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Impact of thinning on carbon storage of dead organic matter across
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Introduction

Increasing attention has been paid to car-
bon (C) cycling in ecosystems because of
growing concern about the elevated level
of atmospheric carbon dioxide (Khaine &
Woo 2015). Since forests act as the princi-
pal C storage system in terrestrial ecosys-
tems and are sensitive to anthropogenic
activity, appropriate forest management is
considered important for C sequestration
(Boerner et al. 2008, Powers et al. 2012).
Thinning treatment, which is selective log-
ging to enhance the value of forests, is
known to alter the forest C storage by
reducing the standing tree density and

Dead organic matter is important in carbon (C) sequestration because it ac-
counts for a significant proportion of forest C storage. As thinning could alter
the C storage of dead organic matter, this study aimed to assess the effect of
thinning on the C storage of dead organic matter including the forest floor,
mineral soil at a depth of 0-30 cm, and coarse woody debris in larch and oak
forests in South Korea. Differing intensities of thinning were applied to four
larch and four oak stands, and the C storage of dead organic matter in thinned
and control plots was compared three years after thinning. The effect sizes
were estimated based on Hedges’ d to measure the influence of thinning. Total
C storage of dead organic matter tended to be higher in the thinned plots
(larch: 82.45 Mg C ha' and oak: 82.56 Mg C ha') than in the control plots
(larch: 72.07 Mg C ha' and oak: 74.79 Mg C ha™). However, estimation of
effect size found that the cumulative effect size was not significant for the C
storage of the forest floor, mineral soil, coarse woody debris, and dead organic
matter. Only a few of the individual treatments exhibited significant effect
sizes for mineral soil C storage in two larch stands and coarse woody debris C
storage in two oak stands. The results indicated that the applied thinning
treatments might have no consistently significant impact on the C storage of
dead organic matter in the larch and oak stands after three years, though thin-
ning may have had an idiosyncratic influence on the C storage of dead organic
matter in a few of the study stands.

Keywords: Carbon Sequestration, Dead Organic Matter, Effect Size, Forest
Thinning

stimulating growth of the remaining trees
(Zhou et al. 2013). In addition, thinning
alters the microclimate and organic matter
budget, and consequently the forest C dy-
namics (Jandl et al. 2007).

Dead organic matter, which originates
from living organisms, accounts for appro-
ximately half of the forest C storage (Boer-
ner et al. 2008, Powers et al. 2012). Fallen
leaves, branches, and coarse woody debris
(CWD) are the primary forms of dead
organic matter, whose quantity and quality
are related to the succession stage and for-
est management (Powers et al. 2012, Ko et
al. 2014). Mineral soil stores a large volume
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of organic C derived from the primary
forms of dead organic matters. According-
ly, it plays a crucial role in C sequestration
as a large and stable form of C storage in
forests (Lal 2005). As the balance and sto-
rage of organic matter may be influenced
by thinning, understanding the C status of
dead organic matter in thinned forests is
important in the context of forest C se-
questration (Schilling et al. 1999, Kim et al.
2009, 2015a).

Larch (Larix spp.) and oak (Quercus spp.)
stands are important deciduous stand
types in Korean forestry. Managing larch
forests is one of the primary challenges in
Korean forestry, because Japanese larch
(L. kaempferi) has been widely used for
national reforestation programs since
1960s (Lee et al. 2010, Kim et al. 2015b).
Meanwhile, oak stands have also received
growing attentions because increases in air
temperature and the abundance of pine
wood nematode, both of which could re-
sult from climate change, have been pre-
dicted to accelerate the succession of co-
niferous stands to oak-dominated decidu-
ous stands in Korea (Byun et al. 2013, Kwak
et al. 2012). The management of oak stands
has, therefore, become another important
challenge for Korean forestry from the per-
spective of climate change adaptation.

Effect size (ES) estimation, such as Glass’s
A and Hedges’ d, was originally developed
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to standardize the comparison of results
from multiple references; thus, it shares a
similar concept to statistical methods for
multi-site studies (Gurevitch & Hedges
1999, Nakagawa & Cuthill 2007). Standar-
dized comparison based on ES estimation
could provide insights into the effect of
thinning on the C storage of dead organic
matter across study sites, because this
form of C storage is known to vary with
site conditions (Boerner et al. 2008). There-
fore, the present study aimed to examine
the effect of thinning on the C storage of
dead organic matter, including that of the
forest floor, mineral soil, and CWD in larch
and oak stands in South Korea using ES
estimation.

Materials and methods

Study stands

The present study was conducted at four
larch forests (Gwangneung: GN; Inje: 1J;
Muju 1: MF; Muju 2: MS) and at four oak
forests (Hamyang: HA; Hoengseong: HS;
Sancheong: SC; Yangyang: YG) in South
Korea (Tab. 1). The stand size is approxi-
mately 6 ha for MS and YG, 5 ha for GN, 1J,
and HS, 4 ha for MF and SC, and 3 ha for
HA, respectively. Four of the study stands
(GN, 1J, HS, and YG) are located in central
Korea, while the others are located in
southern Korea. All of the study stands are
located in the temperate zone with hot
humid summers and cold dry winters. The
stand ages are 41-60 years for the larch
stands and 31-50 years for the oak stands
(Tab. 1). Mean diameter at breast height
and tree height tend to be higher in the
larch stands than in the oak stands (Tab. 1).
The altitude and slope of the study stands
are 140-930 m and 18-32° for the larch

stands, and 270-860 m and 21-31° for the
oak stands (Tab. 1). The dominant soils in
the study stands are acidic soils with a
sandy loam, loamy sand, or loamy texture.
Soil gravimetric water content, pH, C/N
ratio, and cation exchange capacity are
13.7-32.3%, 4.52-5.20, 15.4-32.8, and 10.0-16.9
cmol. kg" respectively for the larch stands,
and 23.0-36.6%, 4.27-5.43, 10.7-22.5, and 9.8-
13.9 cmol. kg respectively for the oak
stands (Tab. 1).

Each study stand was split into three
treatment plots of similar size according to
the applied thinning intensity: unthinned-
control (control), intermediate thinning (1),
and heavy thinning (H). The thinning inten-
sities (based on the removed basal area)
ranged from 17% to 24% and 15% to 22% for
the | treatments and from 30% to 44% and
30% to 35% for the H treatments in the larch
and oak stands, respectively (Tab. 1). The
thinning treatments were carried out fol-
lowing the stem-only harvesting method,
and thinning residues such as fallen leaves,
slashes, and stumps were not removed
from the treatment plots. Individual treat-
ment plots were located nearby other
treatment plots in the same study stand;
thus, the three treatment plots within a
study stand shared similar site conditions.
Three permanent subplots were establi-
shed within each treatment plot for sam-
pling and field measurements. The sub-
plots were generally circular with a 10 m
radius (314 m?), but those in the IJ and YG
sites differed in size at 9 m (254 m*) and 8
m (200 m?), respectively.

The thinning treatments were applied to
SC and HA in 2007, to HS and YG in 2010,
and to GN, 1J, MF, and MS in 2011, and the C
storage of dead organic matter was mea-
sured for SC and HA in 2010, for HS and YG

in 2013, and for GN, 1J, MF, and MS in 2014.
Even though these differences in the study
period may have influenced the results of
the present study in the case of extreme
climatic events during the study period,
whether the climatic patterns significantly
affected the results is uncertain because of
the lack of climatic data available for the
study stands.

Sampling and laboratory analysis
Sampling and field measurements were
conducted three years after the thinning
treatments. The samples for the forest
floor and the mineral soil were collected at
three random points within the subplot. At
each sampling point, the forest floor was
sampled with a 900-cm? quadrat, and mine-
ral soil was collected at depths of o-10, 10-
20, and 20-30 cm using a 10-cm-long cylin-
drical corer (Korea Forest Research Insti-
tute 2010). Three forest floor and nine mi-
neral soil samples (three mineral soil sam-
ples per depth) were consequently collec-
ted from each subplot. The wet mass of
CWD (>10 cm in diameter and >1 m in
length) was measured in a 100 m* sub-sub-
plot within the subplot, and CWD samples
from the sub-subplots (zero to three sam-
ples per sub-subplot depending on CWD
quantity) were also collected to measure
the C concentration and the dry mass to
wet mass ratio of CWDs (Korea Forest
Research Institute 2010). The total number
of samples collected from all of study
stands was 216, 648, and 76 for the forest
floor, mineral soil, and CWD, respectively.
The forest floor and the CWD samples
were dried at 85 °C prior to measuring the
dry mass, and the soil samples were air-
dried and sieved through a 2 mm mesh
screen. The soil bulk density was calculated

Tab. 1 - Summary of the stand characteristics of the larch (Gwangneung: GN; Inje: 1J; Muju 1: MF; Muju 2: MS) and oak stands
(Hamyang: HA; Hoengseong: HS; Sancheong: SC; Yangyang: YG). Thinning intensities for intermediate (1) and heavy (H) treatments
are calculated based on the ratio of basal area of thinned trees to that of standing trees before thinning. DBH, SWC, total N, C/N
ratio, and CEC represent diameter at breast height, soil gravimetric water content, total soil nitrogen concentration, soil
carbon/nitrogen ratio, and cation exchange capacity, respectively.

> . .
~ - E 2 - & ° 2~ Thinning
Stand  Study é § = ,: % v E:, g~ =5 & & & - 2 B o _%: intensity
type stand ] B E & B¢ I S E 8% T O Y a = - U3 (%)
<] o = =) o g X on = o < £
- < v & a £ 3 «w ke U S | H
Larch GN 37°44'N 140 18 51-60 27 25 Sandy 0.82 20.6 4.52 0.04 30.8 10.7 23 30
127°10'E loam
N} 38°10'N 430 32 41-50 23 19 Sandy 0.68 13.7 5.20 0.04 28.5 10.0 17 44
128°15'E loam
MF 35°52'N 910 21 51-60 31 20 Loamy 0.64 29.0 4.80 0.18 32.0 16.2 21 32
127°50'E sand
MS 35°52'N 930 15 51-60 35 22 Loamy 0.60 32.3 4.61 0.37 15.4 169 24 33
127°49'E sand
Oak HA 35°43'N 860 22 31-50 21 15 Loam 0.72 340 429 0.41 16.3 10.4 15 30
127°44' E
HS 37°29'N 340 31 41-50 18 14 Sandy 0.78 23.0 4.78 0.08 22.5 9.8 22 35
127°49'E loam
SC 35°22'N 480 22 31-50 24 15 Loam 0.81 36.6 4.27 0.50 10.7 104 15 30
127°51'E
YG 37°58'N 270 21 41-50 22 15 Sandy 0.83 25.5 5.43 0.08 25.4 13.9 17 35
128°42'E loam
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by dividing the dry mass of the mineral soil
samples (<2 mm) at 105 °C into the volume
of the corer (406.94 cm? - Noh et al. 2010,
Kim et al. 2015¢). The dry mass of the CWD
in the sub-subplots was estimated by multi-
plying the wet mass of the CWD in the sub-
subplots with the dry mass to wet mass
ratio of the CWD samples (Korea Forest Re-
search Institute 2010). The C concentration
of the forest floor, mineral soil, and CWD
samples was analyzed using an elemental
analyzer (vario Macro, Elementar Analysen-
systeme GmbH, Germany). The C storages
on the forest floor and in CWD were deter-
mined based on the dry mass and the C
concentration, and that in the mineral soil
was calculated based on the soil bulk den-
sity, depth, and C concentration.

Data analysis

The differences in C storages between
the thinned and the control plots were
standardized by estimating the ES based
on Hedges’ d. For the ES estimation, each
study stand was treated as a case study
with two thinning treatments (I and H) and
a control, and the subplot was used as the
unit of replication for each treatment (n =
3). The mineral soil C storages at depths of
0-10, 10-20, and 20-30 ¢m in a sampling
point were summed before the statistical
analysis to estimate total mineral soil C
storage at 0-30 cm. The ES for mineral soil
C storage was determined using the mi-
neral soil C storage at 0-30 cm.

The ES for individual treatments was
quantified as follows (Nakagawa & Cuthill

Fig. 1- Summary

Thinning effects on dead organic matter carbon in larch and oak stands

2007 — eqn. 1):

X,— X, 3
ES= 11—
S Spooled [ 4(n1+nc _2 )_ 1 ]

where X is the C storage (Mg C ha") of a
thinned plot within a study stand, x: is the
C storage (Mg C ha') of a control plot
within a study stand, n, is the number of
replications for the thinned plot, n. is the
number of replications for the control plot,
and Spooked is the pooled standard deviation,
which was calculated as following (Naka-
gawa & Cuthill 2007 - eqn. 2):

R D=L

pooled n,+ n, )

where s is the standard deviation for the
thinned plot and s. is the standard devia-
tion for the control plot. The 95% confi-
dence interval (CI) for the ES was estima-
ted as following (Nakagawa & Cuthill 2007

-eqn. 3):

n+n, ES?
+
n, 2(n,+n,—2)

95%CI=ESil.96\/

n,

The estimated ESs were sorted according
to stand type (larch or oak) and were sum-
marized by constructing the cumulative ES
for each stand type. The cumulative ESs
were determined using a random-effect
model which assumed that variation across
individual ESs originated from both obser-
vation error and true unmeasured diffe-
rences among studies (Rosenberg et al.

2000). A two-tailed t distribution was uti-
lized for the quantification of the 95% CI of
the cumulative ES. Detailed equations for
summarizing ESs are presented in Rosen-
berg et al. (2000). An ES was indicated as
significant when its 95% Cl did not overlap
the zero value.

ESs based on Hedges’ d can show stan-
dardized differences in the C storages of
thinned and control plots. An ES above
zero implies that a thinned plot (I or H
treatment) has higher C storage than a
control plot, whereas that below zero
means that a thinned plot has lower C sto-
rage. Cumulative ESs in the present study
are summaries of the ESs for the larch and
the oak stands. 95% Cl and statistical signifi-
cance of ESs or cumulative ESs can be used
to determine whether ES or cumulative ES
significantly differs from zero (where zero
represents no thinning effect).

Results

The average forest floor C storage of the
thinned plots was 0.48 Mg C ha" higher
than that of the control plots in the larch
stands, but 0.16 Mg C ha™ lower than that
of the control plots in the oak stands (Fig.
1a). These differences corresponded to
approximately 6% (larch) and 3% (oak) of
the mean forest floor C storage for the
control treatments. None of the ESs for
forest floor C storage were significant in
either the larch or oak stands (Tab. 2). The
cumulative ES for forest floor C storage
was non-significant for both the larch and
oak stands (Tab. 3).
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Tab. 2 - The effect size of intermediate (I) and heavy (H) thinning treatments on carbon storage on forest floor, in mineral soil, in
coarse woody debris (CWD), and in dead organic matter for the larch (Gwangneung: GN; Inje: 1J; Muju 1: MF; Muju 2: MS) and oak
stands (Hamyang: HA; Hoengseong: HS; Sancheong: SC; Yangyang: YG). The values in the table represent the effect sizes, followed
by the 95% confidence interval. Values with an asterisk denote significant effect sizes.

Study Forest floor Mineral soil CWD Dead organic matter
stand I H 1 H I H I H

GN -0.3+1.6 0.2:1.6 -0.7 £ 1.7 0.5+1.6 -0.4+1.6 0.5+1.6 -1.3+1.8 0.5+1.6
J -0.1+£1.6 0.4+1.6 0.1+1.6 2.6 £+ 2.4 -1.6+£1.9 -1.8+2.0 -0.0+1.6 1.8+2.0
MF -1.0+1.7 -0.3+1.6 0.9+1.7 2.7 2.4 -0.4+1.6 0.8+1.7 0.7+1.6 2.6 +2.4
MS 1.5+1.9 0.5+1.6 0.1+1.6 1.8+1.7 1.0+ 1.7 -0.6 +1.5 0.3+1.6 0.9+1.7
HA 0.1+1.7 0.4+£1.7 0.7 £1.7 0.0+1.7 -0.4+£1.7 -0.7 £1.7 0.7 £1.7 0.0+1.7
HS 0.4+1.6 0.5+1.6 -1.8+2.0 -0.5+1.6 2.7 +2.5* 3.41+2.8 -1.7+2.0 -0.5+1.6
SC 0.3+1.7 -0.6 £+ 1.7 0.7+1.7 0.5+1.7 -0.9+1.8 -0.9+1.8 0.6 +1.7 0.4+1.7
YG -1.7+£1.9 -1.2+1.8 1.6+1.9 0.5+1.6 3.5+2.9* 0.3+1.6 1.5+1.9 0.5+1.6

On average, the mineral soil C storage at
0-30 cm depth of the thinned plots was
9.64 Mg C ha" (larch) and 6.55 Mg C ha™
(oak) higher than those of the control
plots (Fig. 1b), a difference of 15% and 9%
for the larch and oak stands, respectively.
The ES for mineral soil C storage was signi-
ficant for the H treatment plot in the larch
forests at the IJ and MF stands (Tab. 2).
The average mineral soil C storage in the H
treatment plot at these larch stands was
32% higher than that in the control plots. In
contrast, none of the ESs for mineral soil C
storage were significant in the oak stands
(Tab. 2). The cumulative ES for mineral soil
C storage was non-significant for both
stand types (Tab. 3).

The mean CWD C storage of the thinned
plots was 0.24 Mg C ha" (larch) and 1.37 Mg
C ha" (oak) higher than those of the con-
trol plots (Fig. 1c), corresponding to diffe-
rences of 18% and 125% for the larch and
oak stands, respectively. The ES for CWD C
storage in the oak stands was significant
for the stands HS and YG (Tab. 2). The
mean CWD C storage at these oak stands
was 234% higher in the thinned plots than
in the control plots. However, the ES for
CWD C storage was non-significant for all
treatment plots within the larch stands
(Tab. 2). The cumulative ES for CWD C sto-
rage was non-significant for both stand
types (Tab. 3).

Total C storage of dead organic matter
(i.e., the sum of the forest floor, mineral
soil, and CWD C storages) was averaged as
82.45 Mg C ha" and 72.07 Mg C ha™ in the
thinned and control plots of the larch
stands and 82.56 Mg C ha™ and 74.79 Mg C
ha" in those of the oak stands, respectively
(Fig. 1d). The average C storage of dead
organic matter in the thinned plots was

thus 12% and 9% higher than those in the
control plots for the larch and oak stands,
respectively. Nevertheless, the ES for the C
storage of dead organic matter was signifi-
cant only for the H treatment in the MF
stand (Tab. 2). The cumulative ES for the C
storage of dead organic matter was non-
significant in the larch and the oak stands
(Tab. 3). The ES and cumulative ES for the C
storage of dead organic matter were simi-
lar to those for mineral soil C storage be-
cause mineral soil C storage at 0-30 cm
depth accounts for the largest proportion
of the C storage of dead organic matter
(78-96%).

Discussion

The obtained results indicate that the
applied thinning treatments did not signifi-
cantly affect forest floor C storage within
the study stands after three years. These
results are similar to those obtained from a
field study by Boerner et al. (2008), who
also used Hedges’ d to determine the ef-
fect of thinning and found a marginal ef-
fect of thinning on forest floor C storage 2-
4 years following thinning. Our results are
also in agreement with other studies in
East Asia, which demonstrated that various
intensities of thinning did not significantly
alter forest floor C storage in oak forests
after 3-5 years (Cheng et al. 2012, Kim et al.
2015¢). We did not find any significant
changes in forest floor C storage regard-
less of stand type, although the effects of
logging on forest floor C storage can differ
between needle-leaved and broad-leaved
forests (Nave et al. 2010).

In contrast to these findings, forest floor
C storage is generally known to be sensi-
tive to thinning (Jand! et al. 2007, Powers
et al. 2012). The lower tree density after

Tab. 3 - The cumulative effect size for carbon storage on forest floor, in mineral soil, in
coarse woody debris (CWD), and in dead organic matter for the larch and oak stands.
The values represent cumulative effect sizes followed by the 95% confidence interval.

Forest Mineral Dead organic
Stand type floor soil CWD matter
Larch 0.0£0.5 0.6 £ 0.8 -0.2+0.8 0.5+0.8
Oak -0.1£0.6 0.2x0.7 0.5+£1.3 0.2+£0.7
596

thinning could reduce litter production
from the overstory (Kim et al. 2009). Thin-
ning could also alter soil temperature and
moisture conditions by allowing greater
light penetration through the canopy and
reducing stand-scale transpiration (Gebhar-
dt et al. 2014, Masyagina et al. 2006). These
changes in soil microclimate after thinning
could accelerate litter decomposition and
consequently decrease forest floor C stora-
ge (Inagaki et al. 2011, Mu et al. 2013). How-
ever, thinning may also increase forest
floor C storage in the short term. Thinning
with the stem-only harvesting introduces a
significant volume of leaves and twigs to
the forest floor as thinning residues (Hyto-
nen & Moilanen 2014). The increase in light
availability following thinning could also
promote litter production from understory
vegetation (Son et al. 2004). Thus, it can be
speculated that the non-significant effect
of thinning on the forest floor C storage in
the present study may be due to the fact
that the influences of thinning cancel each
other out, at least in the short term.
Thinning can alter mineral soil C storage
by increasing root mortality, incorporating
thinning residues, and changing litter pro-
duction and heterotrophic soil respiration
(Hwang & Son 2006, Ko et al. 2014, Schil-
ling et al. 1999). Even though two larch
stands exhibited significant increases in
mineral soil C storage three years after
thinning, it was found that these significant
increases were not common in the present
study as the impact of thinning on mineral
soil C storage was minimal in other study
stands. These results demonstrate that
three years might not be long enough for
consistently significant changes in mineral
soil C storage to become apparent after
thinning within the study stands. Our find-
ings agree with those obtained from other
studies on multiple study sites. A field stu-
dy by Boerner et al. (2008) observed that
the influence of thinning on mineral soil C
storage tended to be marginal across study
sites after 2-4 years, but one study site
exhibited a significant increase in mineral
soil C storage due to thinning. Inagaki et al.
(2011) reported that thinning did not signifi-
cantly affect mineral soil C storage in any
forests under various climatic conditions
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after 1-3 years. Powers et al. (2012) showed
that there was no significant difference in
mineral soil C storage between thinned
and un-thinned forests across a chronose-
quence.

The effects of thinning on mineral soil C
storage are expected to differ between
needle-leaved and broad-leaved forests
(Johnson & Curtis 2001, Nave et al. 2010).
In the present study, the heavy thinning
treatments significantly influenced mineral
soil C storage within the larch forests at
two study stands, but these trends were
not found within any of the oak stands.
Similarly, an extensive meta-analysis by
Johnson & Curtis (2001) showed that the
stem-only harvesting increased mineral soil
C storage of needle-leaved forests, but had
non-significant effect in broad-leaved fo-
rests. In contrast to these findings, Jurgen-
sen et al. (2012) demonstrated that thin-
ning decreased C storage in the mineral A
horizon in a pine forest, while this tenden-
cy was not observed in a broad-leaved fo-
rest. The mechanisms behind these diffe-
rences in the effects of thinning between
needle-leaved and broad-leaved forests
remain unclear. However, initial shifts of
mineral soil C in thinned needle-leaved
forests are often attributed to the signifi-
cant input of organic matter from dead
roots, leaves, and slashes of thinned trees
(Hwang & Son 2006, Mu et al. 2013, Ko et
al. 2014). Thus, differences in mineral soil C
patterns due to thinning might result from
differences in the decomposition rate of
incorporated organic matters, because
quality and recalcitrant constituents of or-
ganic matter vary between species (Silver
& Miya 2001). The different soil C patterns
due to thinning could also be attributed to
differences in soil conditions and enzyma-
tic activities between stand types (Cheng
et al. 2013, Rey et al. 2008), because these
factors play an important role in soil C mi-
neralization.

In the present study, the effects of thin-
ning on CWD C storage were inconsistent
within the larch and oak stands three years
following thinning. Our results were similar
to those of Boerner et al. (2008) who re-
ported no consistent and significant impact
of thinning on CWD C storage after 2-4
years. Despite lack of significance shown
by the cumulative effect sizes for CWD C
storage, significant increases in CWD C sto-
rage were observed in the oak forests at
two study stands. Similarly, previous re-
search in an oak forest in central Korea
observed 105-165% higher CWD mass within
thinned plots compared to that within con-
trol plots three years after thinning (Kim et
al. 2015¢). These significant differences in
CWD C storage due to thinning could be
the result of the unharvested logs in these
forests, because the amount of CWD in a
recently thinned forest is related to the
strategy used to harvest thinning residues
(Hyténen & Moilanen 2014). Although
some studies suggested that thinning
could reduce CWD C storage by controlling

iForest 9: 593-598

Thinning effects on dead organic matter carbon in larch and oak stands

competitions among remaining trees in the
long term (Powers et al. 2012, Ruiz-Peinado
et al. 2013), it was not found in the present
study because of the short study period.

As thinning with the stem-only harvesting
can promote the incorporation of thinning
residues into dead organic matter C pools
(Hyténen & Moilanen 2014, Ko et al. 2014),
we expected increases in the C storage of
dead organic matter following thinning.
Nevertheless, the obtained results imply
that the applied thinning treatments did
not consistently increase the C storage of
dead organic matter within the study
stands at least after three years. Although
a significant increase in the C storage of
dead organic matter was found at one
larch stand, it appeared to be uncommon
and idiosyncratic, since other study stands
did not exhibit any significant changes in
the C storage. These tendencies might re-
sult from non-significant shifts of mineral
soil C storage shown at most of the indivi-
dual study stands. Because these non-sig-
nificances might be the results of the short
study period, further studies should focus
on the long term soil C budget in order to
ascertain whether the impact of thinning
on the C storage of dead organic matter
will remain non-significant or not.

Conclusion

ES estimation in the present study found
significant ESs for mineral soil C storage in
a few larch stands and for CWD C storage
in a few oak stands; however, cumulative
ES was non-significant in either stand type.
These results demonstrate that the applied
thinning treatments had no consistently
significant influence on the C storage of
dead organic matter within the larch and
oak stands after three years, although thin-
ning may affect the C storage in two stand
types differently. The results of the present
study may be inconclusive because three
years may be too short to result in any sub-
stantial changes in the C storage across the
study stands over this period. Therefore,
further studies will be necessary to clearly
interpret the patterns in the larch and oak
stands and to ascertain whether the ap-
plied thinning treatments impact the C
storage of dead organic matter in the long
term. Nonetheless, we expect that the
present study will contribute to an under-
standing of the impacts of thinning on the
C storage of dead organic matter in multi-
ple study stands as summarized by ES esti-
mation.
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