HZI

Tree species affect atmospheric CH4 oxidation without
altering community composition of soil methanotrophs

ltem Type Article

Authors Menyailo, Oleg V.;Abraham, Wolf-Rainer;Conrad, Ralf
Citation Soil Biology and Biochemistry 2010, 42 (1):101-107
DOl 10.1016/j.s0ilbio.2009.10.005

Publisher Elsevier

Download date

2026-08-18 02:21:35

Link to Item

http://hdl.handle.net/10033/88934



http://dx.doi.org/10.1016/j.soilbio.2009.10.005%C2%A0
http://hdl.handle.net/10033/88934

ﬁ HELMHOLTZ

ZENTRUM FUR
INFEKTIONSFORSCHUNG

This is a postprint of an article published in
enyailo, O.V., Abraham, W.-R., Conrad, R.
Tree species affect atmospheric CH4 oxidation without altering community
composition of soil methanotrophs
(2010) Soil Biology and Biochemistry, 42 (1), pp. 101-107.



10

11

12

13

14

15

16

17

18

19

20

21
22
23
24

Soil Biology & Biochemistry

Tree species affect atmospheric CH,; oxidation without altering community

composition of soil methanotrophs

Running title: Tree species and soil methanotrophs

Oleg V. Menyailo'?, Wolf-Rainer Abraham’, and Ralf Conrad®

'V N.Sukachev Institute of Forest SB RAS, Krasnoyarsk 660036, Russia

*Max Plank Institute for Terrestrial Microbiology, Karl-von-Frisch-Strasse, Marburg 35043,
Germany

’Helmholtz Center for Infection Research, Inhoffenstrasse 7, D-38124 Braunschweig, Germany

Corresponding author: Dr. Oleg Menyailo, Institute of Forest SB RAS, Krasnoyarsk 660036,

Russia, Fax: 7 3912 433686, Email: menyailo@hotmail.com

Key words: Atmospheric methane, High affinity methanotrophs, *C-labeling, Microbial diversity,

Net N mineralization, Net nitrification, PLFA, Tree species



25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42
43

44
45
46
47
48
49
50
51
52

Abstract

Plant species exert strong effects on ecosystem functions and one of the emerging, and difficult
to test hypotheses, is that plants alter soil functions through changing the community structure of
soil microorganisms. We tested the hypothesis for atmospheric CHy4 oxidation by using soil samples
from a Siberian afforestation experiment and exposing them to *C-CH,. We determined the activity
of the soil methanotrophs under different tree species at three levels of initial CH4 concentration (30,
200 and 1000 ppm) thus distinguishing the activities of low- and high-affinity methanotrophs. Half
of the samples were incubated with BC-enriched CHy4 (99.9%) and half with '*C-CH,. This allowed
an estimation of the amount of *C incorporated into individual PLFAs and determination of PLFAs
of methanotrophs involved in CHy4 oxidation at the different CHs concentrations. Tree species
strongly altered the activity of atmospheric CH4 oxidation without appearing to change the
composition of high-affinity methanotrophs as evidenced by PLFA "°C labeling. The low diversity
of atmospheric CHy oxidizers, presumably belonging to the UCSa group, may explain the lack of
tree species effects on the composition of soil methanotrophs. We submit that the observed tree
species effects on atmospheric CHy4 oxidation indicate an effect on biomass or cell-specific activities
rather than by a community change and this may be related to the impact of the tree species on soil

N cycling.
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1. Introduction

Forest soils are important sink for atmospheric CHa, a greenhouse gas contributing roughly 20% to
the observed global warming (IPCC, 2007). While tree species strongly influence the sink strength
(Borken et al., 2003; Menyailo and Hungate, 2003; Reay et al., 2004; Borken and Beese, 2006), the
mechanisms underlying the tree species effects are poorly understood. Tree species having different
canopy cover, rooting depth and density, alter soil temperature, moisture and pH (Angers and Caron,
1998; Hooper et al., 2000); tree species also differ in litter quality and quantity. Generally, tree
species can also affect the structure of microbial community including microbial biomass (Priha and
Smolander, 1997; Grayston and Prescott, 2005; Lejon et al., 2005; Menyailo, 2007), microbial
species composition (Lejon et al., 2005; Carney and Matson, 2006; Bremer et al., 2007; Nugroho et
al., 2007) and diversity (Zak et al., 2003; Hackl et al., 2004; Bremer et al., 2007). However, the
importance of changes in the composition and diversity of soil methanotrophs for further mediating
tree species effects on the consumption of atmospheric CH4 has never been studied.

Molecular studies in forest soils have revealed that atmospheric CHy is oxidized by
methanotrophs consisting of as yet uncultivated groups, including upland soil cluster a (USCa) and
upland soil cluster y (USCy) (e.g. Knief et al., 2003, 2006; Kolb et al., 2005; Lau et al., 2007;
McDonald et al., 2008). Members of USCa and USCy are presumed to be specialized oligotrophs
adapted to live solely on atmospheric concentration of CHj. Until recently, all cultured
methanotrophs were assumed to be incapable of surviving on low concentrations of atmospheric
CH, because of their low affinity for methane. However, recent work by Baani and Liesack (2008)
has provided evidence that Methylocystis sp. strain SC2 possesses two types of the particulate
methane monooxygenase, a key enzyme in CH, oxidation. The two forms of the enzyme have
different affinities for CHy, allowing Methylocystis spp. to survive on atmospheric CHy for three

months at 10-100 ppm of CH4 (Knief and Dunfield, 2005), while other cultivated species can only
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4
grow at 500-1000 ppm. It has also been suggested that Methylocystis spp. is the main oxidizer of

atmospheric CHy in hydromorphic soils (Baani and Liesack, 2008), where the growth of the
methanotroph can be supported by CH,4 formed in high concentrations in waterlogged anaerobic
zones; in contrast, Methylocystis spp. start to oxidize CH4 from the atmosphere when soil is
temporally dry and aerobic. Whether Methylocystis spp. are active in forest upland soils is still

questionable, and the participation of uncultured members of USCa and USCy cannot be excluded.

A combination of phospholipid fatty acid (PLFA) analysis and stable isotope probing (SIP) has
been used recently to identify methanotrophs active at different CH4 concentrations (Bull et al.,
2000; Crossman et al., 2005; Maxfield et al., 2006; Knief et al., 2003, 2006). While the SIP-PLFA
technique does not have the resolution of molecular techniques and cannot identify organisms to
species level, it can readily distinguish methanotrophs at a group level, such as Type I and Type 11
(Bodelier et al., 2009), which differ in intracytoplasmic membrane structure, carbon assimilation
patterns, phylogeny and carbon chain length of membrane phospholipid fatty acids (Hanson and
Hanson, 1996). Furthermore, SIP-PLFA allows conclusions to be drawn as to whether the composition
of active soil methanotrophs is different between different sites. Here, we applied the SIP-PLFA
technique to understand whether tree species effects on CH4 oxidation rates may be explained by
changes in the community structure of high affinity methanotrophs.

Most experiments on the effects of plants on soils have been carried out using agricultural or
herbaceous plants with experiments testing the effects of individual tree species being more difficult
to establish and maintain over a long period. There are not many long-term afforestation
experiments with different tree species around the world (Priha and Smolander, 1997) and one of
them is the Siberian afforestation experiment, where six common boreal tree species have been
grown for the past 35 years (Menyailo et al., 2002a). Since the experiment began with an initially
uniform soil, and all plots have been exposed to the same climatic conditions, differences in soil
properties can be attributed to the effects of tree species. The aim of this work was to determine
whether different tree species affect the oxidation rates of atmospheric CH4 and whether these

effects are due to changes in the composition of high-affinity methanotrophs.
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2. Materials and methods

2.1. Siberian afforestation experiment

The research plots are located 50 km northwest from Krasnoyarsk and were established by the
Laboratory of Soil Science of the Institute of Forest, Siberian Branch of the Russian Academy of
Sciences. The experimental plots were established on grassland. In 1971-1972, 2-3 y old seedlings
of spruce (Picea abies), birch (Betula pendula), Scots pine (Pinus sylvestris), aspen (Populus
tremula), larch (Larix sibirica) and Arolla pine (Pinus cembra) were sown into individual plots,
each occupying 2400 m”> (Menyailo et al., 2002a). The region is characterized by continental
climatic conditions with average rainfall of 500 mm year', average daily summer temperature of
20°C (at 12:00) and soil temperature at 20 cm depth in winter is —4 to —14 °C and 10 to 12 °C in
summer.The soil is the grey forest type according to the Russian Soil Classification System and
Greyzem according to FAO. In July 2005, each plot was sub-divided into three parts: A, B and C
and, from each sub-plot, two trees were randomly chosen and four samples of mineral soil (0-10 cm,
without litter layer) were taken at about 50 cm distance from the stem of each tree. Soil samples
from each sub-plot were subsequently mixed. The total number of soil samples was 18, with six
species and three subplots per species. Field moist soil samples were brought to the laboratory in a
box filled with ice. All samples were sieved (Imm) and gravimetric soil moisture was determined

for each sample. Some chemical characteristics of the soil samples are presented in Table 1.

2.2. Incubation experiment
Soil samples (3 g) were placed into 120-mL flasks sealed with rubber stoppers. Distilled water was
added to adjust soil moisture to 60% of water holding capacity (WHC) and incubation was carried

out during one month at three levels of CHy4 addition to the headspace (30, 200 and 1000 ppm).
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Every three days the flasks were opened for 30 min to avoid anaerobic conditions developing, and
were then again sealed and supplemented with CH4 to give the concentrations given above. The
headspace was sampled every day for CH4 concentration using a GC fitted with FID (SRI
Instruments, Inc., USA), and the consumption rate was estimated for every three days using linear

regression.

2.3. PLFA extraction and " C determination

Lipids were extracted from 3 g of soil by a modified Bligh and Dyer method (Bligh and Dyer 1959)
and fractionated on silica columns (CUSIL15Z; ICT, Bad Homburg, Germany). PLFAs were
subjected to mild alkaline methanolysis. Separation, identification, and quantification of fatty acid
methyl esters (FAMEs) were performed by gas chromatography mass spectrometry (GC-MS) on a
5% phenyl methyl silicone capillary column; length 50 m, inside diameter 0.2 mm [HP Ultra 2,
Hewlett-Packard] using the temperature program: 2 min at 150°C, increase of 4°C min™' to 280°C
and finally 280°C for 11 min (Abraham et al., 1998). The positions of double bonds were
determined by analysis of dimethyl disulfide adducts. Carbon isotope ratios of the individual FAMEs
were determined by GC-IRMS on a Finnigan MAT 252 isotope ratio mass spectrometer (IRMS), in
triplicate. The IRMS was coupled via a combustion interface to a HP 5890 gas chromatograph. The
fatty acid methyl esters were separated with a Restek Rtx-2 column (60 m, 0.32 mm inner diameter,
0.25 um film thickness). The column effluent was combusted on-line in an oxidation oven (copper,
nickel, platinum-catalyst, 980°C), passed through a reactor with elemental copper (600°C) for
reducing NOy and removing surplus O,. Combustion gas was dried by passage over a water-
permeable membrane (Nafion). To calculate isotope ratios (8'°C) for the PLFAs, 8"°C values of the
FAMESs were corrected by mass balance for the carbon atom of the methyl group that was added

during methanolysis (Abrajano et al., 1994).
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2.4. Estimation of relative incorporation of >C

For each PLFA, the incorporation of °C (I, expressed as picograms of °C per gram of total PLFAs)
was calculated as follows: I = (Fj - Fy) x (4x), where Ax was the peak area of PLFA, divided by the
sum of the peak areas of all of the PLFAs. F was the fraction of BCin PLFA of samples incubated
with *C (F)) or samples incubated with '*C (F,) and was calculated as follows: F = C/("*C + '*C) =
R/(R + 1). The carbon isotope ratio (R) was derived from the measured 8'°C values as follows: R =

(8"C/1,000 + 1) x Ryppg, with Ryppg = 0. 0112372 + 0.0000090.

2.5. Statistical analysis

The effect of tree species on CHy oxidation rates was studied using two-way ANOVA with tree
species and CHy4 concentration as independent factors. Spearman coefficients were computed to
study relationship between *C incorporated into all PLFAs and the rates of CHy4 oxidation. The
significance of tree species effects on the ratios of *C18:1m7-to-"C16:0 were tested for three levels
of CHy4 concentration with one-way ANOVA. All statistical procedures were performed using the

STATISTICA package.

3. Results

Methane oxidation rates were significantly affected by tree species, initial CH,4 concentration,
and the interaction between these two factors. Tree species affected the CH,4 oxidation rates at 30
ppm (P<0.001) and 200 ppm (P<0.050), but not at 1000 ppm (P>0.050) (Fig. 1). The CH4 oxidation
rates at 30 and 200 ppm were constant during the incubation, but at 1000 ppm the rates increased
over time (data not shown). The growth of methanotrophs initiated by the highest CH4 concentration
masked the effect of tree species at 1000 ppm treatment and made the main effect of tree species
insignificant (P>0.050). At 30 and 200 ppm, tree species affected the rates of CH4 uptake similarly:
the rates were highest in soils beneath larch and Arolla pine, followed by deciduous aspen and birch

and lowest under spruce and Scots pine. Overall, the activity of CH4 oxidation at low concentrations
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varied between different tree species over a three-fold range. As expected, higher initial
concentration of CHy4 significantly increased the rate of CH, oxidation (P<0.001) (Fig. 1). Compared
to the rate of CHy4 oxidation at 30 ppm the rates increased over time by factor of 2 at 200 ppm and
by a factor of 22 at 1000 ppm.

The amount of °C incorporated into PLFA linearly increased with the amount of CH, oxidized
at all CHy concentrations (Fig. 2). The correlation enables estimation of the carbon use efficiency
(fraction of C incorporated into PLFAs of CHy4 oxidized) at the different initial CH4 concentrations.
The values of carbon use efficiency were similar for 30 and 200 ppm (153 and 138 pg'’C
incorporated per g PLFAs/ nmol CH, oxidized g soil day™, respectively) and were approximately
100-150 times higher for 1000 ppm (Fig. 2). Overall, the PLFAs were enriched ca. 2000 times more
at 1000 ppm than at lower concentrations of CH4 owing to higher CHy4 oxidation rates (ca. by 20
times) and to higher carbon use efficiency. Different carbon use efficiency at 30/200 ppm and 1000
ppm is due to the different 13C assimilation when the cells are not growing or growing, respectively.

At 30 and 200 ppm, most of *C (98%) was incorporated into only two PLFAs, 18:107 and 16:0
(Fig. 3), the amounts of Be incorporated into the two PLFAs were strongly correlated (Fig. 4).
About nine times more *C was incorporated in 18:1w7 than in 16:0 and the ratios of >C18:107 to
3C16:0 were stable and independent on tree species (P>0.050). At 1000 ppm, on the other hand,
more types of PLFA became labeled (data not shown).

At 30 ppm, the CH4 oxidation rates significantly correlated with the net N mineralization and
net nitrification rates (Fig. 5) and both relationships were positive; the maximum CH4 oxidation
rates were observed under Arolla pine and larch, where also the highest net N mineralization and

nitrification rates were measured.

4. Discussion

4.1. Tree species affect the activity of methanotrophs
The aim of the current work was to determine the extent to which the structure of the microbial

community of high-affinity methanotrophs was responsible for tree species effects on atmospheric
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CH,4 consumption. Tree species is known to strongly affect CH4 consumption by soil (Borken et al.,
2003; Menyailo and Hungate, 2003; Reay et al., 2004; Borken and Beese, 2006), but whether this is
due to tree species effects on microbial CHy4 oxidation or soil gas diffusivity is not known. The
observed tree species effect has often been attributed to a different gas diffusivity of the litter layers
formed by deciduous and coniferous stands (Borken et al., 2003; Borken and Beese 2006). In our
laboratory incubations, gas diffusivity was kept as a constant and we found, that under these
conditions, the CH4 consumption at low concentrations differed between tree species by a factor of
three, a much larger difference than observed in the field. For example, field measurements of CHy4
consumption on our experimental site revealed that only two species deviated significantly from the
other four: spruce had 20-25% lower and Arolla pine 10-20% higher consumption rates than all
other species (Menyailo et al. 2008). The present incubation study indicated that the difference in
microbial activities between different tree species can be as large as the difference in the field CHy4
uptake rates.

If two soil samples, under the same environmental conditions and with similar substrate
availability, show different rates of the process they might hypothetically be different in either
species composition (Zak et al., 2003), diversity (Groffman and Bohlen, 1999; Nannipieri et al.,
2003), or microbial biomass (Bengtsson, 1998). We expected, therefore, that at least one of the
parameters should be changed by tree species in our soils.

At low concentration of CHy4 (30 and 200 ppm) the labeling pattern of the PLFAs under all tree
species was very similar: a larger amount of BC was incorporated into 18:1w7 and a smaller amount
into 16:0. The labeled PLFAs indicate that methanotrophs belonging to the Type Il group were
active in our soils (Knief et al., 2003; Crossman et al., 2005) and the similar PLFAs labeled under
different tree species suggest that the composition of high affinity methanotrophs was not affected
by tree species. Changes in microbial composition that are detectable by PLFA analysis can thus not
explain the different CH4 oxidation rates. However, we cannot rule out that the community
composition was different at a more refined level, which could only have been detected by SIP

analysis of microbial RNA or DNA.
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4.2. CH, oxidation correlates with nitrogen mineralization and nitrification

Our previous studies at the Siberian afforestation site revealed that net nitrification and net N
mineralization in soil were most strongly affected by the different tree species (Menyailo et al.,
2002b; Menyailo, 2009). All these activities were highest under Arolla pine and larch, intermediate
under deciduous aspen and birch, and lowest beneath spruce and Scots pine (Menyailo et al., 2002b;
Menyailo, 2009). A plot of CH4 oxidation rates at 30 ppm versus net N mineralization and net
nitrification rates (Fig. 5) revealed a significant positive correlation suggesting that N turnover
processes may be linked to the CH4 oxidation.

While positive effects of N have been reported for CHy4 oxidation in a rice field soil (Bodelier et
al., 2000), in most cases the oxidation of atmospheric CHy4 in forest soils was inhibited by N addition
(Bodelier and Laanbroek, 2004; Mohanty et al., 2006). In our case the correlation of CHy4 oxidation
with inorganic N production was positive. It might be that an increase of inorganic N concentration
in soil due to N application or to inorganic N accumulation through internal soil processes, e.g.
nitrification and N mineralization, have different effects on the oxidation of atmospheric CHs. We
acknowledge that the observed correlation between CH4 oxidation rates and N production processes
could be simply due to co-variation and the effect might be an indirect one. For example, the rates of
net nitrification and net N mineralization were correlated to soil pH (Table 1, Menyailo et al.,
2002b).

In the recent study of Maurer et al. (2008) it was shown that high production of monoterpenes,
in particular a- and B-pinene and limonene, by roots of Norway spruce could lead to a reduction in
CH,4 oxidation activity. In the present work, we excluded roots and litter from our soil incubations.
However, we cannot exclude that monoterpenes were left in the soil from previous production in the
field and were thus still affecting CH4 oxidation activity.

4.3. Who was oxidizing atmospheric methane?

The taxa of the methanotrophs, whose PLFAs became labeled at low CH4 concentrations cannot
be determined to a species or genera level, because PLFA-SIP does not have as fine resolution as
SIP-DNA/RNA. Nevertheless, labeling of 18:1®w7 and the 16:0 PLFAs is characteristic for type II

methanotrophic bacteria, in particular to Methylocapsa acidophila and Methylocella palustris
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(Dedysh et al., 2002; Crossman et al., 2005; Maxfield et al., 2006). Methylocystis or Methylosinus
species can probably be excluded from the dominant atmospheric CH4 oxidizers from our soils,
because they have a high concentration of 18:1w8c fatty acid instead of 18:1w7c acid, which was
labeled in our soils and which dominates the profiles of the Methylocella and Methylocapsa bacteria
(Crossman et al., 2005).

The PLFA labeling patterns in our Siberian soils were similar to those observed in other
European soils (Roslev and Iversen, 1999; Bull et al., 2000; Crossman et al., 2005; Maxfield et al.,
2006; Knief et al., 2003, 2006), where labeling of 18:1w7 and 16:0 PLFAs at near atmospheric CHy4
concentrations was associated with the presence of USCa (Knief et al., 2003, 2006). Metagenomic
data has recently shown that USCa is also closely related to Methylocapsa acidophila (Ricke et al.,
2005), supporting our assumption that labeling of 18:1®w7 and the 16:0 PLFAs is associated with the
presence of methanotrophs belonging to the USCa. Methanotrophs of USCy were less likely to be
active in our soils since they are closely related to Type I methanotrophs, having PLFAs which were
not labeled in our soils. Also, organisms described as USCys are often detected in soils with pH>6.0
(McDonald et al., 2008) rather than in more acidic soils, such as ours, where the pHypo varied from
5.5 to 6.0 (Menyailo et al., 2002b). Overall, representatives of USCa might be a dominant CHy
consumer in the Siberian soils studied, but final proof would require molecular studies on the level

of pmoA genes, by which to date uncultured USCa is defined.

4.4. Hypothesis on low diversity of USCa

One major result of our work is the suggestion that tree species strongly affected activity of
atmospheric CH4 consumption without apparently altering biomass and, most importantly, the
composition of high-affinity methanotroph community. This is very surprising since tree species
have been shown to strongly alter the composition of bacteria both in canopies (Lambais et al.,
2006) and in soil (Lejon et al., 2005). We submit that the lack of tree species effect is due to low
diversity of methanotrophs oxidizing atmospheric CHy in our soils. Since we have argued above that

members of the USCa were most likely responsible for atmospheric CH4 oxidation in our soils, we
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present below three lines of evidence that support the suggested by Kolb et al. (2005) hypothesis on
low diversity of members of the USCa.

First, in contrast to other Bc labeling studies (Bull et al., 2000; Crossman et al., 2005; Knief et
al., 2003, 2006; Maxfield et al., 2006) our present work covers more soil samples (n=18) with a wide
range of CH, oxidation activities. This enabled detection of the strong positive correlation of *C
incorporated into 18:1w7 versus 16:0 (Fig. 3), a pattern which was largely overlooked in other
studies. Independent of the tree species, nine times more *C was incorporated into 18:1@7 than into
16:0. It is important to note that pure cultures of known species of methanotrophs vary widely in
PLFAs composition and have a different °C incorporation patterns (Bowman et al., 1993; Dedysh et
al., 2002). Therefore, it is very unlikely that there are many uncultivated and distant taxa, which
have identical PLFAs composition and strictly identical patterns of C incorporation. Most likely is
the dominance of only one taxa of high affinity methanotrophs, which oxidize atmospheric CH4 in
our soils and in the range of upland forest soils in Europe (Bull et al., 2000; Crossman et al., 2005;
Knief et al., 2003, 2006, Maxfield et al., 2006).

Second, recent metagenomic analysis also suggests that the USCa is genetically a very narrow
group of organisms. Ricke et al., (2005) using two different primer sets targeting either pmoA of
USCa or all pmoA and amoA sequence types selected the two inserts containing pmoA sequences
out of 250,000 fosmid clones, taken from an upland forest soil. The shotgun-based sequencing
revealed that both inserts belonged to the same or to the two highly related USCa genotypes, since
the sequences obtained for the two inserts exhibited 100% identity over the overlapping region of 30
kb (Ricke et al., 2005). This provides evidence that the diversity of USCa in the forest soil studied
was low.

Third, in microbial ecology, the popular hypothesis of functional redundancy holds that in soil
there are so many species with similar function that loss of one species will not alter the way that the
system operates (Soil microbiology.., 2007). This hypothesis can be reformulated; if only few or
only one species can carry out the process the loss of that species will strongly damage ecosystem
function. The consumption of atmospheric CHy is one of the most unstable soil processes. For

example, several authors have reported loss of CHy4 oxidation after drying of soil (e.g. Dobbie and
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Smith, 2006) or after disturbance by ploughing (Mosier et al., 1997) suggesting that the
methanotrophs involved in atmospheric CHy4 uptake have a very weak resistance to stress. Resilience
is also considered to be low with, for instance, Mosier et al. (1997) observing that cultivated soils
that had been converted back into grassland attained about one-third of the CH4 uptake rate of
natural grassland after a period of 50 years. Both low resistance and resilience of soil CHy4 uptake

support the hypothesis of a low diversity for atmospheric CH4 oxidizers.

4.5. Conclusions

We have shown that Siberian tree species strongly affect the rate of atmospheric CH4 oxidation;
however, the effect appears not to be due to major changes in composition of the active
methanotrophic community, as evidenced by °C PLFA labeling patterns, which were surprisingly
uniform across the Siberian site. We argue that the apparently low diversity of high affinity
methanotrophs, presumably belonging to the USCa, explains the absence of tree species effect on

the composition CH4 oxidizers in our soils.
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Legends to Figures.

Figure 1. Average rates of CH,4 oxidation by soils sampled from beneath different tree species and
incubated at three initial CH4 concentrations. Mean values and standard errors are presented for
three replicates. The significance of tree species effect is given for each CH4 concentrations, the

main effects and their interactions are given in the text.

Figure 2. Plot of "°C incorporated into PLFAs versus CH,4 oxidation rates for three concentrations of
CH4: 30 ppm — dark circles, 200 ppm — white squares and 1000 ppm - dark squares. Since the
amount of CH, oxidized is estimated per g of soil and *C icorporation is presented per g of total

PLFAs, strong correlation suggests that the amount of PLFAs is not different among soils.

Figure 3. "°C incorporation into the two individual PLFAs (16:0 and 18:1w7c) in soil samples
incubated under 30 or 200 ppm of CH4. Mean values and standard errors are presented for three

replicates.

Figure 4. Plot of C incorporated into 16:0 versus 18:1w7 PLFAs in soil sampled from beneath

different trees and incubated at 30 ppm CHjy (open circles) and 200 ppm CHy (dark circles).

Figure 5. Plot of CH4 oxidation rates determined at 30 ppm of CH4 versus net nitrification and net N
mineralization rates in soils sampled from beneath different trees. The values for net N
mineralization and net nitrification are taken from Menyailo et al., 2002b. Net N mineralization was
determined as a difference in [NH4+ + NOs;] before and after 30 days incubation of soil samples. Net
nitrification was detemined as a difference in [NO3'] before and after incubation. Mean values and

standard errors are presented for three replicates.
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Table 1. Some chemical properties of studied soils beneath the different tree species in Siberian afforestation experiment. Values are means

of three plots; standard errors are given in parentheses; values in one row followed by the same letter are not significantly different

from each other (P <0.05).
Chemical Tree species Spruce Scots pine Arolla pine Larch Aspen Birch
properties effect, P
pH <0.0001 5.55 (0.10)° 5.88 (0.02)° 6.02 (0.09)" 6.06 (0.02)* 5.82 (0.03)° 5.80 (0.04)°
NH;", mg kg <0.0001 4.62 (1.62)° 4.96 (0.34)° 27.68 (5.97)* | 7.98 (1.23)° 6.20 (0.33)° 6.49 (2.30)°
NO;, mg kg 0.277 1.14 (1.19) 0.63 (1.09) 4.47 (4.00) 6.81 (2.90) 3.25 (4.67) 4.05 (3.98)
N, % 0.395 0.18 (0.01) 0.18 (0.01) 0.27 (0.16) 0.31 (0.15) 0.22 (0.01) 0.18 (0.01)
C, % 0.458 3.24 (0.31) 2.86 (0.04) 4.14 (2.61) 4.89 (2.46) 3.24 (0.12) 2.65 (0.13)
C/N 0.002 17.58 (1.14)* 16.34 (0.96) | 15.01 (0.85)° | 15.73 (0.45)™ | 14.68 (0.27)° | 14.49 (0.31)
DON, mg kg 0.421 17.50 (3.75) 15.53 (1.36) 17.05 (1.99) 17.85 (0.09) 17.68 (1.50) 15.17 (0.54)
DOC, mg kg™ 0.834 277.67 (74.80) | 244.50 (45.67) | 276.83 (42.05)

281.00 (15.40)

291.00 (31.00)

257.83 (46.52)
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