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Abstract

Background: The role of forests in the global carbon cycle has been the subject of a great deal of research
recently, but the impact of management practices on forest soil dynamics at the stand level has received less
attention. This study used six forest management experimental sites in five northern states of the US to investigate
the effects of silvicultural treatments (light thinning, heavy thinning, and clearcutting) on forest floor and soil
carbon pools.

Results: No overall trend was found between forest floor carbon stocks in stands subjected to partial or complete
harvest treatments. A few sites had larger stocks in control plots, although estimates were often highly variable.
Forest floor carbon pools did show a trend of increasing values from southern to northern sites. Surface soil (0-5
cm) organic carbon content and concentration were similar between treated and untreated plots. Overall soil
carbon (0-20 cm) pool size was not significantly different from control values in sites treated with partial or
complete harvests. No geographic trends were evident for any of the soil properties examined.

Conclusions: Results indicate that it is unlikely that mineral soil carbon stocks are adversely affected by typical
management practices as applied in northern hardwood forests in the US; however, the findings suggest that the
forest floor carbon pool may be susceptible to loss.
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Background
The development of international, state, and regional
climate agreements that call for reporting and reducing
the emission of greenhouse gases has led to increased
interest in forest carbon inventories and a greater
demand for information relating to forest carbon
sequestration. In 2009, US forests are estimated to have
offset 13% of national greenhouse gas emissions [1],
which makes understanding the effects of forest man-
agement on forest carbon cycles a high priority. Soil car-
bon in particular is poorly understood; little is known
about the rate of carbon accumulation, the maximum
amount of carbon that can be stored in soils, effects of
vegetation type, or the impact of forest management
practices on soil carbon cycles. An international

agreement designating the “maintenance of forest con-
tribution to global carbon cycles” as Criterion Five in
the Montreal Process for the Conservation and Sustain-
able Management of Temperate and Boreal Forests [2]
has added to the need to understand the effects of com-
monly employed silvicultural techniques on key forest
carbon pools.
Covington’s [3] influential chronosequence study of

forest floor mass in New England indicated a loss of
over 50% of the forest floor mass in the 15 years after
clearcutting, followed by a gradual recovery over the
next 50 years. Federer [4] tested Covington’s results,
including an additional 14 stands, and also found that
more recently cut stands had lower forest floor mass.
Federer highlighted several important factors to con-
sider, including mixing of forest floor material into the
soil during harvesting and the difficulty of distinguishing
the boundary of the forest floor from the mineral soil.

Correspondence: choover@fs.fed.us
USDA Forest Service, Northern Research Station, 271 Mast Road, Durham, NH
03824, USA

Hoover Carbon Balance and Management 2011, 6:17
http://www.cbmjournal.com/content/6/1/17

© 2011 Hoover; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

mailto:choover@fs.fed.us
http://creativecommons.org/licenses/by/2.0


Huntington and Ryan [5] echoed these points in another
New England northern hardwoods study. Yanai et al. [6]
resampled the stands used in Federer’s study, and found
that their data did not fit the declines predicted by the
equation presented in Covington’s work. Additionally,
they explored some of the difficulties inherent in the
substitution of space for time, and observed that differ-
ences in forest floor mass attributed to time since log-
ging could also be explained by changes in logging
techniques over the time span encompassed by Coving-
ton’s chronosequence. In a study involving thinning and
prescribed fire treatments applied in a network of for-
ests across the US, Boerner et al. [7] reported no signifi-
cant effects on forest floor or soil carbon stocks as a
result of thinning. Some investigators have reported sig-
nificant inverse relationships between thinning intensity
and forest floor carbon stocks [8,9], although these stu-
dies were conducted in Norway spruce plantations with
repeated thinning treatments. In the study by Jonard et
al. [8], stands were treated for thirty years on a three
year cutting cycle; thinning intervals in northern hard-
woods are usually 15 years or longer.
Multiple review papers summarize a large number of

studies on the effects of various forest management
practices on forest floor and soil carbon stocks [10-13].
The results are somewhat mixed; in a few cases there
appears to be a loss of carbon following harvest but
much of the evidence indicates that effects are either
not detectable or are short-lived, especially in the soil.
One exception is when intensive site preparation
resulted in extensive disturbance of the mineral soil
[14], which is rare in the northern US. A meta-analysis
by Nave et al. [15] included data from over 400 studies
conducted around the world. Forest floor, surface soil
(0-5 cm), and deep soil carbon stocks were examined, as
were carbon concentrations for each respective pool.
Nave et al. [15] found that forest floor carbon stocks
were significantly lower (30%) in harvested sites, with
different loss rates for hardwood (-36%) and softwood/
mixedwood (-20%) stands. Overall, forest floor carbon
concentrations declined by about 10% in harvested sites.
However, no significant differences were found in car-
bon stocks or concentrations between harvested and
unharvested stands in either shallow or deep soils,
although there were some differences when soil orders
were considered individually.
We used a common set of sampling protocols at six

experimental forest sites in five northern states (see Fig-
ure 1 for approximate locations) to investigate the
effects of silvicultural treatments on forest floor and soil
carbon pools. The principal objective of this study was
to assess the effects of partial and complete harvesting
treatments on forest floor and mineral soil carbon
stocks (treatments studied are listed in Table 1). Because

soil carbon estimates are fairly rare in the literature, a
secondary objective was to produce a set of forest floor
and mineral soil carbon stock estimates for mature
northern hardwood forests that can provide context for
future work.

Results
Forest Floor
Average forest floor carbon stocks of control plots were
variable across the study region, although values for
thinned and unthinned plots fell in the same range for
each site (Table 2). Comparisons between stands that
were lightly thinned, heavily thinned, or unthinned
revealed no overall statistically significant differences (p
= 0.46) between treatments. For the sites where a clear-
cut harvest was applied, forest floor carbon stocks were
not significantly different from uncut plots (p = 0.47)
across the study. Only one clearcut site, the most recent,
(6 years prior to sampling) showed a large difference
between forest floor carbon stocks in clearcut and con-
trol plots (Table 2, Figure 2); clearcut plots averaged 4.8
tC/ha less the uncut controls. The overall mean of forest
floor carbon concentration across all untreated plots was
40.7%, with a 95% confidence interval of 38.2-43.2%.
Carbon concentrations did not differ significantly
among thinned and unthinned plots (p = 0.936) with
values averaging from 39.3-39.9% across all treatments.

Figure 1 Map showing approximate locations of each study
forest. Abbreviations following the forest names are as follows: first
letter designates the forest, second two letters indicate state.
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However, there was a 9% difference in forest floor car-
bon concentrations between clearcut and control plots,
with mean values of 37.8 and 41.5%, respectively; this
was not statistically significant (p = 0.101).

Mineral Soil
Soil carbon stocks in the upper 20 cm of mineral soil in
the control plots were variable across the study region,
although most fell between 55-65 tC/ha; error estimates

Table 1 Site characteristics of study forests.

Name
(Abbreviation)

County/State Forest Type
Group

Major Soil Series/
Great Groups

Study
Installed

Treatments Applied

Fernow
(FWV)

Tucker/WV Beech/Birch/
Maple

Calvin, Dekalb/
Dystrudepts

1996 CC, CC with Ca and N fertilization, No harvest

Middle
Mountain
(MWV)

Randolph &
Pocahontas/WV

Beech/Birch/
Maple

Calvin, Dekalb/
Dystrudepts

1981 CC w/0.93 m2 residual poles, 45% RD, 70% RD,
No thinning

Kane
(KPA)

Elk/PA Beech/Birch/
Maple

Hazleton, Cookport,
Cavode/

Dystrudepts, Fragiudults,
Endoaquults

1975 40% RD, 70% RD, No thinning
(2nd treatment in 1990)

Heiberg
(HNY)

Cortland/NY Beech/Birch/
Maple

Mardin, Chippewa,
Volusia/

Fragiudepts, Fragiaquepts

1970 CC, 6.9 m2 /ha (30 ft2/ac) 13.7 m2/ha (60 ft2/ac),
20.6 m2/ha (90 ft2/ac)

Argonne
(AWI)

Forest/WI Beech/Birch/
Maple

Wabeno, Padus, Pence/
Fragiorthods, Haplorthods

1952 CC, 13.7 m2/ha (60 ft2/ac), 20.6 m2/ha (90 ft2/ac),
No thinning

(thinning repeated in 1962, 72, 82)

Bartlett
(BNH)

Carroll/NH Beech/Birch/
Maple

Marlow, Peru, Berkshire/
Haplorthods

1959 Heavy crop tree, Light crop tree, No thinning

CC = clearcut; m2/ha = residual basal area after thinning; RD = relative density, a measure of stocking. The study on the Fernow Experimental Forest is not a
thinning experiment, but part of the Long Term Site Productivity Study (Adams et al. 2004) and includes harvesting and fertilization treatments; no partial
harvests were applied. Forest Type Groups are as determined by US Forest Service Forest Inventory and Analysis classifications. Unless otherwise noted,
treatments were applied at the time of study establishment only. Treatments in bold type are those compared in this study.

Table 2 Forest floor and soil carbon stocks for each forest, by treatment intensity.

Site State Treatment Forest Floor C
Stocks (t/ha)

Soil C Stocks 0-5
cm (t/ha)

Soil C Stocks 0-20
cm (t/ha)

Total Forest Floor + Soil C
Stocks (t/ha)

Fernow WV Clearcut 2.9 (0.27) 25.1 (1.76) 70 (1.4) 73 (1.6)

Control 7.7 (2.65) 18.6 (2.05) 62 (4.6) 70 (4.0)

Middle
Mountain

WV Clearcut w/0.93 m2

residual in poles
4.0 (0.6) 26 (4.75) 78 (9.3) 82 (9.9)

Heaviest thin 4.4 (0.49) 17.8 (4.27) 68 (4.5) 73 (4)

Lightest thin 4.6 (0.91) 18.5 (1.56) 61 (3.7) 66 (4)

Control 4.6 (1.13) 27.1 (4.57) 77 (11.3) 81 (10.6)

Kane PA Heaviest thin 9.1 (3.25) 16.2 (0.53) 56 (0.4) 65 (2.8)

Lightest thin 6.4 (0.4) 16.3 (0.42) 54 (3.4) 59 (3.2)

Control 8.5 (0.58) 23 (1.52) 65 (3.6) 74 (4.2)

Heiberg NY Clearcut 10.4 (0.37) 18.6 (1.07) 61 (2.7) 71 (2.4)

Heaviest thin 8.9 (0.43) 17.3 (1.29) 55 (3.1) 64 (3.5)

Lightest thin 10.4 (0.87) 20.4 (2.4) 63 (1.4) 73 (0.7)

Control 11.8 (1.35) 18.3 (0.26) 63 (1.5) 75 (0.2)

Argonne WI Clearcut 2.8 (0.70) 9.7 (2.04) 32 (2.8) 34 (2.6)

Heaviest thin 2.6 (0.93) 11 (2.48) 33 (2.5) 35 (1.8)

Lightest thin 2.7 (1.02) 16.1 (4.69) 41 (10.7) 43 (10.1)

Control 2.4 (0.51) 13.5 (4.89) 39 (10) 41 (9.5)

Bartlett NH Heaviest thin 10.9 (1.85) 13.6 (1.29) 53 (7.1) 64 (8.2)

Lightest thin 8.2 (0.73) 14.4 (2.23) 55 (6.5) 64 (6.2)

Control 14.2 (3.39) 13.2 (1.31) 55 (4.3) 69 (7.1)

Value shown is the mean of the plot values (parentheses indicate standard error of the mean). The Heiberg study did not have formal control plots; temporary
plots were established in an uncut buffer zone adjacent to the study area and used as controls. Totals may not agree with sum of category values due to
rounding
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also varied between and within sites (Table 2, Figure 3).
Overall, carbon stock estimates for the 0-20 cm depth
increment were not significantly different between thin-
ning treatments (p = 0.387), with control plots averaging
59 (± 4.4) tC/ha and mean stock values of 54.9 (± 3.1)
and 52.8 (± 3.7) tC/ha for lightly and heavily thinned
plots, respectively. For the surface (0-5 cm) soils, at one
site (the Kane Experimental Forest, in Pennsylvania) sur-
face soil carbon in both thinning treatments was signifi-
cantly lower than in the control plots by about 6.5 tC/
ha, a difference of more than 20%. (Table 2). However,
on the whole, no significant differences were detected
across treatments (p = 0.249).
In the clearcutting treatments, carbon stocks to 20

cm averaged 59.9 (± 5.8) tC/ha in control plots and
58.3 (± 5.7) tC/ha in the clearcut plots (Table 2, Figure
3); this was not a statistically significant difference (p =
0.842). Surface (0-5 cm) soil carbon in clearcut and
control plots was similar, with mean values of 19.3 (±

2.3) and 19.5 (± 2.3) tC/ha, respectively (Table 2, Fig-
ure 3).

Discussion
In this study, no significant differences were detected
between treated and untreated plots in either the forest
floor or soil carbon pools. The intrinsic variability of
forest floor mass and soil chemical properties presents
challenges when interpreting the results of statistical
tests; differences of 20% or more can be obtained from
sample points within the same plot. Combined with the
low replication often unavoidable in forest management
studies, a common problem in management effect
experiments is a lack of statistical power to detect differ-
ences [16]. The use of post-hoc power analysis is often
recommended as a way to assist in interpreting results,
although this approach has been subject to criticism (for
an example, see Hoenig and Heisey [17]).
Given the challenges inherent in detecting changes in

forest floor and soil properties, summarizing the data
graphically provides a useful tool for evaluating the out-
comes of statistical tests. Figure 2a shows the forest
floor carbon stocks in control plots and their standard
errors plotted on the X axis, with the corresponding
values from the thinned plots and their associated errors
plotted on the Y axis. Each point represents the mean
value for a particular forest; points falling below the 1:1
line indicate that stocks are higher in control plots than
in thinned plots. Most points fall close to the line, with
a few below, indicating that while there is no overall
treatment effect, in some cases forest floor carbon
stocks may be lower in plots that were thinned
(although the error values for the control means are
large). Figure 2b presents the same information for
clearcutting, the most extreme treatment. The plot sup-
ports the finding of no overall significant differences;
the point falling below the line is from the most recently
harvested site, which was cut about 6 years prior to
sampling.
While there is no obvious relationship of treatment

intensity and forest floor carbon stocks, one trend is evi-
dent in Figure 2a. It is generally true that since decom-
position is related to climatic variables, forest floor mass
should increase with increasing latitude, although litter
chemistry also plays a role [18,19]. In this study forest
floor carbon pools are higher at the northernmost for-
ests and lower at the more southerly sites, but a notable
exception is the Argonne Experimental Forest in north-
ern Wisconsin, where forest floor mass was lower than
might be expected (this forest is represented by the left-
most point in both Figures 2a and 2b). This is most
likely due to sizeable numbers of invasive earthworms.
While no population estimates were made, earthworms
were commonly observed during sampling on the

Figure 2 Mean forest floor carbon stocks (tC/ha) at
experimental sites. Error bars indicate standard error of the mean
(X error = control values, Y error = treated values). (a) Lightly
thinned, heavily thinned, and unthinned control plots. (b) Clearcut
and uncut control plots; year of cut is listed by each point.
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Argonne. Rapid increases in earthworm populations and
the resulting effects on the forest floor in the Lake
States have been documented [20,21].
Soil carbon stocks to 20 cm are shown in Figures 3a

(thinning treatments) and 3c (clearcuts) and support the
finding of no differences across treatments, with points
falling near the 1:1 line, and slightly above for most of
the clearcut sites. Given the difficulty of detecting small
changes in soil carbon stocks against a large background
it is helpful to examine the surface soils, which are
shown in Figures 3b (thinning treatments) and 3d
(clearcuts). Here as well, most points fall near the line
and no treatment effect is evident, although at the most
recent clearcut site surface soil carbon averaged 6.5 tC/
ha higher than in the control sites (about 12%).

Because we are interested in the size of the carbon
pools the most relevant quantity is carbon content
(stock). Soil carbon stock estimates are the product of
bulk density and carbon concentration measurements,
and a change in one property may mask a change in the
other. Carbon concentrations in the surface (0-5 cm)
soil are plotted in Figure 4a for thinned plots and Figure
4b for clearcut treatments and show a similar outcome
to the surface carbon stocks, supporting the finding of
no overall differences related to treatments.
Although the forest floor carbon stocks showed a

trend of increasing values from southern to northern
sites with the exception of the Argonne Experimental
Forest, this same trend was not evident for any of the
soil properties measured. Similar to the forest floor

Figure 3 Mean soil carbon stocks (tC/ha) at experimental sites. Error bars indicate standard error of the mean (X error = control values, Y
error = treated values). (a) Lightly thinned, heavily thinned, and unthinned control plots, 0-20 cm depth. (b) Lightly thinned, heavily thinned, and
unthinned control plots, 0-5 cm depth. (c) Clearcut and uncut control plots, 0-20 cm depth; year of cut is listed by each point. (d) Clearcut and
uncut control plots, 0-5 cm depth; year of cut is listed by each point. Note that scales differ.

Hoover Carbon Balance and Management 2011, 6:17
http://www.cbmjournal.com/content/6/1/17

Page 5 of 8



results, carbon stocks in both depth increments and sur-
face soil carbon concentrations were lowest at the
Argonne Experimental Forest, which is represented by
the leftmost point in every figure. Earthworm activity
can lower bulk density as well as redistribute organic
matter and carbon throughout the soil profile [22].
While carbon concentrations are usually highest in the
surface soil, this may not be the case where earthworms
are prevalent. If a substantial population of non-native
earthworms is encountered at a site, sampling protocols
may need to be adjusted.
The results reported here, no systematic declines in

soil carbon stocks or concentrations in plots subjected
to partial or complete harvesting, agree with the findings
of the large meta-analysis conducted by Nave et al. [15].
Other studies in the region report similar results: Morris
and Boerner [23] in Ohio found no differences in car-
bon stocks in heavily thinned stands at one site and
increased soil carbon at another, and Mattson and
Smith [24] reported no differences in soil organic matter

content or concentration across a chronosequence of
cut and uncut plots in West Virginia. Mattson and
Smith [24] did find that harvested sites had significantly
lower forest floor organic matter content than control
sites, which agrees with the findings of Nave et al., Cov-
ington, and Federer [15,3,4]. While we did not detect
significant differences in forest floor carbon stocks
between treated and control sites, in a few forests car-
bon stocks were higher in the control plots (Figures 2a
and 2b), and there was a difference of about 9% between
the mean forest floor carbon concentration in clearcut
and control sites.

Conclusion
This study found no significant differences in mineral
soil carbon stocks between northern hardwood forest
stands that had been previously clearcut and uncut con-
trols, with average values (to 20 cm depth) of 58.3 (±
5.7) and 59.9 (± 5.8) tC/ha, respectively. Carbon stocks
in the top 5 cm of mineral soil averaged about 19 tC/ha
for both clearcut and control sites, with standard errors
of 2.3 tC/ha for each. In the partial harvest treatments,
there were no significant differences in soil carbon
stocks between lightly thinned, heavily thinned, or
unthinned plots for either depth increment, nor were
there overall differences in soil carbon concentrations
across treatments. On the whole, no significant differ-
ences were detected in forest floor carbon pools
between clearcut and control plots. In the partial harvest
treatments, a few forests had greater forest floor carbon
stocks in control plots, although mean forest floor car-
bon storage displayed no overall trend across treat-
ments. Given the results presented here, it is unlikely
that mineral soil carbon stocks are adversely affected by
typical management practices as commonly applied in
northern hardwood forests in the region; however, the
findings suggest that the forest floor carbon pool may
be susceptible to loss.

Methods
Site description
Study sites included six forests in five northern states:
West Virginia (WV), Pennsylvania (PA), New York
(NY), Wisconsin (WI), and New Hampshire (NH). Four
of the sites are US Forest Service Experimental Forests,
one is a research area on the Monongahela National
Forest, and one is a university research forest (SUNY-
ESF). At five of the sites (Argonne - WI, Bartlett - NH,
Heiberg - NY, Kane - PA, and Middle Mountain - WV),
ongoing long-term thinning studies were sampled to
assess the effects of silvicultural thinning treatments of
different intensities on soil and forest floor carbon
stocks. The sixth site, Fernow - WV, is not a thinning
study but is part of the nationwide long-term soil

Figure 4 Mean soil carbon concentration 0-5 cm (% C) at
experimental sites. Error bars indicate standard error of the mean
(X error = control values, Y error = treated values). (a) Lightly
thinned, heavily thinned, and unthinned control plots. (b) Clearcut
and uncut control plots; year of cut is listed by each point.
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productivity study (LTSP) network [25,26]. Table 1 pro-
vides additional detail about each site, and Figure 1 indi-
cates the approximate location of each forest. Further
details on each of the forests that are part of the Experi-
mental Forest Network may be found in Adams et al.
[27]. While the treatments at each forest vary, all of the
studies are replicated, are variations on the randomized
block design, and include a range of thinning intensities;
four sites included plots that had been clearcut. Some
forests have been treated more than once. Generally,
three replicates of each treatment were part of the origi-
nal study design, though in a few cases there were only
two replicates of a particular treatment. Plot size varied
across the studies but generally ranged from 0.16 to
0.24 ha (0.4-0.6 ac). While the dominant species varied
across the sites, all are classified in the beech/birch/
maple forest type group as defined by the US Forest
Service Forest Inventory and Analysis Program (FIA).

Field and laboratory methods
Sampling took place in the spring and summers of
2001-2003; all the plots on a given forest were sampled
over a three or four day period. Forest floor samples
included all organic material above the mineral soil, and
were collected on a systematic grid across the plot using
a 25 cm2 sampling frame following the general method
outlined by Harmon et al. [28]. Four samples were
taken at each plot and were not composited; all material
was oven dried at 48°C and weighed, then coarsely
ground. Carbon concentrations were determined on
homogenized subsamples by dry combustion. Mineral
soil samples were collected on a systematic grid of
twelve points across the plot (although sometimes con-
ditions required collecting fewer cores), with a slide
impact hammer corer following the methods used by
the US Forest Service Forest Inventory and Analysis
Program [29]. Each sample was 5 cm × 20 cm, split into
0-5, 5-10, and 10-20 cm increments. Soils were oven
dried at 105°C, sieved, and analyzed by dry combustion
for carbon concentration. Separate samples were taken
at each site to determine bulk density for use in calcu-
lating carbon stocks. Because of the spatial variability of
coarse fragments and the difficulty of obtaining accurate
site-specific values for this property, no adjustments
were made for coarse fragment volume and all calcula-
tions were made based on the assumption of rock-free
soil volume. Although this results in stock estimates
that are likely to be higher than actual values, estimates
of coarse fragment volume can have a large effect on
estimates and introduce a sizeable amount of error.

Calculations and Statistics
All data were checked for outliers with the Grubbs out-
lier test. Soil carbon content (mass) was calculated as the

product of bulk density and carbon concentrations. For-
est floor carbon stocks were the product of forest floor
mass per unit area and carbon concentration. All analyses
were conducted with SigmaStat software (SPSS Incorpo-
rated). Where the data met the assumptions of normality
and homogeneity of variances, t-tests were used for com-
parisons between clearcut and control sites, and partial
harvest treatments were compared with ANOVA. In a
few instances, data were non-normally distributed and
simple transforms did not achieve normality. In these
cases, a distribution-free rank-sum test was applied.

Acknowledgements
This study was funded by the US Forest Service Northern Global Change
Program. Many thanks to Harry Steele, Ernie Wiltsie, and Julie Smithbauer for
their expertise in field sampling. Thanks also to Mary Beth Adams, Susan
Stout, Terry Strong, Chris Nowak, and John Brissette for providing access to
and information on their long-term studies, and for logistical support in the
field, and to Elizabeth LaPoint for preparing Figure 1. Thanks also to Linda
Heath, Bill Leak, and Stephanie Long for helpful feedback on the manuscript,
which also benefited from the suggestions of three anonymous reviewers.

Competing interests
The author declares that they have no competing interests.

Received: 28 September 2011 Accepted: 29 December 2011
Published: 29 December 2011

References
1. US Environmental Protection Agency: Inventory of US greenhouse gas

emissions and sinks: 1990-2009. EPA 430-R-11-005 Washington, DC: US
Environmental Protection Agency; 2011 [http://www.epa.gov/
climatechange/emissions/usinventoryreport.html].

2. Montreal Process Working Group: Criteria And Indicators for the Conservation
and Sustainable Management of Temperate and Boreal Forests [http://www.
rinya.maff.go.jp/mpci/meetings/an-6.pdf].

3. Covington WW: Changes in forest floor organic matter and nutrient
content following clear cutting in northern hardwoods. Ecology 1981,
62:41-48.

4. Federer CA: Organic matter and nitrogen content of the forest floor in
even-aged northern hardwoods. Canadian Journal of Forest Research 1984,
14:763-767.

5. Huntington TG, Ryan DF: Whole-tree-harvesting effects on soil nitrogen
and carbon. Forest Ecology and Management 1990, 31:193-204.

6. Yanai RD, Arthur MA, Siccama TG, Federer CA: Challenges of measuring
forest floor organic matter dynamics: repeated measures from a
chronosequence. Forest Ecology and Management 2000, 138:273-283.

7. Boerner REJ, Huang J, Hart SC: Fire, thinning, and the carbon economy:
Effects of fire and fire surrogate treatments on estimated carbon
storage and sequestration rate. Forest Ecology and Management 2008,
255:3081-3097.

8. Jonard M, Misson L, Ponette Q: Long-term thinning effects on the forest
floor and the foliar nutrient status of Norway spruce stands in the
Belgian Ardennes. Canadian Journal of Forest Research 2006, 36:2684-2695.

9. Vesterdal L, Dalsgaard M, Felby C, Raulund-Rasmussen K, Jørgensen BB:
Effects of thinning and soil properties on accumulation of carbon,
nitrogen, and phosphorus in the forest floor of Norway spruce stands.
Forest Ecology and Management 1995, 77:1-10.

10. Johnson DW: Effects of forest management on soil carbon storage. Water
Air and Soil Pollution 1992, 64:83-120.

11. Johnson DW, Curtis PS: Effects of forest management on soil C and N
storage: meta analysis. Forest Ecology and Management 2001, 140:227-238.

12. Rollinger JL, Strong TF, Grigal DF: Forested soil carbon storage in
landscapes of the northern Great Lakes region. In The Potential of U. S.
Forest Soil to Sequester Carbon and Mitigate the Greenhouse Effect. Edited by:
Kimble JM, Heath LS, Birdsey RA, Lal R. Boca Raton: CRC Press; 2003:335-350.

Hoover Carbon Balance and Management 2011, 6:17
http://www.cbmjournal.com/content/6/1/17

Page 7 of 8

http://www.epa.gov/climatechange/emissions/usinventoryreport.html
http://www.epa.gov/climatechange/emissions/usinventoryreport.html
http://www.rinya.maff.go.jp/mpci/meetings/an-6.pdf
http://www.rinya.maff.go.jp/mpci/meetings/an-6.pdf


13. Hoover CM: Soil carbon sequestration and forest management:
challenges and opportunities. In The Potential of U. S. Forest Soil to
Sequester Carbon and Mitigate the Greenhouse Effect. Edited by: Kimble JM,
Heath LS, Birdsey RA, Lal R. Boca Raton: CRC Press; 2003:211-238.

14. Schmidt MG, Macdonald SE, Rothwell RL: Impacts of harvesting and
mechanical site preparation on soil chemical properties of mixed-wood
boreal forest sites in Alberta. Canadian Journal of Soil Science 1996,
76:531-540.

15. Nave LE, Vance ED, Swanston CW, Curtis PS: Harvest impacts on soil
carbon storage in temperate forests. Forest Ecology and Management
2010, 259:857-866.

16. Yanai RD, Stehman S, Arthur MA, Prescott CE, Friedland AJ, Siccama TG,
Binkley D: Detecting change in forest floor carbon. Soil Science Society of
America Journal 2003, 67:1583-1593.

17. Hoenig JM, Heisey DM: The abuse of power: the pervasive fallacy of
power calculations for data analysis. The American Statistician 2001, 55:1-6.

18. Meentemeyer V: Macroclimate and lignin control of litter decomposition
rates. Ecology 1978, 59:465-472.

19. Melillo JM, Aber JD, Muratore JF: Nitrogen and lignin control of hardwood
leaf litter decomposition dynamics. Ecology 1982, 63:621-626.

20. Alban DH, Berry EE: Effects of earthworm invasion on morphology,
carbon, and nitrogen of a forest soil. Applied Soil Ecology 1994, 1:243-249.

21. Hale CM, Frelich LE, Reich PB: Exotic European earthworm invasion
dynamics in northern hardwood forests of Minnesota, USA. Ecological
Applications 2005, 15:848-860.

22. Bohlen PJ, Pelletier DM, Groffman PM, Fahey TJ, Fisk MC: Influence of
earthworm invasion on redistribution and retention of soil carbon and
nitrogen in northern temperate forests. Ecosystems 2004, 7:13-27.

23. Morris SJ, Boerner REJ: Interactive influences of silvicultural management
and soil chemistry upon soil microbial abundance and nitrogen
mineralization. Forest Ecology and Management 1998, 103:129-139.

24. Mattson KG, Smith HC: Detrital organic matter and soil CO2 efflux in
forests regenerating from cutting in West Virginia. Soil Biology and
Biochemistry 1993, 25:1241-1248.

25. Adams MB, Burger J, Zelazny L, Baumgras J: Description of the Fork
Mountain long- term soil productivity study: site characterization General
Technical Report NE-323, US Department of Agriculture, Forest Service,
Northeastern Research Station, Newtown Square, PA; 2004.

26. Tiarks AE, Buford MA, Powers RF, Ragus JF, Page-Dumroese DS, Ponder F Jr,
Stone DM: North American long-term soil productivity research program.
In Communicating the role of silviculture in managing the national forests:
Proceedings of the National Silviculture Workshop. Edited by: Warren PA.
General Technical Report NE-238, US Department of Agriculture, Forest
Service, Northeastern Forest Experiment Station, Radnor, PA; 1997:140-147.

27. Adams MB, Loughry L, Plaugher L, (Comps.): Experimental forests and ranges
of the USDA Forest Service General Technical Report NE-321, US Department
of Agriculture, Forest Service, Northern Research Station: Newtown Square,
PA; 2004.

28. Harmon ME, Nadelhoffer KJ, Blair JM: Measuring decomposition, nutrient
turnover, and stores in plant litter. In Standard soil methods for long-term
ecological research. Edited by: Robertson GP, Coleman DC, Bledsoe CS,
Sollins P. New York: Oxford University Press; 1999:202-240.

29. US Department of Agriculture, Forest Service: Forest Inventory and Analysis
Phase 3 Indicator Field Guide Version 5.0 2010, Unpublished report available
at [http://fia.fs.fed.us/library/field-guides-methods-proc/.

doi:10.1186/1750-0680-6-17
Cite this article as: Hoover: Management Impacts on Forest Floor and
Soil Organic Carbon in Northern Temperate Forests of the US. Carbon
Balance and Management 2011 6:17.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Hoover Carbon Balance and Management 2011, 6:17
http://www.cbmjournal.com/content/6/1/17

Page 8 of 8


	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Forest Floor
	Mineral Soil

	Discussion
	Conclusion
	Methods
	Site description
	Field and laboratory methods
	Calculations and Statistics

	Acknowledgements
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


