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Abstract. Gardening of urban areas is often connected with a need of formation of a soil cover -
konstruktozem. During its creation, asusual, use soil layers, which are highly contrasted in the physical and
chemical properties suchas: sand, peat, soil (lowermineral horizons). Similar layers united in ageneral sys-
tem have new properties and modes. In the process oftheir functioning soil constructions are exposed to
fast transformation. And, changes of properties concern not only quickly changing phases, butalso slowly
changing firm phase ofsoils. Similar evolution of soil constructions conducts to their degradation. Creation
of steady soil constructions is an important problem oftheir use, in particular in city gardening. In 2012 on
the territory ofthe Moscow State University were created 28 soil designs of a different structure and they
were sowed by grassy vegetation of Festuca Rubra and Olium Perenne.At all constructions identical condi-
tions were supported. Regularresearches ofphysical and chemical properties and modes of soils were con-
ducted. Itis established that specifications ofa structure ofa soil profile significantly influence on growth

and development ofplants. Changes in properties ofcomponents ofa firm phase are found.
Keywords: soil constructions, physical properties, rheological properties of soils, temperature mode

ofsoils, biomass, city gardening.

INTRODUCTION
Growth of the areas of urban areas, their

high anthropogenous loading and dense popula-
tion conducts to need ofimprovement of quality
of life in these difficult conditions. This task is
carried outby gardening ofurban areas, creation
ofparks, squares, gardens. Due to high degree of
impurity of urban areas, high cost of the city
earth, existence ofvarious underground and land
communications, growth ofa demand ofspecial-
ized long-term soil designs, first ofall for plants,
the grassy of herbs and flower cultures is ob-
served (Kurbatova and Gribkova, 2006). Rather
often for creation ofsimilar soil designs as repro-
duction of the natural soil horizons use soil lay-
ers, which are highly contrasted in the physical
and chemical properties such as: sand, peat, soil
(lowermineral horizons). The system of garden-
ing created in this way in the course of function-
ing undergoes various changes and is trans-
formed that conducts to other functioning of
soils. Speeds of change of artificial soils in the
first years after their creation will be maximum
andto have fading character because the soil sys-

tem will come to an equilibrium state with en-
vironment (Umarova, 2012). In this regard,
the purpose ofthis work was studying ofphys-
ical and chemical properties of specialized
soil constructions ofvarious structures, func-
tioning in absolutely identical conditions, in
long-term experiment. The following tasks
were set: . ) to create constructions ofa differ-
ent structure by a laying of a long-term field
experiment on the soil experimental field of
the Moscow State University; 2) to investi-
gate the main physical and chemical the initial
soil horizons; 3) to study transformation of
soils constructions in the course oftheir func-
tioning; 4) to study elements ofwater andtem-
perature modes of soils in an annual cycle; 5)
to investigate dynamics of biomass of grassy
plants of soils constructions of a different
structure.
MATERIAL AND METHODS

Inthe territory ofasoil experimental field
ofthe Moscow State University in July 2012
was created the complex of monitoring soil
constructions with different structures. For
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their formation the ditch of 30 cm in depth was
dug out. All taken-out soil, representing the top
humic arable horizon, further it is designated as
soil, was carefully mixed for homogeneity of its
properties. The bottom of a ditch was leveled on
level. Then the taken-out soil was laid on its sur-
face with consolidation, the power of this layer
made 12 cm. On asurface the special wooden de-
signs, representing square boxes without a bot-
tom, 18 cm high and of 0,25 square m were estab-
lished. Further they were filled with various soil
horizons. Three options of soil constructions
with the following structures ofprofiles were cre-
ated: (1) Aadde(soil); (2) A"blec. .« cmXpeatlow-
lying (6-12 cm), sand (12-18 cm) (layered); (3)
the mixed construction from three components
(Mix). When laying the soil condensed to char-
acteristic values. Constructions are isolated on
warm and moisture-proof on perimeter, the
space between them is filled with the soil. On all
platforms identical external conditions were sup-
ported: they were sowed by mix the grass of
herbs (0,05 r seeds/cm2: the Festuca rubra and
Lolium perenne, inthe ratio 9:1, was made ahair-
style the grass of herbs and having watered with

identical volumes ofwater.
The following determination of properties

of soils was carried out: density of a firm phase
pycnometer method; measurement of pressure
of soil moisture by atenziometer method, deter-

Table 1- Chemical properties ofthe soil horizons

mination of rheological properties, determi-
nation ofrheological properties ofsoils onthe
Reotest 2 viscosimeter (The theory and meth-
ods of soil physics, 2007); definition of the
content of carbon by a method of
kulonometerwic titration onthe AN-7529 ana-
lyzer; monitoring of a temperature mode by
means of programmable temperature
Termochron sensors.
RESULTS AND DISCUSSION

The main chemical properties of initial
samples and samples 0f2013 are presented in
tabel 1. Values ofpH soils in samples 2012 (ini-
tial) and 2013 were in optimum range for the
grass of herbs. Peat and the mixed sample
when placing them in aconstructions had natu-
rally high content of carbon. So far its quan-
tity in these horizons sharply decreased, espe-
cially in the mixed designs (variant 3) . The
same regularity is observed and for nitrogen.
On D. S. Orlov's classification (Vorobyova,
2006) in all variants of constructions the car-
bon ratio to nitrogen belongs to category very
low (more than 14 %). The highestsizes ofwa-
ter-soluble phosphorus and potassium are
found for initial the arable and mixed hori-
zons. So far concentrations close to initial sam-
ples are observed inthe arable horizon ofalay-
ered construction (variant. ).

Soil samples P20s5, K20,
Horizon/dpepth pH C.% N, % CIN mg / 1009 soils mg / 100g soils

initial samples

Aarable 7.08 2.24 0.11 20.79 14.60 28.87

mix 6.55 12.75 0.34 37.31 7.06 8.14

Peat 6.18 42.7 0.98 43.40 1.18 1.61

sand 6.87 1.08 0.02 48.69 1.08 1.65
variant 1. Soil

0-5 cm 6.92 2.68 0.14 18.62 1.18 12.44

5- 10cm 7.38 2.17 0.12 17.63 1.08 10.60

10- 20 cm 5.85 221 0.10 22.17 3.01 13.27
variant 2. Layer

Aarable (0-6cm) 6.63 2.79 0.14 20.11 12.16 26.72

Peat (6-12 cm) 6.95 18.3 0.30 60.45 3.16 221

sand (12-18 cm) 6.18 0.65 0.01 44.14 2.28 1.95
variant 3. Mix

0- 5cm 6.90 1.83 0.11 17.11 6.88 11.42

5- 10cm 7.32 1.93 0.07 28.72 0.39 9.92

10- 20 cm 7.09 1.55 0.12 13.36 2.23 8.18
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The smallestvalues ofdensity ofthe soil and
density ofafirm phase are characteristic for peat,
high values at sand. Small decrease in porosity of
soils in a soil design is now observed. Practically
its size in a layered construction and a design
from mix didn't change. Initial consolidation of
soils promoted rather steady condition of soils
on density and porosity, even in the peathorizon.
As for dispersion ofsoils, some changes ofaspe-
cific surface and granulometric structure are ob-
served. Mostconsiderable differences in silt frac-

Table 2 -Physical properties ofthe soil horizons

tion are found between initial samples and
samples from constructions, which func-
tioned during lyear. Profile differentiation is
observed. Definition of granulometric struc-
ture of soils showed that the horizon Aarable
contained low number of silt fraction, dusty
particles prevailed. The mix formed by hash-
ing of peat, sand and the horizon Aarable, in-
cluded many large fractions ofthe organic and
mineral nature.

Soil samples Ps, Pb, £, The specific surface Content of silt, %
Horizon/depth g/cm3 g/cm3 cm3/cm3 on nitrogen S, m2/g
initial samples
Aarable 251 1.20 0.52 10.6 5.7
mix 2.35 1.38 0.41 9.1 0.9
Peat 1.00 0.31 0.69 0.2 -
sand 2.37 1.63 0.31 11 0.7
variant 1. Soil
0-5 cm 241 1.28 0.47 7.5 6.3
5- 10cm 2.53 1.34 0.48 7.4 6.9
10 - 20 cm 2.51 131 0.48 10.6 9.1
variant 2. Layer
Aarable (0-6¢cm) 2.40 1.16 0.52 8.6 5.4
Peat (6-12 cm) 1.18 0.40 0.66 0.3 -
sand (12-18 cm) 2.56 1.72 0.33 2.0 0.9
variant 3. Mix
0-5cm 231 1.35 0.42 1.0 3.1
5- 10cm 2.49 1.40 0.41 11 2.6
10 - 20 cm 2.45 1.42 0.42 0.7 2.1

Now all layers of all studied options were
enriched with thin fractions, is especially notice-
able in the superficial horizons and in the sandy
layer located under horizon Aarable and peat.
Decrease in values ofthe specific surface deter-
mined by amethod of low-molecular adsorption
ofnitrogen, in the top layers ofvariant . is so far
observed, ata depth of ., .., cm the specific sur-
face of the soil kept the sizes. In variant 2 (lay-
ered) decrease value only in the most top layer
also is observed. Most considerable changes are
found in variant 3 (mix), and it is connected with

mutual influence ofthe horizons attheirhashing.
Rheological characteristics are very sensi-

tive to changes of physical and chemical proper-
ties of soils. Therefore on Reotest the main rheo-
logical curve (MRC) for the high-concentrated
suspensions (HCS) was defined at humidity ofa

daily allowance capillary. Three cycles were
carried out, they consisted of forward and re-
verse motion. Time interval for each speed
made 1 minute, only 12 speeds. Cycles were
carried out without stops. In figure 1the main
rheological curves of initial samples and the
samples which have been selected in the fall

0f2013 are presented.
The MRC form horizon Aarable has an

appearance peculiarto liquids, and atpeat and
sand - firmer. Feature of mix is that in a form
its curves of a forward stroke, at increase in
speed of shift, are similar to peat and sand
curves for a forward stroke. Reverse motion
ofmix atreduction of speed of shift is similar
to curves ofthe arable horizon atreverse mo-
tion. The maximum values of tension shift
were observed in mix and made 200-1300



Pas, peat (200-700 Pas), sand (100-500 Pas) and - sandinwhich changes happen only atthe ini-
the smallest in Aarable (5-150 Pas). Peat has a tial stage ofdeformation.
great impact on behavior ofmix, and at the small

Figure 1- Main rheological curve of soil samples: a) Aadk b) peat; c) sand d) mix
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After 2 years of functioning as a part of soil
constructions changes in a form and an arrange-
ment of rheological curve (figure .), especially
in the superficial horizons are noticeable. In the
horizon A there was an increase in viscosity of
suspension, and the from bigger depth the sam-
ple is selected, the its suspension (there is a hys-
teresis in curves of direct and return cycles ear-
lier) starts flowing earlier. From all options of
placement the arable horizon underwent the
greatesttransformation as apartofalayered con-
struction in which shift durability increased by
10 times in comparison with an initial sample A
arable. In apeat layer at a depth of 6-12 cm, also
there were changes of rheological properties.
After two years' functioning the shift durability
of peat from 600 Pas increased to 2600 Pas, and
also viscosity several times increased, but forms
of curves remained the same. In this layer there
was microstructure growth, on what specify dis-
persion of curve 3 cycles. It is required big ef-
forts for its destruction. Least of all rheological
properties in a sandy layer which is located at a
depth of 12-18 cm changed. Shift durability did-
n't change almost, butinthe MRC form there was

more flat. In constructions from mix curves
the MRC of initial samples and the samples
which have been selected in 2013, have very
interconnected forms. Thus, rheological prop-
erties were very sensitive to changes of char-
acteristics of a firm phase: to changes of den-

sity ofafirm phase ofsoils, content of carbon.
Throughoutthe entire period of function-

ing of constructions the optimum mode ofhu-
midity by regular watering of platforms de-
pending on weather conditions was sup-
ported. Control ofhumidity of soils was exer-
cised by measurements of pressure of soil
moisture by the tensiometer method and hu-
midity of a radical layer by the electric

method.
We paid the main attention to a tempera-

ture mode. During the summer period layered
constructions most quickly got warm; they
keptheatinthe top part of aprofile more long

and had the highesttemperature ofasurface.
We will consider in details the period

with the warmest days (figure 2). Layered con-
structions were characterized by the highest
temperatures of a surface of soils and the
smallest depth ofdaily fluctuations oftemper-

Figure 2 - Temperature dynamics in the soils: a) variant 1; b) variant2: c) variant 3
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atures which weren't exceeding depth of 15 cm.
They were cooled atnight less. Gradients oftem-
peratures are identical to all options. Variant 1,
representing the homogeneous horizon Aarable,
differed the most intensive warming up of soil
thickness in the afternoon. The variant 3 mix is

intermediate between . and. variants.
Autumn fall of temperature in layered de-

signs came more slowly, than in designs from
mix, because ofdifferentiation ofaprofile. It led
to that on these platforms more high temperature
ofthe top thickness remained for a long time. On
a profile soil designs from mix, because of uni-
form distribution of peat in a soil profile had the

smallestgradient oftemperatures.
Thus, distinctions in a temperature mode of

studied soils of designs are revealed, during the
warm period got warm quicker and more long

a) gainbiomass,
g/cm2*days

u' layered

—mix

-- soil

held warmly layered designs, during colder
period in them slow cooling ofthe top layers,
because ofahigh lag effect ofapeat layer was

observed.
The structure ofa soil profile, property of

soils of designs and temperature mode had
strong impact on growth and development of
grassy plants. Researches ofdynamics ofland
biomass the herbs by weekly beveling were
conducted. Layered designs had the greatest
gain ofherbs and its biomass. The low mainte-
nance of weed plants is probable because of
rapid growth the grass of herbs. It was dis-
tinctly fixed visually. Biomass of herbs lay-
ered designs exceeded by 1,5-3 times biomass
of herbs of other options of designs, espe-
cially in the first year of supervision. In fig. 3.
stores ofcumulate again ofcrude and dry land
biomass are presented.

b) gainbiomass,
g/cm2*days

Figure 3 - Cumulate of a gain crude (a) and dry (b) biomass in research options

Cumulate of crude biomass differed in re-
search options. The maximum gain the grass of
herbs was noted in layered designs, minimum -
in soil. However, curve again ofdry biomass the
grass ofherbs ofall platforms are located closely
to each other. Apparently, itis connected with fea-
tures of water consumption of these plants. In
spite ofthe factthat humidity of soils ofall plat-
forms was in the range of optimum values, fea-
tures of a structure of soils and distribution of
their properties on a profile have the strongest
impact on quality of agrass covering, its decora-
tive effect.

CONCLUSIONS
» The structure of a soil profile has consider-

able impact on properties and modes ofsoils
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and further oftheirtransformation.
The conducted researches of physical

and chemical properties of soils showed
decrease in the content of carbon, nitro-
gen andphosphorus practically on all pro-

file ofthe studied soils.
» Changes ofrheological properties ofthe

soil horizons depending on option and
depth are found. In the arable horizon
changes of forms and an arrangement of
the main rheological curves were ob-
served. In peat the increase in micro-
structures is observed. The sandy horizon

least changed on this indicator.
» Studying of a temperature mode of soil

constructions showed that the warmest
during the summer period are layered



platforms, they during the autumn period on platforms with a layered construction

keep heat more long than other options. thatwas distinctly fixed visually and quan-
Biomass the grass ofherbs had high values titatively.
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PE3IOME
A. Baiirenb, A. ¥YmapoBa , M. CyeneHko, M. ByTbinikuHa, A. Kokopesa, O. Cyxas

CNEUMNANNINPOBAHHBIE MOUYBEHHBIE KOHCTPYKLWWN: TEXHONOI W, CBOMUCTBA,
PYHKUMOHNPOBAHUE

MockoBsckuil FocyfapcTBeHHbI YHuBepcuTeT uM. M.B. JlomoHocoBa, PakynbTeT
MousosefeHus. Katenpa msnku 1 BOCCTaHOBNEHUA NoYB, a.umarova@gmail.com ,
Ten : +74959392542

O3sefieHeHNe TOPOACKMX TEPPUTOPUIA 3a4acTyr) CBA3aHO C HEO6XOAMMOCTbIO (DOPMUPOBAHMS
MOYBEHHOTO NMOKPOBa- KOHCTPYKTO3eMOB. [pK ero co34aHnu, Kak npasumso, MCMob3yHTCS NOYBEHHbIE C/I0W,
KOTOpbIe ABNAKTCA PE3KO KOHTPACTHLIMM M0 CBOMM (IU3MYECKM U XMMUYECKUM CBOMCTBAM: MeCoK, TOpPd,
TPYHT (HVXKHWE MWHepasbHble FOPM30HTbI). MofobHble cron, 06beAMHEHHbIE B OBLLYIO CUCTEMY, MMEHT
HOBble CBOWCTBA U pexkMmMbl. B npouecce nx hyHKLUMOHMPOBaHWS NMOUBEHHbIE KOXTPYKLMWN NOABEPratoTcs
6breTpoi Tpaktopmarmu. Mpruyem, M3MeHeHNS KacatoTCs CBOVCTB He TO/bKO ObIrCTPOM3MEHUMBBIX (ha3, HO 1
MeZJIeHHO M3MeHAoLLelics TBePAO (hasbl NoyB. Mogo6HasA 3BONIOLMS NOYBEHHBIX KOXTPYKLUIA BEET K UX
ferpagaunn. CosfaHve yCTOMYMBBLIX MOYBEHHBIX KONTPYKLMWIA SIBASETCA BaXHOW Mpo6nemon mx
YCTOYMBOIO N0/b30BaHUS, B YaCTHOCTW B FOPOACKOM 03eneHeHnn. B 2012 1. Ha TeppuTopun MITY 6binn
CO3[aHbl 28 NOUYBEHHbIX KOXTPYKLMIA Pa3HOro CTPOEHWS 1 3aCesHbl TPABAHXXTOM pacTUTeNbHOCTbIO Festuca
rubra u Olium perenne. Ha Bcex nnowagkax NoAAep>XuBan’b OfMHaKoBble ycnosus. [poBogunLob
perynspHble MCCNefoBaHUA (U3NYECKUX M XMMWUYECKUX €BOMETB M PEXMMOB MOYB. YCTaHOBMEHO, YTO
eneummnka eTpoeHUst MOYBEHHOIO NPO(INAS CYLECTBEHHO BAMSET HA POET W pPa3BUTUE TPABAHTETbIX
paeTeHuii, Ha TeMMepaTypHblii pexxum nouB. OBHapyXeHbl W3MEHeHWs B CBOWCTBAaxX TBEPAO(a3HbIX
KOMMOHEHTOB MOYB, KOTOPble TPAAULIMOHHO CUMTAKOTCA Ype3BblYaliHO MeASEHHO W3MEHSOLWMMCS:
rpaHyNOMeTPUYECKOM 1 arperaTHOM eoeTaBax NouyB, Pe00r MYECKMX eBOeTBaxX.

KntoueBble enoBa: NOYBEHHbIE KOTETPYKLMM, (PM3NYEEKMe eBOMETBa MOYB, PEONOTNYECKMe eBOlieTBa
MOYB, TEMMNEPATYPHbIVi PEXM NoYB, 6riomacca, FopoAeKoe O3e/eHeHNe.

TYWIH
A. Baiirenb, A. ¥YmapoBa , M. CycneHko, M. bByTbinkuHa, A. Kokopesa, O. Cyxas

APHAWbI TOMbIPAK KbIPTbICTAPbI: TEXHOIOMTUANAP, KACUETTEP1, KbI3MET1

JlomoHoCcOB aTbiHAarbl Mackey Memieke T TKYHUBEPCUTeTY TonblpalTaHy akynbTeTi,
Mackey, Peceii, a.umarova@gmail.com , Ten : +74959392542

Kananblk aymakTapapl keranfaHabipy KebiHeee ToMbIpak KbIpTbIrChbiH K¥pYy KaXKETTTMeH GalilaHbIeTbI.
D[eTTe, OHbl K¥py Ke3wae K¥M, Topd, Tonbipak (TEMEHTI MUHepanabl KabatTap) eekingi PrsnkabIK XaHe
XNMUSNbIK KaeneTTep 60bIHLLIA Kapama-Kapebl 60/1bIN KeNeTL TOMbIpak KabaTTapbl KongaHbinadsl. M Haaii
KabaTTap >kalalla KaeveTTep MeH peximpaepre ve optak XXylVere GipikTipinesi. Onapapll, KbI3MeT eTyi
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6apbIrcbiHaa TOMbIPaK KbIpThIrCTapbl Te3 e3repieke AWwblpaiiabl. KaemeTTepalw, esrepyi Xblngam e3repeTiH
TOMbIPaK KabaTblHa raHa emee, 6asly e3repeTil KaTTbl KabaTbiHa fa KaTbleTbl. TOMbIPaK K¥PbUIbIMbIHbIL,
Oeblnanwa esrepieke “Wblpaybl canjapbiHaH asa GaeTaingpl. Tesimfi TOMbIpak KabaTblH K¥py onapgpl
naiganaHyga, OHbIL, MLILIAe KanaHbl KerangaHaplpyfa Mauplsgsl Maeene 601bin Tabblnadbl. 2012 XKblbl
Maekey MeMNeKeTIK YHUBEPeUTETI ayMarbiHa K¥pbl/bIMbl 3pTYPAi 28 TONbIPaK KbIpThIrCh K¥PbIbIM, 0napra
Festuca RubrakaHe OliumPerenne wenTeeiH ecimaikTepi eringi. Bap/bik TOMbIPaK KbipTbiebl YiLiH 6ipaeit
Xarfan kaeangpl. TOMbIPaKTbIL (U3MKAIBIK-XUMUANBIK KaeneTTepi MeH peximpaepiHe XYVeni 3eptrey
XKYprisinin oTbipgpl.

Tonblpak K¥pbIMbIMbIHbIL, KACUETTEPI eeiMAIKTEPAIN eeyi MeH AamyblHa aiTap/ibliKTall biIKnan eTeTiHi
aHbIKTanbl. KatTbl KbIpThIrC K¥pambIHbIL, KAEMeTTepiHAe e3repieTep aHbIKTanabl.

KbITTT CB34€ep: TONbIpaK K¥PblibIMbl, (U3NKASbIK KaCUETTEPI, TOMbIPaKTbIL, PEOOrUANbIK KaeneTTepi,
TOMbIPaKTbIL, TEMNEPATYPasbIK peXxiMi, brioMaeea, KanaHbl KerangaHapipy.
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