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Abstract—Under temperate climatic conditions, temperature is a key abiotic factor that controls the decom-
position of coarse woody debris including bark. Using aspen bark (AB), we have carried out a 12-month lab-
oratory experiment at three contrasting temperatures (2, 12, and 22°C) and constant sufficient moisture to
quantify the temperature effect on the decomposition rate (DecR) and decay constant (k) of aspen bark. The
effect of temperature on the total loss of C–CO2 and changes in the chemical composition of AB throughout
the experiment are also estimated. An increase in the incubation temperature from 2 to 12°C and from 12 to
22°C induces a similar increase in the average (over 12 months) value of the DecR: the Q10 values are 1.30
and 1.41 in these temperature intervals, respectively. The most significant effect of temperature on the DecR
dynamics is revealed during the 1st and 2nd months of the experiment. The maximum losses of C–CO2
(284 ± 16 mg C g bark–1, or 55.2 ± 3.2% of the initial C content) are observed at 22°C. The decay constants
of AB, calculated by the one-component exponential model, significantly increase with the growth of the
incubation temperature: from 0.46 ± 0.01 yr–1 at 2°C to 1.02 ± 0.09 yr–1 at 22°C. Changes in the chemical
composition of aspen bark due to the processes of biogenic decomposition include a significant reduction in
the amount of alcohol-soluble organic compounds and cellulose to 18–32 and 41–57% of their initial
amount, respectively. Lignin losses are less significant, being only 9–18% of their content in AB before the
incubation. The quantitative changes in the chemical composition of aspen bark are similar at 2 and 12°C and
less pronounced than those at 22°C, which may be explained by an increase in the growing activity of organ-
isms, are actively involved in bark decomposition at 22°C.
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INTRODUCTION
The decomposition of coarse wood debris (CWD)

in forest ecosystems leads to the emission of a signifi-
cant amount of carbon dioxide (CO2) into the atmo-
sphere; the underestimation of carbon dioxide emis-
sion can significantly reduce the accuracy of carbon
balance estimates, especially in old-growth taiga for-
ests, where the amount of CWD is particularly large
(Zamolodchikov, 2009; Liu et al., 2013; Russell et al.,
2015). The decomposition of CWD is accompanied by
several interrelated processes: physical decay (frag-
mentation), leaching, and biogenic decomposition
(Harmon et al., 1986; Zhou et al., 2007; Russell et al.,
2015). It is believed that the vital activity of microflora,
which performs the biogenic decay of bark and wood,
provides about 76% of carbon losses during CWD
decomposition (Chambers et al., 2001). Bark and
woody tissues are decomposed mainly by fungi and

funguslike organisms (Mukhin, 1993; Kapitsa et al.,
2012; Safonov et al., 2013; Kazartsev et al., 2018).

The least studied component of CWD is bark (Sho-
rohova et al., 2012; 2016), which can amount up to
25% of the trunk volume and 13–21% of the dry weight
(Ugolev, 2002; Lestander et al., 2012). Tree bark is also
an integral part of forest litter. For example, the propor-
tion of bark can reach 6.7% of the total litter weight in
middle-taiga spruce forests (Kuznetsov, 2010).

Our knowledge of tree-bark decomposition and its
specific features remains rather scarce, since bark and
wood are often combined during estimates of the rate
of CWD decomposition (Yatskov et al., 2003; Hage-
mann et al., 2010; Li et al., 2012). However, these
components of woody debris differ markedly in their
chemical composition and structure (Wetzel and
Greenwood, 1989; Franceschi et al., 2005; Martin,
663
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2015); therefore, the study of tree-bark decomposition
is of independent interest.

The rate of bark and wood decomposition under
natural conditions depends on a combination of biotic
and abiotic factors. The key abiotic factor that globally
influences the decomposition of wood substrates is
climate, while biotic factors are decisive at the local
and regional levels (Berglund et al., 2013; Bradford
et al., 2014; Fukasawa, 2015), which mainly include
substrate quality and wood-decomposing living
organisms (Cornwell et al., 2009; Hu et al., 2017). It is
well known that the rate of the biogenic (microbial)
decomposition of most plant materials, including
CWD, in a certain temperature range usually increases
with temperature growth, if there is no limitation on
moisture content (Harmon et al., 1986; Taylor and
Parkinson, 1988; Winckler et al., 1996). The depen-
dence of the rate of CWD decomposition on the mois-
ture level is more complex than its response to tem-
perature changes. For instance, both high and low
substrate moisture can limit the activity of organisms
living in wood and negatively affect the rate of CWD
decomposition (Zhou et al., 2007). Therefore, the
effects of abiotic and biotic factors on CWD decom-
position are closely interrelated in nature and they can
be differentiated only within the framework of labora-
tory experiments.

One of the most common tree species in the forests
of the Northern Hemisphere is European aspen (Pop-
ulus tremula, L.). Aspen provides habitat and food for
a wide variety of mammals, birds, insects, and fungi,
thereby acting as a key species for maintaining biodi-
versity in boreal forests (Latva–Karjanmaa et al.,
2007). It is known that over 150 species in the boreal
forests of Finland cannot exist without aspen (Kouki
et al., 2004). In addition, aspen plays an important
role in timber, and pulp and paper industries in Euro-
pean countries, since it is one of the most rapidly
growing tree species (Worrell, 1995b). Aspen is
becoming increasingly more popular in forestry owing
to its high growth rates and ability to regenerate from
shoots; as a result, regeneration after felling is much
cheaper, since this does not require planting or sowing
(Worrell, 1995a). Although aspen is currently not a very
promising tree species in Russian forestry, that situation
may change in the future.

The main objectives of this study were to
(1) quantify the effect of temperature on the dynamics
and intensity of the biogenic decomposition of aspen
bark under sufficient moisture conditions and (2) ana-
lyze temperature-related changes in the chemical
composition of aspen bark over 12-month incubation.
For this purpose, we carried out a laboratory experi-
ment on the long-term incubation of aspen bark at
three contrasting temperatures: 2, 12, and 22°C. Since
types of bark decomposition, such as physical decay
and leaching, are almost completely excluded under
CONTEMPORAR
laboratory conditions, the main process is biogenic
(microbial) decomposition, and its rate is estimated.

MATERIALS AND METHODS

Preparation of substrates. Aspen bark (AB), con-
sisting of phloem and cork, was cut from a recently
fallen tree in the southern Moscow region a few days
before the beginning of the experiment. The bark at nat-
ural moisture (47–53%) was cut into small pieces (less
than 2 × 2 cm) using a secateur and placed in 500 mL
flasks, followed by the addition of 5 mL soil suspen-
sion (soil : water ratio = 1 : 10) prepared from gray for-
est loamy soil (Moscow oblast, experimental plots of
the Institute of Physicochemical and Biological Prob-
lems of Soil Science, Russian Academy of Sciences);
this allowed us to make the conditions of AB decom-
position most similar to natural ones. The suspension
was added so that the resulting moisture content of bark
substrates corresponded to 70–75% of their water-
retention capacity. The flasks with bark were then
placed into thermostats and incubated for 12 months at
three contrasting temperatures: 2, 12, and 22°C. The
choice of temperatures for the experiment was deter-
mined by the fact that the average temperature of the
upper soil layer (0–5 cm) in the forest cenosis varied
from 11 to 13°C (mean 12°C) in the south of Moscow
oblast from May to October (long-term monitoring
data). The two other temperature values (2 and 22°C)
were chosen to estimate the temperature coefficient
(Q10) that shows how many times the rate of biogenic
decomposition of AB will increase when the tempera-
ture increases by 10°C. During the experiment, the
bark moisture content was maintained at the constant
level by periodically monitoring the weight of the
flasks (no less than 2–3 times a month). The loss of
the bark weight during decomposition was also taken
into account. The experiment was carried out in three
replications.

Determination of the rate of AB decomposition. The
bark decomposition rate (DecR) was estimated by the
intensity of C–CO2 emission, which, in turn, was deter-
mined 3–5 times a week during the first two months of
the experiment and 1–2 times a week for the rest of the
period. On the measurement day, the flasks were venti-
lated in air for 30 min and sealed with rubber caps. After
2–4 h, the concentration of C–CO2 was determined in
the flasks using a LiCor-820 flow-through infrared gas
analyzer (Nebraska, United States). The flasks were
closed with breathable polythene films between the
measurements to significantly restrain evaporation. The
DecR (mg C kg bark–1 h–1) was calculated by the for-
mula (Kurganova et al., 2012, 2018)

(1)

where dC is the change in CO2 concentration in the
flask, volumetric %; Vf lask is the f lask volume, mL; t is

= × × × ×flaskDecR dC 12 1000/ 22.4 100,V m t
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Table 1. Initial chemical characteristics of aspen bark

Characteristics Mean ± SE

C, g kg–1 bark 514 ± 12

N, g kg–1 bark 4.30 ± 0.13

H, g kg–1 bark 60.1 ± 0.3

C : N 120 ± 4
C : H 8.6 ± 0.2
pH (H2O) 5.6 ± 0.1
Ash content, % 9.2
Alcohol-soluble compounds (Eth-Ext), % 15.1
Cellulose (Cel), % 18.4
Lignin (Lig), % 22.4
Eth-Ext : (Cel + Lig) 1 : 2.7
Lig : N 51
the incubation time, h; and m is the mass of absolutely
dry substrate, g.

The total carbon loss over the 12 months of the
experiment (TotL-C, mg C/g bark) was determined
using the cumulative curves of C–CO2 losses over this
period.

Chemical analysis of AB. At the end of the incuba-
tion experiment, bark was removed from the f lasks,
air-dried at room temperature, and grounded to pow-
der. The concentration of carbon (C) and nitrogen (N)
in bark samples was determined before and after incu-
bation using an automatic CNHS analyzer (LECO
Corp., United States). The pH value was measured in
water extraction at a bark : water ratio of 1 : 25 using a
potentiometric pH sensor (Hanna, Germany). The
content of alcohol-soluble compounds (Eth-Ext,
including aromatic and aliphatic carbohydrates; ter-
penes; carbolic acids; resins; and fatty acids and essen-
tial oils, fats, and phytosterols), cellulose (Cel), and
lignin (Lig) were measured in the bark samples before
and after the 12-month incubation. The concentra-
tions of lignin and cellulose were estimated by Klas-
son’s and Kurschner’s methods (Dence, 1992), which
were adapted at the Analytical Laboratory of the For-
est Research Institute, Karelian Research Center,
Russian Academy of Sciences (Obolenskaya et al.,
1991). Lignin was estimated in the extract residues
after removing bituminous substances and treating the
residues with 72% sulfuric acid; cellulose was
extracted by a mixture of concentrated nitric acid and
ethanol (volumetric ratio = 1 : 4). The biochemical
analyses and pH measurements were not replicated.

Based on a comparison of the biochemical compo-
sition of aspen bark samples prior to the experiment
(Table 1) and after the 12-month incubation, we esti-
mated the residual amounts of the main organic sub-
stances (Eth-Ext, Cel, and Lig) as proportions of their
initial content in aspen bark. Changes in Eth-Ext, Lig,
and Cel concentrations in the bark samples over the
12-month incubation experiment were estimated con-
sidering the changes in the C concentration in the bark
samples over the same period.

Data Processing

The decay constant for aspen bark (k, yr–1) was
estimated by fitting a single exponential model (Olson,
1963; Kätterer et al., 1998):

(2)

where TotL-C is the cumulative C–CO2 loss as a
result of microbial bark decay (g C kg–1 bark), Co is
the initial content of total C in bark (g C kg–1 bark),
k is the decay constant, yr–1; and t is the incubation
time (years). The half-life time required for 50% bark
mass loss was estimated as T0.5 = 0.693/k and the turn-
over time corresponding to the time interval when 95%
of organic matter is lost was estimated as T0.95 = 3/k

( )( )= − −TotL-C Co 1 e kt
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(Grishina et al., 1990; Ul’yanova and Chuprova, 2015;
Hu et al., 2017).

The temperature sensitivity of aspen bark DecR,
was expressed as a Q10 function (Chen et al., 2000):

(3)

where DecR2 and DecR1 are decay rates of bark at
temperatures T2 and T1, respectively.

The effect of temperature on the DecR, TotL-C,
and k values for the aspen bark substrates was esti-
mated using a one-way ANOVA in STATISTICA 6.
All statistical analyzes were performed at significance
level α = 0.05.

RESULTS AND DISCUSSION

Chemical composition of aspen bark and its change
over the experimental period. The initial AB samples
were characterized by an acidic reaction of the water
exstraction (pH 5.6), a wide C : N ratio (120 ± 4), a
significantly lower C : H ratio (8.6 ± 0.2), and an
almost threefold higher content of Lig and Cel
(40.8%) than that of Eth-Ext (15%) (Table 1).

Similarly to most plant materials, C is the domi-
nant element in the bark of all tree species (Geles,
2001; Skonieczna et al., 2014). Its concentration varies
from 46 to 52% in aspen bark, while the content of
nitrogen and phosphorus (P) is only 0.47–0.60% and
0.015–0.07%, respectively (Faustova, 2002). These
high ratios (C : N = 77–110 and C : P = 600–3500)
can significantly limit the intensity of biogenic decay
of plant residues under conditions of the unbalanced
(for decomposers) proportion of nutrients (Vedrova,
1997; Semenov and Khodzhaeva, 2006; Palviainenm
et al., 2008). It is assumed that the destruction of bark
and wood tissues is directly correlated with the activity
of enzymes that break down cellulose and lignin and is

[10/( 2 1)]
10Q (DecR2/DecR1) ,T T−=
 No. 6  2020



666 KURGANOVA et al.

Fig. 1. pH values and ash content of aspen bark before incubation (initial values) and after incubation at temperatures of 2, 12, and 22°C.
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Fig. 2. Residual amounts of alcohol-soluble compounds (Eth-Ext), cellulose (Cel), and lignin (Lig) after the end of incubation
at temperatures of 2, 12, and 22°C (% of their content in aspen bark before incubation (initial, 100%)).
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usually limited by the availability of N and/or P (Sin-
sabaugh et al., 1993).

Over the 12 months of incubation, the pH value for
bark increased by 2.1–2.5 units and its ash content
increased by 1.6–1.8 times, depending on the tem-
perature of incubation (Fig. 1).

We associate this significant change in the pH
value (alkalinization) with the prevailing loss of easily
hydrolysable organic compounds having low pH val-
ues (Fig. 2). The significant increase in the ash content
naturally results from the mineralization of organic
compounds. The experiment showed a significant
decrease in alcohol-soluble organic compounds and
cellulose to 18–32 and 41–57% of their initial
amount, respectively (Fig. 2). Lignin losses were insig-
nificant, being only 9–18% of their initial amount.
CONTEMPORAR
As a consequence, the proportion of organic com-
pounds that are more resistant to mineralization
(Cel + Lig) to the alcohol-soluble substances (Eth-Ext)
increased 12–17% over the time of the experiment
(Fig. 3d). Depending on temperature, the C : N and
Cel : N ratios decreased at the end of the experiment by
1.6–2.1 and 1.5–1.8 times, respectively (Figs. 3a, 3c).
At the same time, the Lig : N ratio (Fig. 3b) changed
little at temperatures of 2 and 12°C and slightly
decreased at 22°C over the period of AB incubation.

Therefore, the decomposition of AB was accompa-
nied by a relative enrichment of the substrate with
nitrogen, which is considered more favorable for the
vital activity of microorganisms decomposing this
substrate. The quantitative changes in the chemical
composition of aspen bark were very similar at 2 and
12°C and less pronounced than the changes at 22°C
(Figs. 2, 3), which may be determined by significant
Y PROBLEMS OF ECOLOGY  Vol. 13  No. 6  2020
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Fig. 3. Ratios of (a) C : N, (b) Lig : N, and (c) Cel : N and relative amounts of Cel + Lig and Eth-Ext (d) in aspen bark before
incubation (initial) and after the end of incubation at temperatures of 2, 12, and 22°C.
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differences in the structure of microbial communities
and/or by the trend of the wood-decomposing activity
of microorganisms towards the optimum zone at 22°C.
The 12-month laboratory experiments on composting
the bark of aspen, pine, spruce, and larch showed that
the availability of N is a key factor for stimulating the
process of bark decay (Ul’yanova and Chuprova,
2015). Our earlier experiments revealed that the addi-
tion of nitrogen and phosphorus in the form of mineral
fertilizers shifted the C : N and C : P ratios towards more
favorable conditions for the microbial community and
significantly increased the rate of AB decomposition;
they also showed that the combined effect of N and P,
added into the mixtures of soil and AB, was higher than
the effect of N alone (Kurganova et al., 2018).

Dynamics of C–CO2 emission during the biogenic
decomposition of bark. The highest rate of aspen bark
decomposition was observed in the first weeks of the
experiment, followed by a gradual decrease in the
intensity of decomposition processes (Fig. 4).

The period with maximum DecR values (105–
115 mg C kg bark–1 h–1 at 22°C) was about 2 weeks. At
12°C, the period with the highest DecR values was sig-
nificantly shorter (3–4 days), and the intensity of CO2
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 13 
emission was much lower (<68–81 mg C kg bark–1 h–1)
than that at 22°C. At the lowest incubation tempera-
ture (2°C), the most intensive decomposition of AB
was observed in the first 60 days of the experiment;
however, the DecR value did not exceed 30–43 mg C kg
bark–1 h–1 during this period (Fig. 4). In the last months
of the incubation experiment, the rate of C–CO2 emis-
sion changed insignificantly, gradually decreasing to
17–18 mg C kg bark–1 h–1 at 2°C and varying from 11 to
14 mg C kg bark–1 h–1 at 12 and 22°C.

This dynamics of CO2 emission during the decom-
position of fresh aspen bark indicates a rapid mineral-
ization of easily decomposed organic compounds,
such as aliphatic carbohydrates and carbolic and fatty
acids, in the first weeks of incubation, which is very
consistent with changes in the chemical composition
of AB that were revealed in our study (Fig. 2). In addi-
tion, it is quite expected that the rate and completeness
of reactions of the decomposition of these compounds
increased with growth in the incubation temperature.

Rates of C–CO2 emission and temperature coeffi-
cients at different stages of the experiment. Based on
the temporal dynamics of the DecR (Fig. 4), we
 No. 6  2020
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Fig. 4. Dynamics of the rate of С–СО2 emission (DecR) during the biogenic decomposition of aspen bark over 360 days (12 months)
of the laboratory experiment at different temperatures: (1) 2°С, (2) 12°C, and (3) 22°C (the vertical lines show the SE value).
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Fig. 5. Average values of the rate of С–СО2 emission (DecR) during the biogenic decomposition of aspen bark at different stages
of the experiment at different temperatures (the vertical lines show the confidence interval value at P = 0.05).
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divided the 12-month period of the experiment into
four stages (1–2, 3–4, 5–6, and 7–12 months) and
calculated the average DecR values for the entire incu-
bation period and for each separate stage (Fig. 5).

The first two months of the experiment showed the
highest average DecR values at all temperatures: 34 ± 2,
CONTEMPORAR
42 ± 4, and 68 ± 7 mg C kg bark–1 h–1 at temperatures
of 2, 12, and 22°C, respectively. The most gradual
decrease in the average DecR values at different
stages of the incubation experiment was observed at
2°C, while their highest decrease was observed at
22°C (Fig. 5). The average rates of C–CO2 emission
Y PROBLEMS OF ECOLOGY  Vol. 13  No. 6  2020
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Table 2. Temperature coefficients for the DecR at different temperature intervals and at different stages of the experiment

Q10 1–2 months 3–4 months 5–6 months 7–12 months 1–12 months

2–12°C 1.25 1.06 1.82 1.31 1.30

12–22°C 1.62 2.24 1.17 0.81 1.41
during the second half of the experiment (7–12 months)
did not statistically differ at 2 and 22°C (16 ± 1 and
17 ± 1 mg C kg bark–1 h–1, respectively); however,
they were significantly lower than those at 12°C
(21 ± 2 mg C kg bark–1 h–1). The average rates of AB
decomposition throughout the experimental period
varied from 23 ± 2 to 42 ± 4 mg C kg bark–1 h–1,
depending on the incubation temperature (Fig. 5).
The results of the one-way analysis of variance showed
that temperature significantly (P < 0.0001) influenced
the DecR value at all stages of the experiment.

The Q10 values for the average DecR values through-
out the experimental period were similar in the studied
temperature intervals (2–12 and 12–22°C): 1.30 and
1.41, respectively. However, the effect of temperature
on the DecR value was more pronounced at different
stages of the experiment (Table 2). Thus, the increase
in the DecR values in the first 2 months and third to
fourth months of incubation was more significant in
the range of higher temperatures (12–22°C) than in
the lower temperature interval (2–12°C): Q10 = 1.62–
2.24 vs. 1.06–1.25. The effect of temperature on the
DecR was inverse during the 5th–12th months of the
experiment: the Q10 values were higher for the lower
temperature range of 2–12°C (Q10 = 1.31–1.82) than
for the higher temperature range of 12–22°C (Q10 =
0.81–1.17).

In the boreal and temperate zones, temperature is a
key abiotic factor that controls the biogenic decompo-
sition of all CWD components, including tree bark
(Olajuyigbe et al., 2012; Kahl et al., 2015). An increase
in the environmental temperature at a sufficient
amount of moisture leads to a significant increase in
the rate of CWD decomposition (Wu et al., 2010; For-
rester et al., 2012; Ohtsuka et al., 2014). This is also
true for other plant substrates, e.g., forest litter (Lari-
onova et al., 2017a, 2017b) or peat-forming plants
(Nikonova et al., 2018; Nikonova et al., 2019a, 2019b).

In our laboratory experiment, the gradual increase
of temperature (at constant sufficient moisture)
induced a significant increase in the DecR values in
both temperature intervals (2–12 and 12–22°C) only
during the first 2 months of incubation (Fig. 5).
During the 3rd to 12th months of the experiment, the
increased temperature could induce a significant
increase in the average DecR values only in one of the
intervals (2–12 or 12–22°C). This can be explained by
the fact that the AB at the beginning of incubation
contained a sufficient amount of accessible, easily
CONTEMPORARY PROBLEMS OF ECOLOGY  Vol. 13 
decomposed substrates, which were characterized by
high decomposition rates at all temperatures. More
stable organic compounds (cellulose and lignin) begin
to prevail in the bark in the course of incubation;
therefore, the rates of AB decomposition decrease and
the effect of temperature on the decomposition pro-
cess becomes less significant. These mechanisms also
control litter decomposition in northern forests. Thus,
the concentration of water-soluble substances rapidly
decreases at the early stage of forest litter decay (after
several months) before reaching relatively stable levels
(Berg et al., 1987). In addition, free holocellulose is
also decomposed at this stage, while more stable lignin
is not yet decomposed or decomposed at a low rate.
The rate of forest-litter decomposition at this early
stage can also be influenced by the total concentration
of main nutrients, such as N, P, and S, which often
limit the rate of decomposition of organic substrates
(Berg, 2000). Apparently, the amount of nutrients in
the phloem tissue, which is decomposed first (during
the first 2 months of decay), is sufficient for the active
process of biogenic AB decomposition.

Being able to decompose lignin and cellulose, fungi
play the dominant role in the decomposition of woody
material (xylolysis), including bark (Boddy and Wat-
kinson, 1995; Boddy, 2000). Many fungal species are
mesophylls and the optimal temperature range for
their growth is 20 to 40°C; the decomposition rates
within this temperature range can increase 2–3 times
per each 10°C (Käärik, 1974; Zhou et al., 2007). In our
study, the Q10 values for the average DecR value
during the experiment were almost the same for the
temperature ranges of 2–12 and 12–22°C (Table 2). In
addition, the DecR of samples incubated at 12–22°C
had higher Q10 values than the DecR of samples incu-
bated at 2–12°C at the early stage of the experiment
(the first 4 months). At the later stages (5–12 months
of incubation), the temperature increase from 12 to
22°C induced a less significant growth in the DecR
value than that in the range of 2–12°C (Table 2).
Apparently, this is partly due to the fact that the pro-
cess of the decay of easily decomposed components in
AB was more intensive at this temperature and ended
during the first 2 months of the experiment, while its
period was longer at lower temperatures and the aver-
age DecR values decreased less significantly during
the 5th to 12th months of incubation.

Total losses of C–CO2 and decay constants of AB
throughout the experiment. The growth in temperature led
to a significant increase (P < 0.005) in the integral losses
 No. 6  2020
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Table 3. Total losses of C–CO2 over the 12 months of incubation (TotL–C), decay constants (k), and half-life time (T0.5)
and decay time (T0.95) for aspen bark at different temperatures of the experiment (mean ± SE)

Parameter 2°C 12°C 22°C

TotL–C, mg C g bark–1 173 ± 3 211 ± 10 284 ± 16

TotL–C, % of initial C 33.7 ± 0.5 40.9 ± 2.0 55.2 ± 3.2

k, yr–1 0.46 ± 0.01 0.59 ± 0.03 1.02 ± 0.09

T0.5 (0.693/k), yr 1.51 ± 0.03 1.17 ± 0.06 0.68 ± 0.07

T0.95 (3/k), yr 6.60 ± 0.03 5.15 ± 0.23 3.00 ± 0.30
of C–CO2 due to the biogenic decomposition of AB
throughout the experiment: from 173 ± 3 mg C g bark–1 at
2°C to 284 ± 16 mg C g bark–1 at 22°C. The total losses
of C–CO2 over the 12 months of the experiment were
34–55% (depending on temperature) of the initial C
stock in AB before incubation (Table 3). The decay
constants of AB also significantly increased with
growth in incubation temperature. The k values
increased more significantly in the temperature inter-
val of 12–22°C than in the range of 2–12°C (Table 3).

In our laboratory study, we estimated the decay
constants of AB (k) based on the cumulative curve of
C–CO2 losses over the 12 months of incubation using
the one-component exponential model. Under field
experiments, the k values for bark and wood are usu-
ally estimated based on the weight loss in carefully
selected CWD chronoseries (Zhou et al., 2007; Shoro-
hova and Kapitsa, 2015, 2016; Dossa et al., 2016). The
decay constants of bark as a CWD component, esti-
mated by the method of chronosequences, varied from
0.2 to 0.4 yr–1 for the bark of different tree species
(Zhang et al., 2008) and comprised 0.074 yr–1 for the
bark of aspen in old-growth forests (Shorohova et al.,
2016). The k values that we obtained in our laboratory
study at constant sufficient moisture level were 0.46–
1.02 yr–1 (depending on incubation temperature),
which is significantly higher than the values of the
decay constants under natural conditions, at which the
temperature and water content significantly vary in the
bark throughout a year. Nevertheless, the data of our
experiment can be used for the parametrization of
models describing the decomposition of CWD.

Depending on the temperature of the experiment,
the half-life time for AB varied from 1.5 to 0.7 years,
thereby demonstrating the same patterns that were
obtained for the decay constant. The turnover time for
AB, which corresponds to the time interval during
which 95% of organic matter is lost, varied from 6.6 to
3.0 years, depending on temperature. The more signif-
icant effect of temperature on the decay constant and
decomposition period for AB in the temperature inter-
val of 12–22°C suggests that the intensification of the
decomposition of aspen bark will be more pronounced
CONTEMPORAR
in summer, especially against the background of a very
noticeable trend of increased summer temperatures in
the south of Moscow region over the last 40 years
(Kurganova et al., 2017).

CONCLUSIONS
The temperature that induced the decomposition

of aspen bark significantly determined not only the
dynamics of C–CO2 emission, but also total carbon
losses in the form of CO2, as well as the decay constant
and degree of changes in the chemical composition of
AB during the long-term incubation experiment. The
temperature increase from 2 to 22°C led to an increase
in the integral losses of C–CO2 by 1.6 times and an
increase in the decay constant of aspen bark by
2.2 times throughout the experiment. Along with
almost the same increase in the average (for 12 months)
DecR value in both temperature intervals (2–12 and
12–22°C), the most pronounced differences in the
temperature-determined dynamics of the DecR were
revealed during the first months of the experiment,
i.e., when most of the easily hydrolysable organic
compounds were decomposed.

The AB decomposition led to a relative enrichment
of the substrate with nitrogen, which favorably influ-
enced the vital activity of decomposing microorgan-
isms. All the parameters characterizing the process of
the decomposition of aspen bark (dynamics, total losses
of C–CO2, decay constants, and quantitative changes
in its chemical composition) were similar at 2 and 12°C,
being, however, less pronounced than the changes in the
same parameters at 22°C. This may be determined by
the fact that the activity of organisms involved in bark
decomposition processes significantly increases at 22°C.
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