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Abstract
Aim We evaluated the impact of retaining dead standing
biomass (marcescence) on subsequent litter decomposi-
tion in the soil organic layer.
Methods Litter of plants that naturally keep dead stand-
ing biomass in various extents, Calamagrostis epigeios
(keeps most of its dead biomass standing), Quercus
robur (keeps some dead leaves on the tree), and Alnus
glutinosa (all litter falls to the ground after senescence),
were either exposed to environmental climate (ambient)
conditions for one year or kept in a dry dark place. After
a year, both litter treatments were placed in the soil

organic layer for another year. We monitored the mass
loss and chemical changes during decomposition.
Results Changes in the chemical composition of aro-
matic components in C. epigeios litter and decreasing
amounts of aromatic compounds in Q. robur and
C. epigeios litter during exposure to ambient conditions
indicate an effect of photodegradation on these com-
pounds. The litter ofQ. robur also exhibited accelerated
subsequent litter decomposition in the soil organic layer.
In contrast, an increase of aliphatic and aromatic com-
pounds and a decrease of carbohydrates in A. glutinosa
litter during exposure to ambient conditions rather
points to leaching or microbial decay of labile com-
pounds than an effect of photodegradation. Moreover,
the subsequent decomposition of A. glutinosa litter in
the soil organic layer was decelerated as compared to the
unexposed litter.
Conclusions Our results suggest that litter with compa-
rably low quality (Q. robur and C. epigeios), as com-
pared to litter with a high quality (A. glutinosa), is prone
to photodegradation. This process facilitates subsequent
decomposition in soil.
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N Nitrogen
NMR Nuclear magnetic resonance
OL Organic layer
OM Organic matter
PCA Principal component analysis
Py Pyrolysis
TMAH Tetramethylammonium hydroxide
UV Ultraviolet

Introduction

Leaves of most of non-evergreen plant species senesce
and litter completely falls every autumn. However,
some species keep marcescent leaves in various extents.
Marcescence is characteristic for trees such as beech
(Fagus L.) and oak (Quercus L.) but to date, the eco-
logical consequence of keeping dead biomass above-
ground is not well understood. Otto and Nilsson (1981)
suggested that retention of dead leaves could close a
nutrient cycle for the trees. The retention of marcescent
leaves may prolong the time trees are able to take up
nutrients from them before they are finally shed. This
hypothesis, though, was challenged by e.g., Abadía
et al. (1996) and Dunberg (1982). Abadía et al. (1996)
proposed that marcescent leaves result from long pho-
tosynthetically active leaves that suddenly die off at the
very end of the season. Other hypotheses were related to
the ecological advantages of marcescence, such as a
protection against herbivores (Mingo and Oesterheld
2009). However, a consensus on the reason for the
existences of marcescence is still lacking.

In the present study, we hypothesize that
marcescence may have a relevant facilitating effect on
litter decomposition in the soil organic (litter) layer (OL)
after the leaves have finally fallen off the tree. This
assumption emerges mainly from the fact that the factors
operating in early decomposition stages of marcescent
litter and senesced litter that has fallen off the tree
markedly differ. Soil biota is largely excluded from the
decomposition of dead standing biomass and abiotic
factors, such as leaching of water soluble organic com-
pounds (Michalzik et al. 2001), physical fracturing
(Yanni et al. 2015) and photodegradation of organic
compounds susceptible to solar radiation (Austin et al.
2016) play a major role. These processes may accelerate
the subsequent decomposition of marcescent litter in
soil. In this regard, the impact of litter exposure to

environmental climate (ambient) conditions on its de-
composition would be related to the extensiveness of
marcescence that varies between different species. The
strategy of keeping dead biomass may be relevant espe-
cially for litter with a low quality containing high
amounts of lignin, which is reported as being photo-
chemically reactive (e.g. Austin and Ballaré 2010). The
photochemical degradation of litter, especially of phe-
nolic compounds, may be caused by solar radiation and
the ultraviolet (UV) spectrum in particular (e.g. Gehrke
et al. 1995; Rozema et al. 1997; Austin and Vivanco
2006). This process has been found to play an important
role in dry environments of arid and semi-arid regions
(Austin and Vivanco 2006; Austin et al. 2009; Uselman
et al. 2011), but an enhanced decomposition of litter due
to solar radiation has also been observed in temperate
ecosystems (Rozema et al. 1997; Frouz et al. 2011).

To test our hypotheses, we established a field exper-
iment using litters of plants that keep dead biomass in
various extents: alder Alnus glutinosa (where all litter
falls to the ground during senescence), oak Quercus
robus (which keeps some dead leaves on the tree) and
the grass Calamagrostis epigeios (which keeps most of
dead biomass standing). All litters were exposed to the
same ambient conditions in the field and subsequently
buried in the soil OL together with litter of the same
species, which was previously kept in a dark, dry place.
Such an experimental design provided the possibility to
observe whether the exposure to ambient conditions,
especially UV radiation and leaching, facilitates subse-
quent decomposition in the soil OL or not.

Materials and methods

Study area and study sites

The field decomposition experiment was carried out on
a spoil heap in the Sokolov brown-coal mining district,
Czech Republic. The spoil heaps were formed during
the last 40 years by the piling of tertiary clay overburden
originating from brown-coal mines. The pH of the soil
was about 8 (Helingerová et al. 2010). The mean annual
precipitation was 650 mm, and the mean annual tem-
perature was 6.8 °C.

The study area was covered by a mosaic of reclaimed
forest sites with various dominating tree species of the
same age of 40 years (Frouz et al. 2013). For this study,
oak (Quercus robur) and alder (Alnus glutinosa) forest
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sites were chosen. Several parts of the post-mining area
were unreclaimed and were colonized by spontaneous
revegetation with predominance of the grass
Calamagrostis epigeios. This grass was also examined
in this study.

Experiment and measurements

For the decomposition experiment, senescent litter was
collected during the time of litter fall using litter traps that
were made from 0.5 mm nylon mesh mounted onto an
iron frame (0.5 × 0.5 m). The litter traps were located
0.5 m above the soil surface and set up in triplicate. The
grassC. epigeioswas collected as standing dead biomass.
All litter was air-dried, and mixed. Litter of C. epigeios
was additionally cut into ~5 cm long pieces. One part of
the litter material was placed in litterbags (10 g of dry
litter per bag in five replications for each type of litter)
and the other part stored in a dark, dry cabinet at room
temperature. The nylon litterbags (Silk and Progress,
Czech Republic) were 10 × 15 cm large with 0.2 mm
mesh size, the open mesh area was 52% of the total area
and the thickness of the mesh was 80 μm. An absorption
spectrum obtained from measuring the litterbag-mesh
prior to the experiment showed that the mesh absorbed
approximately one third of incoming radiation with a
maximum in the range of 190–240 nm. The litterbags
were placed on a rope about 1m above the soil surface for
one year at the study area. After that year of exposure, the
litter was removed from litterbags, air-dried and weighed.
Subsequently, 3 g of both types of litter, i.e. stored and
exposed litter, were placed in litterbags and buried within
the soil OL (which mainly consisted of litter) at the study
site about 4 cm underneath the surface. Both, stored and
exposed litter of all studied species, were buried in five
replications. The litterbags were collected from the soil
OL after another year and the litter was air-dried and
weighed. The litter of C. epigeios was overgrown by
fungal hyphae, we therefore manually removed them.
Because some litterbags were damaged after the incuba-
tion in the soil OL, three replications of every treatment
were eventually used for further analyses. Ultimately,
four types of litter were analysed: initial litter, litter ex-
posed for one year to ambient conditions (Exposed),
exposed litter buried for one year in the soil OL
(Exposed decomposed) and initial litter buried for one
year in the soil OL (Decomposed).

Because of the presence of dust and soil particles on
initial litter and in the litterbags, about 1.5 g of initial

litter and material from each litterbag was used for
determination of organic matter (OM) contents by loss
on ignition (at 550 °C for 6 h). The values were then
used for calculating the ash-free dry remaining mass of
litter during the experiment (mass loss expressed as% of
initial mass remaining). The rest of the material and
initial litter was milled to a fine powder and used for
determination of litter composition. Total carbon (C)
and nitrogen (N) contents were determined using an
EA 1108 Elementar Analyser (Carlo Erba Instruments,
Italy). Thermochemolysis-GC-MS was used for the de-
termination of lignin-related structures: guaiacyl,
syringyl and hydroxymethyl (Sampedro et al. 2009).
The initial litter and both types of litter that were buried
in the soil OL were treated with an excess of
tetramethylammonium hydroxide (TMAH, 25% aque-
ous solution) in four replicates, placed on wolfram wire
spirals and dried in a desiccator at room temperature.
Pyrolysis was performed with a PYR-01 pyrolyzer
(Labio, Czech Republic) directly in the injector of a
GC-MS (Varian 3400/Finnigan ITS 40 ion trap detec-
tor). The precise description of TMAH-Py-GC-MS in-
strumentation is presented in Frouz et al. (2011).
Pyrolysis products were identified both, by interpreting
the fragmentation patterns and comparing mass spectra
with the NIST02 library. The percentages of pyrolysis
products were calculated from the relative areas of the
peaks after recalculation according to the exact weight
of samples. The final values were the means of triplicate
runs.

Aliquots of each three replicate samples were
pooled to yield one replication of every treatment
and subjected to 13C cross polarization magic angle
spinning (CP/MAS) nuclear magnetic resonance
(NMR) spectroscopy. The NMR spectra were mea-
sured with a Bruker Avance III HD 500 WB/US
NMR spectrometer (Karlsruhe, Germany) in a
4-mm ZrO2 rotor. The magic angle spinning (MAS)
speed was 9–11 kHz in all cases, with a notation
frequency of B1 (1H) and B1 (13C) fields for cross-
polarization ω1/2π = 62.5 kHz. Repetition delay and
number of scans were 4 s and 1024, respectively.
Two-pulse phase-modulated decoupling was applied
during evolution and both detection periods. The
phase modulation angle was 15°, and the flip-pulse
length was 4.8–4.9 μs. The applied notation frequen-
cy of the B1 (1H) field was ω1/2π = 89.3 kHz. The
13C scale was calibrated using glycine as external
standard (176.03 ppm; low-field carbonyl signal).
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The 13C CP/MAS NMR spectra were quantified
according to Wilson (1987) based on the area of the
appropriate peak relative to the total area. Additionally,
the alkyl-C/O/N-alkyl-C ratio (Baldock et al. 1997) was
calculated.

Statistical analyses

One-way ANOVA (analysis of variance), followed by
LSD post hoc tests, was used to compare individual
characteristics (C andN content, C:N ratio) of individual
treatments. One-way ANOVA, followed by Tukey post
hoc tests, was used to compare decomposition of indi-
vidual species over time from initial litter to
decomposed litter in the soil OL. Computations were
made using the statistical program Statistica 13. Data
from TMAH-Py-GC-MS were subjected to principal
component analysis (PCA). Computations were done
using the statistical program Canoco 4.5 (Šmilauer and
Lepš 2014).

Results

A significant decrease of litter mass during decomposi-
tion for both previously exposed and unexposed litter
was observed for the investigated tree species (Q. robur
and A. glutinosa; Fig. 1b, c). Only C. epigeios did not
show a significant difference in litter mass at the end of
the experiment as compared to initial litter (Fig. 1a).
After one year of litter decomposition in the soil OL, the
treatments that were previously exposed to ambient
conditions and the treatments without prior exposure
did not significantly differ in litter mass loss, except

for Q. robur, where the previously exposed litter
decomposed faster (Fig. 1b). However, the other two
plants exhibited remarkable trends: while the mass of
previously exposed litter of C. epigeios showed a clear
decreasing trend after one year in the soil OL, litterbags
with unexposed litter even showed a trend of a slight
increase in mass after one year in the soil OL (Fig. 1a)
most probably because of ingrowth of fungal hyphae
(own observation). Opposite to that, exposed litter of
A. glutinosa showed a decelerated decomposition in the
soil OL in comparison to previously unexposed litter
(Fig. 1c).

The C and N contents and the C:N ratio of initial litter
did not change after one year of exposure except for a
decrease in the C:N ratio ofC. epigeios (Table 1). The C
content and the C:N ratio decreased after one year of
decomposition in the soil OL for C. epigeios and
Q. robur, but these characteristics did not differ between
litter that was previously exposed to ambient conditions
and that without previous exposure (Table 1). The
N content decreased only for A. glutinosa litter after
one year of decomposition in the soil OL for both
treatments (exposed and unexposed). This was also
reflected in the C:N ratio of decomposed A. glutinosa
litter. Whilst the C content decreased after one year of
decomposition in the soil OL, the C:N ratio did not
change for that period of time (Table 1). This observa-
tion was valid for both examined treatments.

Changes in chemical composition of litter varied be-
tween the tree species.Q. robur showed a relative increase
in aliphatic components but a relative decrease in aromatic
components after exposure to ambient conditions
(Table 2). In case of A. glutinosa, aliphatic and aromatic
components relatively increased and carbohydrates

Fig. 1 Total litter ash-free dry remaining mass of C. epigeios (a),
Q. robur (b) and A. glutinosa (c). Columns represent means and
bars represent SEM. Means marked by the same letter are not
statistically different (one-way ANOVA, Tukey post hoc test
P < 0.05). White columns represent ash-free remaining mass of

litter that was exposed for one year to ambient conditions (1Yexp.)
before it was placed for one year into the soil organic layer (1Y in
OL). Grey columns represent ash-free remaining mass of litter
directly placed into the soil organic layer for one year (1Y in OL)
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decreased after one year of exposure to ambient conditions.
However, the differences in composition of previ-
ously exposed and unexposed litter were negligible
for both species after decomposition in the soil OL
(Table 2).

After one year of exposure of C. epigeios litter to
ambient conditions, aliphatic components relatively in-
creased and aromatic components decreased (Table 2).
C. epigeios showed differences in chemical composition
of previously exposed and unexposed litter after a year of
decomposition in the soil OL. For both treatments, aliphat-
ic and aromatic components relatively increased and car-
bohydrates decreased during decomposition. In exposed
litter, however, the aliphatic components showed relatively
higher abundances and carbohydrates dropped more rap-
idly than in unexposed litter (Table 2). This result was also
projected in the alkyl-C/O/N-alkyl-C ratio of C. epigeios,
where the previously exposed litter showed values that
were almost twice as high (Table 2).

The PCA ordination diagram, based on the compo-
sition of major chemical groups of aromatic compounds
in litter, revealed that differences in litter decomposition

of previously exposed and unexposed litter occurred
only in case of C. epigeios (Fig. 2).

Discussion

The litter decomposition of all three observed species in
the soil OL was influenced by prior exposure to ambient
conditions. While the litter of Q. robur decomposed
faster and the litter of C. epigeios tended to decompose
faster when it was previously exposed to ambient con-
ditions (Fig. 1a, b), the decomposition of exposed litter
of A. glutinosa tended to be rather hindered in compar-
ison to non-exposed litter (Fig. 1c). We assume that the
initial litter quality may be the key for unravelling these
different responses to ambient exposure: After one year
of exposure to ambient conditions, C. epigeios litter had
a significantly lower C:N ratio than initial litter (Table 1)
and the relative contribution of aliphatic components
increased, while the contribution of aromatic compo-
nents decreased (Table 2). A relative decrease in aro-
matic components and an increase in aliphatic compo-
nents were also observed in exposed litter of Q. robur.
As was postulated in a previous study (Frouz et al.
2011), the photodegradation of photochemical reactive
phenolic compounds, including lignin (e.g. Moorhead
and Callaghan 1994; Rozema et al. 1997), may have a
decisive impact on the observed chemical changes in
exposed litter that enhanced the later decomposition in
soil. Although photodegradation was likely responsible
for the relative decrease in aromatic compounds in ex-
posedQ. robur litter as compared to the unexposed litter
after the first year and the mass loss of exposed litter was
significantly higher than that of the unexposed litter after
the subsequent year in the soil OL, differences in the
chemical composition as revealed by NMR spectrosco-
py and Py-GC-MS of both treatments were very small.
An explanation for this observed pattern may be pro-
vided by the chemical changes of C. epigeios during
decomposition (Table 2).

From all species, the litter ofC. epigeios decomposed
most slowly in the soil OL as no significant decrease in
mass loss was observed in both exposed and unexposed
litter (Fig. 1a). However, different trends in decomposi-
tion of exposed and unexposed litter were observed and
exposure to ambient conditions resulted in substantial
changes in its chemical composition. Ultimately, ambi-
ent conditions affected subsequent litter decomposition
to such an extent that the alkyl-C/O/N-alkyl-C ratio

Table 1 The C and N contents and C:N ratio in leaves of
Calamagrostis epigeios, Quercus robur and Alnus glutinosa in
initial litter (Initial) and following treatments: after 1 year of
ambient exposure (Exposed), after 1 year of decomposition in soil
(Decomposed) and after 1 year of ambient exposure +1 year of
decomposition in soil (Exp. dec.). Values are the means ± SEM.
Values in a column followed by the same letter are not statistically
different (one-way ANOVA, LSD post hoc test P < 0.05)

C (%) N (%) C:N

C. epigeios

Initial 43.5 ±0.4a 0.61 ±0.08a 72.4 ±9.5a

Exposed 42.8 ±0.5a 0.74 ±0.05a 58.1 ±3.3b

Decomposed 17.3 ±2.9b 0.61 ±0.06a 28.3 ±3.5c

Exp. dec. 18.2 ±1.5b 0.69 ±0.08a 26.6 ±1.9c

Q. robur

Initial 46.5 ±0.4a 0.78 ±0.01a 59.9 ±1.1a

Exposed 47.1 ±0.2a 0.87 ±0.08a 54.4 ±5.2a

Decomposed 21.2 ±1.0b 0.87 ±0.05a 24.3 ±0.8b

Exp. dec. 22.7 ±2.1b 0.87 ±0.04a 26.2 ±1.8b

A. glutinosa

Initial 48.4 ±0.9a 3.04 ±0.30a 16.1 ±1.7a

Exposed 48.6 ±0.1a 3.38 ±0.21a 14.4 ±0.9a

Decomposed 12.5 ±0.9b 0.77 ±0.04b 16.1 ±0.6a

Exp. dec. 13.6 ±2.0b 0.82 ±0.12b 16.6 ±0.4a
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(Table 2) was almost twice as high as compared to the
unexposed litter and onlyC. epigeios showed significant
differences in aromatic compounds at the end of the
experiments (Fig. 2). The initial litter of C. epigeios
did not have an exceptionally high content of aromatic
components in comparison to the other investigat-
ed species, but a relatively high content of carbo-
hydrates. Therefore, we assume that the differences
in decomposition of exposed and unexposed litter
in the soil OL may be based on photodegradation
of lignin that disintegrated lignocellulose com-
plexes. Because of a relatively high contribution
of carbohydrates in C. epigeios litter, this process
can be crucial for a faster microbial uptake of
carbohydrates later in the soil OL. In this respect,
rather the amount of carbohydrates associated with
lignin might be crucial for decomposition than the sole
quantity of lignin (Angst et al. 2016). If most of the
lignin present in the litter of C. epigeios was associated
with carbohydrates, photodegradation should have
highly affected the subsequent litter decomposition in
the soil OL through the previous release of carbohy-
drates. InQ. robur, however, photodegradation of lignin
in the first year probably did not substantially affect the
accessibility of carbohydrates. This inference is support-
ed by a substantially higher content of aromatic com-
pounds and a lower amount of carbohydrates in initial

litter of Q. robur as compared to the grass species. It
follows that decomposition in the soil OL after exposure
to ambient conditions was not necessarily faster than
that of the unexposed litter because less lignocellulose
complexes were disintegrated by photodegradation.
This suggests that the impact of photodegradation on
subsequent litter decomposition in the soil OL is to
some extent dependent on the chemical properties of
the respective litter material.

A further factor that supports the abovementioned
indications and might explain the observed variation in
the impact of photodegradation on litter decomposition
is the C:N ratio of the litter, potentially also explaining
why some plant species hold marcescent litter. The
species examined in the current study varied in the
amount of marcescent litter and also in its quality.
Whilst A. glutinosa produces litter with a low C:N ratio
that completely falls in autumn, Q. robur with a sub-
stantially higher C:N ratio holds part of its litter
marcescent. The grass C. epigeios holds most of its dead
biomass marcescent for a substantial amount of time. Its
litter had by far the highest C:N ratio and, as described
above, the difference in chemical composition of ex-
posed and unexposed litter was highest from all of the
studied species (Fig. 1). Thus, abiotic factors (i.e. solar
radiation) may play a more important role for subse-
quent decomposition in litter with high C:N ratios,

Table 2 Relative contributions
of peak areas (percent of total
area) for different chemical shift
regions (ppm) and ratio between
specific spectral ranges
determined by solid state 13C CP/
MAS NMR spectroscopy in
leaves of Calamagrostis epigeios,
Quercus robur and Alnus
glutinosa in initial litter (Initial)
and following treatments: after
1 year of ambient exposure
(Exposed), after 1 year of
decomposition in soil
(Decomposed) and after 1 year of
ambient exposure +1 year of
decomposition in soil (Exp. dec.)

Litter type, treatment Chemical shift regions

Alkyl-C O/N
Alkyl-C

Aryl-C Carboxyl-C Alkyl-C/
O/N-alkyl-C

C. epigeios

Initial 7.4 81.5 9.2 2.0 0.09

Exposed 9.1 82.0 7.4 1.6 0.11

Decomposed 11.0 74.4 11.7 3.0 0.14

Exp. dec. 15.6 69.0 12.2 2.9 0.23

Q. robur

Initial 18.0 64.7 13.4 3.8 0.28

Exposed 23.0 65.0 9.1 2.9 0.35

Decomposed 20.3 60.9 15.0 3.8 0.33

Exp. dec. 21.0 59.4 15.5 4.2 0.35

A. glutinosa

Initial 26.0 56.1 12.7 5.1 0.46

Exposed 29.0 49.8 15.3 5.9 0.58

Decomposed 28.7 49.3 17.3 4.8 0.58

Exp. dec. 28.4 47.4 18.7 5.4 0.60
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which is generally more resistant to microbial decay. As
photodegradation may lead to the breakdown of phenolic
macromolecules and to the disintegration of lignocellulose
complexes, litter biomass becomes more susceptible and
available to microbial utilization. Such a process has pre-
viously been described as photo-facilitation (Frouz et al.
2011; Yanni et al. 2015; Austin et al. 2016). These findings
imply, that marcescence can be a way of how species with
poorly decomposable leaves indirectly decrease the C:N
ratio and thus stoichiometric differences to the soil micro-
bial biomass, making the plant material better
decomposable.

Contrary to C. epigeios and Q. robur, the litter of
A. glutinosa has sufficient amounts of N (i.e. low C:N
ratio) and is thus well utilizable by microbes. This may
also explain the non-existence of naturally
marcescent leaves of this species. From the 13C
NMR spectra (Table 2), we assume that litter of
A. glutinosa was not substantially influenced by
photodegradation because the relative amount of
aromatic components did not decrease. Only carbohy-
drates decreased after exposure to ambient conditions.
Because carbohydrates have not been recognized as
photochemically reactive (Austin and Ballaré 2010),

their decrease resulted most probably from leaching of
soluble compounds (e.g., carbohydrates and nutrients),
which represents an important process during litter de-
composition (Kaiser et al. 2002; Cepáková et al. 2016).
Thus, leaching of soluble OMwas probably responsible
for the observed decrease in mass loss of A. glutinosa
litter after one year of exposure to ambient conditions
(Fig. 1c). Interestingly, this observed decrease was not
manifested in a greater mass loss at the end of the
experiment, where previously unexposed litter tended
to decomposed faster (Fig. 1c). Ibrahima et al. (1995)
proposed that leaching concentrates cellulose and lignin
in litter and depletes sugars. A loss of water-soluble OM
may thus result in less degradable residual OM that
consequently decomposes slower than intact material
(Parsons et al. 1990). Further, UV radiation is known
to negatively affect activity and abundance of the mi-
crobial community that is associated with exposed litter
(Brandt et al. 2007). This may also be a reason why
exposed A. glutinosa litter tended to decompose slower
in comparison to unexposed litter.

Conclusion

The response of litter to exposure to ambient conditions
differed between the investigated species. Ambient con-
ditions facilitated subsequent litter decomposition in the
soil OL for the tree Q. robur and for the grass
C. epigeios, whereas the decomposition of litter from
the tree A. glutinosa showed a rather negative response
to previous ambient exposure. These results, combined
with our chemical analyses, indicate that the exposure of
litter to ambient conditions seems to bemost relevant for
species with litter of a comparably low quality, such as
Q. robur and C. epigeios. Keeping litter standing may
provide more favourable conditions for insolation that
may lead to photodegradation of recalcitrant structures
and subsequent faster decomposition in the soil OL.
Although our inferences hint at a possible expla-
nation for the existence of marcescent litter, it still
remains uncertain whether our data exhaustively
explain its ecological relevance as other factors
may also play a substantial role (e.g. soil biota
abundance and activity, thickness and leaf area of
decomposed litter). We encourage future experi-
ments to employ similar methods as used in the
present study on larger sets of representative spe-
cies to which marcescence is characteristic.

Fig. 2 Principal component analysis (PCA) ordination diagram
based on composition of major chemical groups of aromatic
compounds in litter determined by TMAH-Py-GC-MS. Treat-
ments are marked with circles. Initial litter: C = C. epigeios;
Q = Q. robur; A = A. glutinosa. 1 year of decomposition in the
soil organic layer: CD = C. epigeios; QD = Q. robur;
AD = A. glutinosa. 1 year of ambient exposure +1 year of decom-
position in the soil organic layer: CFD = C. epigeios;
QFD = Q. robur; AFD = A. glutinosa
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