
ISSN 1064�2293, Eurasian Soil Science, 2015, Vol. 48, No. 8, pp. 841–851. © Pleiades Publishing, Ltd., 2015.
Original Russian Text © A.F. Sabrekov, M.V. Glagolev, I.A. Fastovets, B.A. Smolentsev, D.V. Il’yasov, Sh.Sh. Maksyutov, 2015, published in Pochvovedenie, 2015, No. 8, pp. 963–973.

841

INTRODUCTION

The accumulation of greenhouse gases in the
atmosphere is one of the current global environmental
problems [31]. The major contributions to the green�
house effect are made by СО2 and СН4: 60 and 15%,
respectively [43]. For understanding the natural
changes, the inventory of sources and sinks, the assess�
ment of their intensities and dynamics, and the inves�
tigation of their functioning mechanisms are neces�
sary [31]. 

As for the study of specific СН4 fluxes, the most
numerous measurements were performed in Western
Siberia, but the studies were somewhat unbalanced:
only the emission of methane from natural bogs and
lakes was studied [11, 29, 30, 42]. Single measure�
ments of methane consumption, if any, were occa�
sional: the emission of СН4 was expected to be
revealed in the methane�generating ecosystems, but
its consumption was rarely observed [9, 12, 26]. In
European Russia, both the emission of methane from
the soils of forest, bogs, and areas under agricultural
use, as well as their consumption, were studied [13, 15,
16]. The comparison of specific fluxes (in mass units of

the gas released from the soil surface in unit time)
shows that the bogs as methane sources significantly
exceed any soil sinks of this gas. However, the total bog
area is significantly smaller than the area of СН4 sinks
(i.e., soils of fields, forests, etc.), so the latter cannot
be ignored; on the contrary, they should be thoroughly
studied to obtain an accurate balance. Earlier theoret�
ical calculations using five different procedures
showed that the soils of Russia consume 3.6 Mt of
methane annually [2], while its emission is estimated
by different authors at 7.5 to 23.5 Mt/year [7, 19, 46].

Regrettably, the assessment of methane consump�
tion by the soil is a more difficult technical problem,
because the СН4 concentration should be measured in
the range from the atmospheric to the null level in this
case, while the measurements of methane emission
include the analysis of concentrations exceeding the
atmospheric level (frequently by several times). There�
fore, along with the direct measurements of methane
consumption, of special importance is the search of
correlations between the СН4 consumption rate and
some parameters easier to measure. 
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Studies of oligotrophic bogs in Western Siberia
revealed only a loose reliable correlation between the
specific СН4 flux and the emission of СО2 due to the
total respiration of the soil and the grass–moss layers
[4]. In theoretical terms, a stronger correlation
between these parameters could be expected in less wet
soils. In addition, the significant role of СО2 in the
greenhouse effect attracts the attention of researchers
to measurements of its specific fluxes [10, 14, 28, 39].

The general goal of recent studies is to close these
gaps in studying the role of biogeocenoses in the cycle
of methane as a greenhouse gas; therefore, this work
was aimed at measuring the rate of methane consump�
tion by forest soils in the southern taiga of Western
Siberia and revealing (if possible) the quantitative rela�
tionship between the consumption of methane and the
respiration of the soil and the grass–moss layers.

OBJECTS AND METHODS

The measurements were conducted on several key
plots near the settlement of Plotnikovo in the Bakchar
district of Tomsk oblast, the southern taiga subzone of
Western Siberia, in the summer of 2013. The sampling
sites were selected in order to reflect the natural diver�
sity of forest communities in the area studied. The
detailed description of the sampling sites is given in
Table 1.

The specific СН4 fluxes were measured by the static
chamber method [13, 15, 32] described earlier [32]. A
stainless steel support (37 × 37 or 40 × 40 cm2 in cross�
section and 15 cm in height) was inserted into the soil
to a depth of 10–15 cm no earlier than 15 min before
the measurements, in order for the disturbances of the
methane concentration profile in the soil caused by
the insertion of the support to be leveled. Then, a
Plexiglas chamber (parallelepiped 30 × 30 × 40 cm3 in
size, without the lower face) was installed on the sup�
port, and the contact between the chamber and the
support was sealed with a hydraulic lock (water was
filled in the support grooves so that the contact
between the lower part of the chamber and the support
was immersed in water to a depth of at least 1 cm). A
rubber cork, through which a metallic tube with a fit�
ted rubber tube was passed, was then inserted into the
hole in the upper face of the chamber. An SFM syringe
for gas sampling was connected to the rubber tube. The
sampling was performed in time moments t0 = 0, t1, t2,
and t3 with equal intervals. The time of exposure (t3 –
t0) was 60 min.

The syringes with the samples were kept in soil
solution to prevent leakage of methane, which is
poorly soluble in salt water. The gas concentration in
the samples was measured on a modified KhPM�4
chromatograph (Khromatograf, Moscow, USSR)
equipped with a gas line and a flame ionization detec�
tor from an LKhM�80 chromatograph (Khro�
matograf, Moscow, USSR). A steel column (1 m long,
2.5 mm in diameter) packed with Sovpol (80–

100 mesh) was used. The measurements were per�
formed at 40°C; hydrogen was used as a carrier gas
(flow rate 5 mL/min); the injector loop volume was
0.5 mL. The sample volume was 3 mL. Standard meth�
ane–air mixtures with CH4 concentrations of 1.99,
5.00, and 9.84 ppmv (National Institute for Environ�
mental Studies, Japan) were used for calibration; the
standard concentration accuracy was ±0.01 ppvm.

Air samples for the analysis of carbon dioxide con�
centrations were taken from light�proof chambers in
an analogous way, simultaneously with the samples for
methane determination, but the time intervals
between each of the four sampling events were 3 min to
prevent the excess increase in СО2 concentration.
Plants were not removed during the measurements.
Carbon dioxide–air mixtures with CO2 concentra�
tions of 357 ± 5 and 708 ± 10 ppmv (VNIIMEM, St.
Petersburg, Russia) were used for calibration.

The concentration of carbon dioxide was analyzed
no later than several hours after sampling on a DX�
6100 infrared gas analyzer (RMT Ltd., Moscow, Rus�
sia). 

Soil and air temperatures were measured with
Thermochron iButton DS1921G temperature loggers
(Dallas Semiconductor, USA). Vegetation descrip�
tions were performed according to [3]. Soil names are
given in accordance with the current classification of
Russian soils [6] and the international WRB soil clas�
sification [45]. 

Specific fluxes were calculated by the regression
method in the time–concentration coordinates using
linear regression for the emission of СО2 and nonlin�
ear regression for the consumption of СН4 as
described earlier [1]. The statistical processing of data
(including the comparison of the means using the Wil�
coxon test, as well as linear and nonlinear one�param�
eter regressions) was performed using interactive
MATLAB environment (v. 7.0, MathWorks, USA).

RESULTS AND DISCUSSION

The results of individual measurements of specific
СО2 fluxes, as well as air and soil temperatures at the
measurement moments, are given in Table 2. Analogous
data for specific methane fluxes are given in Table 3.
The positive fluxes denote the emission of methane
and carbon dioxide to the atmosphere, and the nega�
tive fluxes correspond to their consumption. Some
statistical characteristics of the distributions of the
measured specific СН4 and СО2 fluxes and other inte�
gral parameters are given in Table 4. The median of
specific СН4 fluxes was –0.05 mg C/(m2 h) for the
entire set of measurements, which indicated the con�
sumption of methane by the soil. These results well
agree with the data obtained for other forest ecosys�
tems in the zones of broad�leaved forests and southern
taiga (Table 5).

A statistically significant correlation (n = 8, R2 =
0.81) was found between the median of CH4 specific



EURASIAN SOIL SCIENCE  Vol. 48  No. 8  2015

RELATIONSHIP OF METHANE CONSUMPTION 843

Ta
bl

e 
1.

C
h

ar
ac

te
ri

za
ti

on
 o

f t
h

e 
ob

je
ct

s 
of

 s
tu

dy

M
ea

su
re

m
en

t 
po

in
t (

da
ta

)
C

oo
rd

in
at

es
F

or
es

t c
ha

ra
ct

er
iz

at
io

n
D

om
in

an
t p

la
nt

 
sp

ec
ie

s*
S

oi
l t

yp
e 

(W
R

B
)

O
rg

an
ic

 h
or

i�
zo

n 
de

pt
h,

 c
m

S
om

e 
so

il 
pr

op
er

ti
es

 (
at

 0
–

10
 c

m
, 

w
it

ho
ut

 fo
re

st
 li

tt
er

 o
r 

m
os

s)

pH
w

at
er

C
or

g,
 

%
de

n
si

ty
, 

g/
cm

3

T.
P

lo
.F

or
.1

.2
5 

(2
4.

06
.2

01
3)

 
T.

P
lo

.F
or

.1
.2

6 
(2

7.
06

.2
01

3)

56
.8

61
7°

 N
, 

83
.0

77
° 

E
, 

56
.8

61
6°

 N
, 

83
.0

72
3°

 E

O
ve

rm
oi

st
en

ed
 b

ir
ch

 
fo

re
st

 in
 th

e 
Ik

sa
 R

iv
er

 
fl

oo
dp

la
in

B
et

, 
A

l,
 C

al
al

lu
vi

al
 c

la
y�

m
uc

ky
 g

le
y 

so
ils

 
(G

le
yi

c 
H

is
ti

c 
F

lu
vi

so
ls

 (
E

ut
ri

c,
 

S
ilt

ic
))

17
6.

2
7.

7
1.

1

P
lo

.F
or

.I
ks

a.
R

 
(1

8.
07

.2
01

3 
è 

19
.0

8.
20

13
)

56
.9

62
1°

 N
, 

83
.0

70
0°

 E
S

tr
on

gl
y 

m
oi

st
en

ed
 

so
ut

h
er

n
�t

ai
ga

 s
pr

uc
e 

fo
re

st

P
ic

, C
ar

, B
et

, S
or

, 
M

at
, 

O
x,

 S
p

G
le

yi
c 

so
dd

y�
po

dz
ol

ic
 so

ils
 w

it
h 

a 
se

co
nd

 h
um

us
 h

or
iz

on
 (

A
lb

ic
 

S
ta

gn
ic

 L
uv

is
ol

 (
C

ut
an

ic
, S

ilt
ic

))

12
5.

3
2.

5
1.

2

P
lo

.F
or

.R
az

r 
(1

0.
08

.2
01

3)
56

.9
11

6°
 N

, 
83

.0
52

7°
 E

T
h

ic
k 

gr
as

s–
gr

ee
n

 
m

os
s 

ce
da

r–
fi

r 
fo

re
st

A
b,

 P
in

, 
P

r,
 C

ar
, 

O
x,

 M
ai

, 
E

q,
 G

al
 

va
ri

o
u

s 
m

o
ss

es

G
le

yi
c 

so
dd

y�
po

dz
ol

ic
 so

ils
 w

it
h 

a 
se

co
nd

 h
um

us
 h

or
iz

on
 (

A
lb

ic
 L

u�
vi

so
l (

C
ut

an
ic

, S
ilt

ic
))

7
5.

5
2.

9
1.

3

P
lo

.F
or

.R
az

r2
 

(1
2.

08
.2

01
3)

 
P

lo
.F

or
.R

az
r2

.1
 

(1
2.

08
.2

01
3)

56
.9

09
1°

 N
, 

83
.0

54
7°

 E
, 

56
.9

09
0°

 N
, 

83
.0

55
0°

 E

P
ol

yd
om

in
an

t s
m

al
l 

gr
as

s–
se

dg
e–

sp
h

ag
�

n
um

–
gr

ee
n

 m
os

s 
fi

r–
sp

ru
ce

–
ce

da
r 

fo
re

st

P
in

, 
P

ic
, 

A
b,

 B
et

, 
S

or
, 

O
x,

 M
ai

, 
S

p
M

uc
ky

�h
um

us
 g

le
y 

so
ils

 (
E

ut
ri

c 
H

is
ti

c 
G

le
ys

ol
 (

C
la

yi
c,

 H
um

ic
))

24
5.

7
6.

7
1.

2

B
ir

ch
.F

or
 

(1
6.

08
.2

01
3)

56
.8

76
6°

 N
, 

82
.9

04
2°

 E
S

ec
on

da
ry

 y
ou

n
g 

(4
0�

ye
ar

�o
ld

) 
fo

re
st

B
et

, 
C

al
, 

E
q

S
od

dy
�m

uc
ky

 g
le

y 
so

ils
 (

E
ut

ri
c 

G
le

ys
ol

 (
C

la
yi

c,
 H

um
ic

))
29

5.
8

8.
3

1.
1

*
(B

et
) 

B
et

ul
ap

en
du

la
; 

(C
al

) 
C

al
am

ag
ro

st
is

pu
rp

ur
ea

; 
(A

b)
 A

bi
es

 s
ib

ir
ic

a;
 (

A
l)

 A
ln

us
 g

lu
ti

no
sa

; 
(O

x)
 O

xa
lis

 a
ce

to
se

lla
; 

(M
ai

) 
M

ai
an

th
em

um
 b

if
ol

iu
m

; 
(E

q)
 E

qu
is

et
um

 s
yl

va
ti

cu
m

; 
(G

al
)

G
al

iu
m

 p
al

us
tr

e;
 (

S
p)

 S
ph

ag
nu

m
; (

P
ic

) 
P

ic
ea

 o
bo

va
ta

; (
P

in
) 

P
in

us
 s

ib
ir

ic
a;

 (
P

r)
 P

ru
nu

sp
ad

us
; 

(S
or

) 
S

or
bu

s 
si

bi
ri

ca
; 

(C
ar

) 
C

ar
ag

an
a 

ar
bo

re
sc

en
s;

 (
M

at
) 

M
at

te
uc

ci
a 

st
ru

th
io

pt
er

is
.



844

EURASIAN SOIL SCIENCE  Vol. 48  No. 8  2015

SABREKOV et al.

Table 2. Emission of CO2 from taiga soils of Western Siberia, the Plotnikovo key plot

Temperature, °C
Specific CO2 flux, 

mg C–CO2/
(m2 h)

Temperature, °C
Specific CO2 flux, 

mg C–CO2/
(m2 h)

air
soil, depth, cm

mean S* air
soil, depth, cm

mean S*
0 5 10 15 0 5 10 15

T. Plo.For. 1.25, birch forest 22.0 21.5 16.1 15.0 14.0 489 34

18.7 16.6 13.4 11.8 11.8 50 8 22.0 21.5 16.2 15.0 14.0 417 21

18.7 16.6 13.4 11.8 11.8 29 7 21.5 21.2 16.5 15.0 14.0 447 28

12.2 13.2 12.7 11.5 11.9 77 14 21.3 21.0 16.4 15.0 14.0 641 62

12.2 13.2 12.7 11.5 11.9 104 6 21.5 21.0 16.5 15.0 14.0 448 12

12.2 13.2 12.7 11.5 11.9 90 10 21.5 21.4 16.5 15.0 14.0 419 29

T. Plo.For. 1.26 (measurement date 27.06.2013) 
birch forest, southern taiga 21.5 21.0 16.5 15.0 14.0 571 24

23.5 21.7 15.5 14.5 12.9 235 41 21.3 21.0 16.5 15.0 14.0 861 99

23.5 21.7 15.5 14.5 12.9 155 5 T. Birch.For birch forest

T. Plo.For. Razr cedar–fir forest 18.5 18.7 15.5 14.5 14.0 196 24

24.1 20.2 18.5 18.0 18.0 1242 168 18.5 18.7 15.5 14.5 14.0 310 14

23.8 20.2 18.3 17.8 17.8 821 59 18.5 18.7 15.5 14.5 14.0 452 30

23.5 20.1 18.3 17.7 17.7 636 33 18.5 18.7 15.5 14.5 14.0 278 23

23.2 20.0 18.0 17.3 17.3 464 21 18.1 18.0 15.5 14.5 14.0 672 51

23.0 19.9 17.9 17.2 17.2 422 18 18.0 17.9 15.5 14.5 14.0 755 37

22.8 19.9 17.8 17.0 17.0 474 24 18.0 17.9 15.5 14.5 14.0 583 26

20.8 19.3 16.6 15.5 15.3 1145 37 17.1 16.9 15.5 14.5 14.0 384 69

20.5 19.2 16.5 15.3 15.0 1599 64 16.6 16.4 15.5 14.5 14.0 745 32

20.1 20.1 16.9 15.2 15.1 1311 83 16.5 16.1 15.5 14.5 14.0 546 26

22.4 19.7 17.6 16.7 16.7 448 12 14.9 15.3 15.5 14.5 14.0 1512 182

22.2 19.7 17.4 16.5 16.5 538 47 14.3 14.9 15.0 14.5 14.0 514 17

21.9 19.6 17.3 16.4 16.4 534 30 13.8 14.5 15.0 14.5 14.0 1409 174

21.6 19.5 17.1 16.1 16.1 1235 221 13.4 14.1 15.0 14.5 14.0 1200 115

21.4 19.4 17.0 15.9 15.9 968 44 12.5 13.5 15.0 14.5 14.0 569 13

21.1 19.4 16.9 15.8 15.7 961 255 12.1 13.3 15.0 14.5 14.0 906 10

20.0 19.1 16.0 15.0 14.5 751 67 12.1 13.3 15.0 14.5 14.0 833 50

19.7 19.0 16.0 14.7 14.2 739 31 11.5 13.0 15.0 14.5 14.0 675 146

19.5 18.9 16.0 14.5 14.0 681 58 18.1 18.0 15.5 14.5 14.0 877 48

T. Plo.For.Razr2 fir–spruce–cedar forest 18.1 18.0 15.5 14.5 14.0 681 47

21.0 21.5 16.6 14.5 14.3 525 41 18.1 18.0 15.5 14.5 14.0 457 17

21.0 21.5 16.1 14.5 14.0 585 72 18.0 17.9 15.5 14.5 14.0 678 35

21.0 21.1 16.0 14.5 14.0 292 40 18.0 17.9 15.5 14.5 14.0 576 57

22.3 21.9 16.0 14.5 14.0 411 8 16.5 16.5 15.5 14.5 14.0 455 15

23.4 22.4 16.0 14.5 14.0 384 20 16.5 16.3 15.5 14.5 14.0 366 23

22.6 22.5 16.0 14.8 14.0 383 27 16.1 16.0 15.5 14.5 14.0 735 75

22.5 22.5 16.0 15.0 14.0 344 9 15.6 15.9 15.5 14.5 14.0 920 19

23.1 22.9 16.0 15.0 14.0 639 81 15.2 15.5 15.5 14.5 14.0 1550 179

22.8 22.5 16.0 15.0 14.0 583 29 12.5 13.5 15.0 14.5 14.0 296 32

T. Plo.For.Razr2.1 ir–spruce–cedar forest 12.5 13.5 15.0 14.5 14.0 326 18

22.0 21.9 16.0 15.0 14.0 471 22 12.5 13.5 15.0 14.5 14.0 272 40
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flux (SF, mg C–CH4/(m2 h)) from the soil in each of
the studied points and the median of the total respira�
tion of soil and grass–moss layers (TR, mg C–
CO2/(m2 h)):

SF СН4 = а TR + b, (1)

where a = –(0.000157 ± 0.000031) mg C–CH4/mg
C–СО2; b = 0.015 ± 0.014 mg C–CH4/(m2 h); and
the standard error of the regression is 0.018 mg
C⎯CH4/(m2 h) (figure). It can be seen that when the

respiration rate of plants increases, the specific meth�
ane consumption rate also increases. 

This relationship can be explained from the posi�
tions of two types of methanotrophy related to the
activity of free�living methanotrophs [24, 34, 35] and
plant�associated methanotrophs [23, 33, 38]. It should
be noted that 33% of the total methane consumed by
microorganisms is assimilated, and 60% is oxidized to
carbon dioxide [8]. 

Methanotrophic bacteria are known to be perma�
nently present in the phyllosphere and the rhizo�

Table 2. (Contd.)

Temperature, °C
Specific CO2 flux, 

mg C–CO2/
(m2 h)

Temperature, °C
Specific CO2 flux, 

mg C–CO2/
(m2 h)

air
soil, depth, cm

mean S* air
soil, depth, cm

mean S*
0 5 10 15 0 5 10 15

12.1 13.3 15.0 14.5 14.0 649 31 18.3 18.8 17.6 15.6 14.4 579 35

12.1 13.3 15.0 14.5 14.0 681 25 18.0 18.3 17.0 15.0 14.0 343 24

11.5 13.0 15.0 14.5 14.0 789 70 18.0 18.0 17.0 15.0 14.0 475 8

11.5 13.0 15.0 14.5 14.0 896 62 18.0 18.0 17.0 15.0 14.0 229 17

11.5 13.0 15.0 14.5 14.0 658 78 19.0 18.5 16.5 14.7 14.0 416 17

T. Plo.For.Iksa.R 
(measurement date 18.07.2013) spruce forest 19.0 18.5 16.5 14.7 14.0 335 9

23.6 21.6 16.0 15.6 15.2 291 7 18.8 18.5 16.5 14.8 14.0 422 133

23.6 21.6 16.0 15.6 15.2 265 8 18.5 18.1 16.5 14.7 14.0 465 29

23.6 21.6 16.0 15.6 15.2 266 9 18.5 18.0 16.5 14.8 14.0 517 68

23.6 21.6 16.0 15.6 15.2 452 15 18.6 18.5 16.5 14.8 14.0 390 23

23.2 21.2 15.9 15.5 15.0 346 20 19.0 18.5 16.5 14.7 14.0 364 37

23.2 21.2 15.9 15.5 15.0 367 79 19.0 18.5 16.5 14.8 14.0 387 37

21.7 20.1 15.5 15.0 14.9 352 28 18.8 18.5 16.5 14.8 14.0 300 56

21.7 20.1 15.5 15.0 14.9 400 8 18.5 18.3 16.5 14.9 14.0 307 15

21.4 20.0 15.5 15.0 14.8 451 87 18.0 18.0 16.6 15.0 14.0 420 8

21.4 20.0 15.5 15.0 14.8 422 12 18.4 18.0 16.5 15.0 14.0 391 14

23.0 21.0 15.5 15.0 15.0 345 12 19.0 18.5 16.5 14.8 14.0 356 20

23.0 21.0 15.5 15.0 15.0 191 41 18.5 18.5 16.5 14.9 14.0 303 50

23.2 21.0 15.5 15.0 15.0 376 88 18.8 18.5 16.5 14.9 14.0 344 10

23.2 21.0 15.5 15.0 15.0 288 53 18.5 18.0 16.5 14.9 14.0 367 11

22.0 20.5 15.5 15.0 15.0 426 56 18.0 18.0 16.5 14.8 14.0 331 29

22.0 20.5 15.5 15.0 15.0 408 18 18.0 18.0 16.5 14.8 14.0 367 6

21.0 19.7 15.5 15.0 15.0 518 33 18.8 18.4 16.5 14.8 14.0 421 94

21.0 19.7 15.5 15.0 15.0 495 24 18.5 18.0 16.5 14.9 14.0 357 20

20.5 19.5 15.5 15.0 15.0 481 121 18.1 18.0 16.5 14.8 14.0 292 11

20.5 19.5 15.5 15.0 15.0 254 49 17.9 17.8 16.5 14.9 14.0 295 100

T. Plo.For.Iksa.R 
(measurement date 19.08.2013) spruce forest 17.5 17.5 16.5 14.7 14.0 213 40

18.4 18.9 17.8 15.8 14.6 335 106 17.4 17.5 16.5 14.5 14.0 281 54

* (S) standard deviation.
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Table 3. Methane emission from taiga forests of Western Siberia, the Plotnikovo key plot

Temperature, °C CH4 flux, mg C–CH4/(m2 h)

air
soil, depth, cm

mean S
0 5 10 15

T. Plo.For.1.25, birch forest
18.7 16.6 13.4 11.8 11.8 –0.020 0.057
18.7 16.6 13.4 11.8 11.8 0.013 0.032
12.2 13.2 12.7 11.5 11.9 0.050 0.021
12.2 13.2 12.7 11.5 11.9 0.006 0.078
12.2 13.2 12.7 11.5 11.9 –0.012 0.469
12.2 13.2 12.7 11.5 11.9 –0.029 0.154

T. T.Plo.For.1.26 birch forest, southern taiga
23.8 21.3 14.5 13.7 12.3 –0.040 0.113
23.8 21.3 14.5 13.7 12.3 –0.016 0.139

T. Plo.For.Razr cedar–fir forest
23.5 20.1 18.2 17.6 17.6 –0.064 0.277
23.5 20.1 18.2 17.6 17.6 –0.151 0.045
21.9 19.6 17.3 16.4 16.4 –0.098 0.362
21.9 19.6 17.3 16.4 16.4 –0.085 0.086
20.4 19.2 16.4 15.2 14.9 –0.010 0.149
20.4 19.2 16.4 15.2 14.9 –0.149 0.101

Plo.For.Razr2 (on the right) and Razr2.1(on the left), fir–spruce–cedar forest
21.4 21.5 16.1 14.5 14.0 –0.007 0.136
21.4 21.5 16.1 14.5 14.0 –0.055 0.094
22.7 22.5 16.0 14.9 14.0 –0.045 0.268
22.7 22.5 16.0 14.9 14.0 –0.027 0.058
21.8 21.5 16.2 15.0 14.0 –0.052 0.290
21.8 21.5 16.2 15.0 14.0 –0.090 0.225

T. Birch.For birch forest
16.8 16.6 15.5 14.5 14.0 –0.113 1.362
16.8 16.6 15.5 14.5 14.0 –0.129 0.228
16.8 16.6 15.5 14.5 14.0 –0.122 0.035
15.6 15.8 15.5 14.5 14.0 –0.120 0.211
15.6 15.8 15.5 14.5 14.0 –0.095 0.097
15.6 15.8 15.5 14.5 14.0 –0.065 0.060

T. Plo.For.Iksa.R (measurement date 18.07.2013) spruce forest
28.2 19.4 16.9 16.6 – –0.54 0.30
28.7 20.8 19.0 17.5 – 0.07 0.09
31.7 23.6 20.4 19.7 – 0.16 0.07
30.7 22.5 20.0 19.5 – –0.01 0.32
27.3 22.0 20.0 19.5 – –0.16 1.01

– 22.0 21.0 19.5 – –0.02 0.05
T. Plo.For.Iksa.R (measurement date 19.08.2013) spruce forest

18.1 18.3 17.0 15.2 14.1 –0.037 0.261
18.3 18.2 16.6 14.9 14.0 0.000 0.200
18.7 18.3 16.5 14.8 14.0 –0.022 0.103
17.3 17.4 16.5 14.6 14.0 –0.264 0.338
17.3 17.4 16.5 14.6 14.0 –0.021 0.076
18.8 18.4 16.5 14.8 14.0 –0.070 0.307
18.0 17.8 16.5 14.8 14.0 –0.078 0.073

(Dash) Parameter was not measured. 
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sphere. The neutrophilic mesophilic methanotrophs
are associated with not only aquatic plants (hydro�
phythes), but also mesophilic terrestrial woody and
herbaceous plants (in particular, the formation of sta�
ble associations of methanotrophs with some grasses
and other plants was demonstrated in vitro) [5]. The
consumption of methane by rhizospheric bacteria may
be very significant [23, 33, 38].

The known relationship between the specific con�
sumption (and not specific flux) of methane by plant
roots (V, mg C–CH4/g dry root biomass per hour), or,
more precisely, by rhizospheric bacteria, and the con�
centration of methane in soil pores (С, mg C–
CH4/m3) is described by the Michaelis–Menten
equation:

Vr = Vr, maxC/(Kr, m + C ), (2)

Table 4. Some statistical parameters of the distributions of the measured specific CH4 and CO2 fluxes (mg C/(m2 h)) and
other integral parameters

Measurement point

Median of specific fluxes 
(number of measure�

ments) Variability (for the set 
of specific CO2 

fluxes)*

Mean temperature, °C

CO2 CH4 air
soil, depth, cm

0 5 10 15

T.Plo.For.1.25 76 (5) –0.00 (6) 0.26 14.8 14.5 13.0 11.6 11.9

T.Plo.For.1.26 195 (2) –0.03 (2) 0.10 23.5 21.7 15.5 14.5 12.9

Plo.For.Iksa.R 

18.07.2013 371 (20) –0.02 (6) 0.19 22.3 20.6 15.6 15.2 15.0

19.08.2013 361 (30) –0.04 (7) 0.15 18.4 18.2 16.6 14.9 14.0

Plo.For.Razr 745 (18) –0.09 (6) 0.38 21.8 19.6 17.2 16.3 16.3

Plo.For.Razr2 410 (9) –0.05 (3) 0.24 22.2 22.1 16.1 14.7 14.0

Plo.For.Razr2.1 470 (9) –0.05 (3) 0.13 21.6 21.3 16.4 15.0 14.0

Birch.For 664 (36) –0.12 (6) 0.26 15.2 15.7 15.3 14.5 14.0

* Calculated as the ratio of the difference between the third and first quartiles divided by 2 to the median of the set of specific CO2 fluxes.  

Table 5. Consumption of methane by soils in different forest ecosystems

Ecosystem
Measurement 
point coordi�

nates

Specific methane fluxes, mg
C–CH4/(m2 h) Source

Mixed forest on gray forest soils, broad�leaved forest zone 54.81° N, 
37.59° E

–0.05…–0.06 (May–October, 
mean monthly values)

[15]

Mixed forest on gray forest soils with different degrees of 
erosion, broad�leaved forest zone

54.82° N, 
37.58° E

–0.004…–0.04 (June–Septem�
ber, individual values)

[14]

Birch forest on tundra soils, forest�tundra zone 54.72° N, 
66.70° E

–0.01…–0.07 (June, mean 
monthly values)

[18]

Mixed pine–oak forest on gray forest soils, broad�leaved 
forest zone

43.94° N, 
69.57° E

–0.11 (June, mean monthly 
value)

[18]

Pine forest on podzolic soils, taiga zone 42.50° N, 
72.17° E

–0.10 (April–December, mean 
for 6 years)

[21]

Pine forest on podzolic soils, taiga zone 42.50° N, 
72.17° E

–0.12 (April–December, mean 
for 6 years)

[21]

Beech–oak forest on mountain�meadow soils, broad�leaved 
forest zone

51.00° N, 
9.85° E

–0.12 (April),
–0.11 (June)

[36]

Beech forest on podzolic soils, broad�leaved forest zone 51.57° N, 
10.17° E

–0.05 (April),
–0.04 (June)

[36]
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where Vr, max is the maximum specific consumption
rate by plant roots (mg C–CH4/g dry root biomass per
hour), and Kr, m is the Michaelis constant equal to the
methane concentration at which the methane con�
sumption rate is half of the maximum value (mg C–
CH4/m3). Under the assumption that the oxidation of
methane in the soil mainly occurs in the upper 15�cm
thick layer [17, 36, 37], the mean C value in this layer
of analogous soils is 0.65 ± 0.07 mg C–CH4/m3 [36,
37]. Highly variable values of Vr, max and K r, m are
reported by different authors; therefore, they
should be averaged to avoid gross errors. The mean
value of Kr, m is 59.2 ± 12.6 mg C–CH4/m3 [27, 33],
and the mean value of Vr, max is 0.023 ± 0.012 mg C–
CH4/g dry root biomass per hour. 

The respiration rate of living plant biomass Ilbvaries
among the different species growing under temperate
climatic conditions in the range from 0.5 to 2 mg C–
CH4/g dry root biomass per hour at 20°С[22]. From
other sources, for umbraticolous sciophytes under for�
est canopy, this value varies from 0.4 to 1.1 mg C at the
same temperature [41]. Therefore, we take Ilb = 1 ±
0.3 mg C–CO2/g dry root biomass per hour (our mea�
surements were also performed at temperatures close
to 20°С). Thus, the living aboveground biomass of the
grass–moss layer Bl (g dry organic matter/m2) can be
estimated as follows:

B l = (TR – RSR)/Ilb, (3)

where RSR is the respiration of soil and roots, mg C–
CO2/(m2 h). The mean RSR value is about 160 ±

40 mg C–CO2/(m2 h) for mixed forests on podzolic
soils in July–August [25, 39, 40]. The living above�
ground/root biomass ratio for the grass–moss layer (p)
varies in the range of 0.50–0.65 [26, 44]; hence, its
mean value is 0.57 ± 0.07. Thus, the root biomass Br (g
dry organic matter/m2) can be expressed as follows:

Br = p(TR – RSR)/Ilb. (4)

Then, the simulated value of СН4 consumption
due to the root�associated methanotrophy (Tm, mg
C–CH4/(m2 h)) can be expressed as follows:

Fma = p(TR – RSR)Vr, maxC/(( Kr, m + C ) Ilb). (5)

The calculated Fma values (average error was
0.025 mg C–СН4/(m2 h)) were found to be close to
the measured values of specific СН4 fluxes, and the
slope of the linear relationship between the Fma values
and the total soil respiration was –0.000202, which
well agreed with the slope of the relationship between
the specific СН4 fluxes and the total soil respiration
calculated from experimental data using linear regres�
sion: –(0.000157 ± 0.000031).

The activity of free�living methanotrophs can be
estimated from the data on the consumption of meth�
ane by the soil free from plants. In this case, the
Michaelis–Menten equation will be as follows:

Vs = Vs, maxC/(Ks,  m + C), (6)

where Vs, max is the maximum rate of specific con�
sumption by the soil (µg C–CH4/kg dry soil per hour),
and Ks, m is the Michaelis semisaturation constant for
soils (mg C–CH4/m3). According to literature data
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Relationship between the consumption of methane and the total respiration (TR) of the soil and the grass–moss layers: (1) medi�
ans of experimental data for each point; (2) linear regression on these data for specific fluxes (SFs) of CH4 = –(0.000157 ±
0.000031) TR + (0.015 ± 0.014), R2 = 0.81; (3) Fma values calculated from the medians of the measured values of total soil res�
piration for each point; (4) sum of the Fma values calculated from the medians of the measured values of total soil respiration for
each point and the calculated Fs value.
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[20, 35], Vs, max = 1.62 ± 4.26 and Ks, m 8.64 ± 27.24
(median ± standard deviation for the soils analogous
to those under study). Then, the consumption of
methane by the free�living methanotrophs can be cal�
culated from its consumption by the soil (Fs, mg C–
CH4/(m2 h)) using the following equation:

Fs = dhVs, (7)

where d is the soil density, kg/m3 (for the studied soils,
the typical value is 1200), and h is the thickness of the
soil layer in which an intensive oxidation of methane
by free�living methanotrophs occurs, m. As was noted
above, h can be taken equal to 0.15 ± 0.03 m. Then, Fs
is 0.022 ± 0.080 mg C–СН4/(m2 h).

Thus, the theoretically calculated sum of plant�
associated and free methanotrophies well agrees with
the experimentally measured values, although it
slightly exceeds them (figure). However, the per�
formed calculations have some vulnerabilities. At the
calculation of plant�related methanotrophy, the
parameters Vr, max and Kr, m for the Michaelis–Menten
equation were found in the literature only for the bog
and waterlogged ecosystems; therefore, their use for
forest ecosystems bears some risks. The calculation of
free methanotrophy involves the high variability of
parameters Vs, max and Ks, m, which can also make the
consumption prediction unreliable. Thus, the pre�
sented theoretical concept needs further support by
data. 

The effect of other factors like moisture, soil pH
and temperature [21], and mineral nitrogen inhibiting
the oxidation of methane [8] must also not be ignored;
however, no statistically significant correlation
between the soil temperature at any depth and the spe�
cific СН4 fluxes was found in the current work.

CONCLUSIONS

(1) The median of specific СН4 fluxes to the soil
was –0.05 mg C/(m2 h) for the entire set of measure�
ments (the negative flux indicates the consumption of
methane by the soil), which almost coincided with the
values recorded in other forest ecosystems of the
boreal zone.

(2) A statistically significant (R2 = 0.81) linear rela�
tionship was revealed between the specific СН4 fluxes
to the soil and the total respiration of the grass–moss
layer in forest ecosystems.

(3) The methane consumption by the soil with
consideration for root�related methanotrophy was
calculated from available literature data; from the
obtained results, the experimental values of specific
СН4 fluxes were predicted, and the relationship
between the consumption of methane by the soil and
the total respiration of the grass–moss layer was deter�
mined. The consideration of free methanotrophy not
related to plants resulted in an even better agreement
with the experimental data, which confirmed the
importance of both sinks for atmospheric methane. 
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