BAL CHANGE BIOLOGY

="BIOENERGY

GCB Bioenergy (2014), doi: 10.1111/gcbb.12130

EDITORIAL COMMENTARY

A commentary on ‘Mineral soil carbon fluxes in forests
and implications for carbon balance assessments”: a
deeper look at the data

COELI M. HOOVER and LINDA S. HEATH
USDA Forest Service, Northern Research Station, Durham, NH, USA

Abstract

Forestry practitioners contacted us with their concerns about a recent review article by Buchholz T, Friedland
AJ, Hornig CE, Keeton WS, Zanchi G, Nunery ] (2013) GCB Bioenergy who questioned the way soil carbon is
treated in many models and protocols, and indicated that an increasing number of research studies showed
meaningful soil organic carbon (SOC) loss as a result of forest management. We revisit the major studies cited in
the review and present a more complete look at the results, consistently treat forest floor carbon as a separate
pool, discuss differences in interpretation, and suggest opportunities to advance the state of knowledge regard-
ing SOC and forest carbon accounting. Overall, we conclude that the literature continues to support the current
default assumption of little or no change in mineral SOC when sound forest management practices are followed.
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Forestry practitioners contacted us recently after read-
ing the review by Buchholz et al. (2013). Managers and
decision makers expressed concern that the review
indicated an increasing number of scientific studies
showed meaningful soil organic carbon (SOC) loss in
mineral soils from forest management. We understand
their concern, and in our reading of the review, we see
a lack of clarity in the main messages and would like to
make the following points:

1. Although not explicitly listed in the objectives, the
conclusions focus on intensive forest management,
specifically management for bioenergy production.
The few experimental studies cited by Buchholz
et al., however, were not conducted in such systems,
and do not provide substantial evidence for large or
continuing SOC losses in mineral soils due to forest
management activities.

2. It is appropriate to continue to treat SOC in mineral
soils (as distinct from organic soils, which are not
addressed in the review) as stable under forest man-
agement following best management practices in the
absence of site-specific evidence to the contrary.

We revisit the original publications discussed in
Buchholz et al. in light of the review, discuss differences
in interpretation, and suggest research opportunities.

Correspondence: Coeli M. Hoover, tel. + 603 868 7633,
fax + 603 868 7604, e-mail: choover@fs.fed.us

Revisiting studies from the literature as discussed
in Buchholz et al.

As Buchholz et al. note, the ‘conventional wisdom’ is
that losses of SOC (distinct from the forest floor, or O
horizon) are generally small and transient (see review
papers including Johnson, 1992; Rollinger et al., 1998;
Heath & Smith, 2000; Hoover, 2003), although some
sites do show a significant response, which is occasion-
ally positive. To quantitatively test for patterns in SOC
response to harvesting across diverse experimental and
sampling designs, Johnson & Curtis (2001) conducted a
global meta-analysis of results from 26 studies that
included 73 observations. They reported no significant
effect on A horizon carbon (C) concentrations overall;
when whole-tree harvest and sawlog-only harvest were
considered separately, they found a slight decrease from
whole-tree harvest and a significant increase from saw-
log harvest. Nave et al. (2010) built on this work in an
expanded meta-analysis that included 432 response
ratios from 75 studies in temperate forests around the
world. Additional elements included considering the
forest floor, surface and deep mineral soils separately,
as well as separate analyses of C concentration and C
content (tC ha™'). Overall, Nave et al. (2010) found no
significant effects of harvest on the C content of surface
or deep mineral soil or the total soil profile (Fig. 1a).

In terms of C concentration, no significant effect was
reported for surface soil or the total profile; however,
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Fig. 1 SOC changes from harvesting by soil layer. Points are mean effect sizes 95% confidence intervals. Confidence intervals inter-
secting the 0% change reference line indicate no significant difference. Numbers in parentheses specify the number of studies. (a) Soil
C content (tC ha™"), (b) Soil C concentration (%C). After Fig. 1 in Nave et al. (2010); data used with permission of author. Note: scales

differ between panels a and b.

deep soils showed a significant increase in the C
concentration at harvested sites (Fig. 1b), which may
warrant further attention. When soil orders were
considered separately, differing responses were noted.
While Buchholz et al. cite the result of a 9% decline in C
content in the deeper layers of Spodosols as evidence
for the potential for ‘significant and long-term C losses
in the mineral soil” (p. 3), the results are more complex:
Spodosols, while exhibiting a decline in C content in
deeper portions of the mineral soil, had a significant
increase in C concentration in the same portion of the
profile and no change in C content was detected over
the whole profile or in surface soil (pp. 862-863). Ulti-
sols and Inceptisols showed significant decreases in
SOC due to harvesting, but as with Alfisols the
responses varied according to multiple factors, suggest-
ing that much more work is needed to develop predic-
tive understanding of management impacts on SOC.
That said, the overarching result of quantitative review
by Nave et al. (2010) was that mineral SOC showed no
overall, significant change in response to harvest (Fig. 4;
Conclusions on p. 863), a result that lends no support to
the conclusions of the Buchholz ef al. narrative.

Tang et al. (2009) presented a complex picture of soil
responses, as opposed to a straightforward decrease
after harvest followed by an increase after stand estab-
lishment as interpreted and summarized by Buchholz
et al. The total sampled depth (0-60 cm) showed a
decrease in SOC after harvest followed by a large
increase in the intermediate stands, slightly higher
values in mature stands, and highest values in the old-
growth site. However, in the 30-60 cm depth, SOC was

higher in the intermediate vs. mature sites. The young
stands had the lowest values in the 10-30 cm layer but
there was little difference between the other sites at this
depth. Interpreting the role of harvest effects is compli-
cated by the fact that the endpoints of the chronose-
quence (regenerated clear-cut and old-growth forest)
consist of a single stand, while the young, intermediate,
and mature classes are each represented by four stands.
An additional complication is the possible confounding
of harvest effects with species effects: the regenerated
clearcut, young, and intermediate sites are aspen,
although the mature and old-growth categories are
northern hardwoods.

Diochon et al. (2009) is cited as observing a 50% loss
in mineral soil C 30 years following harvest in a boreal
red spruce forest; as with Tang et al. (2009) above,
results from this unreplicated chronosequence are
complex and variable (no error values are reported for
several depths in one of the age classes, complicating
interpretation of the data).

Zummo & Friedland’s (2011) investigation of a site
harvested with patch cuts is presented as evidence of
significant declines in deep SOC after harvesting,
because SOC was lower in 55-year-old patch cut plots
compared to 3-year-old patch cut plots and plots in a
mature forest. Little information is provided about the
55-year-old stand; the focus of the study is a gradient of
surface disturbance levels in the 3-year-old patches. The
plots in the high disturbance class did have the lowest
total profile SOC (0-60 cm) and the lowest values in
the middle depths (10-30 cm), as noted on p. 1024 in
Zummo & Friedland (2011), ‘Highly disturbed sites
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Fig. 2 Data from Table 3 in Zummo & Friedland (2011). The
1020 and 20-30 cm depth increments in Table 3 have been
combined to produce the 10-30 cm depth discussed in
Buchholz ef al.

have been shown to store at least 20 + 2.5 Mg C ha '
less than moderately and lightly disturbed sites at
10-30 cm below the forest floor (Table 3, Zummo &
Friedland, 2011). Overall, highly disturbed soils store
25% less C than lightly disturbed soils.” Plotting the data
in Table 3 reveals that SOC in the mature site was 11
tC ha ' less than in the lightly disturbed plots for the
10-30 cm increment, and about 9% less overall (Fig. 2).

While the possibility of differing responses of the
deep and surface soil layers to harvesting merits further
investigation on multiple soil types, it seems likely that
given the relatively small sample size (an unfortunate
and common constraint), the outcome is as likely to be a
result of the high inherent variability of soil properties
(and small sample size) as it is the result of harvesting.

It is apparent that far more research needs to be con-
ducted on the effects of forest management on SOC,
particularly in deeper soil layers. Much available litera-
ture comes from chronosequences and paired-plot
investigations often not originally designed to investi-
gate SOC. Replication is limited or nonexistent, and
sample size low due to the cost of obtaining and analyz-
ing large numbers of samples. Sampling to depth is
highly labor intensive, further limiting sample size.
Given these constraints, the majority of the literature
supports the current assumptions of limited or no
changes in SOC when conventional forest management
techniques are practiced.

Considerations on incorporating SOC in carbon
accounting models

The conclusions of Buchholz ef al. indicate more infor-
mation is needed before SOC can be widely included in
forest C analysis. (‘There is a need to bridge knowledge
gaps in mineral soil requirements...Only then can regio-
nal datasets be justifiably applied...and soil C pools can
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be widely included in forest C flux analysis.”) Indeed,
the same conclusion was reached 7-10 years ago, and
adopted in developing standard C accounting tools [see
the 1605(b) updated technical guidelines (available at
Carbon Trading (2013)) which adopted tables from
Smith ef al., 2006]. Additional reasons for not including
soil changes include the high heterogeneity of soil, high
cost of measuring SOC, long temporal scale required to
detect change, and small changes expected when con-
ventional practices are followed, as supported by
the large majority of peer-reviewed publications even
at that time. Thus, change in mineral SOC, not to be
confused or mixed with the forest floor, has been omit-
ted or assumed to be zero for forest management in
some tools (Smith et al., 2006; Heath et al., 2010; Hoover
& Rebain, 2011; Van Deusen & Heath, 2013). (Forest
floor C is included in these tools following Smith &
Heath (2002)). Tools that incorporate soil include SOC
differences by forest type, or for land use change. The
same thinking probably led to C protocol requirements
with SOC optional or not specified.

However, an improvement that could be considered in
tools is a coherent, comprehensive accounting approach
across forest and nonforest landscapes. One practical
reason for this is that sites intensively managed for
wood for bioenergy are likely to be defined as agricul-
ture, not forest land. The effects on mineral soil of land
use change from forest to nonforest, especially change
to cropland involving tillage, are widely recognized and
reported by many studies (e.g. Guo & Gifford, 2002).
Smith et al. (2006) have mineral SOC increasing in
response to afforestation; deforestation is counted in the
land use which the forest land becomes and is therefore
not listed in protocols for forests. The SOC in the con-
verted land use may be derived independently of the
SOC in the forest land, and this can produce false SOC
differences across a landscape of changing land uses. A
coherent approach would permit thoughtful decisions
between the economics of sustainable forest manage-
ment and conversion to other land uses, and the effects
on C and other benefits. Landowners may be managing
for an economic return on their forest lands, and the
choices may be more intensive forest management or
conversion to another land use with almost certain min-
eral SOC and forest floor C losses. Waiting for conclu-
sive research results before making these decisions is
not always an option.

Looking ahead

We conclude that, for the default situation, consensus
remains for C accounting and tools to continue to treat
mineral SOC as optional or not changing due to forest
management unless a majority of reasonably site-specific
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quantitative studies demonstrate otherwise. We agree
with Buchholz et al. that more well-designed studies are
needed, including increased sampling effort of deeper
soil layers. Because soil properties are highly variable,
an important question to consider is what level of
change should be regarded as meaningful; an equiva-
lence testing framework (Wellek, 2003) may provide a
more useful approach to assessing management effects
on soil properties than conventional significance testing.
While we agree with Buchholz et al. that, “Techniques
for increasing the frequency and efficiency of mineral
soil sampling may be a major first step toward better
understanding of mineral soil C fluxes’, we maintain
that the preponderance of scientific evidence continues
to support the current and widely held conclusion
(based on multiple reviews and meta-analyses) that lit-
tle or no loss of SOC occurs as a result of conventional
forest management practices.

Looking to the future, we believe a coherent approach
to study SOC across a comprehensive range of land
uses and lands undergoing land use change is needed
to advance the science and to improve operational man-
agement. A reasonable hypothesis is that the more a
management action disturbs the soil, the more likely it
is that mineral SOC will be lost. Comparable studies
across a soil disturbance gradient, from forest manage-
ment to agricultural tillage, would be useful. We are
concerned that climate variability or a changing climate
may cause increased emissions from mineral soil that
will go unnoticed using traditional C accounting
frameworks. Establishing a few thoughtfully located
intensively monitored sites to test whether changes in
mineral soil may be occurring due to climate would
help ensure that forest C projects are not losing SOC
due to climate.
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