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INTRODUCTION

At present, urbanization is a global process,
though, according to some forecasts, the growth of cit�
ies on the planet may stop in 2050 [46]. The contribu�
tion of the cities to the global anthropogenic CO2
emission reaches 97% [47], which specifies their
importance in the planetary carbon cycle. To improve
the accuracy of such estimates, a more detailed analy�
sis of the influence of various aspects of urbanization
on the processes of the carbon cycle should be per�
formed. Soil respiration is one of the key components
of the carbon cycle. It has a complex nature and
reflects the intensities of both productive (respiration
of autotrophs) and destructive (respiration of het�
erotrophs) processes [34, 36]. 

There are many works devoted to the CO2 emission
from urban territories. Most of them are based on the
analysis of the fluxes of carbon dioxide with the use of
the Eddy covariance method [24, 29, 30, 50]. Other
works are based on the analysis of respiration of sam�
ples of urban soils under laboratory conditions [7, 37,
38]. The in situ measurements of soil respiration in the
cities have mainly been performed for open biotopes
(lawns) of artificial origin, mostly within the limits of
the cities [2, 22, 45, 52, 53], though they are some�
times compared with respiration from the natural ana�
logs of these ecosystems [32]. Data on the rates of soil
respiration under natural forests in the cities are very
scarce [24, 29]. 

One of the major factors related to urbanization is
the environmental pollution with heavy metals [42].
The studies of the impact of this factor on soil respira�
tion have mainly been performed in the ex situ condi�
tions of laboratory experiments in the course of deter�
mination of the microbial biomass by the method of
substrate�induced respiration [1, 26, 33, 41, 42, 51].
Studies of the impact of soil contamination with heavy
metals on the rate of soil respiration measured in situ
are not numerous and are relatively ambiguous [8, 17,
33, 43, 44]. 

The impact of recreation loads—a factor that usu�
ally accompanies urbanization—on soil respiration is
also insufficiently studied [21, 37]. The major soil dis�
turbances under the impact of recreation loads are
related to the increase in the density of the mineral
horizon and to the mechanical destruction of the litter
horizon [15].

To assess the impact of urbanization on soil respi�
ration in natural forest ecosystems growing in the cit�
ies, we have to compare the rates of soil respiration in
these ecosystems and in their analogs beyond the
impact zone of the cities. In this case, the notion of
urbanization implies multiple impacts on the biota of
the urban environment, except for recreation loads.
These impacts include the chemical, heat, light, and
noise pollution of the urban environment; the changes
in the microclimatic conditions; the fragmentation of
the biotopes; the destruction of natural landscapes;
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the construction of artificial landscapes; the invasion
of alien species; etc. In the large industrial cities, the
anthropogenic loads in the environment are related to
the urbanization proper and to recreation loads. To
distinguish between their impacts, we have to compare
suburban and urban biotopes with contrastingly differ�
ent recreation loads. Thus, the simplest experimental
design should include two sites subjected to strong
urbanization loads in the city and two analogous sites
in the suburban area (beyond the impact zone of the
city). In each of these pairs, one of the sites should be
subjected to considerably stronger recreation loads
than the other site. In this case, we can judge the influ�
ence of both urbanization and recreation loads on the
soil respiration. 

The aim of our study was to analyze changes in the
rates of the CO2 emission from the soil surface under
native pine forests in the impact zone of a large
industrial center (in Yekaterinburg) and beyond it.
The impacts of the urbanization factor and recre�
ation loads on the soil respiration were separately
assessed. 

OBJECTS AND METHODS

Field studies were performed during the growing
seasons of 2010–2011 on four sites with different com�
binations of the two studied factors: urbanization (U)
and recreation (R). Hereinafter, the presence of a
given factor is designated by the + sign; its absence is
designated by the – sign. Two of the studied sites are
located in Yekaterinburg: in the arboretum of the
Botanical Garden of the Ural Division of the Russian
Academy of Sciences (which is closed for visits by the
local population, so that significant recreation loads
on this site are absent) (U+ R–) and in the nearby
Yugo�Zapadnyi forest park subjected to considerable
recreation loads (U+ R+). Two sites beyond the
impact zone of the city are found 16 km to the south�
west of Yekaterinburg. One of them (in the area of
Lake Glukhoe) is rarely visited by people (U– R–),
whereas the other one (in the area of Lake Chusovk�
skoe) is subjected to strong recreation loads (U– R+). 

Yekaterinburg is an industrial megalopolis in the
Middle Urals; its area is about 50 000 ha, and its popu�
lation is about 1.4 million people. This is one of the
most strongly polluted cities in Russia [12]. In 2012,
industrial emissions of Yekaterinburg reached 215000 t
(including sulfur, carbon, and nitrogen compounds;
mineral dust; and heavy metals). The most significant
contribution to the atmospheric pollution in Yekater�
inburg (up to 85%) belongs to motor vehicles [5].

Forest parks occupy almost a quarter of Yekaterin�
burg (12 300 ha) [5]; most of them are of natural ori�
gin; i.e., they represent the remains of native forests in
the city. Most of the forests around the city are also of
natural origin. Thus, we could select analogous natural
objects to compare soil respiration under the impact of
urbanization and recreation loads on the soil biota. 

The main characteristics of the studied ecotopes in
the city and in its suburbs are comparable (Table 1).
Mature pine stands of moderately high stand density
were analyzed. The average age of the trees was about
120–140 years [20]. The pine stands of the city contain
the admixture of adventive species (American maple,
apple trees, lilac, bird cherry, shadbush, and cotoneas�
ter) in the well�developed understory (these species
are usually planted in the city). Synanthropic nitro�
phile species (Glechoma hederacea and Urtica dioica)
predominate in the ground cover in the city [6]. This
attests to the increased nitrogen content in the soil;
analytical determinations prove this fact (Table 1). 

The development of the understory leads to consid�
erable shadowing of the soil surface in the city; the
total canopy density reaches 75–85%; in the pine
stands of the suburbs, it is usually about 20%. Under
the shadow of the trees, the density of the layer of herbs
and small shrubs in the city is lower than that in the
suburbs. The soils of the city are also characterized by
a somewhat higher water content. On the site sub�
jected to strong recreation loads, the network of roads
and paths is well developed; the area subjected to
strong trampling loads reaches 10–40% of the total
area [6]. 

The soils of the studied sites are represented by typi�
cal and podzolized brown forest soils (burozems). They
are characterized by a slightly acid reaction. The con�
tents of heavy metals in the soils of the sites studied in
the city and beyond it are approximately the same
(Table 1). This contradicts the official information
about the high degree of soil contamination with heavy
metals in Yekaterinburg [5]. However, the official data
reflect the state of the soils in the central parts of the city
under the lawns, whereas our data concern the soils of
the peripheral part of Yekaterinburg under natural for�
ests that protect the soil from the direct input of the pol�
lutants from the atmosphere. The main differences of
the soils in the city from the soils in the suburban area
consist in higher pH values (by 0.2–0.5 pH units),
higher concentrations of nitrates and available nitrogen
compounds (by 2–5 times), and smaller thickness of
the litter horizons (by 1.5–1.7 times) [3]. 

The measurements of soil respiration were per�
formed by the closed dynamic chamber method [36]
with the use of an SR1LP (Qubit Systems, Canada)
soil respiration package. The chamber was inserted
into the soil (to the depth of 1–2 cm) for 2–3 min.
After insertion, air circulation took place in the closed
systems consisting of the chamber itself (10 cm in
diameter), the flow meter, and the infrared gas ana�
lyzer connected to a computer. The flow rate was 450–
500 mL/min. The concentration of carbon dioxide
released from the soil into this closed system usually
increases linearly. The rate of the soil respiration was
computed from the slope of the curve showing the
accumulation of CO2 in the system with consideration
for its volume and the area covered by the chamber.
For such calculations, a segment of the linear curve
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with the highest determination coefficient (>0.97)
obtained at least 30 s after the beginning of the mea�
surements was used. 

The soil temperature was measured with the help of
a soil temperature probe (included in the package)
with the accuracy of 0.1°C. The volumetric soil water
content was measured by a soil moisture sensor
(Delta�T Devices, United Kingdom) with the accu�
racy of 0.1%. The measurements of the soil moisture
and temperature were performed at the point of the gas
flux measurements at the depth of 5 cm. 

On each of the sites, three sample plots 25 × 25 m
in size were investigated (overall, 12 sample plots). The
measurements of soil respiration were performed on
these plots at ten randomly selected points spaced at

least 5 m apart from one another. The measurements
were not performed close to the trunks (>1 m) or
immediately under the paths. There were seven rounds
of measurements: three rounds in 2010 (at the begin�
ning of June, in the middle of August, and at the end
of September) and four rounds in 2011 (in the middle
of May, at the end of July, in the middle of October,
and at the end of September). Each time, the mea�
surements were performed at different points. Data on
weather conditions during the period of measurements
are presented in Table 2. 

The measurements of soil respiration were per�
formed in the middle of the day (10 a.m. to 4 p.m. local
time). To minimize possible shifts of the respiration
activity because of its daily dynamics, the plots were vis�

Table 1. Characterization of the studied plots

Parameter
U– U+

R– R+ R– R+

Soil

Bulk density of the A1 horizon, g/cm3* 0.84 0.78 0.84 0.84

Thickness of the litter, cm* 1.4 1.4 0.8 0.9

 

A0 horizon 5.3 5.3 5.7 5.7

A1 horizon 5.5 5.5 5.6 5.7

Base saturation, %**

A0 horizon 31 22 51 56

A1 horizon 41 45 45 57

Contents, mg/100 g soil**

P2O5

A0 horizon 37.5 17.5 20 43.45

A1 horizon 10 7.3 2.5 6.9

Hydrolyzable N compounds

A0 horizon 22.4 12.6 30.7 43.6

A1 horizon 6.1 3.7 5.6 6.9

Storage in the layer of 0–50 cm, mg/m2*

Cu 7.5 9.2 11.4 6.5

Pb 4.2 5.4 5.1 5.0

Cd 0.1 0.2 0.1 0.1

Zn 10.3 11.8 9.5 8.2

Vegetation

Projective cover of the ground vegetation layer, 
%***

79.2 65.8 40.0 30.8

Phytomass of the ground vegetation layer, g/m2*** 90.4 40.4 6.8 19.2

Portion of synanthropic species in the projective 
cover, %***

0 21.1 88.2 88.3

Timber storage, m3/ha**** 523.9 447.8 343.5 464.7

* Data of S.Yu. Kaigorodova. ** Data from [3]. *** Data from [6] **** Data from [20].

pHH2O**
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ited at different times (during the given round of mea�
surements). As the measurements were performed on
many plots, a narrower time interval for them (e.g., over
a period of 1–3 h) would prolong the duration of a given
round up to 4–7 days, and this could lead to an even
greater error because of the weekly and seasonal
dynamics of the soil respiration, since these compo�
nents of respiration variability are more significant than
the daily dynamics [11]. A three�way ANOVA was
applied for the statistical treatment of the data, and
Tukey’s range test was used for multiple comparisons. 

RESULTS

The rate of soil respiration ranged from 103 to
1777 mg CO2/m2 per h on the suburban plots and
from 103 to 1076 mg CO2/m2 per h on the urban plots
(Fig. 1). The seasonal dynamics of soil respiration
were clearly pronounced on all the plots; the maxi�
mum rates were observed in the summer. At the end
of the growing season, soil respiration on the subur�
ban and urban plots was 1.8–3.3 and 0.9–2.5 times
lower than that in the middle of the summer, respec�
tively. The most pronounced difference between res�
piration intensities on the urban and suburban plots
was observed in the summer: soil respiration in the
city was 1.9–3.5 times lower than that in its suburbs
(at p < 0.05). In the spring and fall months, the differ�
ence was statistically insignificant (p = 0.1–1.0); in
the most contrasting case, soil respiration on the sub�
urban plots was 1.6 times higher than that on the
urban plots. In other words, at low temperatures, soil
respiration on the urban and suburban plots was
approximately the same. The interaction between the
effects of the round of measurements and the urban�

ization (“round × urbanization”) was significant in
both years of our study (Table 4). 

The results of a three�way ANOVA performed for
both years showed significant differences between respi�
ration intensities in different rounds and on the plots
with different urbanization and recreation loads. The
influence of recreation loads on soil respiration was
ambiguous. In 2010, soil respiration on the plots under
recreation loads was 1.2 times lower than that on the
plots without recreation loads. In 2011, the average rate
of soil respiration on the plots subjected to recreation
loads was 1.1 times higher than that on the plots without
recreation loads (Table 3). The “urbanization × recre�
ation” interaction was significant in 2010, and the
“round × recreation” interaction was significant in
2011. Such an inconstancy indirectly attests to the weak
influence of the recreation factor. 

Table 2. Characterization of weather conditions in the periods of measurements

Parameter

Dates of measurements

2010 2011

June 2–3 Aug. 18–20 Sept. 28 May 18–20 June 26 Oct. 11–12 Oct. 20–21

Weather conditions on days of measurements

Soil temperature, °C* 11.5 ± 0.2 12.6 ± 0.3 8.6 ± 0.1 8.0 ± 0.1 19.4 ± 0.3 10.4 ± 0.1 6.2 ± 0.0

Soil moisture, %* 29.4 ± 0.8 8.4 ± 1.1 11.9 ± 0.7 19.2 ± 0.5 27.5 ± 1.1 20.7 ± 1.1 18.8 ± 0.9

Air temperature, °C** 16.3 14.0 5.6 13.7 24.8 13.3 4.5

Air moisture, %** 88.6 69.2 75.5 52.5 61.1 63.1 74.9

Weather conditions 10 days before the measurements**

Mean daily air temperature, °C 13.5 21.1 13.4 9.6 19.6 7.7 8.7

Mean daily air moisture, % 65.5 59.1 63.9 45.9 78.8 87.1 70.4

Precipitation, mm 39.4 8.7 10.8 0 23.5 53.6 0.8

* Mean ± error of the mean; calculations are made for separate measurements (n = 120). **According to the Weather Archive website (rp5.ru). 

Table 3. Emission of carbon dioxide (mg CO2/m2 per h)
from the urban and suburban plots (mean ± standard error;
the calculations are made for sample plots, n = 3)

Year and date 
of the beginning 
of measurement

U– U+

R– R+ R– R+

2010
June 2 1091 ± 9 909 ± 76 492 ± 13 478 ± 97
Aug. 18 887 ± 15 730 ± 24 231 ± 1 232 ± 6
Sept. 28 596 ± 18 489 ± 14 571 ± 19 482 ± 7
2011
May 18 511 ± 41 277 ± 22 244 ± 9 277 ± 44
June 26 1480 ± 9 1678 ± 11 750 ± 7 863 ± 18
Oct. 11 990 ± 47 1158 ± 34 677 ± 19 696 ± 42
Oct. 20 493 ± 36 514 ± 10 305 ± 12 399 ± 14
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The coefficient of variation of the soil respiration
ranged within 13–31% (22.5% on average) as calcu�
lated for individual measurements. No regular changes
in this coefficient on different plots and during different
rounds of the measurements were noted. The absolute
values of variation (amplitude) of the CO2 emission in
summer reached 1000 mg CO2/m2 per h on the subur�
ban plots and 800 mg CO2/m2 per h on the urban plots
(Fig. 1). In the spring and fall (upon low soil tempera�
tures), the amplitude of variation of the CO2 emission
was 1.5–3.5 times smaller. The values obtained on dif�
ferent plots at least partially overlapped during all the
rounds of the measurements. 

The relationships between the particular compo�
nents of the total variance in 2010 and 2011 were dif�
ferent. Thus, the difference between the rounds con�
tributed to about 10% of the total variance in 2010 and
to more than 60% in 2011 (Fig. 2). The urbanization
factor explained 65% of the total variance in 2010 and
only 25% in 2011. The effect of the recreation factor
was only seen in 2010 and contributed to about 2% of
the total variance. 

DISCUSSION

The rates of soil respiration on the suburban plots in
the summer months (800–1400 mg CO2/m2 per h) are

close to the values reported for soil respiration under
forests of the temperate zone (in mg CO2/m2 per h):
300–1400 [4], 440–1060 [8], 1000–1500 [13], 625–
1100 [17], and 690–1800 [33]. The spatial variability of
soil respiration is also close to that typical of natural
soils [36]; the coefficients of variation calculated by us
are close to those reported for the middle taiga zone [9].
The seasonal pattern of changes in the rate of the
CO2 emission with a maximum in the summer months
is similar to the pattern described for the southern taiga
soils [12]. 

As the measurements on particular days lasted from
10 a.m. to 4 p.m., some variability in the rates of soil
respiration could reflect its daily dynamics controlled
by the soil temperature and by the time lag between
photosynthesis and the input of its products to the
roots [11, 35, 36]. To level this variability, it is recom�
mended to perform respiration measurements during
relatively short time intervals in the morning (9 to
12 a.m. [12, 27] or 10 to 11 a.m. [11]). The rate of soil
respiration in these hours is close to the mean daily
rate. However, under the forest canopy, the daily
dynamics of soil respiration are less pronounced than
those under open biotopes [25]. This is explained by
the narrower range of soil temperature fluctuations
under the forest canopy [36] and by the lower temper�
ature sensitivity of soil respiration [10]. Hence, an
enlarged interval of respiration measurements under
the forests is not critical (in comparison with that for
the open (not shadowed) biotopes. At the same time,
we should take into account the fact that the obtained
coefficient of variation of soil respiration on the stud�
ied plots reflects not only the spatial variation but also
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the temporal (daily dynamics) variation in the inten�
sity of this process. 

In general, however, the daily variability in the rate
of soil respiration (within the studied time interval)
was relatively small; the average difference in soil tem�
peratures for all the plots within the given round of
measurements was 17 ± 3%. This is a relatively small
difference, and it could not significantly affect the
intensity of soil respiration. The maximum absolute
difference in soil temperatures between the plots in the
given round was recorded in August 2010 for the two
suburban plots; it reached 3°C. The rates of soil respi�
ration on these plots differed by 20%. This difference
is much smaller than the average difference between
the suburban and urban plots—more than 200%. 

The results obtained by us attest to a clearly pro�
nounced negative influence of the urbanization factor
on soil respiration. This conclusion is in agreement
with the results obtained by Chen et al. [24] on soil res�
piration in forest ecosystems, but contradicts the
materials on soil respiration of city lawns and open
native suburban biotopes [32].

Different environmental factors that specify multi�
ple action of urbanization on the ecosystems may exert
differently directed (though, mainly adverse) impacts
on the autotrophic and heterotrophic components of
soil respiration. On one hand, atmospheric pollution,
increased density of the soils, and unbalanced state of
major nutrients (nitrogen, phosphorus, and potas�
sium) suppress plant growth [16], hamper root coloni�
zation by mycorrhizal fungi [28], and decrease the
diversity of mycorrhizal fungi [40], which should lead
to a decrease in root respiration. On the other hand,
the heat pollution in the cities extends the period with
biologically active soil temperatures (>10°C), during
which active growth of the roots of trees and shrubs in
the temperate zone is observed [28]. The increased
CO2 concentration in the air of the cities [47] improves
the conditions of photosynthesis. These factors may
exert favorable influence on the intensity of root respi�
ration. The microbial activity of soils in urban ecosys�

tems is usually suppressed, which is usually related to
the adverse impact of the increased concentrations of
heavy metals [16, 41, 42, 47, 51] on the biomass and
diversity of soil microorganisms. 

In addition, urbanization may affect the physical
mechanisms of the emission of carbon dioxide from
the soil surface in the city via decreasing wind velocity
[16] and increasing CO2 concentration in the atmo�
sphere [47]. The higher bulk density of the mineral soil
horizons in the cities may slow down the CO2 diffusion
from the soil into the atmosphere. 

In our study, the concentrations of heavy metals on
all the plots were very similar (Table 1). Thus, we can
suppose that the negative impact of urbanization on
soil respiration processes under the forest canopy is
not directly related to the soil contamination. It is
probable that an indirect impact of changes in the veg�
etation cover is more important. The appearance of
adventive species in the understory increased the shad�
owing of the lower vegetation stories and weakened the
development of herbs in the ground layer. The projec�
tive cover and the aboveground phytomass of the
ground vegetation layer in the city are 2–10 times
lower than those in the analogous ecosystems in the
suburbs [6]. Though we have not directly determined
the pools of the underground phytomass on the stud�
ied plots, this fact allows us to assume that the number
of roots contributing to the soil respiration in the
urban forests is much lower than that in the suburban
forests. According to different estimates, the contribu�
tion of the root respiration to the total soil respiration
may vary from 10 to 90% (on the average, about 50%)
[30, 31, 48]. It is probable that the difference in the
CO2 efflux from the soils of the urban and suburban
plots in the middle of the growing seasons is related to
the lower contribution of root respiration to the total
soil respiration in the urban forests. The productivity
of the lower (ground vegetation) layer plays the major
role in this difference, because the biomass of the trees
is approximately the same on all the plots (Table 1). 

Table 4. The results of a three�way ANOVA to study the differences in soil respiration between different rounds of measurements
and the levels of urbanization and recreation loads

Source of variance
2010 2011 

df1 F p df1 F p

Round 2 42.6 <0.0001 3 733.8 <0.0001

Urbanization 1 299.1 <0.0001 1 627.3 <0.0001

Recreation 1 17.3 0.0004 1 14.0 0.0007

Round × urbanization 2 69.3 <0.0001 3 100.7 <0.0001

Round × recreation 2 0.2 0.8478 3 14.8 <0.0001

Urbanization × recreation 1 6.8 0.0155 1 0.9 0.3554

Round × urbanization × recreation 2 1.2 0.3195 3 11.4 <0.0001

F is Fisher's test, p is the significance level, and df1 is the number of degrees of freedom for the given factor. The calculations are made for sample plots.
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The changes in the soil respiration observed during
different rounds can be attributed to seasonal changes in
the soil moisture and temperature. In the cold periods
(September 28, 2010; May 15, 2011; and October 20,
2011), when the soil temperature dropped below +8°C,
the difference between the rates of respiration on the
urban and suburban plots virtually disappeared. Taking
into account a much higher temperature sensitivity of
the roots in comparison with temperature sensitivity of
the microorganisms [10, 23], this fact can be considered
indirect evidence in favor of our hypothesis of the deci�
sive role of root respiration in the differences between
the rates of soil respiration on the urban and suburban
plots. A decrease in the rate of root respiration in the fall
can be related not only to the drop in the soil tempera�
ture but also to the seasonal decrease in the intensity of
photosynthesis in the period of transition of the plants
to the dormant state, because the intensity of photosyn�
thesis is also an important factor affecting soil respira�
tion [14, 35]. 

Summing up this discussion, we argue that the
lower intensity of soil respiration in the urban pine
stands in comparison with their suburban (beyond the
impact zone of the city) analogs can be explained as
follows. Under the impact of urbanization, tree and
shrub species typical of the understory of pine stands
in the studied region were suppressed and replaced by
adventive (introduced) species [6]. The active devel�
opment of the latter resulted in the strong shadowing
of the lower (ground vegetation) layer. The phytomass
of herbs and low shrubs in the urban pine stands
decreased considerably in comparison with that in the
undisturbed native pine stands. The lowering of the
aboveground phytomass of herbs and shrubs was also
accompanied by the decrease in the number of actively
respiring roots, which led to the significant difference
between the intensities of soil respiration on the urban
and suburban plots. 

The impact of the recreation factor on the soil is
mainly related to the trampling loads [15] that increase
the bulk density of the mineral soil horizons. In turn,
this may enhance anaerobic processes, reduce the
organic matter content, and decrease respiration
intensity. Some authors argue that recreation loads may
increase the CO2 emission from the soil surface [21]; in
other works, the negative impact of recreation loads on
the soil respiration is shown [37]. In our study, the
impact of recreation loads on the soil respiration was
positive in the first year and negative in the second year
of measurements. However, in both cases, its influence
was not strong. It should be stressed, however, that we
measured soil respiration beyond the network of roads
and paths created by the recreation loads. Thus, the
influence of this factor on the soil respiration could be
underestimated. 

CONCLUSIONS

The analysis of the intensity of soil respiration under
pine forests in Yekaterinburg and in its suburbs showed
the negative influence of urbanization on the CO2
emission from the soil surface. In comparison with the
urbanization factor proper, the influence of the recre�
ation factor on the soil respiration was relatively small
and differently directed in different periods. The influ�
ence of the urbanization factor was significant. The rate
of the CO2 emission in the middle of the growing sea�
son from the soils of pine stands in the city was a factor
of two lower than that in the suburban pine stands. The
suppressive effect of urbanization on the rate of soil res�
piration has an indirect character: it is related to
changes in the species composition of the pine stands
with the suppression of the herbaceous cover rather
than to the direct impact of atmospheric pollution. 

Thus, the urban environment exerts a significant
negative impact on the intensity of the CO2 emission
from the soils of pine stands. Taking into account the
global sprawl of urbanization processes in the modern
world and the significant role of anthropogenic emis�
sion of carbon dioxide in the carbon budget of the cit�
ies, our finding about the decreased soil respiration
under urban forests can be interpreted as a specific
compensatory mechanism preventing the excessive
accumulation of this greenhouse gas in the atmo�
sphere of the cities. In turn, this conclusion implies
the necessity of further examination of the influence of
urbanization processes on the global carbon cycle. 

ACKNOWLEDGMENTS

This study was supported by the Ural Division of the
Russian Academy of Sciences (project nos. 12�I�4�
2057 and 12�P�1057) and by the Russian Foundation
for Basic Research (project no. 12�04�31517�mol_a). 

We are grateful to S.Yu. Kaigorodova for submitting
data on the soils of Yekaterinburg. 

REFERENCES

1. N. D. Anan’eva, E. V. Blagodatskaya, and
T. S. Demkina, “Estimating the resistance of soil
microbial complexes to natural and anthropogenic
impacts,” Eurasian Soil Sci. 35 (5), 514–521 (2002).

2. V. I. Vasenev, N. D. Anan’eva, and K. V. Ivashchenko,
“The effect of pollutants (heavy metals and diesel fuel)
on the respiratory activity of constructozems (artificial
soils),” Russ. J. Ecol. 44 (6), 475–483 (2013).

3. D. V. Veselkin and S. Yu. Kaigorodova, “Structure of
endomycorrhiza of Scotch pine in urban forests as
related the agrochemical soil properties,” Agrokhimiya,
No. 11, 63–71 (2013).

4. T. V. Glukhova, S. E. Vompersky, and A. G. Kovalev,
“Emission of CO2 from the surface of oligotrophic bogs
with due account for their microrelief in the southern
taiga of European Russia,” Eurasian Soil Sci. 46 (12),
1172–1181 (2013).



EURASIAN SOIL SCIENCE  Vol. 48  No. 1  2015

THE IMPACT OF A LARGE INDUSTRIAL CITY ON THE SOIL RESPIRATION 113

5. Governmental Report “On the State and Protection of the
Environment in Sverdlovsk Oblast in 2012 (Yekaterin�
burg, 2013) [in Russian].

6. N. V. Zolotareva, E. N. Podgaevskaya, and S. A. Shav�
nin, “Changes in the structure of the upper soil layer in
pine forests affected by urban industrial pollution,” Izv.
Orenb. Gos. Agr. Univ. 5 (37), 218–221 (2012).

7. K. V. Ivashchenko, N. D. Ananyeva, V. I. Vasenev,
V. N. Kudeyarov, and R. Valentini, “Biomass and respi�
ration activity of soil microorganisms in anthropogeni�
cally transformed ecosystems (Moscow region),” Eur�
asian Soil Sci. 47 (9), 892–903 (2014).

8. M. S. Kadulin and G. N. Koptsik, “Emission of CO2 by
soils in the impact zone of the Severonikel smelter in
the Kola subarctic region,” Eurasian Soil Sci. 46 (11),
1107–1116 (2013).

9. I. N. Kurganova and V. N. Kudeyarov, “Assessment of
carbon dioxide effluxes from soils of the taiga zone of
Russia,” Eurasian Soil Sci. 31 (9), 954–965 (1998).

10. I. N. Kurganova, Doctoral Dissertation in Biology
(Moscow, 2010).

11. A. A. Larionova and L. N. Rozova, “Diurnal, seasonal,
and annual dynamics of CO2 emission from soil,” in
Soil Respiration (Otd. Nauchno�Tekh. Inform.,
Pushch. Nauchn. Tsentra, 1993), pp. 59–68.

12. V. O. Lopes De Gerenyu, I. N. Kurganova, L. N. Roza�
nova, and V. N. Kudeyarov, “Annual emission of carbon
dioxide from soils of the southern taiga zone of Russia,”
Eurasian Soil Sci. 34 (9), 931–944 (2001).

13. A. V. Mashika, “Carbon dioxide emission from the sur�
face of podzolic soils,” Eurasian Soil Sci. 39 (12),
1312–1317 (2006).

14. A. V. Naumov, “Respiration of the root systems,” Bot.
Zh., No. 8, 1099–1113 (1981).

15. M. S. Oborin, “Specificity of the analysis of recreation
and anthropogenic loads caused by sanatoria�health
resorts and touristic activity,” Geogr. Vestn., No. 2, 19–
24 (2010).

16. V. I. Savich, E. A. Romanchik, B. Ortega, A. V. Alarkon,
and F. N. Rodrigez, “City soils and their formation,” Izv.
Timiryazevsk. S–kh. Akad., No. 3, 3–28 (2003).

17. I. A. Smorkalov and E. L. Vorobeichik, “Soil respira�
tion of forest ecosystems in gradients of environmental
pollution by emissions from copper smelters,” Russ. J.
Ecol. 42 (6), 464–470 (2011).

18. V. I. Sturman, “Natural and technogenic factors of
atmosphere pollution in Russian cities,” Vestn. Udmurt.
Univ., Biol. Nauki Zemle, No. 2, 15–29 (2008).

19. O. V. Tolkach and O. E. Dobrotvorskaya, “State of
young growth in the green zones of Yekaterinburg,” Izv.
Samar. Nauchn. Tsentra, Ross. Akad. Nauk 13 (1),
919–921 (2011).

20. C. A. Shavnin, V. A. Galako, S. L. Menshchikov,
V. E. Vlasenko, and V. N. Marushchak, “Forest taxa�
tion assessment of the environmental conditions in for�
ests affected by recreation loads and technogenic pollu�
tion,” Izv. Orenb. Gos. Agr. Univ. 27 (3), 37–41 (2010).

21. A. K. Yuzbekov and V. V. Timoshenko, “Influence of
recreation loads on the CO2 emission from the soil sur�
face in forest ecosystems of Valdaiskii National Park,”
Vestn. Ross. Univ. Druzhby Nar., No. 4, 72–77 (2011).

22. S. E. Allaire, C. Dufour�L’Arrivée, J. A. Lafond,
R. Lalancette, and J. Brodeur, “Carbon dioxide emis�
sions by urban turfgrass areas,” Can. J. Soil Sci. 88 (4),
529–532 (2008).

23. R. D. Boone, K. J. Nadelhoffer, J. D. Canary, and
J. P. Kaye, “Roots exert a strong influence on the tem�
perature sensitivity of soil respiration,” Nature 396
(6711), 570–572 (1998).

24. W. Chen, X. Jia, T. Zha, B. Wu, Y. Zhang,
C. Li, X. Wang, G. He, H. Yu, and G. Chen, “Soil res�
piration in a mixed urban forest in China in relation to
soil temperature and water content,” Eur. J. Soil. Biol.
54, 63–68 (2013).

25. Y. Chen, J. Luo, W. Li, D. Yu, and J. She, “Comparison
of soil respiration among three different subalpine eco�
systems on eastern Tibetan Plateau, China,” Soil Sci.
Plant Nutr. 60 (2), 231–241 (2014).

26. M. F. Cotrufo, A. V. De Santo, A. Alfani, G. Bartoli,
and A. De Cristofaro, “Effects of urban heavy metal
pollution on organic matter decomposition in Quercus
ilex L. woods,” Environ. Pollut. 89 (1), 81–87 (1995).

27. S. D. Day, P. E. Wiseman, S. B. Dickinson, and
J. R. Harris, “Tree root ecology in the urban environ�
ment and implications for a sustainable rhizosphere,”
Arboricult. Urban For. 36 (5), 193–205 (2010).

28. E. A. Davidson, E. Belk, and R. D. Boone, “Soil water
content and temperature as independent or con�
founded factors controlling soil respiration in a temper�
ate mixed hardwood forest,” Global Change Biol. 4 (2),
217–227 (1998).

29. C. S. B. Grimmond, T. S. King, F. D. Cropley,
D. J. Nowak, and C. Souch, “Local�scale fluxes of car�
bon dioxide in urban environments: Methodological
challenges and results from Chicago,” Environ. Pollut.
116, suppl. 1, 243–254 (2002).

30. P. J. Hanson, N. T. Edwards, C. T. Garten, and
J. A. Andrews, “Separating root and soil microbial
contributions to soil respiration: a review of methods
and observations,” Biogeochemistry 48 (1), 115–146
(2000).

31. H. M. Helal and D. Sauerbeck, “Short term determi�
nation of the actual respiration rate of intact plant
roots,” in Plant Roots and Their Environment (Elsevier,
Amsterdam, 1991), pp. 88–92.

32. J. P. Kaye, R. L. McCulley, and I. C. Burke, “Carbon
fluxes, nitrogen cycling, and soil microbial communi�
ties in adjacent urban, native and agricultural ecosys�
tems,” Global Change Biol. 11 (4), 575–587 (2005).

33. M. V. Kozlov, E. L. Zvereva, and V. E. Zverev, Impacts of
Point Polluters on Terrestrial Biota: Comparative Analysis
of 18 Contaminated Areas (Springer, Dordrecht, 2009).

34. J. Kruse, J. Simon, and H. Rennenberg, “Soil respira�
tion and soil organic matter decomposition in response
to climate change,” Dev. Environ. Sci. 13, 131–149
(2013).

35. Y. Kuzyakov and O. Gavrichkova, “Review: time lag
between photosynthesis and carbon dioxide efflux from
soil: a review of mechanisms and controls,” Global
Change Biol. 16 (12), 3386–3406 (2010).

36. Y. Luo and X. Zhou, Soil Respiration and the Environ�
ment (Academic Press, Burlington, 2006).



114

EURASIAN SOIL SCIENCE  Vol. 48  No. 1  2015

SMORKALOV, VOROBEICHIK

37. M. Malmivaara�Lämsä, L. Hamberg, E. Haapamäki,
J. Liski, D. J. Kotze, S. Lehvävirta, and H. Fritze,
“Edge effects and trampling in boreal urban forest frag�
ments – impacts on the soil microbial community,”
Soil Biol. Biochem. 40 (7), 1612–1621 (2008).

38. B. Marschner and W. Wilczynski, “The effect of liming
on quantity and chemical composition of soil organic
matter in a pine forest in Berlin, Germany,” Plant Soil.
137 (2), 229–236 (1991).

39. E. Nemitz, K. J. Hargreaves, A. G. McDonald,
J. R. Dorsey, and D. Fowler, “Micrometeorological
measurements of the urban heat budget and CO2
emissions on a city scale,” Environ. Sci. Technol. 36
(14), 3139–3146 (2002).

40. T. Ochimaru and K. Fukuda, “Changes in fungal com�
munities in evergreen broad�leaved forests across a gra�
dient of urban to rural areas in Japan,” Can. J. For. Res.
37 (2), 247–258 (2007).

41. H. Ohya, S. Fujiwara, Y. Komai, and M. Yamaguchi,
“Microbial biomass and activity in urban soils contam�
inated with Zn and Pb,” Biol. Fertil. Soils 6 (1), 9–13
(1988).

42. S. Papa, G. Bartoli, A. Pellegrino, and A. Fioretto,
“Microbial activities and trace element contents in an
urban soil,” Environ. Monit. Assess 165 (1–4), 193–
203 (2010).

43. P. W. Ramsey, M. C. Rillig, K. P. Feris, J. N. Moore,
and J. E. Gannon, “Mine waste contamination limits
soil respiration rates: a case study using quantile regres�
sion,” Soil Biol. Biochem. 37 (6), 1177–1183 (2005).

44. P. W. Ramsey, M. C. Rillig, K. P. Feris, N. S. Gordon,
J. N. Moore, W. E. Holben, and J. E. Gannon, “Rela�
tionship between communities and processes: new
insights from a field study of a contaminated ecosys�
tem,” Ecol. Lett. 8 (11), 1201–1210 (2005).

45. Q. Sun, H. L. Fang, J. Liang, X. W. Qian, M. D. Liu,
Q. F. Zhang, R. J. Hao, and G. J. Hao, “Soil respiration
characteristics of typical urban lawns in Shanghai,”
Chin. J. Ecol. 28 (8), 1572–1578 (2009).

46. A. Svirejeva�Hopkins, H. J. Schellnhuber, and
V. L. Pomaz, “Urbanized territories as a specific com�
ponent of the Global Carbon Cycle,” Ecol. Model. 173
(2–3), 295–312 (2004).

47. A. Svirejeva�Hopkins and H. J. Schellnhuber, “Urban
expansion and its contribution to the regional carbon
emissions: using the model based on the population
density distribution,” Ecol. Model. 216 (2), 208–216
(2008).

48. J. Swinnen, “Evaluation of the use of a model
rhizodeposition technique to separate root and micro�
bial respiration in soil,” Plant Soil. 165 (1), 89–101
(1994).

49. H. A. Takahashi, E. Konohira, T. Hiyama, M. Minami,
T. Nakamura, and N. Yoshida, “Diurnal variation of
CO2 concentration, Δ14C and δ13C in an urban forest:
Estimate of the anthropogenic and biogenic CO2 con�
tributions,” Tellus, Ser. B 54 (2), 97–109 (2002).

50. F. P. Vaccari, B. Gioli, P. Toscano, and C. Perrone,
“Carbon dioxide balance assessment of the city of Flo�
rence (Italy), and implications for urban planning,”
Landscape Urban Plan. 120, 138–146 (2013).

51. Y. Yuangen, E. Paterson, and C. D. Campbell, “Urban
soil microbial features and their environmental signifi�
cance as exemplified by Aberdeen city, UK,” Chin. J.
Geochem. 20 (1), 34–44 (2001).

52. G. X. Zhang, J. Xu, G. B. Wang, S. S. Wu, and
H. H. Ruan, “Soil respiration under different vegeta�
tion types in Nanjing urban green space,” Chin. J. Ecol.
29 (2), 274–280 (2010).

53. M. Zimnoch, J. Godlowska, J. M. Necki, and
K. Rozanski, “Assessing surface fluxes of CO2 and CH4
in urban environment: a reconnaissance study in Kra�
kow, Southern Poland,” Tellus, Ser. B 62 (5), 573–580
(2010).

Translated by D. Konyushkov


