendron tulipifera L.
Nyssa sylvatica Marsh.
Oxydendrum arboreum (L.) DC
Populus grandidentata Michx.
Ulmus americana L.

Ulmus rubra Muhl.

Since prescribed burning usually is administered in
late fall (after onset of dormancy) or early spring
before bud break, data was collected during winter
months in order to characterize the available fuel
during these burning seasons.

Four fuel plots were located within each of the
0.08-ha overstory plots along transects perpendicular
to each other, bisecting the overstory plot center, and
oriented in an east-west and north-south directions.
Each fuel plot, 1 m2 in size, was established along
these transects 14 m from the plot center.

All woody vegetation that is<1.4 m in height was
clipped at the groundline from the fuel plots. These
stems were cut into manageable pieces, placed in
labeled sample bags in the field, and brought back to
the lab for further analysis.

Due to the potential of large volumes of herbaceous
and forest litter on these fuel plots, 0.1 m” sub- sample
plots were utilized, randomly locating the sub-sample
plot within the 1 m” plot. The percent cover of

Table 7 Stand attributes for the control and the treatments before and after harvest in Richland Furnace State Forest in southern Ohio

Treatment Sample Basal area (mz/ha) Trees per ha Average dbh (cm) Stocking (%)
size Mean  Standard Mean  Standard Mean  Standard Mean  Standard
deviation deviation deviation deviation
50% Pre-harvest 16 26.2 7.9 272 67 30.8 4.1 90 26
stocking Post-harvest 16 13.2 3.8 58 17 52.8 8.1 43 12
0% Pre-harvest 16 26.2 5.0 351 68 28.2 3.0 93 17
stocking Post-harvest 16 18.1 4.5 130 32 41.1 4.5 61 15
Control No harvest 8 21.2 2.5 352 55 25.7 1.8 77 9

herbaceous and forest litter was recorded on both the
fuel plot and sub-sample plot. All herbaceous and
litter the
sub-sample plot, placed in labeled sample bags, and
brought back to the lab for further analysis. A dry
weight to percent cover ratio of herbaceous material
and forest litter material was developed for each

forest material were gathered from

sub-sample plot and applied to he 1 m2 fuel plot. All
forest litter material on sub-sample plot was collected
down to the mineral soil, and all coarse woody
material that was <5 cm diameter was considered a
part of the litter.

Coarse woody debris for this study was defined as all

dead wood material that was greater than 5 cm
diameter. A sampling method for coarse woody debris
described by Brown et al. (2004) was modified and
used in this study. Two 50 m transects were placed
through the plot center at right angles to each other, in
a north-south and east-west direction. Dead wood that
is>5 cm diameter and intersects these lines were
measured, and the diameter at the point of intersection
of each piece was recorded. Deadwood was measured
if: (a) more than 50% of the log is above ground and
(b) the sampling line crosses through at least 50% of
the diameter of the log. Each measured piece was
assigned to one of three density states: sound,
Dead wood samples

intermediate, or rotten.
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representing the three density classes and the range of
species present were collected in the field and brought
back to the lab for density (dry weight per green
volume) determination.

3.2 Laboratory Methods

Grab samples were taken of all woody, herbaceous,
litter the purpose of
determining moisture content. These grab samples
were oven-dried at 60°C for 72 hours or until constant

and forest samples for

weight was ach-ieved, so that the oven-dry weight of
woody, herbaceous, and forest litter material could be
determined.

Coarse woody debris samples were likewise dried in
ovens at 60°C for 72 hours, or until constant weight
was achieved. For each density class of deadwood, the
volume was calculated separately as follows: Volume
(m3/ha)=m 2 X[(d12+d22+--dn2)/8L], where d1, d2,
etc=diameters of intersecting pieces of dead wood and
L=length of the line (Brown et al., 2004). Density was
calculated with the formula: Density=mass (g)/volume
(cm3); where: mass=the mass of the oven-dried
sample; volume=nx(average diameter/2)2xaverage
length of the sample. In cases where it was difficult to
determine dimensions due to state of decay, the water
displacement method was used to determine volume.

At least 0.04 g of sample and usually more was
collected from representative samples of woody,
herbaceous, and forest litter material the purpose of
determining carbon content. These carbon samples
were ground in a Wiley mill to pass a 2 mm sieve, and
carbon analysis was run on an Elementar Americas,
Inc., Vario Max Carbon Nitrogen Combustion
Analyzer, with a procedure described in the
international standard publication ISO10694:1995 (E).
The amount of carbon measured in the samples by this
method was expressed in units of percent carbon by

dry weight.

3.3 Statistical Methods

Analysis of Variance (ANOVA) was performed on the
data to determine differences among the treatments
and the control. Duncan's multiple range test about the
means was used to determine significant differences
(p=0.05) of fuel
treatments and the control.

loading and carbon between
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