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Urbanization is a global land-use change tendency, responsible for substantial environmental changes.
At the same time urban ecosystems are vulnerable to global changes, and their adaptation is necessary
to maintain sustainable functionality and important ecosystem services. Sustainable urban development
demands for integration of innovative green technologies and natural-based solutions in urban management,
which is only possible through a collaboration of scientists, landscape designers, civil engineers and
policy-makers.

Key words: urbanization, green areas, urban soils, ecosystem services, green technologies, natural
based solutions

Globally, urbanization is growing rapidly with more than two thirds of the world
population expected to live in cities by 2050 [9; 1]. Urbanization influences the environ-
ment and human well-being by e.g. contributing to climate change, soil degradation
and biodiversity reduction. At the same time, urban ecosystems are very sensitive to
global changes, and their adaptation is necessary to maintain sustainable functionality
and the most important ecosystem services [5].

Historically, urbanization was mainly studied as a potential environmental threat,
resulting in such as soil, water and atmospheric, forest degradation and biodiversity loss.
Numerous evidences of the unfavorable ecological state of urban environments accu-
mulated by the beginning of 21* century [8; 3]. Urbanization alters vegetation, soil and
fluxes of substances and energy. An established urban ecosystem strongly differs from
a natural or agricultural ecosystem when urbanization converts it to serve urban purposes.
Urban ecosystems are characterized by the man-changed and artificial landscapes with
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considerable anthropogenic disturbances (e.g. environmental pollution, soil sealing, waste
disposal). Cities generally consume much more energy than they generally provide, re-
sulting in intensive emissions of heat, air and water contaminants and greenhouse gases.

Together with the continued increase of the global urban populations, this motivated
the development of novel concepts like ‘sustainable cities’. The concept of sustainability
resulted in the design of, for example, ‘emission free’ cities [6] and ‘climate adapted’
cities [7] which investigate urban areas as source of unique natural and urban-specific
resources, rather than an environmental threat.

The international conference Megacities 2050 aimed to search for solutions of the
environmental problems of modern megapolises and to maximize the capacity of urban
ecosystems to support specific (‘natural’) functions and services. Urban green areas pro-
vides a set of key ecosystem services, e.g. climate mitigation, biodiversity, water and
air quality control [2]. The role of green infrastructure in sustainable urban development
was clearly illustrated in papers, focused on the restoration of the historical parks of
Saint Petersburg and studying interrelationships between soil quality and plantations’
state in Moscow. Urban soils are key for regulating healthy urban ecosystems. Reserving
minerals and nutrients (provisioning service), carbon sequestration contributing to cli-
mate mitigation, runoff and flood control (regulating service) and archiving historical
artefacts (cultural service) are widely recognized ESs of urban soils. Currently, urban
soils face a paradox of being of the highest value regarding property and building issue,
and being almost totally ignored with regard to the ES they can provide [4]. Different
aspects of monitoring and assessment of urban soils at the multiple scales from local
(e.g. urban soil constructions) to regional (mapping basal respiration in the Moscow re-
gion) were also discussed in the papers of the issue. Finally, practical applications of
green infrastructure, for example, for dust control were presented and an economic value
of green areas and natural-base solutions was analyzed.

The conference allowed receiving a multi-disciplinary feedback from a broad au-
dience, including scientific and research community, municipal services, environmental
protection agency and stakeholder working in urban management and greenery. Such
a multi-disciplinary discussion is an essential step towards sustainable urban develop-
ment, since implementation of innovative technologies and natural-based solutions gets
feasible only when all interested stakeholder’ group collaborate for the purpose of
smart urban management.
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Vpbanusanus — rio0anbHas TCHICHIMS M3MEHEHHST COBPEMEHHOTO 3eMIICTIONIb30BAHNS, (hyHIaMEH-
TaIBHO M3MEHSIOIIAS OKPY)KAIOIIYIO cpeiy. B cBorO ouepenp, ypOOIKOCHCTEMBI MOABEPIKEHBI BO3ICHCTBHIO
rI00aTbHBIX (B TOM YKCIE KIMMATHIECKNX) U3MEHEHHH. AIANTAIUsI TOPOICKUX IKOCHCTEM K TTI00aTbHBIM
M3MEHEHHUSIM — HEOOXOIMMOE YCIIOBHUE COXPAHCHHS MX YCTONYMBOrO (H)YHKIIMOHUPOBAHHUS U TIPEIOCTAB-
JISIEMBIX MU 3KOCHCTEMHBIX CEPBHCOB. Y CTOWUHMBOE Pa3BUTHE TOPOJOB MOAPA3yMEBACT BHEAPCHHUE COBPE-
MEHHBIX TEXHOJIOTHI 3€ICHOT0 CTPOHMTENHCTBA U PAIIMOHAIBHOTO MPHPOIONONIB30BAHUS B CHCTEMY TOPOJI-
CKOTO MEHEKMEHTa, YTO JOCTHKUMO TOJBKO MPU B3AMMOCHCTBUH BCEX 3aMHTEPECOBAHHBIX CTOPOH,
BKITFOYAst HAYYHOE COOOIIECTBO, TAHAIA(THBIX aPXUTEKTOPOB, HHXKCHEPOB-TPAI0CTPOUTEICH, TOPOACKYIO U
MYHHUIUITATBHYIO 3 IMAHUCTPAIILIO.

KiroueBblie ciioBa: yp6aH1/13au1/m, 3CJICHBIC 30HBI, TOPOJACKHEC ITOYBBI, SKOCUCTEMHBIC CEPBUCHI,
J'IaHZ[IHa(l)THO-aZ[aHTI/IBHI)Ie penieHus
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ANALYSIS OF CARBON DIOXIDE EMISSION
FROM LAWN ECOSYSTEM
WITH CONTRASTING SOIL PROFILES

Bhoobun Bhavish, V.I. Vasenev,
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Land-use change is among the main factors contributing to climate change. Urbanization is a land-
use change pathway, conjugate with a rapid growth of urban territory and irreversible change of soil features
and functioning. Greenhouse gases’ emissions (primarily CO, emission) and carbon sequestration are among
important soil functions. Ecological risks of increased CO, emissions in urban soils are determined by dif-
ferent factors of anthropogenic impact. This paper aims to analyze the impact of different soil construc-
tions on CO, emissions from urban lawns. The research plot is situated in northern Administrative district
of Moscow (NAD) and included urban soil constructions with organic layers of different genesis (turf,
sand-turf mixtures and soils-sand mixtures) and of different depth (5, 10 and 20 cm). As a result an average
CO, emission from turf (20 cm dept of organic layer) was 22 g/m* day, whereas the sand-turf mixture
(10 cm of the organic layer) emitted 16.15 and peat soil (5 cm of organic layer) — 19.23 g/m’* day respec-
tively. Therefore, was observed dependence of CO, emissions on genesis and depth of soil organic layers.
Also was revealed dependence of CO, emissions on climate conditions for nine-months of observations.

Key words: CO, emission, urbanization, urban land use, greenhouse gas, soil respiration

INTRODUCTION

Soil is a key natural resource with major ecological functions [1—3]. Current reali-
ties include continuous expansion of urban areas. Urban soils have recently attracted
the attention of researchers [9; 5; 4; 8]. Artificial urban soils with prevalence of turf
grass in their vegetation, account for a considerable part of the urban soils. This particu-
lar soil type is becoming the main object when studying the soils of urban ecosystems
[28; 7]. However, the functioning of urban soils is evidently subject to drastic changes
owing to human impact, as any other component of the urban ecosystems [6; 10].

It is estimated that artificial changes in land-use have, until now, produced a cu-
mulative global loss of carbon from the land of about 200 thousand million tones. Wide-
spread deforestation has been the main source of this loss, estimated to be responsible
for nearly 90 percent of losses since the mid-nineteenth century. Losses primarily occur
due to the relatively long-term carbon sinks of forests being replaced by agricultural
land. Land-use change is driven by a host of social, political and economic factors around
the world. Increased awareness of the most sensitive way to manage land and the better
agricultural practice, combined with political agreement on food trade and avoidance
of deforestation, are required if land-use change is not to continue being a net global
source of carbon to the atmosphere in years to come. Indeed, having degraded large areas
of the terrestrial carbon sink, sensitive land-use change may in fact provide a sink for
atmospheric greenhouse gases in the future.
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Carbon dioxide is released from the soil through soil respiration, which includes
three biological processes, namely microbial respiration, root respiration and faunal re-
spiration primarily at the soil surface or within a thin upper layer where the bulk of
plant residue is concentrated [18], and one non-biological process, i.e. chemical oxida-
tion which could be pronounced at higher temperatures [19]. Soil micro-flora contributes
99% of the CO, arising as a result of decomposition of organic matter [22], while the
contribution of soil fauna is much less [20]. Root respiration, however, contributes 50%
of the total soil respiration [21].

Temperature has a marked effect on CO, evolution from the soil. Edward found
a strong relationship between CO, evolution and mean daily litter temperature [23].
Wiant observed no CO, evolution at 10 °C followed by a logarithmic increase in CO,
evolution between 20 and 40 °C; above 50 °C, it declined rapidly [24]. At higher tem-
peratures partial inhibition of microbial respiration occurs, which is attributed to inacti-
vation of biological oxidation systems. But Bunt and Rovira [19] found increased CO,
evolution with a rise in temperature above 50 °C as well. Maximum CO, evolution rate
was noted in mid-July (190 kg CO, ha—1d-1), which is attributed to the increasing role
of root activity and organic matter decomposition with the increase in temperature.
Increase in CO, emission with temperature is a matter of concern, as the possible global
warming would increase CO, evolution from the soil that would accelerate the deple-
tion of soil carbon and soil fertility [25].

Soil moisture affects soil respiration and hence CO, evolution [26]. In general, in-
creasing soil moisture would increase CO, evolution up to an optimum level, above
which it would reduce CO, evolution. Periodic drying and wetting of soil has a pro-
nounced influence on CO, evolution. When the soil is moisten the activity of the mi-
crobes, which were in a latent state in the dry soil, increases accompanied by releasing
of air trapped in the soil pore contributing to an increase in CO, evolution [27].

The research work aimed to analyze the carbon dioxide emissions from the artifi-
cial soil construction under urban lawns. To achieve the aims the following research steps
were taken:

1) to analyze the emissions of carbon dioxide for the contrasting soil structures;

2) to analyze the dynamics of the flow of carbon dioxide, temperature and mois-
ture of contrasting soil structures;

3) to assess the impact of the genesis and depth of organic substrates on carbon
dioxide flows and temperature of urban lawns.

MATERIALS AND METHODS

The research field is situated in Moscow Timiryazev Agricultural Academy. On the
field there are 28 different containers with different substrates of different depth. All the
containers have the size of 100 cm x 100 cm x 50 cm and were made from plastics
(Fig. 1A). The containers contained different soil constructions were divided into groups
according to the type of the organic substrate and the depth of the organic layer. The or-
ganic layer is the first layer from the top, containing the substrate used for the experi-
ment; the second layer is sand and the third is the native sod-podzolic soil (B horizon)
(Fig. 1B).

11



Bectauk PYJIH. Cepust: Aeponomus u scusomnogoocmso, 2016, Ne 4

Figure 1. The research field of Moscow Timiryazev Agricultural Academy (A)
and an artificial soil construction with three different layers (B)

The following substrates have been chosen for the experiment: control (C), turf-sand
mixture (Ts), turf (T) and peat-soil mixture (Pso) with two different depths (5 cm and
20 cm). In order to measure the CO, flux, moisture, soil temperature and air tempera-
ture, an infrared gas analyzer (IRGA) Li-820, chamber, soil thermometer (HI98501)
and soil moisture meter (HH2) were used. The observations of CO, emissions were held
from March to September 2014. The dynamics of total soil respiration (9 times for the
whole period) was analyzed for each container. The IRGA chambers (diameter 20 cm,
height 15 cm) were installed on the bases (diameter 20 cm, depth 4 cm) on top of soil
construction and hermetically fixed. The chambers were connected with the IRGA with
flows of incoming and outgoing air. With the integrated air pump an air sample from
chamber was pumped into the IRGA, whereby the device registered the rise of CO, con-
centration in the chamber at a frequency of 1 Hz. Based on the data obtained from the
concentration of growth, taking into account the temperature and pressure of the air in-
side the chamber, CO, flux (g/m” day) was calculated using ideal gas equations.

RESULTS AND DISCUSSION

The dynamics of CO, fluxes between turf-sand (20 cm depths), turf-sand (5 cm)
and control (turf-sand; 10 cm) were compared to understand the variation of the CO,
fluxes from different soil constructions. The results show that in July 2014 the carbon
dioxide efflux from the turf-sand (20 cm) was 12.91 (g/m* day) and for the control con-
struction it was 6.3 (g/m? day), whereas CO, efflux from turf-sand (5 cm) was
6.95 (g/m? day). The CO, flux from turf-sand (20 cm) was 7.43 more than from turf-
sand (5 cm) and 0.82 more than from control. Therefore, it can be claimed that CO, efflux
was higher from the urban soil constructions, containing more organic carbon (Fig. 2).
Analysis of the peat-soil samples with different depths gave the following results: an
average CO, efflux from the control site was 24.64 (g/m? day), whereas the amount of
CO, emitted from the peat soil (5 cm) was 20.68 g/m* day. In average the 20 cm peat soil
mixture emitted 15 and 30% more CO, that the 5 cm peat soils and the control soil mix-
ture respectively (Fig. 3). This outcome confirms a positives correlation between the
amount of emitted CO, and carbon contents in substrate.

12
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Figure 2. CO, fluxes from control (C), 5 cm turf-sand (5Tsand)
and 20 cm turf-sand (20 Tsand) for the period March 15 —
September 4 2014
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Figure 3. CO, fluxes from control (C), 5 cm peat-soil (5Pso)
and 20 cm peat-soil (20 Pso) for the period March 15 —
September 4 2014

Comparisons of the dynamics of CO, fluxes between turf-soil (20 cm), turf-soil
(5 cm) and control (turf-sand; 10 cm) for one day — 14th of July 2014 — resulted in fol-
lowing: the highest CO, emission was found for the turf-soil (5 cm) and was 53.95
(g/m’ day), whereas and a 20cm turf-soil and control emitted just half of this value — 25
and 21 (g/m’day) respectively. In average for the season 20 cm turf-soil mixture emitted
more CO, than other, whereas CO, emission from the control site was the lowest (Fig. 4).

In order to analyze the seasonal dynamics of CO, fluxes the three soil constructions
with the same depth (5 cm) were monitored along the nine month of the experiment.
The lowest emission was obtained for the 31th of July 2014, whereas the highest amount
was monitored on 14th of May 2014 (Fig. 5).
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Figure 4. CO, fluxes from control (C), 5 cm turf-soil (5Tso)
and 20 cm turf-soil (20 Tso) for the period March 15 —
September 4 2014
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Figure 5. Seasonal dynamics of CO, fluxes from three construction
with the same depth of organic layer (5 cm), but different substrates: peat-soil (5Pso),
Tso (5Tso) and turf-sand (5Tsa)

The experiment has demonstrated the evaluation of carbon dioxide from different
artificial soil construction with different soil sample for lawn ecosystem and as a result
we have got to understand how the carbon dioxide from the soil is related to the moisture
and the temperature. This outcome is necessary to estimate the total losses of organic
carbon from urban soil constructions from the intensive emission. soil management prac-
tices like increasing soil organic carbon content. Obtained results show that there is de-
pendence between CO, emission and type of soil. The CO, emission can be reduced
by sequestering C in the soil for those that lost high amount of organic carbon due to
mineralization of organic carbon.
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CONCLUSIONS

As a result of the research data of CO, emissions from lawn ecosystem with a con-
trasting structure of soil profile has been obtained. The lowest CO, emissions was shown
for the soil constructions on the basis of peat soil mixture show, which is obviously
related with the lowest average temperature and soil moisture. It is observed that artificial
soil construction based on a mixture of peat soil lost less total carbon stocks due to
CO, emissions. The most optimal functioning has been shown for the peat soil sample
(a mixture of soil and land capacity 5 cm), for which the low rates of decorative lawns
combined with a high positive value of the carbon balance. In this paper, it was clearly
shown how ‘fragile’ can be a mixture based on turf sand, turf-soil. These soils are very
unstable. The optimal designs of lawn ecosystems remain a priority for urbanized re-
search and for applications of landscape construction.
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AHAJIN3 SMUCCHUMUN YTJIEKUCJIOIO rA3A
B rABOHHbIX 3KOCUCTEMAX
B YCJIOBUAX KOHTPACTHbIX MOYBEHHbIX MPODUJIEN

bxy6an bxasuu, B.U. Bacenes,
P.A. TI'ag:xnaraeBa

Poccuiickuit yHuBepcUTET APYKOBI HAPOIOB
yi. Muknyxo-Maxknas, 8/2, Mockea, Poccus, 117198

V3MeHeHHe 3eMJICTIONB30BaHUS SIBIAETCSl OJHUM U3 IJIaBHBIX (DAKTOPOB, CIOCOOCTBYIOMIUX H3Me-
HEHHUIO KJIMMarta. Y pOaHH3aIms SBIAETCS 3eMIICTIONF30BaHNEM, KOTOPOE CBSA3aHO C OBICTPBIM POCTOM TOPOJI-
CKUX TEPPUTOPHIL, BCIEACTBHE YETr0 MPOUCXOAAT HEOOPATHMbIe H3MEHEHHsI OCOOCHHOCTEH ITOUBHI U e¢
(YHKIMOHUPOBaHUSL. DMUCCHS TAPHUKOBBIX ra30B (IpeuMyiiecTBeHHo sMuccus CO,) U AeNOHUpOBaHUEe
yriiepo/ia ABJISIOTCS OAHUMU M3 BOKHEHIINX (QYHKIHUE MOYB. DKOJIOTHYECKUE PUCKH YBEINUMBAOIICHCS
smuccur CO, B TOPOACKHX MOYBAX OMPENCIAIOTCS Pa3INIHBIME (DAKTOpaMH aHTPOIOTEHHOTO BO3IEHCT-
BUsL. Llenblo 1aHHOMN CTaThy SIBISETCS aHAIU3 BO3ACHCTBUS PA3/IMUHBIX IIOYBEHHBIX KOHCTPYKIMI Ha SMHC-
crro CO, B ra30HHBIX 3KocucTeMax. OOBEKT HCCIeIOBAHNS PACTIONOXKEH B CEBEPHOM aIMUHICTPATHBHOM
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okpyre (CAQO) r. MockBbI U BKJIIOYAET B ce0s1 TOYBEHHbIE KOHCTPYKLMH C PA3IMYHBIMHU I10 IIPOUCXOXK/IE-
HUIO (TOpd, TOpdsiHO-TIecyaHas CMeCh U MOYBO-IIECYaHast CMECh) U MolHocTH (5, 10, 20 cm) opraHude-
CKMMH TOpH30HTaMH. [1o morydeHHBIM TaHHBIM, cpeassist smMuccust CO, B BapHaHTe ¢ TOP(SHBIM OpraHo-
FeHHBIM TOPU30HTOM MOITHOCTBIO 20 cM cocTaBuna 22,00 T/M* B [ieHb, B TO BpeMsl Kak B BapuaHTe C
TOP(SIHO-TIECYAHOM CMECHIO MOIITHOCTBIO 10 ¢M 3muccus coctasuna 16,15 r/m>, a TopdsHOI TTOYBE MOIIT-
HOCTBIO 5 ¢cM — 19,23 /M’ B ieHb. CliefioBaTeNbHO, HABMOIAeTCsl 3ABUCHMOCTh SMUCCHH YTTIEKUCIIOTO Ta3a
OT TaKMX MOKa3aTeNel, Kak TeHe3UC OPraHNIeCcKOro BeNIecTBa MMOYBEI U MOITHOCTh OPraHOT€HHOTO TOPH-
30HTa. TaKke B TedeHne 9 MecsieB HAOIOICHU Oblla BBISIBJICHA 3aBUCMMOCTh SMHCCHUH YTIICKHUCIIOTO Ta3a
OT KIIMMATHYECKUAX YCITOBHIA.

KuaroueBble ciioBa: smuccust CO,, ypOaHHU3a1us1, 9KOJIOTHYECKUE PUCKH, TAPHUKOBBIE T'a3bl, 110Y-
BEHHOE JIbIXaHUe
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To understand the soil ecology of the forest ecosystem, the dynamics of soil-ecological indicators
in the soil-plant system were studied through physical, chemical and biological parameters at various sites
of the Forest Experimental Station of the Russian State Agrarian University of Moscow Agricultural Acade-
my; a unique forest ecosystem known for its heavy metal pollution and unregulated recreation. The results
showed that soil compaction had the strongest ability to increase risk of heavy metal mobility. Recreational
activity caused a 2—3-fold increase in the density of the soil, resulting in poor aeration and significant
heavy metal contamination, affecting the stability and functioning of the green spaces. Moreover, the
proximity of the urban environment had a negative effect on the state of the stand. The maximum heavy met-
al migration capacity determined by biological uptake was found in the root systems of 70—80-year-old oak
tree stands and the minimum, in the roots of pine and birch phytocoenosis. The systems’ normal functions
were hindered due to reduction in microbial activity.

Key words: heavy metals, compaction, microbiological activity, soil ecological functions, living
conditions of a forest stand, recreational load

INTRODUCTION

Soil plays an important ecological role in maintaining plants’ life cycle. Soil is a mix-
ture of different mineral particles, organic matter, and living organisms. Thesoil manage-
ment influence on dynamic of physical, chemical and biologicalsoil properties [10]. Due
to sorption properties, soil has become a sink for many contaminants, and is, therefore,
an important source of anthropogenic contamination in urban environments [1]. This fact
can have serious consequences considering humans receive about 95—97% of all food
products from soil resources [4].

A large quantity of particulate matter and pollutants settle/accumulate on the soil
surface from atmospheric deposition [2]. In 2012, nearly 32 million tons of pollutants,
including heavy metals, were released into the atmosphere and these emissions have
continued to increase [11]. Lead (Pb) is of particular concern in urban environment due
to both its prevalence and toxic effects. Lead can affect nearly all bodily systems and
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is mostly noted for its neurotoxic effects [9]. Interesting to note, at the beginning of
the last century in Moscow (1909—1910), total Pb soil concentration was 6 mg kg™
By the end of the century, its concentration increased by more than 20 times [7].

Unlike in air and water, where heavy metal purification processes occur, soil is
an active sink for heavy metals. Biogeochemical processes and storing properties of soil
have long-term negative impact on contaminated soils. For example, the period of re-
moval for Pbin the soil is from 740 to 5900 years, Zn — 70 to 510 years, Cd — from
13 to 1100 years, Cu — from 31 to 1500 years [7]. An accumulation of pollutants
in soils, particularly heavy metals, disrupts the proper functioning of the environment,
which is a serious threat for organisms, including humans [13].

This study was conducted at the forest experimental station (FES) of the Russian
State Agrarian University of Moscow Agricultural Academy (RSAU-MAAT). This for-
est occupies 232.6 hectares of land and was previously designated as a conservation
area both in 1939 and in 1953. Research has been conducted at the FES for over 100 years.
This fact provides the baseline and unique opportunity to conduct further research in
this large, diverse forest that is situated in an urban environment. The FES is surrounded
by a ring of the roads, whose effect imposes a certain imprint on the soil conditions
and subsequently, the state of vegetation [8].

In addition to heavy metal pollution posing a risk to the environment, another
negative factor is unregulated recreation. In a large portion of the FES, there is a net-
work of trails cutting through and in nearby residential areas, soil cover is practically
absent. The wood plantations of the FES that are exposed to these recreation conditions,
are extremely depressed, resulting in dieback of the stands, suppressed growth, and
substantial damage [6].

In this context, an assessment of the ecological status of the soil and a preservation
of its ecological functions requires an integrated research approach to identify the factors
affecting the ecological system, especially in terms of environmental pollution. The aim
of our study was to conduct comprehensive research on the major soil-ecological charac-
teristics to assess the ecological condition of soils. Environmental indicators were studied
through the physical, chemical, agrochemical and biological (including microbiological)
parameters in the soil-plant system with a focus on the effect of heavy metal contamina-
tion and increased recreational load.

METHODOLOGY

Soil samples were collected from the experimental plots (the size of 0.5 ha), in the
suburban areas and in the middle of the forest (450 to 500 mapart). Assemblages of plant
species and the ground cover on the investigated areas were similar. The controls were
located in the Krasnaya and Istra forest in the northern and north-western parts of the
Moscow region on the watershed plateau, far from the influence of industrial facilities
and highways [7].

The effects of humus and soil acidity as basic soil characteristics were determined
by the conventional methods to assess theireffect on the migration of heavy metals and
the degree of their mobility in the soil-plant system [5]. Microbial communities were
seeded to grow on solid nutrient media in cups in four replications. The quantitative
and qualitative compositions of aerobic heterotrophic microorganisms were studied along
with the intensity of mineralization processes and the structure of microbial cenosis [5].
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Group affiliation of actinomycetes were determined with the N.A. Krasilnikova’ Finder
and A.S. Bondartseva’ Scale Colors. The living conditions of the stands were studied
as a risk criterion (J) determined by degradation factors. The worse the condition of the
stand resulting in dieback, damages, low foliation, the higher the value of J.

To measure the effect of unregulated recreation, bulk density and soil density were
sampled every season from the 0—3 cm, 3—7 cm, and 7—11 cm depth intervals as well
as from a full 0—10 cm depth profile. Compaction of the soil layers determines water-
air and temperature regimes, redox conditions, and biochemical processes [3]. It also
influences basic soil ecological functions, such as growth, development and productivity
of plants, microbial activity, and soil fauna [12]. Studyingthe processes that cause chang-
es in the densities of soil horizons is extremely important for understanding the dynamic
shifts in the soil environment and forest stands, especially in terms of heavy metal pol-
lution and unregulated recreation.

RESULTS AND DISCUSSIONS

The studied forest plots located within 5 meters of the urban area were characterized
by increased dieback and crippled trees. Such plantations were determined as being
on the verge of disintegration and in a weakened state. Soil-ecological characteristics
studied under the plantations are presented in Table 2. The living condition indices (J)
were estimated to be between 2.8—2.1 (Table 1). The maximum values of J were 2.7—
2.8 in the forest areas under oak stands. The pine-birch stands were characterized by
a greater tolerance to environmental factors with living condition of 2.1. Similar plan-
tations located away from the urban environment, the middle of the forest and in the con-
trol areas were leafier and exhibited less damage. The J values for these stands were
1.3 and 1.25 at the Istrinskyand Krasnaya Polyana Forestry experimental plots, respec-
tively. This data shows that the proximity of the urban environment, mainly highways,
has a negative effect on the state of the stand.

Table 1
The anthropogenic load as an indicator for the ecological status of the stand —
a case study of the forest experimental station (FES)
of the Russian State Agrarian University of Moscow Agricultural Academy (RSAU-MAAT)

Assessment
of an ecological state

Number of the
experimental plot

Mainspecies, ageclass Index of the living
condition (J)

of the forest stand

Sites with the minimum anthropogenicimpact

6 TheOak X—XIl 21 weakened condit
on of a plant
8 The Oak VII—VIII 2.5 weakened condition of a
plant
9 The Pine with the birch IX—XI 1.5 healthy state
Sites with the increased anthropogenicimpact
11 TheOak X—XIl 2.8 On the verge
of disintegration
7 TheOak VII—VIII 2.7 On the verge
of disintegration
10 The Pine IX — Xl with the birch 2.1 weakened

condition of a plant

IstrinskyForestry The Pine with the birch. VIII— IX 1.3 healthy condition
(control) of a plant
Krasnaya Polyana TheOak VIII — IX 1.25 healthy condition
forestry (control) of a plant
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Table 2
Soil-ecological characteristics under the experimental forest plantation
at the forest experimental station (FES) of the Russian State Agrarian University
of Moscow Agricultural Academy (RSAU-MAAT) with various anthropogenic load
Number Bulk pH KCI Organic The content of heavy metals (%) in different extracts
of the expe- | density, substance,
rimental | gcm™® % Pb Zn Cu
plot Ca(NO,), 1N HCI Ca(NO,), 1N HCI Ca(NO,), 1N HCL
Sites with the minimum anthropogenic impact
6 0.84 4.10 4.06 47 53 47 53 50 50
8 0.82 4.25 4.67 47 53 63 37 50 50
9 0.83 3.90 5.49 36 64 29 71 51 49
Sites with the increased anthropogenic impact
7 1.22 4.20 10.12 64 36 73 27 51 49
10 1.26 3.75 8.98 60 40 84 16 56 44
11 1.30 4.35 6.3 54 46 74 26 56 44
Wood sites with the minimum removal from an urban environment
8 «O» 0.81 4.20 4.45 31 69 58 42 56 44
4«10» 0. 80 3.95 4.15 44 56 65 35 37 63

Significant differences in organic matter content were observed among the studied
soil-ecological factors between the sites. The organic matter content in the soil under
the plantations growing on the city border (experimental plots #11, 7, 10) was significant-
ly higher (about 50%) than the organic content from the distant plots. This could indicate
that there is potentially are duction of the most available forms of heavy metals (the

exchangeable form sextracted with Ca(NOs),) not a reduction of the less available (po-
tentially available) forms (extracted with 1N HCI). However,these correlations were not
observed. Thus, theratio of the exchangeable to potentially available forms of heavy
metals varies according to soil compaction. Our observations show that the higher the
bulk density value, the greater the proportion of mobile forms of heavy metals, in-
cluding an increasein the ratio of exchangeable forms. Therefore, it can be stated that the
compaction factor is more significant than the humus content.

The soils were characterized as acidic with a pH range of 4 and 5. The pH value
varied in the upper humus horizon from 4.10 to 4.35; approximately a 7% difference.
This difference, however, did nothave a significant impact on the degree of heavy metals
mobility. The soils under the pine and birch stands growing in the middle of the forest
(experimental plot # 9) had pH of 3.9 and were classified as highly acidic (determined
by a pH range of 3—4) (Table 2). It was expected that the presence of organic matter
and increased soil acidity would have also increased the degree of heavy metal mobility;
however, this was not the case. The results showed that the mobilitywasactually
largely affected by the compaction.

To confirm the importance of soil compaction as the driving factor of heavy metals
mobility,soilsamples weretaken from the native stands growing on the city borderand

analyzed for bulk density.The average value of bulk density was 0.8 g cm™ > (experi-
mental plots # 4 “FO” and 8 “O”). The different phases of the heavy metals were also
analyzed in these samples. In the forest plotswhere was minimal anthropogenic load,
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the content of the most available (exchangeable) forms (extracted with Ca(NOs),) was
significantly lower than the less mobile (potentially available) forms (extracted with
IN HCI) (for Pb — 44 and 56%, Zn — 35 and 65%, Cu — 37 and 63%, respectively).
A similar ratiowas observed for Pb — 31 and 69%. Zn — 58 and 42%. Cu — 44 and
56% at the experimental plot # 8 “O”. Obtained results show, that in the absence of in-
creased soil compaction,the percentage of the most mobile (exchangeable) form was
significantly reduced.

The results show a significant reduction in the mobile forms of Pb in the forest
areas that were subject tominimal recreational load in comparison with the high-density
areas.This confirms that the soil compaction plays a dominant role in determining the
degree of potentialcontamination hazard from the heavy metals. Soil compaction thus
creates a sensitization effect, enhancing the impact of heavy metals; Pb contamination
causing the greatest threat.

The increased heavy metal mobility in the soil affects the migration of contami-
nants into the plants. Considering that,the root system of a plant is the first biological
barrier to toxins in polluted soils [12]; wehavestudied the heavy metal content in the
roots of the tree species (Table 3).

Table 3
The heavy metal content in the tree roots depending on the degree
of anthropogenic load (mg k«_:;_1 of dry matter)
N of the trial area ‘ Cd Zn Cu
Sites with the minimum anthropogenic impact
6 0.20 +0.02 22.35+1.05 3.15+0.10
8 0.11+0.02 7.12+0.10 3.15+0.10
9 0.40+0.01 47.25+2.80 8.10+0.30
Sited with the increased anthropogenic impact
11 0.29+0.03 35.75+1.40 3.63+0.21
7 0.29 +0.02 10.50+0.14 3.70+0.40
10 0.45+0.01 62.30 +2.80 7.20+0.10
Control (Istrinsky Forestry) Birch 0.24 +0.02 32.60 + 2.60 3.55+0.12
Pine 0.30+0.04 22.00 +2.50 4.25+0.28

Increasing in anthropogenic load, heavy metal migration capacity (determined by
biological uptake) in the plants also increased. The results ranged from 12 to 152% of
plant heavy metal concentrations compared to the control plots, depending on the species
composition of the stand. The maximum migration capacity was found in the root sys-
tems of 70—80-year-old oak tree stands (experimental plot #7) and the minimum, in the
roots of pine and birch phytocoenosis(experimental plots #9, 10).

Soil properties undoubtedly affect the growth and condition of the plants. Soil-eco-
logical characteristics studies adopted in forestry studies, such as humus content, soil
acidity, and availability of nutrients, do not fully reflect the multifunction of forest and
agricultural ecosystems; processes of transformation of organic matter in particular. It is
therefore necessary to study the biological components with a strong focus on microor-
ganismsalong with the compositional, physical and chemical properties of the soil.
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The behavior of microbial communities determines the mechanism of formation
of sustainable forest and forest park ecosystems susceptible to a high anthropogenic load.
This is especially important to consider in terms of the biodiagnostics and bioindications
of soil when dealing with the issues related to the prevention of soil contamination.
The data obtained on the status of these soil microbial relationships can be used for
further research and monitoring of the forest and forest park landscapes [6].

The study of microbial components shows significant changes as a result of anth-
ropogenicload. In the forest plotssusceptible to high anthropogenic load, the aerobic
heterotrophic microorganisms sampled during different periods of vegetative growth
exhibited a 7—10-fold reduction in number. The number of ammonifiers from the oak
plantations (X—XII age class) was reduced from 34.6 million of colony forming units
(CFU) in 1 g of soil to 3.4 million. Similar reductions of biological activity were observed
for other plantations in similar settings. Under the 70—80-year-olds phytocenoses of
the same species, the numbers reduced from 37 million to 3.4 million of CFU. The pine
and birch stands had reductions from 21.4 million to 2.5 million of CFU (Figure 1).

Colony forming units (CFU) soil, million/1 g

Term of
observations

—

1av 20V 30v v 1av 16V 28V 3ovi svii v 13vn 1svn 20V 26V
————— The Oak V—=VII under strong cesessessees The Oak VI-VII in‘lhe conditions
L anthropogenic L of weak
i C anthropogenic
—'—'—'—'  TheOak VI-ViI influence —————  TheOak V-ViI poge

influence

Figure 1. Changes in the number of microorganisms
in the soil ammonifiers due to anthropogenic impacts
(the upper 10 cm layer; million cells (g of dry soil)

With the reduction in microbial activity, the systems’ normal functions are hindered.
In plots, were impaired reproductive function of actinomycetes, this fact was indicated
by the absence of aerial mycelium on the surface of the colony, and they remained sterile.
In addition, the black (Niger) actinomycetes group was revealed, changing the structure
of microbial cenosis (Figure 2).

Reduction of species diversity of bacilli resulted indisturbance of the normal func-
tioning of the soil-plant systems. In the forest soil located far from the urban area, 7—=38
heterotrophic aerobic spore-forming bacteria species were found whereas only 3—4 spe-
cies occurred under the plantation near the urban environment (Figure 3).
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Figure 2. Percentage of theNiger groupactinomycetes
under the plantations with different anthropogenic loads
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Figure 3. Species composition of bacilli in the soil
under the tree plantations with various anthropogenic loads

SUMMARY

1. The proximity of the urban environment, mainly highways, has a negative effect
on the state of the stand.

2. The greater bulk density value, the greater the proportion of mobile forms of
heavy metals was observed including an increase in the ratio of exchangeable forms.

3. The maximum heavy metal migration capacity determined by biological up-
take was found in the root systems of 70—80-year-old oak tree stands and the minimum,
in the roots of pine and birch phytocoenosis.
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4. The systems’ normal functions were found to be hindered due to reduction in mic-

robial activity. Reduction of species diversity of bacilli resulted in disturbance of the
normal functioning of the soil-plant systems.

5. Soil compaction is a strong factor in increasing risk of heavy metal mobility.
6. Recreational activity causes a 2—3-fold increase in the density of the soil, result-

ing in poor aeration and significant heavy metal contamination, affecting the stability
and functioning of the green spaces.

7. In order to prevent irreversible degradation of green spaces in urban areas, it is

nessary to optimize conditions for their growth to improve the performance of their
environmental functions.

(9]

[10]

[11]
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B ycnoBusix yHuKanabHOro JiecHOro Maccusa — JlecHoil onbITHOM naun Poccuiickoro rocynapcrBeH-
Horo arpapHoro yauBepcurera — MCXA mvenn KA. TumupsizeBa m3ydeH B AMHAMUKE KOMITIEKC TIOYBEH-
HO-9KOJIOTMIECKUX MOKa3aTeNell B CHCTeMe TI0YBa—pacTeHHe C HCIIONB30BaHUEM (DH3NUYECKNX, XUMHIECKUX
U OHoornyeckux (MUKpOOHOJIOTHYECKHX) IapaMeTpoB Ha (hoHe 3arps3HeHus TsoKensIMU Metautamu (TM)
U HeperyJaupyeMoii pexpearyy. VcciaeoBaHus OKa3aiy, YTO YIDIOTHEHHUE ITOYBEI BBICTYAET MOILHBIM
HETaTHBHBIM (JAKTOPOM, BBI3BIBAIOIINM CCHCHOMIM3AUOHHBIA d3PQEKT, PU KOTOPOM YBEINYUBACTCS
OIACHOCTB JICHCTBHS TSDKEJIBIX METAJLIOB. Bo3pociuas pekpealoHHas Harpyska, BbI3bIBaroInas 2—3-Kpat-
HOE BO3pACTaHHE IUIOTHOCTH IIOYBHI, @ TAKKE €¢ adpOperyInpyeMOoCTh Ha ()OHE CYIIECTBEHHOTO 3arpss-
HEHUS TSDKEJBIMH METaJlIaMH, BEI3BIBAET KOMILTEKC ()aKTOPOB, HETATHBHO BIMSIONINX HA YCTOMYHBOCTD
U (pyHKIIMOHMPOBAHHE «3EJICHBIX JIETKHX». KpoMe TOro, ¢ yBeIM4YeHHEM aHTPOIIOICHHON Harpy3Kd MHUIpa-
st TM B pacTeHnst yBenu4uBaeTcsi. MakcHMaslbHasi METPAIMOHHAs CIIOCOOHOCT YCTaHOBJICHA B KOPHE-
Boii cucteme 70—80-eTHUX APEBOCTOEB Ny0a, MUHUMANbHAasE — B KOPHSIX COCHOBO-Oepe30Boro ¢ur-
1ieno3a. HopMaiibHO (yHKIIHOHHPOBAHHE SKOCHCTEMBI ObLIIO HAPYIIEHO BCICICTBHE CHIKCHHUSI MUKPOOHO-
JIOTUYECKOI aKTHBHOCTH.
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In this paper, the influence of sod-podzolic soils with different expression of sod and podzolic process-
es of soil formation the formation of pure coniferous and deciduous, and mixed forest stands in terms of
educational scientific consulting center “the Forest experimental cottage”. Identified the relationship of
physico-chemical properties of soil from silvicultural and forest inventory indices of the studied stands.
In this regard, was a complex of forests and soil studies, which include the laying of soil profiles with detailed
description of the soil horizons, the holding of descriptions of woody vegetation with the establishment
of the age, vertical and horizontal structure of forest stands growing.

Key words: silvicultural-taxation characteristics of forest sod-podzolic soil; humus; physico-
chemical properties of soils; forest litter; soil moisture

Stance forest experiment RSAU-MAA named after Timiryazev is a unique natural
research laboratory in which, beginning in 1862, regular monitoring of the condition,
growth, structure, structure and productivity of forest vegetation. A great contribution
to the conduct of silvicultural and forest research this area was made by A.R. Vargas de
Bedemar (1863), M.K. Toursky (1893), N. With. Nesterov (1917, 1935), V.P. Timofeev
(1965, 1966), A.N. Poles (1993, 2003).

On permanent sample plots, along with the taxonomic studies of forest stands are
carried out and soil studies. The first assessment of soil was made A.R. Vargas de Pada-
mara using as a basis data on the growth of pine plantations, it was proposed to establish
three classes of quality of soils [9]. In the future soil of the Forest experimental garden
has been the object of scientific research carried out under the leadership of such sci-
entists as S.K. Soloviev (1889), I.P. Grechin (1954, 1955, 1957), B.D. Zaitsev (1964),
V.D. Naumov (2005, 2009, 2015).

Influence of forest ecosystems on structure, composition and properties of sod-pod-
zolic soils to date remains largely debatable. Karpachevsky (1977, 1996, 1997) in their
works, constantly raised the question: what comes first. The change of soil under the in-
fluence of vegetation, or, on the contrary, differentiation of vegetation depending on
soil properties. Numerous studies [2; 4; 7; 8] it was found that private forest plantations
have different impacts on the emerging properties of soils. Gavrilov [4], and later
Demin [6], confirmed that under other equal conditions (climate, position in the relief,
Genesis and granulometric composition of soil-forming rocks) there is a significant
difference in morphology and chemical properties of soil under different forest crops.
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Largely unclear is the question of the role of sod and podzolic processes in the
formation of sod-podzolic soils. According to Lebedeva, Tonkonogov [8], organogenic
horizons are mostly carriers of a near memory associated with the capacity of modern
external environment; and eluvial median horizon, keep, especially, information about
the properties of Litomerice and transformed in the process of soil formation substrate
and are native mostly a distant memory, associated with the peculiarities of soil formation
in terms of climate and biota in past stages. The upper horizons of the soils to the greatest
extent affected by changes in heat and moisture corresponding to the fluctuation of these
parameters for seasons and years. Their formation is dependent on the receipt of litter and
mortality, their number, nature and speed of decomposition of organic matter, the char-
acteristics of the process of humification. Soil-forming processes affect primarily the
upper strata of soils that are experiencing the most vivid reflection of the intensity and
specifics of their manifestations, dynamics and orientation, also in the literature there
is a reverse opinion. In studies of T.N. Minina (1992), conducted on sod-podzolic soils
not confirmed the statement about high dynamic labile forms of humus. For received
data, significant differences in the content of organic substances that go into the pyro-
phosphate extract during 3 months (May-July), was absent, this was observed in soils
with different humus content.

Thus, the analysis of literature data showed that there are different points of view
on the question of the role of the arboreal plantations of different composition on the
properties of forest sod-podzolic soils. Insufficiently studied question on seasonal dynam-
ics of organic matter in soils under different tree plantations. Of great interest is the ques-
tion of changing productivity of forest stands in dependence on properties of soils in the
urban environment. All this served as the basis for our research.

The aim of the study is to determine the mobility of various forms of humus under
coniferous and pure deciduous, and mixed forest, establish the relationship between
the capacity of the forest litter, field moisture content and qualitative composition of hu-
mus horizon. In this regard, was a complex of forests and soil studies, which include
the laying of soil profiles with detailed description of the soil horizons, the holding of de-
scriptions of woody vegetation with the establishment of the age, vertical and horizontal
structure of forest stands growing.

As object of research was chosen permanent Stance forest experiment RSAU-MAA
named after Timiryazev, 11M, 11E, 8H, 80, 40, 4N, 4M, 4L.

These data indicate the heterogeneity of the soil cover of the Forest experimental
garden, which is due not only to heterogeneity in topography, but also different history
and composition of woody vegetation.

The manifestation of such important properties as field soil moisture, in the present
examples were specific. Identified a definite pattern under pure plantations (both under
broad-leaved and coniferous), humidity was slightly higher than under mixed. Thus, it is
possible to notice that such indicator as field soil moisture depends on the composition
of wood plantations. This is because the woody vegetation creates a special microzone.
Therefore, it is possible to notice that the climate, from the point of view of soil moisture,
is specific under pure plantation in comparison with mixed plantations. Humidity is
closely tied to microbiological processes in the soil, its value depends on their intensity.
This indicator reflects the status of all modes. So we needed to watch this indicator
in dynamics.
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Table 1
Soil characteristics of the forest inventory sample plots
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Was drawn up a diagram of distribution of values of field moisture of each month
in the pilot areas and graphs of the distribution of this value separately for each area for
7 months (June—October, April—may).

It is noticed that the character of moisture distribution in the pilot areas in April,
may, June and September were similar — large values of the field moisture was observed
under pure oak and pine plantations for 5—10% less moisture was soil under mixed oak
and pine forest. In July there was a slightly different picture — the difference in moisture
in all areas was only 5% lower than the value observed under mixed pine and oak pure
stands. In August, the driest month, the lowest moisture was in the soil samples under
mixed and pure oak, but in mixed and pure pine plantations humidity was higher not
by much. In October, a smaller value of field moisture was observed under the pure pine
and mixed oaks.

Figure 1 presents the average values of field moisture.
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Figure 1. Average values of field moisture depending
on the composition of wood plantations
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Figure 2. Change the field of humidity under pure
and mixed oak and pine forest

The nature of the change of soil moisture under pure and mixed plantations is simi-
lar, maxima in spring months, and the lows in August, which is associated with the com-
position of plantations object of study. Under mixed and pure oak plantations change
in the field of humidity occurred similarly, and under mixed pine plantations was ob-
served, a slightly different picture in June and July humidity had a rather larger values
and modified slightly in August, its value has decreased dramatically, little changed
by September, and in October there was another high, and not very different in magni-
tude from the results taken in April of the following year. Under the pure pine plantations,
the maximum value of humidity was observed in June and April, and the changes from
July to October was pretty smooth.
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Figure 3. The capacity of the forest litter

According to Morozov (1912), litter plays a dominant role in the issue of forest
impact on soil. Mats serve as the first battery and natural substances, the most important
source of rolling organic substances, which migrate in the soil profile and within the
profile of the litter is a sequential transformation of organic matter of the litter. The com-
position and structure of litter varies depending on the structure of forest stands, devel-
opment of undergrowth, age, completeness, and sanitary condition. Properties of forest
litter are in close genetic connection with the composition of plant residues, which
formed a litter, and from the context in which the formation. A study of the forest litter
showed that its capacity is closely linked with the composition of wood plantations
(figure 3).

This diagram clearly shows that the capacity of the forest litter depends on the
wood plantings presented on this space. The maximum value of power observed on the
area of VIII H and VIII square O involved in pure oak plantations. Slightly less power
is the A, horizon on the test areas M and E XI quarter, due to the fact that here in addition
to oak, there are plantations and other tree species. The same power of the forest litter
are plot O, N, M, L, IV block, located under the Mixed and pure pine plantations. The ca-
pacity of the A, horizon in these areas are minimal and make 1 cm, and are almost de-
cayed and very thick. Hence it can be concluded that the litter of broad-leaved trees are
more abundant and easier to transform.

Forest litter was collected in dynamics by months (June—October, April—may).
Table 16 clearly describes the changes its power depending on the time of selection
and composition of the woody planting plots.

The capacity of the forest floor, as can be seen from table 3, it is highly dynamic,
which changes not only depending on the composition of plantations, but depending
on the time of sampling.

As noted above, the largest capacity of the horizon A, was observed under decidu-
ous stands, and lowest under conifers. However, this figure varies depending on the
time of year. The maximum capacity of the litter observed in October, because at this
time there is a leaf fall, and in the composition of litter is not only a waste of the past,
but the litter of the current year. Under pure coniferous plantations changes the capacity
of the forest litter was not observed, and under mixed coniferous — a slight increase
in October, which is due to the litter of deciduous trees and underbrush.
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Table 2
Capacity of the forest litter in the investigated test areas
A month sampling
Plot Jun July August September October | April | May
The capacity of the forest litter, cm
11M 2 2 2 3 6 3 3
11E 3 2 2 4 6 4 3
8N 5 4 5 5 6 5 5
80 4 3 4 4 5 5 5
40 1 1 1 1 2 1 1
4N 1 1 1 1 1 1 1
4 M 1 1 1 1 1 1 1
4L 1 1 1 1 1 1 1
The capacity of the forest litter, cm
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Figure 4. The capacity of the forest floor
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The minimum capacity of the litter observed in the summer months (June—August),
at this time, the conditions for microbial growth are optimal, manifested their active
life, expressed increased rate of biological decomposition of the organic substrate
(figure 4).

The humus-eluvial horizon in different experimental areas is presented in chart
form in figure 5.

On the picture you can see that the humus-eluvial horizon depends on the compo-
sition of plants on sample plots. The greatest capacity of the A, horizon surface areas
with a predominance of deciduous vegetation, which is faster transformered and con-
tributes to the accumulation of soil organic matter. In Piazza VIII grow On pure oak
stands, the humus-eluvial horizon there was the highest.

A little less power had the A1 horizon in Piazza VIII N, here the wood vegetation is
presented by oak trees. The space occupied mixed oak plantations were even less sensi-
tive to the power of the humus-eluvial horizon, but the lowest it was in the squares [V N [
M engaged in mixed and pure pine plantations slightly more power horizon A, in the
squares of the fourth quarter and L are also employed in mixed and pure pine plantations.

The dependence between the humus-alluviales the horizon and capacity of the
forest floor. The highest values are observed under broad-leaved forest and lowest under
conifers.

The research conducted in the soil on permanent sample plots Forest experiment
station RGAU-MAA showed that between the capacity of the forest litter, humus-allu-
viales horizon, the value of humus content, its qualitative composition, as well as field
moisture content revealed the General nature of the distribution, which indicates their
close relationship. As can be seen from the graphs, between the considered indicators
of the close relationship, which is determined by the composition of wood plantations.
The capacity of the forest litter, field soil moisture depends primarily on the composition
of the plantings and, as our research has shown, dynamically change according to months
and seasons. It is the composition of the forest affects sod soil-forming process and,
as a consequence, it is displayed in the capacity humus-alluviales horizon and humus con-
tent in sod-podzolic soils. The dependence between the parameters determined by the
composition of woody plants, humus content and its qualitative composition.

Soil reflects both genetic and biogeocenosis properties, the resulting functioning
of the forest ecosystem. Changes in the soil caused by the effects of various forest crops,
ultimately lead to changes in forest properties, which in turn affects the nature of the
plantations and their productivity.

Insights

1. Conducted inventory survey of pilot areas 11, 8, and 4 blocks. Studied composi-
tion and age of trees. Tree planting area M (415JIr1b units In a, CL, 1) and E (9 1JIn
units. With, In) the 11th quarter are mixed, with a predominance of oaks; N (812JIm
units C) and (1014JImm) 8th quarter is represented by pure stands of oaks; ON(10S unit B,
E, V) and N (10C per, PL, B) 4th quarter are mixed stands dominated by pine trees,
and M (9C1JIm units B, C, D) and L (9C1JIm units D, B, C) is the pure pine plantations.

2. Morpho-genetic study of sod-podzolic soils showed that the sample area differ
according to the capacity and composition of litter and the power of humus and eluvial
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horizons. Most power horizons A, and A, was observed under the pure and mixed oak
plantations. The capacity of the forest litter on the areas with mixed pine and pure pine
plantations differed only slightly. The humus layer was higher in the soil under mixed
pine, compared to pure pine plantations.

3. The Capacity of the forest litter and humus layer have similar patterns. With the
increase in the share of broad-leaved trees in mixed plantings increases the humus layer.

4. The Capacity of the forest litter was changed only slightly under pure and mixed
coniferous stands, the reverse situation was observed on the sample areas with deciduous
vegetation. Least power A, is marked in summer, when the rate of decomposition of or-
ganic matter maximum, due to the high activity of microorganisms. Maximum amount
of litter observed in October after leaf under deciduous trees, and the minimum in sum-
mer under coniferous vegetation. The capacity of the forest floor varies depending on the
season of the year.

5. Found that a positive effect on the soil have a broad-leaved tree species, which
contribute to the formation of a more powerful humus horizon in comparison with soils
under pine plantations. Reducing the capacity of the humus horizon is noted in the series:
pure oak plantations — mixed plantations of oak — pine mixed stands and pure pine
stands.

6. The Amount of hygroscopic moisture varies slightly by month and not depend
on the composition of wood plantations.

7. The value of the field humidity varies by month and depending on the composi-
tion of wood plantations. This preserves the General pattern: field moisture content is
higher in soils of the sample plots in almost all months occupied by pine plantations
and lower in soils of plots with oak plantings.

8. In the soils under deciduous vegetation, the humus content is higher than under
the mixed and pure coniferous stands.

9. The dependences between indicators: the capacity of forest litter, field moisture
content, humus content and qualitative composition of humus horizon.

© S.N. Volkov, A.V. Gemonov, T.A. Fedorova, A.A. Terekhin, 2016
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1 TIOA30JIUCTOTO TIPOLIECCOB IIOYBO0OPa30BaHKs Ha (POPMUPOBAHHE YHCTHIX XBOWHBIX U JINCTBEHHBIX, a TaK-
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LANDSCAPE URBANISM IN THE CENTER OF MOSCOW:
NEW HYBRID MODELS OF PARK AREAS
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It is necessary to reconsider the role of natural areas and landscape approaches to improve the quality
of urban environment for a sustainable development of modern cities. The development of city’s green
infrastructure, what is integrated in “landscape urbanism” term, implies the restoration of environment natural
components by expansion of urban boundaries or searching for reserved areas of “abandoned” landscape
in a city structure [10]. Creating a new development strategy of natural environment territories, in terms
of post-industrial reality and progressive urbanization is the part of city's spatial development that must be
adapted and supplied carefully. It is necessary to search for new development models of urban space, where
the landscape typology and nature features are the means of environment identity [13]. The rapid degradation
of natural areas, as a result of “densification” of a city and building development in the largest cities of
Russia, primary Moscow, was observed from the beggining of 90-ies of the 20th century. It has led to the
disappearance of natural areas, what influenced an environmental stress strengthening in different parts
of an urban space, especially in its center, and strong recreational pressure on park areas, that are the most
popular within a city. For changing this situation and creating a new scenario for parks development in the
center of Moscow, it is necessary to form new urban objects, both in the center and in the middle and
peripheral parts of the city. Scenario of sustainable urban development at different urban levels includes
innovative ideas for life harmonization, associated with the concept of “living” cities, sustainable urbaniza-
tion, preservation of historical heritage and new building technologies [5].

Key words: sustainable urbanism, space hybridization, model properties, blue-green infrastruc-
ture, local plants, the idea of linear park

INTRODUCTION

The symbiosis of landscape and urban planning approaches of city development
involves the creation of hybrid spaces based on transformation of existing urban areas
of a city [11]. The urban development problem of many European cities' central parts re-
veals the scarcity of natural areas for recreation. The solution depends on a competent
strategy of preservation and development of historical and natural areas in the context
of urban fabric, especially in the circuit of water areas. Creating a system of interconnect-
ed park areas at the periphery of water bodies in “walking” distance from landscaped
residential complexes and office buildings, designed on the principles of “green” archi-
tecture, should form ecological stability knots in the new city natural frame. Such hybrid
spaces with “natural gravity” areas in different parts of a city can be created, by adding
green vehicle-to-pedestrian communication areas, squares and embankments, a new land-
scape-urban system of a city is formed, with improved performance of environmental
comfort and environment safety for all residents [6]. Modern examples of such approach
are the projects of Madrid Rio in Madrid, Aranzadi Park in Spain, Toronto’s Lower Don
Lands in Toronto, Beregovaya Liniya in Belgrade, Tagus Linear Park in Lisbon and
many others. They demonstrate not only the soft integration of new objects in urban city
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structure, but their strongest “landscape” impact on the surrounding area as well. The
examples above became the basis for comprehensive study and, adapted to Russian re-
alities of urban policy, but also revealed new development method in formation strategy
of new types of multicultural public and recreational park areas. Over the past five years
the largest parks in Moscow such as Gorky Park, Neskuchny garden and Muzeon under-
gone a serious analysis and assessment of natural potential. Reconstruction of these
parks along with natural potential preservation and the emphasis on the socio-cultural as-
pect in the formation of urban environment allowed to adapt each of the parks to new
city's needs and its residents. This urban facility has a certain set of properties and differs
from usual methods of urban areas development, representing a hybrid model of a line-
ar park by the water “with blurred boundaries” between city, river and park area [2].

GOAL AND OBJECTIVES

The goals of the research are the revealing and comprehensive study of the proper-
ties of the linear Park hybrid model in the light of the theory of landscape urbanism. Ob-
jectives of the research includes a comprehensive assessment of their impact on surround-
ing areas, an offer of the methods of hybrid space maximum adaptation in the context
of historical city center and the development of this hybrid model on different urban
levels.

MATERIALS AND METHODS

The river is the main city-forming structure of the central part of the city. It’s right
bank is bordered by unique areas, such as Vorobyovy Gory, Neskuchny garden and
Muzeon park. At the periphery of the last one, in the result of landscape transformation
of transport artery, socially oriented hiking and cycling communications appear in the
natural environment. This is new Krymskaya embankment, formed on the principles
of landscape urbanism. Such hybrid model of space affects regeneration of disturbed
areas adjacent to the river and becomes a vector of the urban transformations of the
city’s central part. Without breaking the identity of Moscow historical center, it is blend-
ed harmoniously into the existing landscape and urban context. Today, the growth of
attendance and new park area popularity, as a single natural and recreational space, oc-
curs. Attendance of Gorky Park during the week is 20 000 people, and 100 000 —
on weekends and holidays with a serious communication pressure on natural areas [18].
After refunctionalization of the entire natural area structure in 2011—2012 it became
one of the most function filled parts of the linear park and, as any new hybrid urban mod-
el, it has new properties. Following the current trend of sustainable urbanism, admitted
by Douglas Farr [4], for creating sustainable systems it is essential to integrate trans-
portation system with land use and technologies with the development of biodiversity
corridors in a specific ratio. Stable system bonds are reflected in properties of the hybrid
model, and according to sustainable landscape urbanism, the model can be developed
in time harmoniously only in case of “work™ or action of each property. According to the
urban planning theory and practice of landscape urbanism, hybrid models have the fol-
lowing properties: interconnection between landscape, architecture and urban context,
formation scenario of area composition, historical contextuality, versatility, social special-
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ization of area potential opportunities, visually-coloristic approach, seasonal and temporal
variability, identity, horizontal, saturation, scale identity of architecture and landscape,
permeability of spatial-planning structure, environmental comfort and safety, accessi-
bility [10]. Observing the development of the linear park hybrid model, one can con-
fidently say that some properties are perfectly manifested, and some properties are mani-
fested partially, or require serious improvements and revision in engineering. Otherwise,
such models may contain design and reconstruction errors in the future. It will inevitably
reduce the level of psychological and environmental comfort in the center of Moscow,
and also affect the future sustainable development of the regenerated areas. Let's consider
the impact of hybrid model properties of urban park area and compare advantages and
disadvantages of these properties. Interconnection between landscape, architecture and
urban context, in my opinion, fully disclosed in presented area. It is manifested through
the history of the place, functional connections of all territory parts with architecture
and unique landscape. Its influence extends to all the surrounding areas and associated
with regeneration of these areas in the city center. According to the plans of Moscow
government Krymskaya embankment should become the only one pedestrian route from
Vorobyovy Gory to “Krasniy Oktyabr” former factory [18].

Formation scenario of an area composition is closely connected with historical con-
textuality and versatility that will involve horizontal linkages in structure of an urban
fabric. Central city part renaissance keeps creative and cultural reconstruction of the city
as a space for meetings and presentations, space to “see and be seen, as the newly open
living space” (Hoppula [3]). These properties are interrelated and have a great “read”
in the space. Historical context is kept by the Moskva River as the main city-forming
element with the unique landscape of three park areas. Preserved natural landscape of
Neskuchny garden and Gorky Park is integrated with the urban landscape of the Krym-
skaya embankment (Fig. 1).

Figure 1. The urban landscape of Krymskaya embankment —
historical context and the versatility of the pedestrian communication
in the landscape with local plants (photo by the author)

Social specialization of the area potential opportunities involves an area social
adjustment for people of all ages and interests. In this context, the present model of park
area improves life quality in the city and is designed for every person of different age
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and social status [15]. Park functional zoning includes a playground, areas for recreation
and cognitive rest, sports grounds, recreation near the water, beach area, dance floors,
hiking and biking trails, equipment rental and many more. The territory as a whole and
individually has different recreational areas of interest for all users of this space. Each
of the parks associatively filled with a specific set of landscape tools and color images,
maintaining the identity of the hybrid model. Along with historical memory of the place,
the new aesthetic concept of parks development fits the idea of linear parks in Moscow
center perfectly. However, visual coloristic range of Neskuchnyi garden could be more
expressive, using, for example, means of landscape design as the forest canopy design
of different types or color vegetation array of modern sculpture “to reinforce” a pleasant
comfort and identity, named “cultural goodwill” by Pierre Bordeaux (Ilmonen [3])

(Fig. 2).

Figure 2. Contemporary Sculpture “The Power of dogs”, made in a rack
and pinion technology — by Hungarian sculptor
Gabor Miklos Szoke (photo by the author)

One of the most important properties of a hybrid landscape of urban area is its sea-
sonal (all-weather) and temporal variability. Year-round use of the natural area is a very
important component of any architectural and landscaping concept. Then the landscape
is perceived as aesthetic value especially in the colder seasons, using it for different
kinds of leisure activities and socializing in a winter landscape. For Russia, with its cli-
matic features, including the long winter period, late autumn and protracted spring colors,
landscape support is required. Changes of all-weather and time-variability to enhance
the identity of the hybrid model of park landscape is needed again in the structure of
Neskuchnyi garden (Laine [3]) (Fig. 3).

By the horizontal saturation of hybrid urban landscape forms of vegetation design
and work with the natural territory relief are proposed. In this case, the selection of land-
scape plant components are made by formation of multi-tiered perennial plants adapted
to Russian climate conditions. It is necessary to integrate the soft nature components
in the area of landscape structure with decorative effect creation of perennial ground cov-
er plants, bushes and forest edges, by analogy with the natural forest.
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Figure 3. The typological structure of Neskuchnyi garden —
actively changing steep terrain with no evidence
of area variability (photo by the author)
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Figure 4. The “capture” of new territories in the circuit
and on the periphery of the linear park —
Krymskaya embankment (photo by the author)

Four final properties are the main problems of hybrid park area. The permeability
of the space-planning structure of territory is violated due to intensive recreation and
communication pressure. It is unevenly between Gorky Park, Krymskaya embankment
and Muzeon. Scale identity of architecture and landscape manifests itself in the contradic-
tion of urban development throughout the territory, at the end of the 20th century, urban
development was improved on park areas. And today, the new hybrid model influences
on the transport infrastructure in the center of the city actively, creating huge traffic jams
at the external part of the Garden Ring in Moscow (Fig. 4).

There are two more properties of hybrid urban landscape which has not been met.
Environmental comfort, safety and territory accessibility related to parks recreation po-
pularity, which is manifested in the shortage of parking spaces. The presented hybrid
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model of park area is a new and very interesting landscape, urban facility at the natural
and urbanized area in the center of Moscow. Historically in the context of the urban
fabric, it actively influences the surrounding area. Buildings density in the central part
of the city, and the popularity of the place determined the main problems of further
sustainable development of the hybrid park model. In order to overcome the negative
impact of the properties above there are appropriate methods for the qualitative improve-
ment of urban planning situation and fix design errors of future projects.

Method of park area restructuring involves working with typology of each section
of park area landscape and focusing on changing terrain and former transport routes.
The method is also aimed at finding reserved territories in the circuit and on the periphery
of linear park hybrid model for personal transport parking organization. In this connec-
tion, the example of the Krymskaya embankment reconstruction, performed by architec-
tural “Wowhous” Office, is significant [9]. In the project a high level of modern design
with social and environmental aspects compete with place popularity and, as a conse-
quence, led to miscalculations in the organization of a sufficient number of places for
vehicles parking.

Method of layer-by-layer modeling of renewing nature means the use of 3 tiers
of plant components in the structure of the landscape to change its identity [12]. The main
objective of the method is the change of visual image composition. In world practice,
there is a tendency not only in the returning nature in a city but the creation of natural
landscape, following the principles of humanist ecology and environmental design [8].
This approach involves accented work with natural biotope of selected urban area, deep
knowledge and understanding of development dynamics of trees and shrubs, perennial
grass and meadow crops [13]. In the course of this work, the typological structure of the
territory in closed and open areas, meadow spaces and natural oases is determined. Terri-
tory restructuring on different types of sites with “spontaneous” nature possesses suffi-
cient resources to recreate the natural undergrowth and forest edges by analogy with
forests. In the middle of the XX-th century “imitation” of nature meant the union of natu-
ral habitat and plants of the climatic zone in a single landscape composition [8]. Selection
of additional vegetation were performed by formation of tiered perennial plantings so,
that the work of a landscape architect was almost imperceptible to landscape supervisor.

The method of integration of park area water-green infrastructure in city center ur-
ban fabric means “step by step” adaptation of the right bank of the Moscow-river to the
new recreational needs of society in new natural environment. The method is designed
for active research of functional connections methods between the main city-forming
element, the river, and natural and urbanized landscapes of three park areas in order
to regenerate the urban space. A vivid example of the use of this method is a general
plan of Perm, where “key” moments of city regeneration is creation of stable water-
in-green frame of open spaces [1].

RESULTS AND THEIR DISCUSSION

The analysis results of a new linear park hybrid model on different urban levels from
territory elements to the landscape typology demonstrated that reconstruction stages
of three park areas are aimed at preserving the natural heritage and the development
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of recreational infrastructure in the central part of the city. Most of the properties have
a positive effect on the actively changing social, cultural, environmental and aesthetic
performance of architectural and town-planning object in the center of Moscow. How-
ever, environmental comfort, safety and territory accessibility are not provided with
competent restructuring of adjacent areas on the level of design for parking space search.
For stepwise solution of these issues in the sustainable development of the linear park
hybrid model offers new methods of its landscape renovation. The results of their im-
plementation in the central part of the city will affect urban development of the entire
area of the Moskva River. The development concept was elaborated in the project of
“Project Meganom” architectural bureau, which became design competition winner for
coastal areas development of the Moskva River [18]. The main focus is on the environ-
mental strategy and the overall concept of coastal areas development of the main water
artery of the city.

CONCLUSION AND RECOMMENDATIONS

In General, landscape-urban hybrid model of park area enhances life quality in the
city and represents a great practical and scientific interest. Combining the properties
of hybrid areas with regeneration methods and the process of de-industrialization, water-
green infrastructure can obtain the status of environmentally sustainable and socially
efficient spaces. The appearance of such hybrid landscape-urban objects that are city
stable based on the principles of landscape urbanism and associated with the return of
nature in Russian cities.

The main results of scientific work were presented in two reports on the internation-
al landscape conferences in Saint-Petersburg and Stockholm in 2015 and 2016. Theoreti-
cal bases are developed in the master thesis in 2015. The scientific research presented
in article expands scientific knowledge of the ecological way of stabilizing park areas
in the central part of Moscow. It is necessary to continue this work for useful integration
of the theory and practice at all town-planning levels. The presented model of the organi-
zation of the inhabited environment shows new opportunities of regeneration of building
of the Russian cities and formation of strategy of their sustainable development for the
change of the quality of human life in the city. It gives a positive resource for the creation
of “living” cities” with the steady natural and architectural environment.

© E. Zaykova, 2016
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JIAHAOLWA®DTHbIA YPEAHU3M B LLEHTPE MOCKBbI:
HOBbIE FTMBPUAHbIE MOAEJIU NAPKOBbIX TEPPUTOPUN

E.10. 3aiikoBa

Poccuiickuii yHHBEpCUTET IpyxKOBI HAPOIOB
yi. Muxnyxo-Maxnas, 8/2, Mockea, Poccus, 117198

JIy1s yCcTOWYMBOTO Pa3BUTHS COBPEMEHHBIX FOPOJIOB HEOOXOJMMO MEPECMOTPETH POJb MPHUPOIHBIX
TEPPUTOPUIl M JaHMMAPTHOTO MOAX0Ja B YJIYYIICHHH KayecTBa TOPOJACKOW cpeabl. PasButue 3eneHoit
HH(PACTPYKTYPBI METAIOIUCOB, 00bEIUMHEHHOE TEPMUHOM <JIaHAIA(THBIA ypOaHU3M», MOJpa3yMeBacT
BOCIIOJTHEHHE TIPUPOAHBIX KOMIIOHEHTOB CPE/IBI TPH PACIIMPEHNH TOPOICKHX TPAHHMI] MJIH ITOMCK Pe3ePBHBIX
YUYaCTKOB «3a0pouieHHoro» janamadra B ctpykrype ropoga [10]. I[Ipu coznaHum HOBBIX cTparerui
pa3BHUTHS TEPPUTOPHI MIPUPOAHAS Cpelia B YCIOBHUSIX MOCTHH/YCTPHUATIBGHON JIEMCTBUTENIHHOCTH M TIPOTPEC-
cupyromleit ypoaHU3aIMy SABJISETCS] TOM COCTAaBIIAIOMIEH POCTPAHCTBEHHOTO PA3BUTHS TOPOJIOB, KOTOPYIO
HEo0X0MMO OEpeXXHO aJanTHPOBaTh U BOCHONHATE. HeoOXoquM MoMcK HOBOH MOJENH Pa3BUTHS FOPOJI-
CKOT'O MIPOCTPAHCTBA, B KOTOPOH THITONOTHS JIAaHAMIAPTA M KOMIIOHEHTH! IPHPOJIBI SBISIIOTCS CPEeICTBAMHU
upeHTraHOCTH cpensl [13]. CtpemuTenbHast Aerpafamnys MPUPOAHBIX YIACTKOB B Pe3yIIbTaTe «YIUIOTHEHHSDY
ropoja 1 3aCTPOHKH B KPYIHEHIIINX POCCHICKUX ropojax, B TOM yuciie 1 Mockse, Habmoaanack ¢ 90-x rr.
XX B. OHa npHBeNa K UCYS3HOBEHHUIO BHEAPXUTEKTYPHBIX MPOCTPAHCTB, YTO, B CBOIO 0YEPE/ib, MOBIIHSIO
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Ha YCUIICHHE SKOJIOTHYECKON HAMPSHKEHHOCTH B Pa3HBIX YacTsAX FOPOICKOro MPOCTPAHCTBA, OCOOCHHO B €T0
LEHTpE, U CHIbHEHIIeH peKpeallnoHHON Harpy3ke Ha MapKoBbIe TEPPUTOPHH, HanboJee BOCTpeOOBaHHbIC
roponoM. J[is n3MeHeHHs STOM CHTyalluy M CO3/IaHMsl HOBOTO CLEHAPHOTO Pa3BUTHS MAPKOB B IIEHTPE
MockBbl HE0OX0AUMO (POPMHUPOBAHUE HOBBIX YPOAHH3HPOBAHHBIX OOBEKTOB, KaK B IIEHTPE, TaK U B Cpe-
JIMHHO# 1 niepudepuitHoil yacTu roposa. ClieHapuii YCTOHYIMBOTO Pa3BUTHS TOPO/A HA PAa3HBIX TPaJOCTPOU-
TEJBHBIX YPOBHSAX BKIIIOUAET HHHOBALIMOHHBIE MAEH MO FApMOHM3AINH KU3HH, CBA3aHHBIE C MOHATHEM
(OKUBYILIHE» TOPOJIa, YCTOHINBOW ypOaHH3aIHel, COXpaHEHHEM UCTOPHIECKOTO HACIIeIUs M HOBBIMU CTPOU-
TEJILHBIMUA TEXHOJIOTUSIMHU [5].

KioueBbie ci1oBa: ycToW4MBBIA ypOaHU3M, THOPUAM3AIMS NPOCTPAHCTBA, CBOWCTBAa MOJIEINH, IO-
ny0as 1 3e1eHast HHQPACTPYKTypa, MECTHBIE PACTCHHUS, HJIesl IMHEAPHOTO IapKa
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MONITORING, RESTORATION AND MAINTENANCE
OF AGED TREES IN SUMMER AND MIKHAILOVSKY GARDENS
OF ST. PETERSBURG
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A.G. Dmitrieva’, T.A. Dubrovina?

'Russian Museum
Inzhenernaya str., 4, St. Petersburg, Russia, 191186
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Miklukho-Maklay str., 8/9, Moscow, Russia, 117198

The image of the Summer Garden is inseparable from the image of St. Petersburg. It was survived
together with the city of the period of formation, rapid flourishing, change of rulers, change, economic sys-
tems, natural and military disasters. In June 2009, Russian Museum proceeded to largest restoration on
the reconstruction of the memorial ensemble of the Summer garden. The article presents the results of in-
spection condition of old-growth trees in Summer and Mikhailovsky Gardens and analyze inventory data
from 1962 to 2014, the dynamics of change in the number of trees.

Key words: Summer Garden, Mikhailovsky Garden, plantations of trees, inventory of tree planta-
tions, old-growth trees

INTRODUCTION

Urban green zones make a substantial contribution to the environmental conditions
and the quality of life in the modern cities. For example, trees and shrubs in the leafy state
reduce dust in the air an average of 40% [7]. Old rural parks resemble high-conservation-
value forests more than the best preserved contemporary forest remnants. Old parks do
provide a refugium for temperate deciduous forest species [1].

Under specific circumstances the old trees in the park may provide valuable infor-
mation for restoration decisions. The most important challenge in restoration is to identify
trees and provide conditions to achieve an original design concept. Due the similar trends
in development of manors and manor parks in the Baltic countries, the topic is equally
interesting for all Baltic States.

Reconstruction and design of the original landscape requires the inventory data, in-
cluding total amount, age, dominated species and the structure of plantations. Further-
more, the difference between the current structure and the original plan shall be consid-
ered by the landscape architectures and planners. One of the ways to deal with this issue
is to identify the really old trees from the new or subsequent growth, and focus attention
on those [2].

Since the old trees illustrate a long period of environmental conditions’ dynamics,
investigators are increasingly turning to dendrochronology to create context for current
environmental change. While a suite of characteristics to identify old trees has been de-
veloped, most of these characteristics are for conifers or trees growing in low-density
forests. The common indicators of old (> 250 year old) EDF angiosperms are presented
to aid in the recovery and preservation of these living sources of information [3]. This
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study aimed to analyze the inventory and dendrochronological information for two his-
torical parks in Saint Peterburg in order to develop the best management practice to
restore and maintain the plantations.

MATERIAL AND METHODS

The research area included to historic gardens, located in the center part of Saint-
Petersburg (59°57'N; 30°18'E). Both areas were passed the management of the Russian
Museum to create a single palace-garden complex in the center of St. Petersburg. The Mi-
khailovsky Garden with Mikhailovsky Castle Garden and Engineers Square was included
in the complex in 1998, whereas the Summer Garden with a summer palace of Peter I
and the house of Peter I on Petrovsky Embankment was embraced in 2004.

Restoring the historical gardens was claimed as the principal goal for the established
palace-garden complex. An new branch of the Russian Museum, focused on the green
areas of the Summer and Mikhailovsky Gardens was established in 2012. An inventory
of the green areas was performed and the research and restoration activities were orga-
nized to maintain and develop the garden ensemble. Although the inventories in the
Mikhailovsky Garden were conducted previously (in 2011 before the restoration and
in 2008 after the restoration), the inventory results were not complete. A new inventory
of the gardens and green areas was carried out in 2012—2014 to fill existing data gaps.
Since the age of the trees was not specified in the previous inventories, trees of each
type (breed) with different diameters were sampled and the age category was identified.
Selected aged (older than 150 years) trees were analyzed with the two-dimensional
impulse tomography Arbotom (Rinntech, Germany) (in total 300 trees). The selected
ancient trees in the Mikhailovsky Garden (for example, an oak dated back to the Peter I
period and overmature lime-trees) were additionally examined by specialists of NCSA's
and the core samples were taken. The obtained results on the age of the trees were veri-
fied using the historical documents (for example, the greening plan of Rastrelli). The in-
ventory results were used to develop the best management strategies to maintain the
plantations. A comprehensive monitoring of plantations’ state was carried out to evalu-
ate the efficiency of the implemented managements.

RESULTS AND DISCUSSIONS

In inventory results reveals the predominance of old trees in both Summer and Mi-
khailovsky Gardens (Table 1).

Table 1
Number of trees by age group, years
The name of the garden up to 40 40—100 Over 100 Total
Pcs. % Pcs. % Pcs. % Pcs. %
The Summer Garden 256 13,5 582 30,6 1063 55,9 1901 100
The Mikhailovsky Garden 200 17,0 392 33,0 595 50,0 1187 100

The obtained results were compared with the historical data, obtained for the
green plantations of the Summer Garden in 1930—1940-s. The oaks of the age up to
500 years were the oldest trees in the garden in 1940-s, whereas the oldest lime-trees
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were 250 years old, and larch trees aged 200—300 years [8]. The comparative analysis
of the inventory data collected at the Summer Garden for the period 1962—2012 years
reveals that the oldest trees (200 years or older) are represented by lime trees and single
oak trees. Similar results were obtained for the Mikhailovsky Gaden, where lime trees
and single oaks were the oldest trees. The aged of the trees was not always positively
correlated with the diameter, indicating that a larger diameter not always corresponds
to an older age.

The aged trees are vulnerable to climatic conditions (e.g. windfalls and droughts)
and anthropogenic pressures and therefore require for the special maintenance treatments.
Prior restoration of the Summer garden comprehensive measures to adapt the trees to
stressful situation was carried out. According to our information, it was for the first time
in Russia. Several treatments were implemented. Sanitary, forming, decimation and
compensating pruning of trees was carried out. The 44 problematic trees (curved and
branched specimens) have been lowered to one-third or half of the initial height to pre-
serve the trees and improve the light conditions. Root and leaf nutrition and treatments
with biostimulators were implemented several times. The revealed 518 hollows (includ-
ing 230 high from the surface) and frost cracks were treated. More than 100 young trees
were planted and 21 trees were relocated during the restoration of the Summer Gar-
den [5]. The implemented measures substantially increased the sustainability of the
plantations. As seen from Figure 1 plants’ health condition (in score) after reconstruction
in the Summer Garden in 2012 was better when compared with before reconstruction
in 2006—2007 years. During the four-year period after the restoration windfalls in the
Summer Garden did not occur [6].

Number of score
35

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Seament number
m in2006-2007 mewmin2012  —Different number of score

Figure 1 Comparison of plants’ health condition before and after
reconstruction in the Summer Garden

The treatment of the aged trees was carried out in the Mikhailovsky Garden during
the restoration in 2000—2003. The following measures were taken: pruning, treatment
of hollows and frost cracks, installation of protective and supportive structures.
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The drainage pipes were installed in the Mikhailovsky Garden, however their effec-
tiveness was not proved. For example, the examination of the tubes carried out during
the plantations’ monitoring showed that the tubes did not functions partly because they
were clogged with rotting wood and rot, partly because the lowering of the hollow’s
boundaries. Since the effectiveness of the drain tubes was not confirmed for the Mikhai-
lovsky Garden, they were not implemented for the Summer garden afterwards.

Currently, the following managements are implemented to all aged trees in the
garden: sanitary pruning, moulding pruning and thinning of the crown (once a year),
treatment with pesticides (twice a year). The aged trees in printed coverage in the Sum-
mer garden also received foliar fertilization until 2016 was. The following measures
are implemented to treat the trunks: stem growth is removed, hollows are treated with
further examining and treating sprout and truck damages.

Comparative monitoring of the aged trees’ state was carried out in both gardens
in 2016. In result 274 hollows were fixed in the Summer Garden, whereas 76 hollows
were found in the Mikhailovsky Garden. The 92 crowns and trunks are fixed with ties
in the Summer Garden, which is almost three time more than in the Mikhailovsky.
Besides, 3 clamps and 1 holder were mounted on trunks during the restoration period.
The positive experience of lowering tree in Summer garden were implemented in the
Mikhailovsky Garden to restore the plantations.

To effectiveness of the implemented maintenance measures was evaluated based
on monitored of the plantations’ conditions. It was found, that the sanitary score of the
plantations’ conditions didn’t changes since 2012 and gave similar 2.0 in average for the
Summer garden [5]. The same score was obtained for the Mikhailovsky Garden. A major
part of the trees in the gardens of the Russian Museum belongs to the second category
(Table 2). The elm trees usually belong to the fourth category, whereas the first category
is mainly reported for the young plantations. However, some of the young trees don’t
correspond to the first category to strong shadowing under crones.

Table 2
Distribution of trees between the state categories (August 2016), Pcs.

Garden The Summer Garden The Mikhailosky Garden
Category condition 1 2 3 4 Total 1 2 3 4 Total
Number of trees 105 1663 88 0 1861 101 1020 62 1 1184
% 5,66 | 89,61 | 4,73 0 100 8,53 | 86,15 | 5,24 0,08 100

The applications for the two historical trees in the gardens were submitted in sum-
mer 2013 to the Russian program “Tree — is a monument of nature”. Those trees were
the oak of time of Peter the Great and the maple, located near the Palace of Peter I
and frequently encountered in the paintings and engravings of the late XIX — early
XX centuries of the Summer garden and the. In result both trees were included in the Re-
gister of Russian old-growth trees the end of 2013. The trees were officially recognized
as “tree-monuments of nature” in winter 2014 by the decision of the Commission.

The analysis of the overmature lime-tees’ showed an absence of rot for one of them.
Based on the three sampled cores 265 and 267 annual rings were detected at [4]. The age
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of the tree-monument of nature — an old oak tree, located on an Oil meadow of the
Mikhailovsky Garden, was estimated to 278 years. This outcome incorporated with the
analysis of iconographic materials alowed Cherdantseva to draw conclusions that the
oak was planted during the reconstruction of the garden following the project Rasstrelli’s
plan of 1741, organized for the Empress Elizabeth Petrovna. Therefore there are evi-
dences to call this oak “The tree of Elizabethan time”. The core analysis of the other lime-
trees allowed interpolating its age to 286 years. There are 90 lime-trees of the similar
age in the Summer Garden and 70 — in the Mikhailovsky Garden. Up to 27 aged trees
(including 20 elm trees) were cut and 4 young tree were planted in the Summer gar-
den since 2012. In total 24 aged trees were cut in the Mikhailovsky Garden, including
10 trees, affected by the ‘ulm’ disease.

The Mikhailovsky Garden hosted charity event “Tree of life” for the first time
in 2014. Celebrities in the cultural, scientific and business spheres planted new trees
within this action. The memorial name plates were with personal names or the names
of the company were attached to the trunks of the trees. Each participant received a medal
and a certificate. In total 28 new trees were planted to replace the dead aged trees during
last two years. Planting trees in the historic garden is the best way to preserve the memory
of yourself for future generations, because the trees live for centuries. Every planted tree
males an invaluable contribution to the restoration of the architectural-spatial composition
of the historical gardens. Although, the total extent of the Central Imperial gardens of Pe-
ter the Great in St. Petersburg reduced substantially over last 300, their significance and
impact on the environment as the ‘green lung of the city center’ it is difficult to overes-
timate [6]. Therefore, it is important to keep them in appropriate condition and to pre-
serve old-growth stands of past eras!

© O.A. Cherdantseva, E.A. Lukmazova,
A.G. Dmitrieva, T.A. Dubrovina, 2016
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O6pa3 JletHero caga HeoTaenuM oT obpasa Cankr-IlerepOypra. OH MEpeKUII BMECTE C TOPOJIOM
MIEPHO]] CTAaHOBJICHHS, OypPHOTO pacIBeTa, CMEHY MPaBUTENEH, SKOHOMHIECKUX (POpPMAINi, CTHXHHHBIX
1 BoeHHbIX Oencteuid. B utone 2009 r. Pycckuit My3eid npucTynui K KpyHHeiiel pecTaBpalyu 1o Boc-
CO3/IaHUIO aHCaMOJIsI-aMsATHUKA JleTHuit cax. B cratbe mpuBOASATCS Pe3ysIbTaThl 00CIET0BAHUS COCTOS-
HHsI CTapOBO3PAcTHBIX JepeBbeB JleTHero u MuxaiyloBCKOro caZioB M aHaIW3 MHBEHTapU3aIllMOHHBIX
JIaHHBIX ¢ 1962 o 2014 r. nUHAMUKY U3MEHEHUS KOJIMYECTBA JACPEBbEB.

KimoueBblie cioBa: JletHuil can, MuxaiinoBckuii cajl, 3eJIeHble HaCaKICHUS, THBEHTapU3aLus Jpe-
BECHBIX HAaCaKJECHHI, CTApOBO3PACTHBIE JEPEBbS
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The article reveals the importance of urban greening as a part of sustainable urban development
concept. We examinethe ecological, social, cultural, spatial benefits of urban greening promotionas well as
the possible constrains to urban space vegetating. It is shown that the assessment of tree benefits can be im-
portant for implementation of sustainable urban development. In turn,appropriate urban greening assessment
is also important. The article provides existing urban greening assessment methods and their implementation
in real-life practices.

Key words: sustainable urban development, urban greening, green space change, urban challenges
and problems

INTRODUCTION

Sustainable development has been a subject of active scientific research in recent
years [5; 11; 22]. The sustainable development is the interdependence of environmental,
economic and social issues in the process of human development, initially its basic prin-
ciples were discussed at the United Nations Conference on the Human Environment [42].
The conference’s declaration pointed out that while economic and social development
is essential for the improvement of the quality of life, “the protection of the human envi-
ronment is amajor issue which affects the well-being of people and economic development
throughout the world” [42].

The issue of sustainable development becomes extremely acute when it is linked
to the global trend in urbanization. Sustainability in the context of urban development
means a necessity to solve a variety of problems: social, economicenvironmental and
management system [43]. Environmental aspect is an important element of sustainable
urban development, which includes the issues of air quality conservation, waste man-
agement, efficient energy use, water management andgreenery planting.

The main hypothesis of the paper is that promotion of urban greening, in particular
in Russia, will lead to significant improvements in economic and social spheres. Greening
benefits considerably exceedthe costs for its implementation and maintenance. However,
it is necessary to findan economic approach for adequate assessment of the greening
benefits. The goal of this article is to determine efficient economic approaches for the
assessment of greening benefitsand, additionally, for measurement of government policy
in this field. Such approaches might be useful for greening system optimization in urban
environment, especially in megacities.

The paper is organized as follows. First, it presents the concept of sustainable urban
development. The specific features of urban systems’ functioning are mentioned and the
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threats to sustainable development in condition of intense urbanization are presented.
The following section discloses the concept and functions of urban greening and provides
the evidence of its contribution to all three aspects of sustainable urban development.
The main problem of green urban spaces development such as the difficulties in deter-
mining its economic feasibility is stated and then a way of valuation the economic value
of urban forests is proposed. The paper also provides some illustrative real practice ex-
amples of urban greening measurement practices implementation.

SUSTAINABLE URBAN DEVELOPMENT

The definition of “sustainable development” was introducedby the World Commis-
sion on Environment and Developmentwhich determined it as a “development that meets
the needs of the present without compromising the ability of future generations to meet
their own needs” [1]. The main goal of sustainable development was the long-term sta-
bility of the economy and environment [11].

Nowadays the urbanization is the modern tendency globally, so theissues of sustain-
able urban development become extremely important. According to the United Nations
Department of Economic and Social Affairs, in 2050 the world population is projected
to be 66% urban as urban dwellers number is projected to grow by 2.5 billion between
2014 and 2050, with nearly 90 per cent of the increase concentrated in Asia and Af-
rica [44].

On the one hand, cities are the engines of economic growth and innovation [21].
On the other hand, the process of urbanization poses lots of challenges, affecting all the
three pillars of sustainable development. Urbanization sharpens the problems of climate
change, poverty, unemployment, aging population and the youth bulge, commoditization
of land and housing, amplification of different types of crises etc. [41]. Policymakers
throughout the world are coming to the conclusion that rapid and unplanned urban growth
threatens sustainable development. In turn sustainable urban development will lead to
economic and social improvements. The 2030 Agenda for Sustainable Development
tackles this challenge through its Sustainable Development Goal 11, which aims to
“make cities and human settlements inclusive, safe, resilient and sustainable” [45].

It is also critical to point out that sustainability at the context of urban development
means necessity to solve the problems of energy conservation, effective use of resources,
public transport system planning, re-use of materials, organic waste composting, the
issues of densification and compact building. There are different approaches to solve the-
se problems, that may contribute to sustainable urban development. Among them the
promotion of Transition Towns, Fairtrade Towns, Sustainable Cities, Green cities, Eco
cities, Livable cities, UN-Compact Cities, the Innovation City, Social Enterprise Cities
[28; 10]. In order to summarize the existing approaches to sustainable urban development
United Nations Department of Economic and Social Affairs suggests four pillars that
would enhance the sustainability of cities: 1) Social development, 2) Environmental pro-
tection, 3) Economic development, and 4) Effective urban governance (Table 1) [43].
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Elements of urban sustainability
(Sources: estimated by authors, based on UNDESA, 2013 [43])

Table 1

Sustainable cities

Social development

Environmental protection

Economic development

Effective urban govern-
ance

Social equity and poverty
reduction

Forest and soil man-
agement

Green productive growth

Decentralization and
planning

Education and health

Urban greening

Creation of decent em-
ployment

Increasing civil engage-
ment in governance

Food and nutrition

Waste and recycling
management

Production and distribu-
tion of renewable energy

Strengthening civil and
political rights

Green housing and
buildings

Sustainable transport
system and energy use

Technology and innova-
tion (R&D)

Support of local, national,
regional and global links

Infrastructure develop-
ment

Water management (in-
cluding fresh water)

Creation of decent em-
ployment

Increasing civil engage-
ment in governance

Recreation areas and
community support

Air quality conservation

Adaptation to and miti-
gation of climate change

Thus, the sustainable urban development is a balanced progression in three main
dimensions: economic, social and environmental with paying special attention to man-
agement system development. It includes a variety of issues such as, for example, green
housing, air quality conservation, public transport system, water management, greenery
planting and others. The importance of these issues cannot be underestimated as the
solution of these problems may lead to social and economic improvements.

Now we would like to separately consider such particular element of sustainable
environmental urban development as urban greening and discuss its importance and
challenges.

GREENING AS A PART
OF SUSTAINABLE URBAN DEVELOPMENT

Urban green spaces development or urban vegetation(greening) is an important part
of sustainable urban development. The value of green spaces can be systematized in dif-
ferent ways. We can define the value of green spaces according to spacial, technological,
social and cultural dimensions [39].

Urban green spaces play an important role in the ecological aspect of city develop-
ment. Firstly, it contributes to the sustainable biodiversity conservation by providing
a livable area for plant and animal life [15]. Furthermore, plants reduce air pollution and
lower noise [6], which influence both ecological situation and living conditions in the
area. One of the major functions of vegetation is the thermal performance adjusting,
which is reached by reflecting the solar radiation [16] and balancing the temperature,
especially in hot, dry areas. The other ecosystem service provided by plants and forests
is water retention [19].

The amount of urban green spaces in the nearby environment also contributes to
the personal citizens’ well-being in several ways. For instance, the green spaces avail-
ability favorably influenceson the level of physical health of the inhabitants [20], even
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reducing mortality [13]. Lovasi et al., 2013 [26] has proved that high obesity rate of
preschool children in low-income families in NYC is partly caused by lack of green spac-
es around for leisure and active lifestyle. It was found that trees can contribute to the
reduction of workers' stress [25]. It has been also shown that the amount of green space
in the living environment and the frequency and length of visits to the forestry and parks
are positively associated with the individual mental health and vitality and decrease
the level of perceived stress [17].

An important feature of urban green spaces is the provision of a site for communi-
cation and recreation. People tend to use green spaces for physical exercises [24] and
outdoor communication and activities [8]. Moreover, green spaces not only stimulate
social interaction, but also act as a cultural heritage site,contribute to the city identity and
enrich aesthetic values [34; 27]. Hence, green spaces satisfy various physical, psycho-
logical and social needs of the residents. It can be then concluded that green spaces
indirectly low the social tension and stabilize the social situation by increasing the life
satisfaction of citizens in general.

The development of urban green spaces faces various challenges. For example, ur-
ban vegetation is often of a low priority in both governmental strategies and programs
and private sector activities. The reason is that the potential greening benefits are under-
estimated by authorities and business as there is not enough evidence of the necessity
of such practices and, what is more important, its economic value. Because of potential
contributors’ inability to assess the return on the investment there is often lack of finan-
cial sources in the area.

As urban sprawl as a form of urban development has several disadvantages such
as low efficiency of energy and resources use, social inequalities and environmental
problems [33], more ecological and sustainable cities tend to have more compact or dense
forms [30]. However, such forms cause new challenges to urban greening. For example,
soil quality is one of the important urban problems (soil is exhausted and less fertile,
abounds cables, tubing etc.), which becomes even more severe in dense city environ-
ments [36]. Moreover, there are the challenges of both planning new green spaces in
compact cities and conserving the existing ones while the infill development [18]. One
of the ways to solve the problem of space shortage is roof planting. For instance, the
Swedish government and The Delegation for Sustainable cities launched an initiative,
promoting urban greening and efficient use of urban space. One of the accomplished
projects was the construction of green walls and green roofs in the city Malmo and even
creating a Scandinavian Green Roof Association [37].

The other challenge in urbangreening is the difficulties in coordination the needs,
requirements and abilities of different parties. Conservation and development of urban
green spaces requires a comprehensive approach including the collaborationwith local
authorities, inhabitants, who are also divided in several groups by their preferences, civic
activists, developers and entrepreneurs. Decision makers need to take into consideration
and adequately reflect all the needs, often contradicting [12]. To this point administrative
and bureaucratic problems of making and implementing decisions are added, which
makes urbangreening a complicated process.
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Thus, urban greening plays an important role in sustainable urban development.
Besides mentioned ecological benefits and positive influence on citizens’ health and
overall quality of life, urban green spaces also contribute to urban design, connecting
different parts and scales of the urban landscape [39]. However, there are several chal-
lenges for the successful urban green spaces development, such as lack of investment,
tendency to dense city forms and coordination of needs of different parties.

ECONOMIC EVALUATION
OF URBAN GREENING BENEFITS

As mentioned above, one of the challenges of urban green spaces development is the
lack of financing due to non-obviousness of the returns on such investments. Although
the aim of sustainable development is set in almost every modern city’s strategical plan,
the real implementation of this principle and, in particular, greening, is typically post-
poned. The reason for it is that the ecological situation is not critical yet and ecological
threats are not perceived as urgent, while the benefits from plantings are questionable.
Governments prefer to invest in more measurable areas such as transport or education
where the direct social benefit of the policies can be easily assessed and presented.

As green areas belong to the category of social goods, they are non-rivalrous and
non-excludable. First means that the consumption of the good by one consumer cannot
influence the possibility of the other consumer to use the good simultaneously. Second
means that non-paying consumer cannot be prevented from using the good. These charac-
teristics make plantings a non-appealing investment for private businesses as at the first
glance they do not generate income.

The possible solution for this problem lays in the possibility of evaluating the eco-
nomic benefits of the plants in the particular area. In reality, each tree carries particular
value that can be expressed in the value indicator. Appropriate valuation of the services
that green areas provide to the society leads to the amount of green spaces and level of
their maintaining which is maximizing the social utility.

As mentioned in the second chapter, there are direct benefits from a green landscape
to each resident living in the area, such as health, recreational, social, aesthetic benefits.
This fact is reflected in the direct correlation between the quantity and quality of greening
in the area and the realty prices, as there is obviously a higher demand for the houses
situated in better environmental conditions. Health benefits can be also potentially evalu-
ated through the annual medical costs savings, although the procedure requires certain
nontrivial research.

Assessing the profit for a local economy two things should be taken into account.
First, the revenue growth of local enterprises and shops, both from the increase in the
number of the area visitors coming for leisureand recreation, and from the changes
in willingness-to-pay of the residents and visitors. It has been proved that the quality
of public environment has a significant impact on the consumer behavior. For instance,
Kathleen L. Wolf, 2004 [40] has shown that consumers associate the presence of urban
forests in the central retail district with higher visual quality rating of the district. The other
study has shown that greenery among other atmospheric characteristics of shopping cen-
ter influences the consumer behavior and the willingness-to-pay [32]. Second, it can be
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said that green areas contribute to the budget replenishments, as additional consumption
generates tax flows to the local budgets.

Ecological value of parks and green spaces can be alsoeconomically evaluated. For
instance, one of the valuation objects can be storm water management, slowing the run-
off of the water and reducing the load of storm water system, consequently lowing the
expenses for its maintaining. Savings due to the reduction in air pollution can be meas-
ured by assessing the costs of the air cleaning facilities that would result in the same level
of air purification as a certain planting. When calculating the expenses for the cleaner
costs of maintenance, service and depreciation should be considered. Total urban green-
ing benefits (B) can be calculated according to the following formula (based on the con-
cept suggested by Kudryavceva et al., 2015 [22]):

B=ZZ(a+h+p+x)
i J

Where a is the average annual added value of the air enhancement which includes
solid particles retention, and pollutant gasesabsorption;h refers to reduction in the average
annual water outflow;p reflects the aesthetical value and total convenience of close green
area location which is expressed in the realty prices rise;x reflects the local economy
profit including additional earnings of shops and elements of infrastructure and additional
budget tax revenue;i refers to the tree;j refers to the segment of the woodland.

For conducting the research and data representation, the remote sensing systems
are used. For instance, geographical information systems (GIS) are widely used for eco-
logical and economic benefits assessment of urban vegetation. A number of systems is
designed to analyze the potential value of urban green space and urban forests based on
such technologies or other approaches. Existing approaches of trees valuation would
be presented in one of the following chapters.

Thus, the necessity of economic valuation of urban vegetating has been proven.
We have suggested a method for valuation of urban greening benefits that would take
into account most of the measurable gains, such as ecological, social, aesthetic.

MEASUREMENT OF URBAN GREENING POLICIES

There are several reasons why timely and credible assessment of urban vegetation
practices is necessary. The relevant data about the condition of green areas is required
primarily for its conservation, maintaining and improvement [23]. Time series observa-
tion taken for one area makes it possible to evaluate the effectiveness of the policies
and activities in the field of urban greenery, understand its week points and improve
the strategy. Assessment of policies with numerical indicators is useful for informing
the population about the results due to its visibility. As indicators demonstrably illustrate
the results of local authorities’ activities in the area of sustainable development, they can
increase public confidence in the government and positively affect the level of civic en-
gagement in urban development practices [2].

There are several approaches for assessment of greening practices, which are com-
monly used.The first one is inventory method, which comprises two stages: a field stage,
including observation of plants and collection the data concerning their overall condition
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and characteristics.On the second stage, the received information is integrated into the
database with its further introduction to the registry forprocessing. There is special system
of indicators and criteria for assessment of plants status. For instance, inventory method
for trees can include individual assessment of the following characteristics: the type
of planting, species, age (divided by classes), diameter, height, damages, quality (divided
by classes) [23].

Another approach that can be applied is the calculation and analysis of various in-
dexes and indicators reflecting the quality and extent of urban greening. The scheme 1
showsa variety of existing indicators used for assessment the urban greenery status,
these include thesize and structure of urban green space, its ecological and social quali-

ties, the accessibility of urban greening and expenditure on its maintenance [4].

Indicators
of urban greening

A 4

v

v

\ 4

Size
and Structure

Qualitative proper-
ties (ecological)

Social
Functionality

Accessibility

Maintenance

¢ Green space
indicator

+ Surface area of
green structures
in the city (%)

¢ Extentand num-
ber of forests,
parks, private
gardens, water
areas, green
edges, etc.

¢ Environmental
functionality
(e.g. adsorption
of emissions (e.g.
storm water) and
microclimate)

+ Biodiversity indi-
cators — occur-
rence of red-listed
species in green
structures (num-
ber of species);
City Biodiversity
index

+ Protection indica-
tor — number of
and surface are
(ha) of Protected
areas

¢ Number of urban
green spaces
with rest and re-
laxation opportu-
nities, walking
and biking op-
portunities, with
playgrounds for
children; with
sport grounds;
with cultural
events, etc.

¢ Number and per-
centage of inhabi-
tants living no less
than 300 meters
(walking distance)
from a green
structure above
a certain size

¢ Number and per-
centage of inha-
bitants with
a green structure
in sight

+ Maintenance
budget perin-
habitant

¢ Percentage
of extensively
managed areas

¢ Percentage
of intensively
managed areas

Scheme 1. Indicators of urban greening
(Sources: estimated by authors, based on BUUF City Status Reports [4]

For assessing the efficacy of territory use,another indicator such as the coefficient of

ecological stability can be used [7]. It is calculated according to the following formula:

(FK;)
R,

where P is the area of the site with the corresponding index of ecological stability; K is the coef-
ficient of ecological stability of the site /; K, is the coefficient of the morphological stability of
the relief (based on the possibility of landslides and mudflows).
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Computing of the green space can be executed through special instruments that
calculate area using maps.

It should be also mentioned that trees and other plants can be divided in several
groups by their impact to the environment, meaning that some breeds can be more useful
in solving particular problems than the others due to the specific features of each type
of plant or breed. It is clear then that the individual coefficients for each group of plants
can be calculated.

Thus, the assessment of urban greening is necessary not only to conserve, maintain
and improve green areas, but also to raise public awareness of urban greening importance
and to provide evaluation of the policies and activities in the field of urban greening
for their further improvement.As we have shown, there are different approaches for as-
sessment of greening practices, such as inventory method and indicator-based method,
which are now actively used by policymakers and communities throughout the world
to promote urban greening.

EXAMPLES OF REAL-LIFE PRACTICES
OF URBAN GREENING PROMOTION

One of the main problems of moving towards sustainable urban development is mo-
nitoring the process of transformation to the desired state or objective [29]. Communities
introduce different sustainability projects and plans concerning urban greening, and use
different measurement approaches to monitor the progress. For instance, the trees’ inven-
tory was held in the city of Renton in 2009 [9]. This inventory included the calculation
of all tree species, their diameters and age groups, their condition and maintenance re-
commendations. As the result of the assessments, the economic benefits were valuated
using the Guide for Plant Appraisal and presented to the public [9]. There are several
systems already implemented in the world that measure the economic value of the plant-
ings. One of them is Helliwell System, the method developed and adopted by the Arbori-
cultural Association and the Tree Council in Great Britain that has been widely used
since then for various public and private inquiries. The method concentrates on one
benefit provided by trees — visual contribution to the landscape. According to the
methodology, each plant receives number of points for specific criteria which are then
combined to form a final score. The latest can be transformed into money value by
multiplying on a conversion factor, which is periodically updated by the Tree Council.
Basic factors for assessment are size, expected duration of visual amenity, importance of
position, presence of other trees, relation to the setting and form [35]. The next method
developed for tree valuation is Capital Asset Value for Amenity Trees (CAVAT) devel-
oped by the London Tree Officers’ Association (LTOA). There are two versions of the
method: Full and Quick, varying in precision and optimal amount of assessed woodland.
The approach is based on the idea of a unit value factor, which is determined by the
replacement cost of the tree. The basic value, which is derived from a unit value factor
and the size of truck, is then adjusted with such factors as location, functionality, social
value and some more [35]. The unit value factor is calculated corrected to inflation. The
method has been used to assess the required compensation for the trees damaged by the
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firms, the example of which took place in 2007 in London. The other method is I-Tree,
the software that was introduced in 2006 and simplified the process of urban forest costs
and benefits determination. London’s I-Tree eco Project was set up to demonstrate the
economic benefits of urban greening in London using I-Tree software. According to
the project’s report, “London’s trees provide at least 133 million pounds of benefits
every year in terms of air pollution removal, carbon sequestration and reducing the
amount of water going into drains.The project revealed some extra-benefits of urban
vegetation such as increase in property value, shade and cooling provision, aesthetic
benefits, illnesses’ recovery assistance, crime reduction, social cohesion improvement
and even provision of fruits and nuts for people,animals and nectar for insects [38].
To illustrate some ways of measurement the GetGreen Columbus project, launched
in 2005 in Columbus OH, can be considered. Its goal was to coordinate sustainability
efforts in order to reduce waste of resources and improve air and water quality using
a variety of means. The results of the different initiatives were presented in the GetGreen
Annual Report in 2014 demonstrating remarkable achievements in the field of urban
greening [14]. The results were measuredin percentage points: 2014 greenhouse gas
emissions have been reduced by 25%, and they were also measured in days: in 2014,
there were no days when air quality reached unhealthy levels compared to 2 days in 2013
and 13 days in 2012.

Although the world community is actively taking steps towards the real-life im-
plementation of sustainable urban development principles, including urban greening
promotion, in Russia only a few cities have the resources and perspectives for the re-
alization of sustainable urban development projects [3]. One of the reasons may be the
lack of urban planners and landscape architects within the municipal organization [31].
The other reason is the lack of society’s interest in the problem of sustainable urban
development, especially in its environmental aspect [3]. For instance, in 2000 the Danish
Ministry of the Environment started a bilateral environmental aid project in St. Peters-
burg [31]. The aim of the project was “to ‘sow the seeds’ for a more strategic approach
to planning and management of green spaces in St. Petersburg” by developing a GIS-
based information system and rising public involvement in the improvement of green
areas. However, the project failed to raise public awareness of the importance of urban
greening promotion and came to a conclusion, that without the appropriate development
of human capital in Russia, urban development projects will simply remain without
an audience.

CONCLUSION

Urban greening is an essential part of sustainable urban development. Smart plan-
ning of urban green space may contribute to the improvements in ecological, social
and economic spheres of citizens' life, providing good conditions for biodiversity con-
servation, reducing air pollution, managing temperature balance, increasing citizens'
overall satisfaction etc. These benefits, thoroughly evaluated, may pursue the govern-
ments, if they tend to postpone the implementation of urban greening principles, to
change their stance towards potential returns of their investments.
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Although, as it was mentioned, urban greening may meet some challenges such as
the lack of policymakers' attention to the problem of judicious urban planning, com-
munities all over the world increase their engagement in urban vegetation development,
setting up a variety of projects aiming to move towards urban sustainability.

One of the ways of encouraging local authorities and business to invest in urban
green spaces development is the proper measurement of economic values of the plant-
ings. The paper has offered an approach to such valuation, which is based on the main
factors of trees contribution to the city environment, such as ecological, social and
economic benefits. The applicability of the theoretical proposal was illustrated by show-
ing the existing systems of trees valuation used worldwide.The measurement of the
green spaces policies is necessary which was supported by several arguments. The meth-
ods for it were proposed, followed by the corresponding examples.

Provided evidence has shown that there are useful methods and ways of optimizing
the system of urban vegetation in big urban agglomerates, in particular in Russia. Further
investigation should include more detailed study for the methods most appropriate for
a concrete city in each specific case.

© L. Alekseeva, D. Menshikh, O.V. Kudryavtseva, 2016
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O3EJIEHEHME KAK 3JIEMEHT
YCTOMYUBOIO roPOACKOIro PASBUTUSA:
OLEHKA 9KOHOMUYECKUX BbIroa, USMEPEHUE
PE3VYJIbTATOB NOJIUTUKU U NMPUMEPBbI U3 NMPAKTUKHA

10.C. AnekceeBa, /I.A. MeHbIIUX,
0. B. KynpsiBuena

MockoBCKuUl TOCY1apCTBEHHbIN YHUBepcUTeT uMeHu M.B. JlomoHOCOBa
Jlenunckue eopwi, 1, Mocksa, Poccus, 119991

CTaThs MOKa3bIBaCT BAKHOCTH TOPOJCKOT0 O3CJIICHCHUA KaK OQJHOI'O U3 CPEACTB JOCTHIKCHUA mesei

YCTOHYMBOTO TOPOAICKOTO Pa3BUTHUsA. ABTOpaMHU HPECTABICHbI SKOJIOTMYECKUE, COLUANIbHBIE, KYJIBTYPHBIE,
IIPOCTPAHCTBEHHBIE BBITOJBI OT Pa3BUTHS TOPOICKOTO O3EICHEHHS, a TAkKe BBIICICHBI OCHOBHBIE OTpa-
HUYCHHUS K Pa3BUTHIO O3€JICHEHUS B YCIOBUSIX KPYITHOTO ropofa. [loka3aHo, 9To OIeHKa 3KOHOMIIECKOH
BBITOJIBI JIECOB, @ TAKXKE a/IEKBATHOE N3MEPEHNE PE3yIbTATOB MOIUTUKHI B 00JIACTH 03€JICHEHHS UIPAIOT
BaOXHYIO POJIb B TIPOIIECCE Pean3aliy HPHUHINIIOB YCTOXIHBOTO TOPOACKOTo pa3BuTHs. CTaThs HpescTaB-
JSeT CYIIECTBYIONINE METO/BI OLCHKH O3€lICHEHNSI U HILTIOCTPHPYET UX BHEJPEHHE Ha MPHMepax U3 poc-
CHUICKOMH U 3apyOeKHOH MPaKTUKH.

KuroueBble ciioBa: yCTOfI‘II/IBOG TOPOJCKOE pa3sBUTHUE, TOPOACKOE O3CTICHCHNUC, H3MCHCHHUE 3CJICHBIX
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Urban planning regeneration is a viable mechanism contributing to the urban development during
complex reconstruction of the existing city space-planning structure. The dynamics of changing of urban
planning theories and practices are characterized by an integral approach to city development through
contradictory processes: intensification of globalization processes on the one hand; searching for identity
on the other hand. Formation of hybrid spaces in urban fabric of modern cities is relevant and has significant
socio-economic importance to the process of urban planning regeneration. In the context of permeability
theory hybridity is determined as multi-layer, multi-functional feature of urban space, where there is no clear
separation between public and private; buildings and facilities forming the structure are combined by mul-
tilevel public space where its virtual perception is also vey the important as well as its information capacity
and its transformation ability. Hybrid spaces are multifunctional architectural and landscape entities,
designed by applying the landscape urbanism approach and having the spatial connectivity with adjacent
areas. The hybrid spaces are very importantt for the city economy, as they are development drivers to
spatial, social and public changes. This research is aimed at defining modern design principles of hybrid
spaces in terms of urban planning regeneration. The paper focuses on the principles of hybrid urban
spaces design in the context of landscape urbanism such as the integration of dwelling areas and public
spaces through the green infrastructure.

Key words: urban hybridization, integral urbanism, landscape urbanism, hybrid spaces

INTRODUCTION

The establishment of hybrid spaces in the modern city structure is directly con-
nected with the social and economic processes of the city development and also with
the current intensification of globalization processes (Figure 1). The territorial com-
petitiveness is growing due to information permeability, infrastructure development
and technological development. People tend to choose the most comfortable area for
their residence, recreation and shopping.

The environmental quality of hybrid spaces is defined by its comfortability, multi-
functionality and services interesting for: residents and business, tourists and investors,
authorities and society [1; 2].

In the city life and development, the hybrid spaces are rapidly growing city areas
with self-organizing qualities, comprising the social and economic, functional and plan-
ning, recreation, landscape and composition, as well as environmental aspects. Space
hybridization is based on the multifunctional connection with the internal city struc-
ture and the suburban areas.
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Figure 1. Background of hybrid spaces [8]

The environmental quality of hybrid spaces is defined by its comfortability, multi-
functionality and services interesting for: residents and business, tourists and investors,
authorities and society [1; 2].

In the city life and development, the hybrid spaces are rapidly growing city areas
with self-organizing qualities, comprising the social and economic, functional and plan-
ning, recreation, landscape and composition, as well as environmental aspects. Space hy-
bridization is based on the multifunctional connection with the internal city structure
and the suburban areas.

Today the tendency of hybrid spaces transformation into dominant nodal spaces
in the city structure is observed. The functional saturation of hybrid spaces depends
on the urban planning context and their location. Today the most popular are the hybrid
spaces with the mixed structure of the spatial interaction between the residential, social
and recreational functions.

Hybrid spaces allow to make city successful. There is four city development stages:
1) services offered within the regenerated area and the infrastructure begin to satisfy
the citizens, companies and visitors; 2) new places of interest are developed to maintain
the current business and provide public support to estimated business; 3) hybrid spaces
highlight their peculiarities and advantages through an active and bright image or com-
munication programme; 4) hybrid spaces are supported by citizens, public leaders and
governmental agencies and thus attract new companies, investments and tourists.

It should be noted that the modern urban planning practice outruns the theoretical
basis and concepts of hybrid spaces development and design.

THE ROLE AND SIGNIFICANCE OF HYBRID SPACES
FOR THE CITY DEVELOPMENT DURING THE POSTMODERNISM PERIOD.
BACKGROUND OF HYBRID SPACES

The period of postmodern urbanism (Ellin [3]) is characterized by predominance
of the Anglo-American branch in theoretical concepts of the urban planning develop-
ment. One of these branches is the landscape urbanism [4—7]. Landscape urbanism
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theory is connected with flexible, humane, creative, environmental and socially ori-
ented regeneration approach. The approach aims at the active inclusion of nature into
the city structure by maintaining its natural biodiversity to develop an identical and
aesthetically attractive urban space. The landscape and urban approaches symbiosis de-
fines a multidisciplinary trend in the landscape urbanism and the focus on hybrid spaces
development (Figure 1). The application of the landscape urbanism principles in terms
of the city space-planning structure transformation allows to form an urban socio-natural
system. The complex approach allows to tackle difficult tasks concerning the urban
spaces development at every urban planning level to create a comfortable urban envi-
ronment.

By applying the main principle of the co-evolutionary approach [15] within the
hybrid spaces development, especially the principle of nature and society cooperative
development to define the main transformation directions of the existing urban planning
structure, we can mitigate any negative effect of urban processes to create a sustainable
and comfortable urban environment [8]. It is confirmed by the ideas of Frampton [18].
In his article “Architecture in the Age of Globalization”, Frampton [18] concludes that
the landscape cultural status has been changed in the age of postmodernism. Jencks [9]
supposes that the postmodernist science of complexity, such as nonlinear dynamics,
synergy, self-organization theory, chaos theory, dissipative structures theory, fractal ge-
ometry etc., have influenced and still are influencing the development of modern archi-
tectural thinking. It can be explained by the appearance of new types of multifunctional
spaces — the hybrid urban spaces. Zanni [1] highlights that urban hybridization is de-
termined by the multi-layered and multi-scaled urban tissue. In his view, it allows to
create spaces in the city structure that connect its different parts according to cultural,
historical and social context.

An analysis of functional and social interactions in the structure of hybrid build-
ings was carried out by Holl, Fernandez Per, Mozas, Arpa [11], but they do not research
the development of hybrid buildings in the context of landscape urbanism — from the
point of the green infrastructure integration and the building structural arrangement.

Development of hybrid spaces in city structures began in the late 1980s. Parc de la
Villette is a multifunctional architectural and landscape complex based on the urban
planning regeneration of post-industrial abandoned areas and its surrounding working
class areas in the 19th Paris district. The hybrid space development of the Parc de la
Villette in the Parisian structure has influenced urban planning thinking and led to social
and economic changes of its surroundings. It has also become a driver in urban trans-
formations and changes carried out in this district of Paris (Figure 2). In the 1990s Paris,
Barcelona and Canberra provided the first hybrid public recreational spaces, such as
Promenade Plantée in Paris (by architect P. Mathieux and landscape architect J. Vergely,
in 1993), Nus de la Trinitat Cloverleaf park, architects E. Batlle, J. Roig during 1992—
1993), the National Museum of Australia, Canberra, architect R. Weller, during 1997—
2001). Hybridization of the space-planning structure in these areas was the result of
the design and creation of new public recreational space types, based on the integration
of the landscape and the urban planning approaches towards the recreational objects
planning in the city structure that differed from the common methods and techniques
of the urban and landscape planning.
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Hybrid spaces are multifunctional architectural and landscape entities or landscape
and urban planning entities, designed by applying the landscape urbanism approach
and having the spatial connectivity with adjacent areas. The spatial connectivity of
hybrid spaces with the urban tissue through the greenway public pedestrian space sys-
tem allows to influence on the urban development of adjacent areas and the future city
structure by becoming accessible urban space markers for all city residents.

Thus, we can conclude that hybrid spaces formation carried out by synergistic
interactions between the formed architectural and planning structure, existing historical
and urban context, the specifics of the socio-economic conditions, green infrastruc-
ture, etc.

In 1992, the Spanish architect Manuel de Sola-Morales revealed the trend of social
and functional interaction of modern cities, involving the understanding of modern use
of private and public spaces. Public spaces can be used for both private events and col-
lective use, because they include the maximum number of functions. So, hybrid spaces
appear in the urban tissue structure with typological and morphological variety [20].

The philosophy and practice of the hybrid space development in Western Europe
and the USA is institutionally reflected in the economic development departments. For
example, Ohio has established seven regional economic development agencies; each
of them covers a group of districts. The agencies work with the districts and local authori-
ties on establishment of hybrid spaces to improve the local business climate and meet
certain needs of their territorial enterprises. Such scheme is applied in different countries
such as Ireland, Bulgaria, and New Zealand, etc. It can be concluded that the hybrid
space development is controlled by specific institutions to support and develop the city
infrastructure.

HYBRIDIZATION OF SPACE-PLANNING STRUCTURE
AS AN URBAN PLANNING REGENERATION BRANCH

The evolution of hybrid spaces in the 21st century is based on the expansion of
their functional saturation and the variation of their functional interaction. So, new types
of hybrid spaces appeared in the early 21st century with both the public recreational
and the residential functions.

Generally such hybrid spaces appear in the structure of coastal areas; the best known
examples of the hybrid space establishment with developed residential function are the
Hamburg centre development project, based on the Hafen City district; regeneration
of harbour areas by the River Liffey in Dublin (Dublin Docklands); the Embankment
in the district Diagonal Mar i el Front Maritim del Poblenou in Barcelona; the surround-
ings of the Park of the Nations in Lissabon; the Western Harbour district in Malmo;
the Havneholmen district in Copenhagen. These examples are characterized by the con-
text approach towards the hybrid space formation, based on the maintaining and recovery
of the natural environment that contributed to their image and identity and influenced
the development of their surroundings and of the city as a whole [12].

Today the hybridization of the space-planning structure of post-industrial, damaged,
ravaged or ineffectively used urban areas is a relevant branch of the urban regeneration
(Figure 2).
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Figure 2. Hybrid spaces in the landscape urbanism context.
The symbiosis of landscape, architecture, art and urbanism [8]

The functional heterogeneity of these areas allows to forecast their future devel-
opment according to changes in the social and economic conditions and cultural prefer-
ences. The structural multifunctionality of hybrid spaces produces synergistic effect
that contributes afterwards to the creation of new functional interactions within the
hybrid space structure. For example, mixing of both residential and social and busi-
ness functions in the space structure generates the need for the shopping and recrea-
tional functions, this shows how the functional saturation of hybrid space is formed. It is
worth noting that the synergistic effect, resulting from the functional integration, can
appear only after the hybrid spaces in the central or rapidly developing city quarters.
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Territories adjacent to hybrid spaces become actively developed because of influence
of close hybrid spaces. Impulse to the development of adjacent territories, particularly
of residential quarters (Barcelona is the typical example) is given by public pedestrian
spaces system and green infrastructure based on the permeability principle. Example
of such urban planning interaction is urban planning regeneration of residential quarters
adjacent to the embankment in the Diagonal Mar i el Front Maritim del Poblenou district,
Barcelona and the project of new hybrid quarter La Sagrera, Barcelona were formed
on the basis of inter-modal transport hub.

Hybrid spaces give impetus to the infrastructure development. Thus, the more the
territory infrastructure is developed, the more opportunities for attracting various re-
sources there can be.

PRIORITY DESIGN PRINCIPLES OF HYBRID SPACES
IN TERMS OF THE URBAN PLANNING REGENERATION

Modern hybrid spaces in big cities structure have expressed a social recreational
purpose with a developed residential or social function. Functional saturation of hybrid
spaces with residential function is vertical: space is cleared to the fullest degree; the
space is organized based on the multi-functional principle, multi-layered inter-cultural
public promenade, such as hybrid spaces structure of the Sofia Embankment in Moscow
is organized this way [16; 21]. This project is an example of an active interaction between
the residential complex of public spaces and green infrastructure elements. Therefore,
we can conclude that the formation of embankment hybrid spaces is based on the prin-
ciples of the landscape urbanism theory [4], that allow to move flexibly from the urban
environment to natural. Thus, we see the introduction of green infrastructure elements
in the building and construction of residential and multifunctional complex planning
through all design levels. This allows to create memorable image not only for each struc-
tures that form hybrid space, but also of the whole hybrid space. This is why the modern
understanding of hybrid spaces context should be reasonably considered as a symbiosis
of urbanized space and natural environment.

The urban planning regeneration methods and techniques are widely variable de-
pending on specific features of urban planning potential of the territory in terms of
city development. For example, hybrid spaces formation of ex-post-industrial territories
within the city structure is connected to their new functional saturation. Hybrid spaces
formation principles also depend on urban planning context of the territory and specifics
of the social-economic and investment conditions of the urban planning regeneration [16].

Hybrid spaces formation enables the creation of economic environment which is
an economy growth point for the external environment. This capacity is determined
by the emerging “concentration” effect in trade. The “concentration” effect is emerging
with the “hybridization” of social, business, residential, retail functions in the regenerated
city territory.

The hybrid space with vast variety of intermediate functions enables the creation
of conditions for new sectors: the incubation process development facilitates information
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exchange and innovations distribution process, transfer of knowledge, and improves
business communication process.

Hybrid spaces formation within the regenerated territory is one of the urban plann-
ing mechanisms driving social-economical, investment, cultural, business city devel-
opment.

From our point of view, it is worth identifying the priority design principles of hy-
brid spaces in terms of urban planning regeneration.

It is of vital importance to describe these main principles. They are contextual
innovation principle, urban planning variability principle, functional planning flexibility
principle, cross programming principle, scaling principle and landscape innovation
principle.

CONTEXTUAL INNOVATION PRINCIPLE

The contextual innovation principle is based on human-scale and natural environ-
mental leading to hybrid space characterized with friendliness, communicability and con-
textuality. Such hybrid space should reflect regional and landscape peculiarities of the
territory. Historical continuance (genius loci) — namely, conservation and reconsidera-
tion of heritage — keeps the past in memory, preserves the identity of the area during
formation of the new space-planning territory structure. The concept of the Sofia Em-
bankment in Moscow [21] is based on the contextual innovation principle (Figures 3).
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Figures 3. Example of hybrid space (Competition project —
Concept of multifunctional complex on the Sofia Embankment, Moscow, 2015.
The territory of the Sofia Embankment in Moscow, 3D-model [21]

Adaptation of the project to its monumental environment is formed through up-
grading of pedestrian arteries and historical routes that cross the adjacent city quarters,
as well as through the adaptation of new housing developments to the neighbouring
buildings and green spaces.
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Urban planning variability principle. The urban planning variability principle de-
fines the urban planning capacities of the hybrid space under creation. This principle is
based on the social-economic approach that enables the forecast of possible functional
interaction options which in perspective should define the significance of the hybrid
space for the development of its adjacent territories (quarters) and city planning structure.
Prevailing dominant functions (residential, commercial, entertaining, recreational, etc.)
within the hybrid space structure define its significance for the urban planning develop-
ment. Based on the fact that social-economic conditions change affects the functional sat-
uration and functional use of architectural planning and landscaping elements forming the
hybrid space structure, it is necessary to forecast several options of urban planning
scenario of hybrid spaces development depending on architectural planning and land-
scaping elements functional interactions.

The urban planning variability principle enables singling out of three types of com-
munication with hybrid space that form the territory impression. The type of commu-
nication consists of landscape, infrastructure, spatial orientation, territory organization,
leisure area. It means that first of all the architecture and city landscape are assessed
but then the attention shifts to the city's conveniences: how the transport, communication,
commercial services systems are developed. Further, the administration work is assessed:
how influential the local authorities are and what kind of their efforts for maintaining
and developing the territory are provided. The next factor is associated with the leisure
services rendering: how comfortable the place for tourist is, what benefits and re-
wards for visitors are available, what events and entertainment are available for visiting.
This criterion includes the estimate of the local authorities' efforts for investments at-
traction.

The hybrid space allows people to form an opinion on this territory, how competi-
tive it is compared to other territories, what impressions people have from this area.

Thus, it seems that the hybrid space takes into consideration a wide range of factors
affecting the image of the territory and enables an active interference in the territory
development process creating favourable conditions for attracting investments.

Functional planning flexibility principle. The functional planning flexibility prin-
ciple in hybrid spaces formation is based on the extension of their functional saturation
“palette”, which not only affects but also defines the capacities of the variability exten-
sion as to the architectural typology of buildings and constructions that form the hybrid
space. This principle enables flexible introduction of hybrid spaces into the existing
urban planning tissue for the creation of comfortable, environmentally friendly, socially
oriented and identical urban environments. The urban planning regeneration of residential
quarters of the North Fringe district, Dublin [8] and development of quarters BoO1, Bo02,
Bo03, and Bo04 in the Western Harbour district, Malmo are the examples. This is a sym-
biosis of flexible housing planning structure with vast variability of typological solutions,
provision of the quarters with the sites of various functional purposes, application of
effective engineering infrastructure and modern environmentally sustainable technolo-
gies in the landscape organization of adjacent territories on the basis of preservation
of their environmental potential. Flexibility of the planning solution increases capacities
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of the identical architectural space creation through the formation of individual architec-
tural environment of residential and public architectural and landscaping complexes
that form a hybrid space and are characterized by the functional diversity of the space
use that affects the identity and aesthetics of style solutions.

Cross programming principle. The cross programming principle involves the
functional provision of local elements of hybrid spaces infrastructure with certain func-
tions based on the interaction and interrelation effect of intertwining functions. For
instance, hybridization in formation of contact areas of hub dominant public spaces con-
sists of functional interrelation of the linear public pedestrian promenade, local public
spaces and residential complexes. Hybrid spaces formed within the embankments struc-
ture on the basis of urban planning regeneration and non-functioning railway tracks and
trestles and deserted post-industrial territories can serve as an example [8; 12; 16; 19].

Scaling principle. The scaling principle in hybrid spaces formation consists of ur-
ban planning typology extension in case of public and residential spaces depending on
the specific urban planning context and size of territory. Territorial resource of certain
city area defines the possibility of the hybrid space structure of public and residential
space creation. This happens because of its urban context and functional purpose. As
a result the areas become the image labels of the territory as well as accelerators for
development of adjacent territories and city in general. (Example of Barcelona and
Kaliningrad).

Landscaping environment adaptation principle. The landscaping environment
adaptation principle is the return of the nature priority to the city spaces. This principle
is based on the application of theoretical concept of landscape urbanism [4; 6; §].
Through the scenario approach principle [4; 8] local “green” and “blue-green” frame-
work of public recreational spaces within hybrid spaces structure is formed [13]. Maxi-
mal inclusion of natural landscape components into the “green framework™ structure is
formed on the basis of biophilic approach application [10]. Structuring of the public rec-
reational spaces is performed through the application of not only one main principle of
theoretical landscape urbanism — use of horizontal surfaces [4; 6; 8], but also in the
“green infrastructure” formation [13] all the buildings and constructions forming hybrid
spaces are involved regardless of their functional purpose. The formation of local green
infrastructure of hybrid space is based on the scenario approach [4; 8] should be integrat-
ed with transport framework of the territory and pedestrian links system, — this is how
the connection with the adjacent territories is created (Porta Nuova, Varesine, Milan) [17].

General Conclusions and Reflection. The urban planning identity of hybrid spaces
and social economic efficacy are the main and essential approaches to hybrid spaces
formation through the different territorial levels. Described above, the priority principles
of hybrid spaces formation provide the means for the creation of hybrid spaces as eco-
nomically effective, investment attractive, unique and memorable city territories.

In order to create the scenarios of hybrid spaces development it is necessary to
stray away from formal models in favour of more open strategic models where the
landscape takes important part. Currently, the essential aspect of urban planning regenera-
tion is the use of landscape as the tool creating new aesthetic effects, new social pro-
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grammes. Analysis of European and Russian experience presented in this research
showed us that this approach is especially actively used in creation of hybrid spaces
within developed residential function. Another important aspect is provision of hybrid
spaces with various functions which enables more effective use of territorial resources,
especially in central city parts with formed historical cultural environment. Thus, the
analysed priority principles of hybrid spaces formation within the context of urban
planning regeneration can be supplemented depending on the specific urban planning
context and social economic development factors. Therefore, the integration of hybrid
spaces into the city's tissue through the measures for activities efficacy increase is based
on: prompt estimate of the territory potential: i.e. defining its main resources: historical,
architectural, landscape, natural, social or industrial ones: it will help during the de-
velopment of territory promotion strategy and the definition of the differentiating fea-
ture from other cities; consideration of hybrid space from the point of view of territorial
location, i.e. defining the potential perspective development of the city's territory.

Mentioned examples of urban planning practices show that hybrid spaces are gener-
ally the markers for different functional parts of the city. Creating of unified architectural
image of the hybrid space located in the central part of the city is connected with the
fact that residential structures forming the hybrid space, usually “dissolve” — they are
integrated into the architectural and planning context of hybrid space. This occurs on
the due to the public spaces serve as the main communicator between them. Integration
of residential complexes in the hybrid space structure occurs through active interaction
with public, green spaces and transportation infrastructure.

© E. Krasilnikova, D. Klimov, 2016
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TEOPUH U TIPAKTUKHU XapaKTEPU3yeTCsl HHTETPABHBIM OAX0I0M K PA3BUTHIO TOPOJIOB B YCIOBHAX IPO-
TEKaHUs MPOTHBOPEUYHUBBIX MPOIIECCOB: YCUIICHUS IPOLIECCOB TII00AM3AINHU, C OJHOW CTOPOHBI; IIOMCKA
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UJICHTUYHOCTH, C JPYyroi cropoHsl. @OpMUpOBaHIE THOPHIAHBIX MPOCTPAHCTB B TOPOJCKOH TKaHU CO-
BPEMCHHBIX TOPOJIOB SIBISCTCS aKTyaJbHBIM MPOIIECCOM M MMEET BaXKHOE COLMAIBHO-3KOHOMHYECKOES
3HaueHHe Ui TPAJOCTPOUTEILHON pereHepanui. B KOHTeKCTe TeOpHH MPOHULEAEMOCTH THOPHIHOCTD
OIpeZeNseTCs Kak MHOTOCJIOHHAs, MHOTO(YHKIMOHAIBHASL OCOOCHHOCTb T'OPOZICKOTO TIPOCTPAHCTBa, B KO-
TOPOM HET YETKOTrO Pa3/eJIeHUsI MEXAy TOCYIapCTBECHHBIM M YaCTHBIM; 3/IaHHS M COOPYXKEHHUs, 00pasy-
0l THOPUIHYIO CTPYKTYPY, OObEANHEHBI MHOIOYPOBHEBBIM OOIIECTBEHHBIM IIPOCTPAHCTBOM, U €0
BHUPTYaJIbHOE BOCIIPUSATHE UIPACT TAKKE BAXKHYIO POJIb, ONPENENsis ero HH)OPMALMOHHYIO0 eMKOCTB H CIIO-
coOHOCTE TpaHchopManuy. I HOPHIHBIE IPOCTPAHCTBA NMPEACTABIIIOT COO0H MyJIBTU(YHKIMOHAIBHBIC
APXUTEKTYPHO-JIaHAIIA(THBIE WK JIAHAA(GTHO-TPAJOCTPOUTENBHBIE KOMILIEKChI, KOTOPBIE (OPMHUPYIOTCS
Ha OCHOBE IIPUEMOB JIaHMIA)THOTO ypOAHU3Ma U HMEIOT MPOCTPAHCTBEHHYIO CBSI3HOCTH C MPHJICTAFOIIMU
tepputopusiMi. Ocoboe 3HauCHHE THOPUHBIC POCTPAHCTBA UMEIOT JUIS SKOHOMHKH IOpoJia, TaK KakK sB-
JISIFOTCSL ipaiiBepaMu €ro pa3BUTHSI, HAXOSIIUECS HAa OCTPUE MPOCTPAHCTBEHHBIX, COLMATBLHO-00IIECTBEH-
HbIX Npeobpa3oBanuil. 1{enbio JaHHOTO HMCCIIeOBAHMUS SIBISETCS MOMCK U OIPEe/ICHHe COBPEMEHHbIX
HayYHO-NPAKTHYCCKUX HMPUHIUIOB (GOPMUPOBAHHS THOPUIHBIX MPOCTPAHCTB B YCIOBUSX IPAJOCTPOUTENB-
HOH pereHeparuy. B crarse paccMaTpuBaroTCs IPUHIMIBI (JOPMUPOBAHUS THOPHIHBIX HPOCTPAHCTB B KOH-
TeKcTe JaHAMmAa(THOro ypOaHu3Ma, a IMEHHO MHTETPALMs Kb U OOLIECTBEHHBIX MPOCTPAHCTB Yepes
3eJIeHyI0 UHOPACTPYKTypYy.

KiroueBble cjioBa: TpajiocTpouTeIbHas THOPUIN3aLus, UHTETpalIbHbI ypOaHU3M, JaHAadTHHIH
ypOaHu3M, THOpUIHBIE IPOCTPAHCTBA
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OF CADMIUM-CONTAMINATED URBAN LAWNS

D.D. Gosse', V.I. Vasenev*®, A.K. Afonina?,
A.S. Shepeleva*?

"Moscow State University
Leninskie gori str., 1, building 46, Moscow, Russia, 119991

’RUDN University
Miklukho-Maklay str., 8/9, Moscow, Russia, 117198

*Russian State Agrarian University
Timiryazevskaya str., 49, Moscow, Russia, 127550

Contamination with heavy metals is among key anthropogenic pressures, experienced by urban lawns.
It results in depletion of their environmental quality and functions. Implementation of fertilizers, containing
silicon, is a promising approach to increase urban lawns’ sustainability to heavy metals’ pollution. Based
on the field experiment, an influence of cadmium contamination on the chemical features and biomass
quality of modeled urban green lawn ecosystems was studied. We demonstrated an increase of cadmium
consumption by biomass on the second year of observations as the result of diatomite implementation
together with mineral fertilizers. Both total sugar and disaccharides’ content in biomass was 15—20% higher
for the contaminated plots where diatomite was implemented together with mineral fertilizers, compared
to the uncontaminated control. This evidences a positive effect of the implemented reclaiming on stress
tolerance of the green lawns.

Key words: heavy metals, pollution, urban lawn ecosystems, environmental functions, silicon,
field experiment, sugar, stress tolerance

INTRODICTION

Urbanization is a global trend of the 21st century [22]. Land conversion into urban
results in semi-natural and artificial ecosystems, characterized by specific vegetation
and soils [5; 9; 34]. Urban lawns play a key role in the structure of urban ecosystems.
Many studies report on the substantial areas, covered by urban lawns in settlements
(up to 40% unsealed areas) [33; 29] and the diversity of their functions. Along with
the obvious ornamental function, lawns increases the deposition of fine dust, participate
in filtration of surface waters, contribute to carbon sequestration and together with plan-
tations increase the effect of noise absorption [31]. The specific features of urban soils
and soil constructions under lawn ecosystems were also investigated [1; 16], in particu-
lar the high content of organic carbon and nutrients, lightweight, particle size distribution,
increased average temperatures (especially in summer), intense emission of greenhouse
gases such as CO,, and in some cases N,O and CH, [24; 27; 2]. The implementation
of environmental and aesthetic functions of urban lawns largely depends on their resili-
ence to ongoing anthropogenic pressures in the urban environment.

The main types of anthropogenic impact on urban lawns are compaction, salini-
zation and pollution [9; 10]. Among them, the cadmium contamination is one of the
most negative impacts, as this metal has a high toxicity to living organisms even at low
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concentrations [12; 7; 15]. So far, there is no consensus on the effects of cadmium on
the properties and functions of soils and vegetation. For example, depending on the
concentration, salts of cadmium had an inhibitory and a stimulating effect on the micro-
biological activity of soils and growth of plant biomass [35; 17]. At the same time, cad-
mium along with lead, arsenic, and mercury is among the pollutants of the first class
of danger. Environmental and health risks associated with cadmium pollution, raises the
importance of selecting the optimal fertilizers and reclaiming substances (meliorates),
reducing the negative impact on soil, plants and the environment [11].

Agrochemical methods of reclamation of polluted soils are mainly based on 1) the
transfer of heavy metal cations to the inaccessible for plants forms by increasing the
physico-chemical adsorption capacity of soils; i) the creation of conditions for the depo-
sition of metals in the soluble for the antagonism of ions manifestation. The application
of fertilizers and meliorates containing silicon, is a promising method of increasing the
stability of plants in conditions of contamination [21]. An ability of siliceous materials
(diatomite, zeolites) to provide a beneficial effect on the resistance of plants to abiotic
stresses (drought, salinity) is widely accepted [20; 28]. Many studies claim the impact
of silicon on the toxicity of heavy metal compounds in higher plants, for example bar-
ley [23; 26; 6], maize [25] and vegetables [32]. At the same time, the effectiveness of
silicon-containing meliorates on urban lawns contaminated with cadmium, remains
poorly studied [4].

The aim of this study was to examine an influence of silicon-containing meliorates
of diatomite in combination and without mineral fertilizers on the uptake and redistribu-
tion of cadmium in urban lawns, as well as on the quality of model biomass in urban
lawns.

MATERIALS AND METHODS

Taking into account the high spatial diversity of lawn ecosystems and the abun-
dance of different factors of possible influence, a multi-factor field experiment was car-
ried out. The experiment was conducted in the period from 15 July 2012 to 15 Septem-
ber 2013 at the soil experimental station of Lomonosov Moscow State University
(LMSU) (55°42" N; 37°31). The experiment included model turf ecosystem, represent-
ing ‘constructozems’ (urban constructed soils), with growing lawn grass mixture. The
sand-peat mixture was used to create the organic layer of the constructozems. The mix-
ture included 30% of bank sand and 70% of lowland peat. The principal chemical fea-
tures of the mixture were in accordance with the requirements of the certification system
“Moscow Environmental Registry” (MER). Lawn grass mixture was chosen in accord-
ance with existing standards (Rules.., 2002). Each experimental plot covered 2 m’.
Lawn grass was seeded in May 15, 2012. Cadmium was applied in the form of salt
Cd(NO,),%4H,0 at the rate 19.8 g per plot. The diatomite was added in the amount of
120 g per plot. Among the mineral fertilizers diammonium phosphate (N : P : K =
10 : 25 : 25) was used (48 g per plot) and ammonium nitrate (34% N) was implemented
(21.2 g per plot). The final ratio of N : P : K in mineral fertilizers was 60 : 60 : 60 kg of
active agent per 1 ha. Fertilizers, cadmium and diatomite were added 3 days before sow-
ing, with minimal surface sealing. In the second year of the study, mineral fertilizer were
added on April 25, diatomite and salt of cadmium were not re-introduced.
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The following treatments were studied: I) control (without cadmium and fertiliz-
ers) (K); II) cadmium with fertilizer (KCd); III) cadmium and diatomite (Cd/l); IV) cad-
mium and fertilizers (CANPK); and V) cadmium, diatomite and mineral fertilizers
(CANPKD). As an external control uncontaminated plots with the introduction of diato-
mite (KD), mineral fertilizers (KNPK) and their joint introduction (KNPKD) were con-
sidered. All the options were in three replicas. Meteorological conditions were moni-
tored according to the weather station of LMSU, and were later adjusted according to
RusFluxNet monitoring network (Vasenev et al., 2014). During growing season irriga-
tion and mechanical weed control were performed. Grass samples were collected 8 times
in 2 vegetation period with limited frame (0.25 m?), two replicas per plot to account
for the biomass and further research in the laboratory. The 2nd and 4th mowing were
selected from each year since the plants in these periods are the least susceptible to in-
fluence of uncontrollable factors in the external environment. Mowed part of lawn grass-
es were weighed and fixed for 10 minutes at 90 °C, then dried at room temperature. All
measurements were carried out in three replicas (Fig. 1).

25 o)
=
£—>

50°50 ch;

130 o

et bt R

150 cm

A
h

Fig. 1. Sampling scheme for biomass (B) and soil (C)
in multi-factor field experiment (A)

Contents of total nitrogen, phosphorus, potassium were analyzed in the biomass
samples by conventional methods [14]. Atomic-absorption method after dry combustion
and dissolving the ash with a mixture of nitric and hydrochloric acids was implemented
to analyze the content of Cd in plants. The content of total sugars, mono — and disac-
charides were determined by the method of Bertrand with picric acid. All the meas-
urements were carried out in three replicas. The results were processed and presented
in MS Excel 2010.
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RESULTS AND DISCUSSIONS

Climatic conditionsof the experiment

The meteorological conditions over the growing period of the lawn were similar
to the long-term trends. Dynamics of air temperature and precipitation were, on average,
corresponding to long-term data, which allows considering the results of the experiment
as representative. On average, the summer-autumn period of 2013 was more humid
than the same period in 2012. The average annual temperature in 2013 was 1.5 °C higher
due to warmer winters, however, statistically significant differences of air temperature
in the summer-autumn period between the years was not identified (Fig. 2).

Fig. 2. Air temperatures (T) and precipitation (P) for the whole period
of the experiment in comparison to the long-term trends (TLT)
and precipitation (PLT)

The effect of contamination with cadmium
on the grass biomass properties

The introduction of cadmium led to the increase in the grass biomass. A significant
difference with the control was shown in 2012 (especially in the second harvest, when
it exceeded the control 14 times). In 2013, an increase of cadmium content was obtained
for the biomass of contaminated sites (particularly in the fourth mowing — 2.5 times
compared to 2012). The absolute values of the average content of cadmium in the sam-
ples of biomass from the contaminated sites were similar, however the relative content
compared to the control increased threefold (Table 1). The differences between the con-
tent of macro elements in biomass of the polluted and control sites were not significant.

In 2013, a silicon content in cadmium-contaminated variants increased 20% com-
pared to control in the second mowing, and 2.5 times in the fourth mowing. The increase
in silicon content in 2013 compared to 2012 was found for the control as well (3—
8 times), however, for the contaminated samples the annual growth was much more
significant (in 11—13 times). Apparently, in the process of growth and maturation of
the lawn the accumulation of silicon in cell walls occurred. Silicon participates in the
formation of skeletal parts of plants, strengthens the stem and root system.
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Table 1
Dynamics in contents of macro elements and cadmium
in the biomass of the studied lawn ecosystems
(the second and fourth harvests (H2 and H4, respectively))
Treatment N, (%) P,0 (%) K,0 (%) Si (%) Cd
(Hg/kg dry matter)
H2 H4 H2 H4 H2 H4 H2 H4 H2 H4
2012
K 3.36 1.86 1.45 1.28 3.46 3.27 0.06 0.05 0.53 2.15
KCd 2.79 2.7 1.41 1.1 3.1 4.13 0.06 0.05 8.34 3.01
CdD 2.7 1.78 1.4 1.16 3.29 2.9 0.05 0.05 9.41 6.05
CdNPK 3.04 6.34 1.43 1.24 3.40 4.13 0.06 0.05 16.28 5.96
CdNPKD 3.17 2.31 1.55 0.91 3.35 2.98 0.06 0.06 4.41 5.81
KD 2.61 3.51 1.34 1.06 2.99 3.34 0.06 0.05 1.55 3.43
KNPK 3.11 4.34 1.38 1.25 3.43 2.92 0.06 0.05 2.06 2.09
KNPKD 2.88 3.37 1.48 1.18 3.62 3.63 0.06 0.05 1.45 2.76
2013

K 1.92 2.28 1.49 0.32 3.04 41 0.56 0.21 0.1 0.1
KCd 2.23 2.55 0.13 0.41 2.77 3.4 0.71 0.73 3.13 8.25
CdD 2.13 2.38 1.12 0.28 2.93 3.8 0.79 0.73 2.13 6.88
CdNPK 1.81 2.20 2.22 0.32 2.66 3.70 0.52 0.78 1.50 4.00
CdNPKD 2.16 2.18 0.82 0.18 2.51 3.4 0.64 0.88 0 9.38
KD 2.22 2.8 1.5 0.24 3.12 3.5 0.61 0.72 0 0
KNPK 1.86 2.97 1.19 0.3 3.19 3.9 0.58 0.41 0 0
KNPKD 1.68 2.21 1.01 0.23 2.87 41 0.7 0.29 0 0

Surprisingly, the cadmium pollution didn’t decrease total biomass and in some cases
even stimulated the growth. This corresponds to literature data that show that some doses
of heavy metals are able to have a complicated and stimulating effect on the plants con-
ditions [17]. Besides, considering the deficit of microelements in the investigated const-
ructozems, cadmium could have a stimulating effect on plants, replacing some metals
with similar chemical properties [8]. The cadmium pollution didn’t result in significant
changes in the amount of sugars in biomass, but the proportion of disaccharides in the
biomass of the autumn harvest has decreased 15%, which may indicate a stressed con-
dition of the lawn grasses (Fig. 3).

Content, %

167 0 monosaccharides m disaccharides
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Fig. 3. The total sugar content, mono- and disaccharides in the biomass
of experimental plots in autumn (3rd and 4th) mowing of 2013
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Fig. 4. Dynamics of the biomass of experimental plots
in 2012 (A) and 2013 (B), respectively

In general, the average biomass of the lawns in 2013 increased 5—S8 times, which
could be explained both by favourable weather conditions and the maturation of the lawn.
The increase of biomass from contaminated sites in 2013 compared to 2012 was less than
for the control (Fig. 4).

Effect of diatomite on the lawn properties
that had been contaminated with cadmium

The introduction of diatomite in the contaminated areas contributed to the signifi-
cant increase of biomass (50—70%). The exception was in 4th mowing of 2013, which
recorded unusually high biomass of the polluted area without diatomite, 15—20% higher
than the control (Fig. 4). The total number of sugars in the biomass plots CdD was 6%
higher than for KCd, however, the proportion of disaccharides was less than 10—15%
and 20—25% in comparison with the polluted and non-polluted control respectively,
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for individual harvests and in average over the season (Fig. 3). Apparently, the introduc-
tion of diatomite in the specified concentrations without chemical fertilizers did not con-
tribute to improving the sustainability of biomass to anthropogenic pressures, or the effect
occurred later than the second year after application. Analyzing the effects of diatomite
on the content of macro elements in biomass of contaminated sites, most notable is
the decrease in the N content, which is probably associated with the “growth dilution”,
as well as the fact that the diatomite as silicon sorption type fertilizerthat absorbs nitrate
and ammonia N from root layer. The phosphorus content in the biomass plots CdD was
in average higher and potassium — lower than for KCd plots, however, a general reduc-
tion of elements content from 2012 to 2013 was also observed. The introduction of
diatomite led to the increase in the silicon content in the biomass of contaminated sites,
especially in 2013. The cadmium content in biomass of contaminated sites, where diato-
mite was introduced, was significantly higher than without introduction (up to 100%
on the 4th mowing), but in 2013, a statistically significant effect of the introduction of di-
atomite on contaminated sites was not found (Table 1).

Dynamics of grass biomass properties contaminated
with cadmium, with the introduction
of diatomite and mineral fertilizers

Mineral fertilizers contributed to a visible increase in biomass (up to 4 times) com-
pared with the control and contaminated sites (the exception was in 4th cut of 2013).
Total sugar content increased by 13 and 19% compared to CdD and KCd. Moreover, an
average content of sugars in the biomass in the autumn (3rd and 4th harvests exceeded
those in unpolluted control by 18%. The application of mineral fertilizers without di-
atomite on contaminated sites has also contributed to the increase in the proportion of
disaccharides. At the same time, the maximum effect was achieved with the joint appli-
cation. The content of disaccharides in the biomass plot CANPKD increased by 12, 15
and 27% compared to the KCd, and CANPK and CdD respectively (Fig. 3). The content
of nitrogen, phosphorus and potassium in the biomass of the polluted area with the intro-
duction of diatomite with mineral fertilizers is higher than without those, but less than
in the control plot.

CONCLUSION

Heavy metals pollution and, in particular, cadmium contamination is one of the
most common pressures experienced by urban lawns, which can reduce the effectiveness
of their environmental and aesthetic functions. It was shown that the cadmium pollution
has led to a significant increase in the content of heavy metal and to reduction of macro-
elements’ content in biomass of grasses, however the total biomass did not change sig-
nificantly. In the result of the introduction of diatomite the uptake of cadmium by plants
increased. When adding diatomite with the mineral fertilizers in the second year of the
experiment the cadmium content in biomass increased 20—50%. The introduction of
diatomite in combination with mineral fertilizers increases both the total sugar content,
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and the content of disaccharides in the biomass, which indicates the increase of plant
resistance to stress is revealed. At the same time, the use of meliorates together with
mineral fertilizers stimulated the removal of cadmium by crop plants. This pattern is
promising for the development of technologies for phytoremediation of urban soils con-
taminated with heavy metal, which is very important for modern cities.
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3arpsi3HEHHE TSHKENIBIME METallaMi — OJIHA M3 HauOoJiee pacipOCTPAHEHHBIX HATPY30K, UCIIBITHI-
BaeMBIX TOPOJCKUMH Ta30HaMH, KOTOPAasi MPUBOINT K CHIDKEHUIO HX YKOJIOTMIECKOr0 Ka4eCTBa M BBIIION-
HseMbIX MU GyHKIMH. [IpuMeHeHne KpeMHUICOIepKAINX YIOOPEHHIH U MEJTMOPAHTOB — MEPCICKTUB-
HBII1 C1IOCOO TIOBBINICHUS YCTOHYMBOCTH ra30HHBIX SKOCHCTEM B YCIIOBUSX 3arpsisHeHus. Ha ocHoBaHuM
TIOJIEBOTO MEJTKOJIETTHOYHOTO ONBITa W3YUEHO BO3JCHCTBIE 3arpss3HEHUs] KaJIMAEeM Ha XHMHUYECKHE CBOICT-
Ba 1 KQ4eCTBO OMOMACCHI MOJICNTBHBIX Ta30HHBIX SKOCHCTeM. [10Ka3aHO yBesmYeHHe TOTIOMEHIUS KaIMHS
Oromaccoii pacTeHHii Ha BTOPOH T'0J] BHECEHUSI TMaTOMUTA HA (JOHE MUHEPAIBHBIX ynoopeHuid. Kak oOmas
CyMMa CaxapoB, TaK M COZICpYKaHHE JIMCaXxapraIoB B OMOMacce 3arpsi3HEHHOTO Y4acTKa ¢ BHECEHHEM JIHaTO-
MHTa Ha ()OHE MUHEPATBHBIX yIoOpeHni 6pu10 Ha 15—20% BbIIIe, YeM B 3arpsI3HEHHOM KOHTPOJIE, YTO
CBHJICTEJILCTBYET O OJIArONPUSITHOM BO3/ICHCTBIH MEIHOPAHTA Ha CTPECCOYCTOMYMBOCTh F'A30HHBIX TPaB.

KiroueBble ¢J10Ba: TSKEIbIC MCTaJlJIbI, Ka)lMHfI, 3arpsA3HEHUE, Ta30HHBIC YKOCHUCTEMBI, SKOJIOrH4e-
CKHEC (byHKI_II/II/I, erMHHﬁ, MCHKOZ[CHHHO‘{HBIIZ OIIBIT, Caxapa, CTpeCCOYCTOfI'«IHBOCTB
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THE PROBLEM OF DUST STORMS:
PROTECTION METHODS AND MACRO-STRUCTURES
IN LANDSCAPE ARCHITECTURE

A.E. Abdegalieva, E.Y. Zaykova

RUDN University
Miklukho-Maklay str., 8/9, Moscow, Russia, 117198

For people living in arid areas with an arid climate and constant dust-storms, there is a need to hide
from the wind flow arises very often. Dust storms occur continuously on our planet, and the use of its power
and the wind force developssustainably in the modern world. Sustainable development — is a model of natu-
ral resources use, the model of interaction between a human and nature, a model of civilization progress
on the basis of innovation, which is achieved by quenching the vital needs of the modern generation along
with environment saving, strengthening personal and public health, without losing this opportunity for
future generations. Studied foreign experience allows to propose new methods of dealing with dust storms,
as well as the new form of protective structures in urban space with the use of modern means of land-
scape design.

Key words: ecological disaster, dust storm, Kyzylorda environment, protection methods from dust
storms, protection constructions from dust storms, the plants of the local flora, local rock formation, envi-
ronmental design, environment sustainability within macro-structures in landscape

INTRODUCTION

Recently, dust (sand) storms, in their scale, can be attributed to global natural dis-
asters, which can cause serious environmental problems later, storms are insufficiently
studied, in connection with various atmospheric parameters that determine their occur-
rence and development.

Dust (sand) storm — is the rise caused by strong winds from the earth's surface
and the air streams transfer of dust, sand, salt and other particle of less than one milli-
meter in size [1]. In the recent years the identification of source areas for dust storms
has been an important area or research, with the Sahara (especially Bodél¢) and western
China being recognized as the strongest sources globally [9]. This phenomenon is widely
spread in desert, semi-desert and steppe regions of the planet. One of such areas include
the southern part of Republic of Kazakhstan, Kyzylorda city, where dust storms occur
frequently. During strong storms in Kazakhstan, wind speeds can exceed 25—30 m/s.
Storms belong to local micrometeorological phenomena, i.e. have a linear manifestation
scale in amount of tens or hundreds kilometers. Areas, that capture dust storm are very
diverse — from minor areas of several hundred square meters, up to colossal, hundreds
or thousands and even millions of square kilometers. According to duration, this phe-
nomenon can be short — a few minutes, as well as long — several days. A storm cause
is considered to be a turbulent whirlwinds that arise in wind strengthening, and strong
vertical currents are formed by heating of the Earth's surface. One of the reasons of
dust storm occurrence is a strong soil dryness dustiness. The occurrence of its intensity
also depend on the number and nature of precipitation [2]. Strong destruction and blow-
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ing of soil, as well as the transfer of sand, salt and other particles by air flows, provides
great harm to a human health, first of all, and to is economic activity. In an urban envi-
ronment, high dust content can be a consequence of serious ecological and genetic prob-
lems. On the basis of existing data for 2006 of Kyzylordaregion, the dust concentration
in the air is 1.7 mg/m (MPC — 0.15 mg/m), and presence of harmful substances in the
air: nitrogen dioxide (MPC — 0.2 mg/m) — 1.9 mg/m, ammonia (MPC — 0.2 mg/m) —
1.0 mg/m.

44.5% of the region diseases are the respiratory system diseases [3]. The environ-
mental disasterterritory like Aral sea, as well as existing cosmodrome “Baikonur” are
the parts of Kyzylorda region, that served as the negative influence of dispersion of dust,
harmful particles and salts in the air. In relation to the existing environmental situation
in Kyzylorda region and, in particular, in Kyzylorda city, at the present stage, the research
of new forms in landscape architecture, contributing to the solution of this problem of
heavy storms is essential. Therefore this paper aims to review methods considering the
solution analysis of the problem.

Aims and goals. The aim of this study is to examine the nature of the dust storms,
direction of the wind velocity and dust flow scheme. The aim of the study is also the
research of new model of the macro-structure in the landscape, integrating in its structure
both artificial and natural materials. the objective of the research is to find a landscape
model of the space in which the shape and design of the macro-structure as a protective
element. Macro-structure will help to reduce the flow velocity of the dust, silt deten-
tion, and in the absence of dust storms will form the basis of the composition for the
organization of recreational space squares, boulevards and squares.

MATERIAL AND METHODS

The whole territory of Kyzylorda region is characterized by frequent and strong
winds, especially in north-east direction. Their average annual speed is ranged from 3.1
to 6.0 m/s.The most dangerous storms are the storms, the speed of which exceeds 15—
20 m/s. During strong storms in Kazakhstan, wind speeds can exceed 25—30 m/s.
To prevent and reduce the dust storms effects, there is a use of several methods: the
design of urban facilities (public and residential buildings), creations of forest shelter
belts and hedges as well as artificial designs. This paper review the individual methods
and evaluates the efficiency of those In the process of urbanization the natural environ-
ment changes., An artificial environment for humans is created due to efficient organiza-
tion of urban systems, sustainable agricultural, forestry and industrial use of land and
water resources. The knowledge of the laws of equilibrium between the primary and
the urban environment will allow regulating urban planning processes properly, to pro-
duce optimal requirements for the planning and building of settlements, space-planning
decisions of housing and community facilities, engineering networks, landscaping, tak-
ing into account the specific of an area climatic conditions [4].

In forming cities in areas with dust storms it is necessary to search for a compact,
serried urban structures (reduction of the vehicle and pedestrian communication length,
architectural compositionsisolation, etc.) that react to wind effects as a whole [5]. On the
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periphery of the settlements in the dust and wind flow path it is recommended to build
rows of terraced houses with gardens.Two-storey construction will reduce the dust rate
from 20—30% up to 80% [6]. Thus, the effective protection of the urban environment
from dust storms will be achieved by comprehensive application of architectural, con-
structive and engineering tools according to specific local conditions.

Protective forest plantations — arethe artificially created forest plantations for pro-
tection from adverse natural and anthropogenic factors, including drought, water and
wind erosion. These plantations can be in the form of forestlands, shelterbelts and
clumps, designed to protect the natural, agricultural, industrial, municipal, transportation
and other facilities. The protective effect of shelterbelts is expressed both in the imme-
diate protection of soil and crops from dust storms, as well as in the creation of envi-
ronment conditions to fight against them [7]. Shelterbelts are laid not only in the area,
but also in the urban environment exposed to dust storms most of all. Shelterbelts are
more effective not only for dust transportation detention, but for the riding air flows
dedusting, what is the result of turbulent mixing in treecrowns. Dust-wind strips are
placed on the edge of city building and mutually linked with the system of urban land-
scaping and complex of special ameliorative measures (soil improvement, organization
of irrigation and drainage, plant protection from hot winds, etc.). In residential complex-
es, green spaces, strips are placed with a width of 10—12 m. along the buildings facades,
playgrounds and sports complexes, and so on.To create forest plantations it is necessary
to use resistant to the local (Kyzylorda region) climatic conditions tree species such
as ash, poplar, elm, white willow and maple.

Hedge is another one frequently used element of modern landscape architecture.
A hedge is designed to perform not only an aesthetic function, but it is also able to
protect area securely from adverse climatic conditions, in particular, as a dust storm and
strong wind.At the same time, it's a beautiful landscape design that could provide the
urban environment with the natural appearance and attractiveness.Among the existing
varieties of hedges, there is a living wall to deal with a storm. The height of living wall
can reach 2.5 meters and above. The advantage of living wall is that it stops the massive
wind flow, but remains breathable, it does not inhibit natural ventilation, what has a bene-
ficial effect on all the surrounding landing (cannot impact positively on all landings).
It is especially important during periods of heat and high humidity. Such fences in Ky-
zylorda region can be obtained by the use shrubs that are resistant to the local climate
characteristics, such as: cingil, oleaster, rose, Russian olive, sea buckthorn.

The most feasible and reliable options can be constructions that consist of both
natural and artificial materials. High constructions, as fences, special hedges, small ar-
chitectural forms, can stop stronger wind. Such windproof models can be made of differ-
ent materials like wood, polycarbonate, plexiglass, stone and other. This method can
be developed and proposed by landscape architects, both in terms of design element
in the city, as well as the solution of environmental problems. Such design solutions may
be used as a visual sign in the urban environment. Visual signs of a landscape object
can be objective and subjective, depending on a garden supervisor, the breadth of his
vision and creativity in general [8].
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By studying this method, we have identified several methods that will be used in our
work to help create the most efficient design for protection against dust storms.

1. Metod of regenerate the nature — the creation of a sustainable development
of the environment in the urban structure. The main purpose of this method is the for-
mation of corners in the nature of a city by use of natural materials. That is, the proposed
structure will not only create an “ecological shield”, thereby stopping the flow of the
wind during dust storms, as well as during a lull, will perform aesthetic functions in the
city, using a natural component. The green component will strengthen the “ecological
shield” by planting local flora, thus creating even a small shadow that is a significant
factor in hot, dry climates. The term “natural materials” refers to the use of local stone
(mineral) femolita. This breed has excellent construction performance, wide range of
colors from white to various shades of gray, which can be used to create identical struc-
tures in different parts of the city and outside it in different areas. Natural regenerate
method will create an ecological balance in the city.

2. Metod “trap” is based on the location of the proposed model depending on the
direction and speed of wind storms. The main objective, which serves as a method of
position macro-model, taking into account the arrangement according to the different
angular degrees in the plane or in the opposite position to the wind direction. Also, this
method supports the residents of the city at different time intervals: how macro-structure
with shelter and safety functions, then as a resting place in the shade with natural ingre-
dients in its structure, how identical the composition of the urban landscape.

3. Metod semantics scale — method considers the signs and semantic images
in terms of their notional value. Its main idea is to design a tablet — picture the earth's
surface, and the shape of the semantic macro-structure. For a stronger development of
different aspects of the theme of the sign may be involved, associated with the area, such
as — the city's history, national characteristics, national symbols, and others. Supposed
as semantic sign will be ambitious and will form a single composition in space, char-
acterized by a ratio of parts, size structures commensurate with the environment and
for human comfort. The scale not only indicates the actual size of the audience macro-
structure, but also gives it a semantic image required for this particular urban space.
According to our model is the macro-structure of this article title, then there will be
large-scale dimensions. The maximum size of the macro-structure is in the process of
refinement, and a final alignment of the scheme will also be in terms of research.

In terms of implementation of such structures and in order to maximize economy,
it is recommended to use materials of local origin, such as local stone (mineral) as
femolit. This breed has excellent construction performance, wide range of colors from
white to various shades of gray that can be used to create identical structures in differ-
ent parts of a city, outside of it and in different areas.

As an example, the «Furnished shelter forth homeless at Sundholm» project in Co-
penhagen, which means “Furniture as a shelter for homeless people”. The project is based
on the constructions in landscape style, crafted from 94 plywood elements. These struc-
tures are different in heights, made of polycarbonate material with thickness of 4 mm,
fastened together by bolts. This construction solved the problem for homeless people,
helping them to hide from bad weather, because the construction is water-resistant,
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windproof and sound proof. This construction solved social, aesthetic and environmental
problem. Environmental problem means not only protection from dust storms and mois-
ture protection, but the planting of green component in the urban environment as well.

RESEARCH RESULTS

Dust storms over the last 50—60 years, due to several reasons have ceased to be
studied intensively, so to accomplish the result of the study we have used historical
data of the dust storms. We compared the at different times and the following results.
The figures for the 20-year period allowed to establish non-uniformity of distribution
of dust storms, both in time and in space. The figures for the 20-year period allowed
to establish non-uniformity of dust storms distribution within both time and space. In the
area of Kyzylorda region dust storms can occur in all months of the year. But, how-
ever, significant indicators (about 85%) are in warm season, from April to September.

The graph 1.2 [2] shows the repeatability of dust storms by month and its value
as a percentage. As shown in Figure 1 in Kyzylorda oblast maximum wind shifted to
May, as well as for the [IV—IX period, the figure was 446.

®number of days
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Figure 1. Repeatability (number of days) dust storms
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Figure 2. The average value of the number of days with dust storm
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Figure 3. The maximum number of days with dust storm
on months of the warm period
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Figure 4. The maximum number of days with dust storm
on months of the warm period

Cities of southern Kazakhstan, such as the Shymkent and Kyzylorda, are the height-
ened areas of dust storms occurrence, since they are in a desert area, within the bounda-
ries of the sand massifs, Alakum and the right bank of Syrdarya river and the Eastern
part of the Kyzylkumsands, little planted by vegetation, with patches of sand dunes.
On the territory of Kyzylorda region the average number of days with dust storm is
equal to 22.3. According to the schedule 3.4 [2] it can be seen that the average and maxi-
mum number of days with dust storm falls, as the month of May.

Strong dust storms in Kyzylorda region occur mainly in the Eastern and North-
Eastern winds. In table 1, there is the data of wind speed in m/s, with dust storms >
12 hours and frequency of occurrence (%) speed > 15 m/s by month. All figures, shown
in tables and graphs, will be taken into account in deciding the form of the proposed
construction in urban environment, as well as the direction and scope of this construction.
Historical characteristics of the city, its peculiarities, and the climatic conditions for plants
use, that are resistant to these factors, are important.

Table 1
Wind speed in m/s, with dust storms > 12 hours and frequency
of occurrence (%) speed > 15 m/s by month
Station I\ \Y Vi Vil Vil IX For IV— IX
Kyzylorda 12—28/88 | 17—20/100 20/100 — — 10—17/80 | 12—28/88

Graph 5 [2] shows the performance of the highest duration of dust storms by month,
which in Kyzylorda region is in August, the month of September.

20
15 /\ /
10 === quration (in hours)
5 of dust storms
0 T T T T T )
1\ \Y Vi Vi Vil IX

Figure 5. Maximum duration (in hours) of dust storms
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Being at the stage of modeling the process of dust storms, including analysis of
digital data by frequency and intensity of this process, we offer a use of macro-structure
in the form of geo plastic forms of different sizes, that disrupts a power of wind flow
and delay the dust particles on its surface, as a basic shield for this phenomenon. So,
as a form of this construction, bionic form, resembling a rice grain is proposed. So, as
a form of this construction, bionic form of tablet design, resembling a rice grain is
proposed (Figure 6). Such grain figure is due to the fact that Kyzylorda region is on the
first place for rice cultivation and its export to other cities. To make this model not mo-
notonous, it is proposed to cut and make it different-leveled for planting shrubs and native
flora serving natural shield to trap dust particles and for aesthetic reasons (Figure 7).
For the construction, natural stone will be used, mined in the region and in the area of
urban-type settlement of Zhanakorgan (Figure 8).

Figure 6. Tablet design Figure 7. View from above

As the local flora is expected planting low shrubs that will create a more favorable
and the natural environment in an urban environment (Figure 9).
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Figure 9. Commensurate scale
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CONCLUSIONS AND RECOMMENDATIONS

Attempts to solve the environmental problem at different stages of its occurrence
in several scientific studies, for example in the article “Macro-constriction in the urban
landscape as a way of protection from sandy winds” in the proceedings of the interna-
tional conference “Public space and urban landscape architecture. The search for new
solutions”. However it raises only questions of the problem of dust storms and there is
a solution, and in this study we have found methods of ecological disaster adapt to the
new landscape technology of XX-th century. They are based on the principles of sustain-
able landscape development for Kyzyordinskoy area. In view of the above methods, it is
possible to make the first conclusions that shown and described construction will solve
the environmental problems of the city of Kyzylorda, which scale is capable of stopping
the flow of strong wind. Such a model of protection from dust storms related to sus-
tainable development and will allow city residents to be Kyzylrda be in natural surround-
ings, but in the city structure. The position of elements of different size construction
will depend on the wind direction and speed, which will be located in open spaces in the
urban environment, which refers to the method “traps”. Knowing the wind direction
(north and northeast), we can assume that most locally and they will be located in the
northeastern part of the city (Figure 10).
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Figure 10. The position of the elements of design
[the Map taken from the official site of akimat of Kyzylorda city]

In Figure 10, we can observe how the construction data in this part of town and
become an obstacle to defuse the wind moving north-east direction. In daily use, they
are a new form of city park with macro-structures, which are arranged in a circuit differ-
ent functional areas for recreation, sport, walking.

© A.E. Abdegalieva, E. Y. Zaykova, 2016
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NMPOBJIEMA NbIJIEBbIX BYPb:
METO/bl SALLUTbI U MAKPOKOHCTPYKLIUU
B TAHALWAD®THOU APXUTEKTYPE

A.E. Adoaeraamesa, E.10O. 3aiikoBa
Poccuiickuit yHuBEpcHUTET IpyKOBI HAPOIOB
yi. Muxnyxo-Maxnas, 8/2, Mockea, Poccus, 117198

VY mopei, )XKUBYIMX B apUAHBIX paliOHaX, C 3aCYIUIMBBIM KJIMMATOM H IBUIEHBIMU OypsSIMH, OY€Hb
9acTO BO3HHKAET HEOOXOIMMOCTD YKPBITHCS OT MOTOKOB BeTpa. [IpuIbHBIE OYpH MPOUCXOIT Ha HAIIEeH
IUIaHEeTe TIOCTOSIHHO, M HUCTIOIb30BAaHNE MX MOIIHOCTH M CHJIBI BETPA B COBPEMEHHOM MHUPE MPHUBOIMT K He-
HCTOII[AEMOMY, TO €CTh YCTOMYHNBOMY Pa3BHTHUIO. Y CTOWYHBOE, HEHCTOIAEMOE PAa3BUTHE — HTO MOJIEIH
NOTpeOIIeHNsT IPUPOIHBIX PECYPCOB, IIPH KOTOPOW JOCTHTAETCSl YIOBIECTBOPEHHE KU3HEHHBIX OTPEOHO-
CTel COBPEMEHHOI'O ITOKOJIEHUSI COBMECTHO C COXPAaHEHHEM OKPY>KAIOILEH Cpeflbl, YIPOUHEHUEM JINYHOCT-
HOI'O U OOILECTBEHHOTO 3/10pPOBbsl 0€3 MOTEPH TAKOH BO3MOXKHOCTH I OyaylIUX MOKoJIeHUui. M3yueHHbIiH
3apyOEXKHBIH OIBIT IO3BOJISAET MPEIUIOKUTH HOBBIE METOIbI O0PHOBI € MBUILHBIMU OYpsIMH, @ TaK K€ HOBYIO
(dbopMy 3aIUTHBIX KOHCTPYKIUH B FOPOJCKOM IIPOCTPAHCTBE C UCIIOIb30BAHUEM COBPEMEHHBIX CPEICTB
naHamadTHOro Au3aiiHa.

KaioueBble cioBa: sxonormyeckas karactpoda, meuIbHbIE OYpH, 9K0JI0THs KBI3BUIOPIBI, METO/BI
3aIIUTHI OT MBUIBHBIX OYpb, KOHCTPYKLHH JUIS 3aLIUTHI OT NBUIBHBIX Oypb, PACTEHUS MECTHOM (IIOPEI,
MECTHasi KaMEeHHas IOpOJa, IKOJIOTMYECKUN AM3aifH, YCTOHUMBOCTH CpPeNbl uepe3 MaKpOKOHCTPYKIMH
B naHamadre
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BASAL RESPIRATION AS A PROXY
TO UNDERSTAND SPATIAL TRENDS IN CO, EMISSIONS
IN THE MOSCOW REGION
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P.O. Box 47, The Netherlands, 6700 AA, Wageningen

*Institute of Physico-chemical and Biological Problems in Soil Science, RAS
Institutskaya str., 2, Pushchino, Moscow region, Russia, 142290

Soil respiration (Rs) is an important terrestrial CO, efflux and receives significant attention at different
scale levels. However, the sampling density is limited and global Rs databases are biased towards natural
ecosystems. Urbanization is among the most important current land-use trends and its role will likely
grow in the future. Urban soils store considerable amount of carbon and are very heterogeneous and dy-
namic, which affects Rs. Our understanding of the Rs spatial variability is limited, especially for the re-
gions with heterogeneous bioclimatic conditions and high urbanization level. The methodological constraints
of direct Rs measurements in the field limit the number of observations. As an alternative approach to
approximate the spatial variability of Rs, we used basal respiration (BR) as an indirect measurement.
We implemented digital soil mapping technique to map BR as a proxy of Rs in a heterogeneous and ur-
banized Moscow Region. Topsoil and subsoils BR maps were developed for the region and spatial vari-
ability per land-use and soil type was analyzed. BR averaged for the urban areas was lower than in for-
ests and meadows, however, urban areas became the hotspots of BR’s spatial variability in the region.
Considerable contribution of subsoil layers to the total BR was also found with the maximal 30% contribu-
tion in urban soils. Although the absolute levels of respiration remained uncertain, the spatial patterns of
BR are likely to correspond well with Rs patterns, determined by soil type, land use and allocation of
urban areas.

Key words: urban soils, soil functions, microbial respirations, urbanization, digital soil mapping

1. INTRODUCTION

Soil respiration (Rs) causes an annual efflux of 80 Pg carbon to the atmosphere
and is the largest carbon efflux of terrestrial ecosystems [49; 9]. This efflux is almost ten
times that released by fossil-fuel emissions [45]. The CO, emissions by Rs are there-
fore likely to have a large influence on global climate. At the same time Rs impacts local
soil quality. Therefore, the temporal and spatial patterns in Rs need to be well understood
to assess changes in soil functions and ecosystem services [10; 15].

Rs depends largely on a range of soil abiotic and biotic parameters [13; 20]. Soil
temperature, moisture regimes, and soil organic carbon (SOC) concentrations are con-
sidered to be the principal driving factors behind the local spatial variability of Rs [62;
32]. Regional and global Rs variability is typically represented by average Rs rates for
different land-uses and soil types [45; 22; 24; 2]. So far, the spatial heterogeneity of Rs
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remains inadequately understood [54; 29]. In order to get a better understanding of Rs
variability for a region, spatial patterns need to be described.

Studies on Rs variability often focused on natural and agricultural ecosystems
[e.g. 26; 22; 33; 30]. Urban areas received very limited attention. Due to a number of
specific factors and conditions, like soil sealing and zoning [48; 43], a very different spa-
tial variability can be expected. Smooth changes in natural and agricultural ecosystems
are substituted by a highly variable patchwork of zones with strict boundaries [56]. Urban
ecosystems therefore require a specific approach to analyze the spatial distribution of Rs.

The most common approach to determine Rs is based on direct field methods
where the CO, efflux from the soil surface is measured in situ and indirect methods
where Rs is predicted based on auxiliary information or where Rs is measured under
standardized conditions. Direct methods include conventional alkali absorption tech-
niques [12] and a variety of chamber approaches (open-path, closed-path, and dynamic
close chambers) [37; 5; 47]. They are widely used to study the temporal (diurnal or sea-
sonal) dynamics in Rs, normally as a response to changes in soil temperature and mois-
ture conditions. To apply this approach for larger regions, the study area is stratified
(e.g. based on soil or land-use type) with chambers installed at a limited number of re-
presentative sites [39; 31]. By relying on these representative sites, the spatial variation
within each strata is not considered. Whether direct measurements give satisfactory re-
sults in large and heterogeneous areas with a large number of different natural, rural,
and urban ecosystems is questionable Alternatively, the spatial variability of Rs can be
analyzed indirectly through a relatively easily measured proxy variable, which allows
for a larger number of observation points.

Basal respiration (BR) is such a proxy. BR is defined as the steady rate of soil re-
spiration, which originates from the mineralization of organic matter [42]. Together with
soil microbe biomass, BR is a commonly accepted indicator to quantify changes in the
activity of the soil microbial community and soil quality [61; 6]. BR is determined by
measuring CO, produced by soil microorganisms after pre-incubation under standardized
temperature and moisture conditions [3; 15]. BR thus characterizes the potential soil CO,
emissions by microorganisms under the optimal conditions rather than the actual carbon
efflux. Since the experimental conditions are standardized, the initial effect of field
temperature and moisture regimes is eliminated [8]. As a result it allows for the compari-
son of different samples (e.g. taken at different locations or moments in time). Monitor-
ing over a long periods is less important and many more samples can be taken through-
out a region of interest with all the different strata.

This study implements BR as a proxy to understand the spatial heterogeneity of
soil respiration in large, diverse and highly urbanized Moscow Region. So far, spatial pat-
terns in Rs in this region remain poorly understood if one compares them with the EU
and USA, where Rs is continuously measured through FLUXNET [60; 4].

2. MATERIALS AND METHODS

2.1. Moscow Region

Moscow Region extents over 46,700 km?. The territory of the Moscow Region has
a plain relief ranging from 100 meters in the east to 300 meters above sea level in the
north and west. The region has a temperate continental climate. Its mean annual tempera-
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tures range between 3.5 °C to 5.8 °C. Average annual rainfall varies from 780 mm in the
north to 520 mm in the south. In winter, average daily temperatures normally drop to
approximately —10.0 °C, though there can be warm periods with temperatures rising
above 0.0 °C. The average number of days with temperature below zero varies between
the north and the south and between years, and averages between 130 and 190 [50; 38].
Parent material includes moraine loam and clay in the north and center, fluvioglacial
sands in the east and west, and cover loam in the south. Vegetation varies with climate
and includes three main bioclimatic zones: south-taiga, deciduous forests and steppe-fo-
rest) [50]. Soils include Orthic Podzols in the north, Eutric Podzoluvisols in the center,
Orthic Luvisols and Luvic Chernozems in the south, Dystric Histosols in the East, and
Eutric Luvisols in the flood-plains of the Moskva and Oka rivers [16; 17; 51]. Anthro-
pogenic landscapes (agricultural, fallow-, and urban lands) occupy nearly 60% of the ter-
ritory. The urban area is rapidly increasing and currently occupies more than 10%, in-
cluding 68 cities and towns with 18.8 million inhabitants (including Moscow city). Mos-
cow is the largest European city with a population of over 11.2 million people.

2.2. Analyzing spatial variability
in basal respiration in the region

Soil sampling

In order to consider both natural and urban-specific factors in the region and to
provide necessary data for digital soil mapping (DSM), a stratified sampling design was
implemented that represents the variability in bioclimatic conditions and consider short-
distance variability within the settlements. Sampling points were chosen in Moscow city
and six settlements in the region in such a way that traditional (zonal soil type and land-
use type) and urban-specific factors (functional zoning, age and size of the settlement)
were considered. Inside the towns, samples were taken from different functional zones
including industrial, residential and recreational zones. We also sampled forest, cropland
and meadow areas outside the towns for comparison. In total 211 locations were observed
(Fig. 1).

Inside each stratum, sampling plots were selected randomly. For each plot, 5 top-
soil (0—10 cm) samples were taken from a 2 m? square plot (corners and center) and
pooled into a single composite sample. A single sample was taken from the subsoil (10—
150 cm) at the center of the plot. Considering the variability of regional soil conditions
including the Luvic Chernozems with thick humus accumulation layers, likely contri-
buting to BR, we expanded the subsoil included into the analysis to 10—150 cm. Con-
sidering budget limitations and the necessity to expand the sampling area to capture
different factors of BR spatial variability in the Moscow Region for DSM approach, sub-
soil layers from 10 to 150 cm deep were mixed into a single sample per point. This gives
an idea of the subsoil contribution to total microbial respiration. As far as we know, this
has never been done at the regional level. However, it does not provide insight on the
profile distribution of BR.
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Figure 1. The level of urbanization in Moscow region ranging
from natural (green) to urban (red) with the location of the observation points

Samples were sieved (2 mm) at the natural moisture content and all the fine plant
root residues were removed. Due to geographical location and geomorphological features
of the region with a plain relief and domination of loamy and clay parent material stone
inclusions in soil are very rare, thus stoniness was not considered in the estimation of
soil features including carbon stocks. At the same, we faced anthropogenic inclusions
(bricks, concrete flags and service tubes) in the urban areas, which did not allow to sam-
ple up to the 150 cm depths at some points. To consider this we implemented correction
coefficient on cut-off profiles when estimating BR in urban subsoil.

Mapping BR and analysis of variability

A DSM approach was implemented to map BR as a function of traditional (relief,
climate, land-use, vegetation and soil type and complexity) and urban-specific (functional
zoning, size and age of the city) factors. Since a strong correlation between SOC and BR
is widely assumed and was reported for different ecosystems [3; 59; 2], the SOC content
was also added as an explanatory variable, based on the 771 m resolution map of carbon
contents and stocks derived for the region [58].
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Land-use type, soil type, mean annual temperature, average annual precipitation,
slope, normalized difference vegetation index (NDVI), and SOC content were used as
explanatory variables in the natural and agricultural sites. In the urban areas urban-spe-
cific factors were added, including functional zoning (derived from NDVI), age and
size of the settlements. Since only open (non-sealed) areas were included in sampling
campaign, we considered BR estimation and mapping for impervious areas only. To
achieve this we used correction coefficient, which was assigned as 0.90 for recreational
zones and 0.50 for residential and industrial ones, based on the literature data and pre-
vious investigations for Moscow city and Moscow Region [57].

Normality of the distribution of BR values was checked by Shapiro-Wilk’s W test
and homogeneous of variances was checked by Levene’s test. Since the regression
kriging was not available due to the stratified sampling design, we implemented statistical
general linear model (GLM), correlating BR to explanatory variables, to predict spatial
patterns of topsoil and subsoil BR in the region. The GLM was obtained by a step-wise
linear regression. The R* and R*adj were used to keep or remove explanatory variables
and to characterize the predictive power of the model. Based on the GLM two separate
maps for topsoil and subsoil BR were developed with the resolution of 771 m for the re-
gion. Details on the implemented mapping and GLM approaches were published in Va-
senev et al., 2014. Statistical analysis was performed in Statistica 6.0 [11]. Visualiza-
tion and GIS analysis was carried out in ArcGIS [23].

The BR approach does not give insight into the temporal dynamics of Rs, although
it provides an explicit picture of the spatial distribution of Rs. In order to characterize
the spatial variation of Rs for different ecosystems and biomes and also to compare re-
sults from BR approach with ones from in situ method we aggregated BR maps into the
different strata, representing different combinations of distinguished traditional and ur-
ban-specific factors. In addition, the CV for each strata was estimated to characterize spa-
tial variability of Rs. Maps with the CV of topsoil and subsoil BR were created for the
Moscow Region.

3. RESULTS

3.1. BRin the Moscow Region

Modelled BR values for the entire Moscow Region showed a high spatial variability
with averages of 0.75 + 0.57 pg CO,-C g' soil h™' for the topsoil and 0.25 + 0.17 pg
CO,-C g soil h™' for the subsoil. Spatial variability was similar for both layers. A sig-
nificant positive correlation with SOC content was found for both layers (p < 0.05; r=0.43
and r = 0.37 for topsoil and subsoil BR respectively). Land-use had an important impact
on BR — the lowest values were obtained for urban areas, whereas BR for bogs and
meadows was significantly higher than for all other land-use types. Different soil types
presented different BR with the highest values for the Luvic Chernozems and lowest ones
for Dystric Histosols and Eutric Luvisols. However, differences between soil types were
not significant due to the large variability (Table 1).
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Table 1
Basal respiration in Moscow region averaged over land-uses and soil types
Factor N Topsoil BR Subsoil BR
(ug CO,-C gf1 soil h71) (ng CO,-C gf1 soil h’1)
mean SD CV (%) mean SD CV (%)

Land-use

Urban 46 0.64 0.45 69 0.27 0.20 74

Bogs 18 0.76 0.45 59 0.26 0.13 49

Arable 80 0.77 0.52 68 0.26 0.18 67

Forest 53 0.72 0.40 56 0.24 0.13 56

Meadow 13 1.1 1.41 128 0.20 0.21 107
Soil type

eutric Podzoluvisols & 108 0.76 0.50 66 0.28 0.20 70

dystric Histosols eutric Luvisols 15 0.59 0.52 88 0.18 0.14 76

orthic Luvisols 43 0.73 0.41 55 0.24 0.13 55

luvic Chernozems 5 0.84 0.44 52 0.24 0.10 44

orthic Podzols 39 0.78 0.88 112 0.22 0.13 59

The spatial patterns differed between the topsoil and subsoil maps but patterns
in BR corresponded to the patterns in soils and land-use for both. Topsoil BR was the
highest in the east of the region with large areas occupied by bogs and Dystric Histosols.
High topsoil BR was also found for the Orthic Podzols in the north and Luvic Cherno-
zems in the south. Urban areas and especially the Moscow city showed high variation
in topsoil BR with higher values in the green spaces and lower in the central built-up
parts (Fig. 2 A). Subsoil BR followed the same trends. In general, subsoil BR was less
variable than topsoil BR with the highest values found in the west with Eutric Podzolu-

visols (Fig. 2 B).

Meters
0 37500 75000 112500 150000
O ——

A

Meters
0 37500 75000112500 150000
- — —

B

Figure 2. Basal respiration (ng CO,-C g ' soil h™") of topsoil (A)
and subsoil (B) in the Moscow Region
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3.2. Mapping BR spatial variability in the region

The maps allowed for a better understanding of the spatial variability of BR for the
region in general as well as for separate land-uses, soil types and their combinations. The
highest variability was shown in urban areas and bogs with average CVs exceeding 100%.
We observed this pattern for both soil layers, although subsoil BR was more homoge-
neous with averaged CV up to 50—60%. The highest BR variability among the soil
types was found in the topsoil of the Orthic Podzoluvisols and the subsoil of the Dystric
Histosols and Eutric Luvisols which can be explained by the large and heterogeneous
areas where these soil types are found (more than 70% of the total area of the region).
The coefficient of determination for the models was 0.51 and 0.38 for the topsoil and the
subsoil correspondingly.

Analysis of BR averaged per land-use and soil type provides information on the
factors influencing its variability but it does not give a clear picture of the spatial distri-
bution. More valuable is to analyze spatial variability per different strata, representing
interaction of various environmental and management conditions. In order to obtain this
information we aggregated the BR maps based on the combinations of traditional and
urban-specific factors distinguished for the modelling and estimated CV values per each
stratum. The highest variability of topsoil and subsoil BR was reported for the urban
areas, which was clearly represented by hotspots on the maps, coinciding with the borders
of settlements. The CV obtained for topsoil BR in the urban areas varied from 40—50%
for recent settlements (< 50 years) of small and middle size (< 100 000 citizens) to 70—
100% in small ancient towns (> 500 years) and Moscow megapolis. The same pattern
was found for the subsoil BR although the CVs were almost half. CV values in industrial
and residential areas were 20—30% higher than in recreational zones for both topsoil
and subsoil BR (Fig. 3).

Figure 3. Coefficient of variance (CV%) of topsoil (A) and subsoil (B)
basal respiration in Moscow region
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4. DISCUSSIONS

4.1. Spatial variability of soil respiration
in Moscow Region based on BR maps

BR observation for the Moscow Region in combination with DSM techniques re-
sulted in 771 m resolution maps of topsoil and subsoil BR. As far as we know, this was
the first attempt to analyze and map regional BR with this level of accuracy. The area
of central Russia remains under-observed in many global assessment and databases of
carbon stocks and fluxes [4; 9], thus the opportunity to evaluate our results based on ones
from literature was very limited. Analysis, available at the country scale [40; 30] provides
averaged values per soil type and land-use type, but lack the information of Rs’s spatial
variability within these clusters. Besides, this outcome is based on the direct extrapolation
of point Rs data for the polygons of the 1 : 2.5 million soil map of Russia [18], thus
uncertainty is very likely.

Patterns of BR between and within different soils types and land-uses were analyzed
and showed a good correspondence with literature. All their studies report a significant
negative correlation between soil microbiological activity and anthropogenic pressure
levels. This was also confirmed by the results obtained at the test area. High topsoil BR
values reported for Luvic Chernozems, Dystric Histosols and Orthic Podzols is in good
coherence with SOC patterns described for the bioclimatic and soil zones in the re-
gion [50; 59] confirming the concept of BR as an indicator for respiration of soil organic
matter — based microbes [15].

Different spatial variability described by CV for observed land-use types with the
highest heterogeneity of BR in urban area also confirm existing opinion on high patchi-
ness of urban environment [28; 56]. High variability of BR in urban areas is likely ex-
plained by the heterogeneous urban conditions that influence the limiting factors for soil
microbiological communities: water and temperature regimes and nutrient contents.
Several studies that report high spatial variability of C and N stocks in urban areas [27;
44; 35] indirectly confirm this outcome. We also found significant difference between
topsoil and subsoil BR. In average for the region, BR in the topsoil was over four times
larger with a more than double CV than subsoil BR. This corresponds to studies that
indicate the major soil microbial community in the topsoil [74; 53]. However, 30% of the
total BR in urban areas comes from the subsoil, which was higher than in croplands
and meadows and comparative to forest. Considerable contribution of subsoil BR in ur-
ban areas refers to specific profile distribution of SOC in the settlement with high con-
centration not only in the surface, but also at a certain depth in the so-called “cultural
layer” [1; 34; 57]. In general urban areas made the most significant contribution to the re-
gional spatial variability of BR (vividly illustrated by red spots on the maps of the CV),
which was the result of various urban-specific factors.

4.2. Uncertainties in BR maps of Moscow Region
Predictive power of the GLMs implemented for BR mapping estimated by R(fd/- =

=0.51 and 0.38 for topsoil and subsoil correspondingly indicates that 50 to 60% of total
variability remained unexplained ant thus the results are rather uncertain. Uncertainty
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of the obtained results is coming from the experimental design and assumption taken
in the GLM and BR estimations. Additional source of uncertainty came from the sim-
plifications and assumptions taken in the modelling process. For instance we techni-
cally could not separate residential and industrial functional areas and thus used it as
single unit, although literature and previous research showed a significantly lower BR
in industrial areas compared to all the other forms of land-use [19; 55]. We also intro-
duced reduction coefficient to consider impervious soils, however there are evidences
in literature that soil sealing results not only in decrease of Rs at the sealed areas, but
also in increase of CO, emissions from adjacent open territories [52; 48]. Comparison
between topsoil and subsoil BR also was not straightforward since differences in sam-
pling approaches and aggregating 10—150 cm subsoil in a single soil sample, which,
considering known strong correlation between microbiological activity and soil depth,
may provide very rough results. However, it gave us an opportunity to guess on the con-
tribution of the subsoil to total respiration and its variability, that is often left out of re-
gional analysis.

4.3. ADVANTAGES AND CONSTRAINTS OF BR
AS A PROXY TO UNDERSTAND THE SPATIAL VARIABILITY
OF SOIL RESPIRATION

Implementation of BR and DSM techniques provided an opportunity to analyze and
map the spatial variability of regional soil respiration based on a limited number of ob-
servations (n = 211). This would not have been possible with the traditional in sifu cham-
ber approach. In addition, BR can provide information on the respiration in different soil
layers, whereas direct field measurements normally refer to the surface layer. However,
the BR as a proxy of soil respiration obviously has some constrains. The main one is
coming from different mechanisms and processes underlying Rs and BR. Total Rs in-
cludes autotrophic respiration of root systems and root-associated organisms and hetero-
trophic respiration of free-leaving microorganisms in the soil [14; 20], whereas BR refers
only for the heterotrophic component. Moreover, disturbing and pre-incubation pro-
cedures influence the CO, production by microorganisms [15] and makes comparison
between absolute values of BR and in situ Rs rather challenging.

So, BR is rather questionable as a tool to measure actual Rs, however it is a good
proxy to understand the spatial variability. Recently, for many applications, including
regional carbon sequestration assessment and climate mitigation analysis and modelling,
understanding the Rs’s spatial variability becomes essential. BR is probably the best
option for spatial analysis, since direct measurements are not applicable and remote
sensing approach predict Rs mainly based on the vegetation indexes [25] and thus much
less related to the soil processes. The relevance of BR as a proxy is confirmed by signifi-
cant predictive power of the developed models (R* = 0.51 and 0.38 for the topsoil and
subsoil respectively). This result is comparative or better than some regional models
of soil carbon stocks modelling [36].
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5. CONCLUSIONS

Soil respiration (Rs) is an important terrestrial CO, efflux. Although the most com-
prehensive global Rs database [9] contains many respiration records, this dataset is still
biased towards natural ecosystems and towards the USA and EU. This doesn’t improve
understanding of Rs’s spatial variability. The methodological constrains of Rs measure-
ments in the field likely limit the number of observations, especially in regions where
scientific equipment and technology is poorly available.

We implemented indirect measurements of basal respiration (BR) to capture spatial
variability of soil respiration for the Moscow Region. This relatively simple approach
expanded the regional sampling scheme and formed the basis for mapping of BR for
the Moscow Region. We digitally mapped soil BR as regional Rs proxy. Although our
absolute BR remain uncertain, the BR spatial variability, however, corresponded well
with one measured directly. Land use was a major factor determining the spatial hetero-
geneity of the regional soil respiration. Most of variation was coming from urban areas.

Soil respiration is currently getting increased attention as an important source of CO,
emission, indicator of soil health and quality. Due to very high variability in space, fol-
lowing bioclimatic conditions and land-use change, understanding spatial trends of Rs
gets even more important than more traditional estimation of averaged emission. Direct
measurements of in situ Rs at the limited areas with further extrapolation regionally
and globally don’t correspond to the demand in spatially explicit information, highlight-
ing necessity in alternative proxies. Our implementation of BR approximates this spatial
variability and will considerably improve understanding of soil respiration patterns,
especially for regions where direct measurements are unavailable. Although our result
represent a preliminary study they contribute to implement our understanding of CO,
emissions from urban soils and [21; 41] and provide evidence that the contribution of
urban soils to regional carbon balance will be progressively more important in the future
when urbanization and pollution will be among the most important factors affecting
soil quality and health.
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TTouBennoe npixanue (I1J]) — BaxkHbIi ucTouHKK sMuccun CO, Ha3eMHBIMH SKocucTeMamu. HecMot-
pst Ha OoJIBIIIOE BHUMAaHUE, yAemsieMoe aHaumu3y [1/] Ha pa3mmyHbIX IPOCTPaHCTBEHHBIX YPOBHSIX, B TJIO-
OaNbHBIX MCCIIEA0BAHUAX MPeodagaeT HHPOPMAIHS O TPUPOTHBIX SKOCHCTEMAaX U MPAKTUUECKU HEe YIIO-
MHHAIOTCS TOPOJICKHE SKOCHCTEMBL. Y pOaHU3aIHsi — OJJHA U3 OCHOBHBIX TEHJICHIIMH U3MEHEHHS COBPEMEH-
HOTO 3eMJIETIONIb30BaHUS, BXKHOCTh KOTOPOH, BEPOSTHO, BO3pacTeT B OyaymieM. ['opoackue moyBsl
COZIep)KaT 3HAYMTENbHbIE 3aI1achl YIJIEpo/ia U ABISIOTCS 04€Hb HEOJHOPOAHBIMU M JMHAMHYIHBIMH CHCTEMa-
mu. MIHpopmanus 0 NpocTpaHCTBEHHONW M3MEHYMBOCTH JIBIXaHHS TOPOJCKUX IOYB OUYEHb OrpaHUYEHA,
0COOEHHO UISl PETHOHOB C PAa3IUYHBIMI OMOKIMMATHYECKIMH YCIOBHSAME M BBICOKHM YPOBHEM ypOaHU-
3anuu. MeTomosiorus npsiMbIx u3mMepeHuid [1/] B MoJIeBbIX YCIOBHUSX OTPAHUYUBACT YHCIIO HAOIIOICHUH.
B kauecTBe aIbTEpHATUBHOIO T10JIX0/Ia K alMpOKCUMALK POCTPpaHCTBEHHOM n3MenunBoctH [1]] paccmor-
peno 6a3anbHoe apixanue (bJ1). Mcnonb3oBansl MeToabl LU poBol nouBeHHOW kaprorpaduu (LK),
s kaptupoBanust B/ kak «mpokcn» I1]] Ha mpuMepe HEOJTHOPOIHON W BBICOKOYPOAHU3MPOBAHHOM
MockoBckoi obnactu. beutn nmoctpoens! 1udpobie kKapThl b1 1715 pa3sHbIX BUJOB 3€MJIETIONIb30BaHUS
Y THUIIOB MOYB JUI BEPXHUX U MOACTHIIAIONIMX TOYBEHHBIX TOpH30HTOB. Cpeanue nokaszatenu b/l s ro-
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TOPUH TIOCEJICHUH OKa3aJli OCHOBHOM BKJIa]] B POCTpaHCTBEHHOE pazHooOpasue B/l B peruone. s ropo-
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JlaM 3eMJIETIONIb30BaHMA U TUIIAM [IOYB HE BBI3bIBAIOT COMHEHUH.
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¢. CII-1 OI'VIT «ITOUTA POCCUN»

ABOHEMEHT Ha xypHan 36842

BECTH M K PyﬂH (MH/ICKC M3/1aHNS)

Cepvm «ArpoHomMmus Konnuectso
KOMILICKTOB:

N XXMBOTHOBOACTBO»
Ha 2017 rox mo Mecsmam

1 2 3 415 6 718119 |10]11] 12

Kyna

(IOYTOBBIH I/IHJ:[eKC) (ampec)

Komy

((bamMuIIns, MHULUAJIBI)

JOCTABOYHAS KAPTOUKA
wa xcypras 36842

IIB [mecro|nmuTep (MHICKC M3/IaHUs)

BECTHUK PYAH

Cepus «<ArpoHOMUS U )XKUBOTHOBOACTBO»

Crou-| TOANMCKH pyo. KOIIL | KosidaecTBo
MOCTh

repeagpecoBKH pyo. Korr. | KOMILICKTOB:

Ha 2017 rox mo Mecsuam
1 2 3 4 5 6 7 8 9 10| 11 ] 12

Kyna |

(ITOYTOBBIH MHIEKC) (ampec)

Komy

((amunns, THULHAIIBL)




A9 SAMETOK




¢. CII-1 OI'VIT «ITOYTA POCCUN»

ABOHEMEHT #a xypnan
B ECTH M K PynH (MH/ICKC M3/1aHNS)

Cepus KonuuectBo
KOMILICKTOB!

Ha 2017 rox o mecsauaMm

1 2 3 4 5 6 4 8 9 10 | 11 12

Kyna
(IIOYTOBBIH HHEKC) (axpec)
Komy
(pamuitms, MHULMAIIBI)
JOCTABOYHAS KAPTOUYKA
HAa KypHaJ
IIB |wmecro [muTep (MHICKC M3/1aHMs)
BECTHUK PYAH

Cepus
Crou- TIOATIUCKH pyo. KOIL| KonnuecTBo
MOCTE | pepeanpecoskit pY6. Ko, | KOMILICKTOB:

Ha 2017 rox o mecsauam
1 2 3 4 5 6 7 8 9 10 | 11 12

Kyna

(MOYTOBBII HHJIEKC) (azpec)

Komy

(pamumist, MHUIHATIBL)




A9 SAMETOK
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