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IMPLEMENTATION OF MODERN
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SICKNESS IN URBAN GREEN AREAS

Introduction. Urban perennial plantations are exposed to numerous anthropogenic pollutants, recreational load,
etc. As a result, the physical and chemical properties of the soil deteriorate, the development of useful soil micro-
[lora is inhibited, the phytosanitary properties of soil ecosystems worsen, the intensity of mineralization processes
and availability of macro- and micronutrients for plants drops down, and the concentration of toxic substances
increases, which leads to soil sickness.

Problem Statement. Today, in Ukraine, the causes and features of soil sickness manifestation in urban eco-
systems have been virtually unexplored, and there has been no environmentally sound approach to overcoming
negative consequences of this phenomenon.

Purpose. To implement environmentally sound technology for overcoming soil sickness in urban green areas
through the integrated use of the natural silicon containing mineral analcite and a synthetic analog of alleloche-
mical (salicylic acid).

Materials and Methods. The experimental sites have been established in the most polluted and anthropo-
genically disturbed green areas of the Obolon District in Kyiv. The content of micro- and macro-elements, the
main ecological-trophic groups of microorganisms have been evaluated, the directions of microbiological proces-
ses have been assessed with the use of mineralization and immobilization coefficients. Plant vitality has been
determined by the degree of foliar injury, crown defoliation, photosynthetic pigment content, and activity of enzy-
matic antioxidants in leaves. Soil allelopathic activity has been determined by the bioassay technique.

Results. Physical, chemical, and biological processes related to soil-sickness in urban areas have been studied
and approaches to control these processes have been determined. The innovative technology to alleviate soil sick-
ness in urban green areas has been tested.

Conclusions. The advantage of the proposed technology is a complex synecological approach that provides
optimization of agrophysical, agrochemical, and biological characteristics of soil (optimal pH level, balanced
content of mineral nutrients, elimination of toxicity ), enhances the adaptive potential of cultivated plants to ne-
gative biotic and abiotic factors including phytopathogens.
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Perennial plantations are an integral part of mod-
ern urban planning and creating a living environ-
ment for the population and fauna. They enrich
the atmosphere with oxygen, absorb carbon dio-
xide, emit phytoncides, and affect the formation
of the microclimate: increase humidity and as-
sure protection from wind, high and low tempera-
ture, and solar radiation. In large densely popu-
lated cities, such as Kyiv, greenery is exposed to
significant anthropogenic pressure, so the natu-
ral mechanisms of self-regulation and self-rene-
wal are disrupted. This leads to imbalance of coe-
notic and trophic relationships, inhibition of ag-
ronomically useful microflora and microfauna,
impairs resistance of plantations to any stressors,
including phytopathogens and pests, causes dis-
ruption of normal soil formation, accumulation
of phytotoxins of both biotic (toxic secretions of
plants and microorganisms) and abiotic (toxic me-
tals, pesticides) origin, with the formation of soil
fatigue (i.e. depletion of positive resources, accu-
mulation of toxic substances and phytopatho-
gens) and reduced viability and stability of phy-
tocenoses as consequence |1, 2]. Under such con-
ditions, the phytocenoses are not able to perform
their purpose and to provide sustainable environ-
ment conditions with appropriate phytosanitary
standards for human habitation.

The analysis of the literature has allowed us to
identify three scientifically sound approaches to
overcoming the soil fatigue of urban soils:
¢ Phytoremediation by means of species and cul-

tivars of plants, which are resistant to anthro-

pogenic load and toxic concentrations of pol-
lutants;

¢ Chemical remediation and detoxification of ur-
ban soils; and

¢ Microbiological reclamation of soils [3—5].

Today, the most well-known measures to imp-
rove the condition of urban soils are the intro-
duction of organic ameliorants (biohumus, com-
post, and green manure), organic (washing the soil
with solution of ethylenediaminetetraacetic acid
(EDTA)) or mineral antidotes (liming, plastering).
Soil enrichment with microelements that are
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antagonists of these toxicants is used to reduce
the penetration of toxic elements into the plant
body [3—5].

These techniques require significant financial
costs or time inputs to achieve a favorable effect.
In addition, the effect of their use largely depends
on environmental factors and soil conditions. In
particular, a high content of toxic compounds (hea-
vy metals, xenobiotics) prevents the develop-
ment of microbes, ameliorants, and sensitive phy-
tosanitary plants. Therefore, it is important to find
new efficient and environment friendly methods
for overcoming soil fatigue in perennial urban
plantations.

In recent years research has proven the pros-
pects for the use of silicon-containing minerals as
one of the system-forming factors of the soil eco-
system. Today, scientific, material, and financial
resources are directed primarily towards the de-
velopment of resource-saving technologies to imp-
rove soil condition. In this regard, research aiming
at elucidating the role of silicon-containing pre-
parations in the functioning of phytocenoses and
at developing various materials based on them,
which are promising for the introduction of dif-
ferent soil and climatic zones in green construc-
tion, is of paramount importance.

To reduce soil fatigue and soil toxicity, increase
its fertility, it has been proposed to use mixes that
contain a balanced ratio of salicylic acid (syn-
thetic analog of natural growth regulator and im-
munomodulator) and silicon-containing minerals.
On the one hand, biologically active forms of sili-
con (analcime) increase the adaptive potential of
plants to toxic compounds and phytopathogenic
microorganisms and, on the other hand, signifi-
cantly improve the soil condition [6, 7]. Due to
its high sorption capacity, analcime immobilizes
ions of toxic substances in the soil solution and
stabilizes the biological activity of salicylic acid [8].
Another component of the mix, salicylic acid, is a
biostimulator of growth, productivity, and sys-
temic resistance of plants to abiotic and biotic
stressors [9]. In addition, salicylic acid in the soil
solution can form chelate complexes with toxic
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metal ions, thereby reducing their bioavailability
to plants and agronomically beneficial microor-
ganisms [10]. Salicylic acid also stimulates the
development and preservation of biodiversity of
the microbiocenosis that includes species with an-
tagonistic properties with respect to phytopatho-
gens [10]. Combined with analcime salicylic acid
enhances the active involvement of silicon in the
structural and functional organization of the soil
ecosystem. In turn, silicon synergistically enhan-
ces the growth-stimulating and immunomodula-
tory activity of this compound.

The purpose of this research is testing and int-
roducing a new ecologically sound technology for
overcoming soil fatigue in urban plantations due
to the integrated use of natural silicon-containing
mineral analcime and synthetic analog of allelo-
chemical (salicylic acid). To achieve this purpose
the following tasks have been performed:
¢ Studying the physicochemical and biological

processes occurring under the influence of soil

fatigue and anthropogenic factors in perennial
plantations of the Obolonsky District of Kyiv;

¢ Determining the optimal doses of silicon-con-
taining preparations, given the biological as-
pects of plant development, agrophysical and
agrochemical properties of soils, climatic con-
ditions of a particular region;

¢ Testing the offered technology on research sites
in plantations of perennial plants of the Obo-
lonsky District of Kyiv;

¢ Developing recommendations for overcoming
soil fatigue in urban plantations of different
functional directions.

Data from the inventory of green areas of Obo-
lonsky District have shown that the green areas
along roads (including S. Bandera Avenue, Mar-
shal Tymoshenko Street, etc.) and some recreatio-
nal areas (including Natalka Park, where irriga-
tion water contains toxic levels of iron) are in the
most critical condition because of being polluted
with vehicle emissions and secondary salinization.

Six sites in the most polluted and anthropo-
genically disturbed areas of green plantations of
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Obolonsky District have been experimentally stu-
died (Table 1).

The experiments have studied the effect of ana-
lcime and salicylic acid mix (1: 0.001, at an appli-
cation rate of 400 kg/ha) on the functional state
of plants and the information resource compo-
nent of the soil ecosystem under conditions of a
significant anthropogenic load. To do this, samp-
les of the rhizosphere soil were taken at a depth of
0—20 cm before the introduction of silicon-con-
taining mix (on May 28, 2019) and 3.5 months
after its application (on September 16, 2019). For
the second sampling, the perennial plants grown
in the soil fertilized with the mix and the plants
of the same species, which grew side by side, but
without the use of the mix (the reference sample)

have been visually assessed.

Table 1. Description of Sites

Site
No.

Location

Dominating
plants

Type of anth-
ropogenic load

1

Roadside of S. Ban-
dera Avenue

Natalka Park

Natalka Park

Natalka Park

Traffic divider op-
posite to the Dist-
rict Public Admi-
nistration building,
Marshal Tymoshen-
ko St.

Traffic divider op-
posite to the Dist-
rict Public Admi-
nistration building,
Marshal Tymoshen-
ko St.

European ash
(Fraxinus ex-
celsior)
European
birch (Betula
pendula)

Feather-fern
(Spireae japo-
nica)

Saucer mag-
nolia Magno-
lia soulangea-
na

Norway map-
le (Acer plata-
noides)

European pri-
vet (Ligustrum
vulgare)

Vehicle emissions,
salinization

Increased content
of iron in irrigation
water, rust-colored
stems of trees
Increased content
of iron in irriga-
tion water
Increased content
of iron in irriga-
tion water

Vehicle emissions,
salinization

Vehicle emissions,
salinization
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The degree of foliar injuries (scorch) from phy-
totoxic effect has been assessed visually with
the use of the gas resistance scale by N.P. Krasin-
sky [11].

0 — no noticeable injury on the leaves;

1 — very weak injury (1—10 % of the leaf sur-
face is scorched);

2 — weak injury (11—20 % of the leaf surface is
scorched);

3 — medium injury (21—40 % of the leaf sur-
face is scorched);

4 — severe injury (41—80 % of the leaf surface
is scorched);

5 — very severe injury (> 81 % of the leaf surfa-
ce is scorched).

The degree of defoliation of the crown of trees
and shrubs has been assessed visually for the
5 classes:

0 — no defoliation (0—10 %);

1 — weak defoliation (11—25 %);

2 — medium (26—60 %);

3 — strong (61—99 %);

4 — wizened trees (100 %).

The defoliation is measured with 5—10 % accu-
racy for the entire crown (as an indicator of the
whole set of manmade factors) [12].

The leaf samples are taken to determine the
content of photosynthetic pigments and catalase
activity. Photosynthetic pigments are extracted
from fresh leaves with dimethyl sulfoxide. The quan-
titative content is measured with the use of a spect-
rophotometer SPECORD 200 (Analytik Jena, Ger-
many) [13]. The catalase activity is determined
by the method of O.N. Bach and O.I. Oparin [14].

Soil phytotoxicity analysis is made by direct
bioassaying. The growth responses of the roots of
amaranth (Amaranthus cruentus L.) and winter
wheat (Triticum aestheticum L., Smuglianka va-
riety) are used as a test-object according to the
Neubauer-Schneider method [15, 16]. The Grod-
zinsky method is used while studying the quan-
titative parameters of phenolic allelochemicals in
the soil [17].

The microbiological activity of the soil samp-
les has been analyzed by sowing soil suspensions
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in appropriate dilutions on agar nutrient media,
according to conventional methods [18]. The mic-
romycetes on Czapek medium, actinomycetes on
starch-ammonia agar (SAA), ammonifiers on meat-
peptone agar (MPA), and bacteria that consume
mainly mineral compounds of nitrogen on SAA ha-
ve been counted. The number of microorganisms
has been determined in colony-forming units
(CFU) by the number of colonies that germina-
te while soil suspensions are sown on agar media.
The direction of microbiological processes in the
soil has been studied by K.I. Andreyuk and co-aut-
hors [20]. The rate of transformation of soil orga-
nic matter has been calculated by V.D. Mukha [21].

The content of nutrients in soil samples has been
analyzed according to the Rinkis method [22] on
a plasma-induced spectrophotometer ISAR 6300
DUO (Thermo Scientific, USA). 1 n HCl is used for
extraction of macro- and microelements in the soil.

The experimental results have been statistical-
ly processed by the methods of one-dimensional
statistics and analysis of variance, with the use of
Microsoft Office Excel 2007 and Statistics 10.0.
The data given in tables and diagrams are arith-
metic means; the vertical bars on the graphs mean
the least significant difference (LSD).

The visual assessment of the condition of green
plantations 3.5 months after the application of
the mix and of the reference plants (the same spe-
cies that grew side by side, without the use of the
mix) has shown a significantly better condition
of the plantsin the experimental sites. The genera-
lizing indicator of the condition of green planta-
tions is the crown defoliation that integrally cha-
racterizes the impact of unfavorable factors on
plants [23]. According to [12], defoliation (loss of
photosynthetic (assimilation) organs) is official-
ly recognized as a pan-European indicator of sus-
tainable forestry, which estimates the condition
and viability of wood stands. The highest de-
gree of leaf surface scorch, drydown, and loss of
leaves, which indicates a significant level of aero-
technogenic pollution has been recorded in the
areas located along the motorways S. Bandera
Avenue (section No. 1) and Marshal Tymoshenko
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Fig. 1. Visual foliar injuries of European privet leaves: a —
the reference sample (without the use of any amendments);
b — in the case of the plants treated with silicon-containing
mix; September 2019

Street (sections Nos. 5—6) (Table 2, Fig. 1). In
the Natalka Park (sections Nos. 2—4), the degree
of defoliation is much lower, as this area is located
at a sufficient distance from the sources of emis-
sion. In addition, the favorable location of the
Dnieper Bay has a positive effect on the greenery,
which contributes to the formation of a microcli-
mate with lower air temperature and sunlight in-
tensity in summertime.

Visual observation has shown that the referen-
ce plants are significantly more affected by vari-
ous groups of phytopathogens as compared with
the same species that grew in the soil fertilized
with silicon-containing mixes. This has testified
to the stimulation of systemic resistance of cul-
tivated plants by the components of the studied
mixes. These differences are especially noticeable
in the plantings of Natalka Park and the traffic
divider along Marshal Tymoshenko Street.
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The analysis of the content of photosynthetic
pigments (chlorophyll a, b and carotenoids) in
the leaves of experimental plants grown in the ex-
perimental sites has shown that in the case of app-
lication of silicon-containing mix there is an in-
crease in the biosynthesis of chlorophyll @ and b
(Fig. 2). This effect is especially noticeable on the
sections of the highway along S. Bandera Avenue
(European ash (Fraxinus excelsior)), in the Natal-
ka Park (feather-fern (Spireae japonica)) and on the
traffic divider along Marshal Tymoshenko Street
(Norway maple (Acer platanoides)). The obtained
dependence is important because these perenni-
als are sensitive to aerotechnogenic pollution.

The analysis of catalase activity in the leaves of
the studied perennials has shown that almost all
experimental plants, except for birch (site No. 2)
and privet (site No. 5), respond to the introduc-
tion of the mix by reducing the activity of this
enzyme (Fig. 3). For the birch plants, there is no
significant effect of the mix on the activity of ca-
talase in the leaves, whereas in the case of privet,
the activity of this enzyme increases. On the one
hand, catalase is a marker of stress and, on the
Table 2. Degree of Defoliation and Foliar Injuries
Induced by Technogenic Factors in Edificator

Plants on the Studied Areas of Green
Plantations in Obolonsky District of Kyiv

Defoliation Degree of leaf
. o degree surface damaged
Site Dominating by burns
No. plants
test refe- test refe-
rence rence
1 | European ash (Fraxinus| 3 1 4 2
excelsior)
2 | European birch (Betula| 0 0 0 0
pendula)
3 | Feather-fern (Spireae ja-| 0 0 0 0
ponica)
4 | Saucer magnolia Mag-| 1 0 2 1
nolia soulangeana
5 |Norway maple (Acerpla-| 2 0 4 1
tanoides)
6 | European privet (Ligust-| 1 0 2 1
rum vulgare)
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other hand, it characterizes the ability of the pro-
tective enzymatic antioxidant system to detoxify
free radicals formed as a result of oxidative stress.
Therefore, a decrease in the activity of this en-
zyme in European ash plants (site No. 1), feather-
fern (site No. 3), saucer magnolia (site No. 4), and
Norway maple (site No. 5), given improved pho-
tosynthetic performance, means a decrease in
overall stress state. The increase in the catalase
activity in the privets, provided that the content
of chlorophyll @ and b and carotenoids signifi-
cantly increases, indicates the activation of pro-
tective antioxidant systems that are responsible
for the systemic resistance of plants to adverse
environment factors.

The analysis of phytotoxicity of rhizosphere
soil on the growth of amaranth roots by direct as-
saying has shown that the first sampling (before
the application of silicon-containing mix) in the
root layer of the soil contains a significant amount
of phytotoxins. The highest concentration of phy-
totoxic substances is recorded in the soil taken
from site No.4 (Natalka Park), where the inhibi-
tion of seed germination and root growth of the
test plants reached 60 %. The lowest phytotoxic
effect is observed for the rhizosphere soil samples
taken from sites Nos. 5 and 6 (the traffic divider
along Marshal Tymoshenko Street), where the
inhibition of amaranth root growth is 33—35 %,
with the seed germination being on a par with the
reference samples (Fig. 4).

A similar pattern has been observed in the ana-
lysis of the results of soil phytotoxicity bioassay-
ing based on the growth reactions of wheat (the
Neubauer-Schneider method). Prior to the appli-
cation of the silicon-containing mix into the soil,
the growth of both shoots and roots of wheat seed-
lings grown on the soil collected from the experi-
mental sites is markedly inhibited as compared
with the reference samples (grown on sand + ste-
rilized tap water) (Fig. 5). The length of the root
system reacts most sensitively to the presence of
anthropogenic pollutants in the soil. The least sen-
sitive marker is the number of lateral roots.
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Fig. 2. The content of photosynthetic pigments in the leaves
of perennial plants in the case of the use of silicon-containing
mix and in the plants that grow side by side without the in-
troduction of the mix (reference plants (K)). Vertical bars:
LSD (the least significant difference): 7 — European ash;
2 — European birch; 3 — feather-fern; 4 — saucer magnolia;
5 — European privet; 6 — Norway maple.
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Fig. 3. The catalase activity in the leaves of perennial plants
treated with silicon-containing mix and in the plants that
grow side by side without the application of the mix (refe-
rence plants (K)). Vertical bars: LSD (the least significant
difference): 7 — European ash; 2 — European birch; 3 — fea-
ther-fern; 4 — saucer magnolia; 5 — European privet; 6 — Nor-
way maple

Three and half months after the mix applica-
tion, the soil phytotoxicity with respect to wheat
seedlings decreases significantly. This effect is
especially noticeable in the growth processes of
shoots of wheat seedlings, which improves by 14—
30 % in the presence of silicon.
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Fig. 4. Assessment of the allelopathic activity of the rhizosphere soil of the studied sites of Obolonsky

District of Kyiv.

Bioassay: growth of amaranth roots: a — the samples before introduction of the mix; b — the samples

in 3.5 months after the application of the mix

The analysis of the content of free phenolics in
the soil solution has shown that the application
of the studied mix contributes to the growth of
this indicator in all experimental sites (Fig. 6).
Obviously, the observed increase is explained by
the presence of salicylic acid as mix component.
However, the total concentration of phenolic
compounds in the soil solution does not reach the
phytotoxic level (> 1000 uM).

In sites Nos. 2—4 (Natalka Park) under condi-
tions of regular watering, the content of phenolic
compounds is minimal, as a result of the transfor-
mation of salicylic acid by soil microbiota that un-
der conditions of regular watering and lower aero-
technogenic load develops better than that along
the motorways (sites No. 1 and Nos. 5—6). The
highest concentration of free phenolic compounds
in the soil solution is reported in sites Nos. 5 and
6, which indicates an unsatisfactory biological
capacity of root soil and a low activity of soil mic-
roorganisms capable of biotransformation of this
group of allelopathically active substances.

Thus, in the case of soil drought and significant
aerotechnogenic load, there are created condi-
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tions that promote the accumulation of phyto-
toxic allelochemicals in the rhizosphere soil of
the studied species of perennial plants in Obolon-
sky District of Kyiv and adversely affect their
growth in the metropolis. The use of silicon-con-
taining mix significantly improves the biological
activity of the soil, as well as morphological and
physiological-biochemical indicators of the living
condition of both woody and herbaceous plant
species.

The soil condition can be assessed with the use
of the characteristics of the microbial coenosis,
the number and ratio between taxonomic and eco-
logical trophic groups of microorganisms. In par-
ticular, soil microorganisms as components of the
heterotrophic consortium take an active part in the
primary processes of decomposition of organic
residues, especially those that are hard to hydro-
lyze (fiber and lignin), as well as in the synthesis
of specific metabolites, antibiotics, and toxins.

Fungi play an important role in the nitrogen
cycle, primarily in the processes of ammonifica-
tion, since they create conditions for the develop-
ment of other microorganisms. In the course of

ISSN 2409-9066. Sci. innov. 2021. 17 (1)



Implementation of Modern Technologies to Alleviate Soil Sickness in Urban Green Areas

Shoot height
100 %

I

80 % I

60 %[

% to reference

40 %[

20 %

0,
0% a b a b a
1 2 3

m Root length

B Number of lateral roots

I

a b a b a b
4 5 6

No. of site soil sampling areas

Fig. 5. Growth responses of wheat germ to allelochemicals of the rrhizosphere soil of the experimental sites of Obolonsky
District of Kyiv: @ — the soil samples before application of the mix; b —the samples in 3.5 months after the application of the mix

the research, it has been established that before
the application of the silicon-containing mix, the
highest indicators of the number of micromycetes
are observed in sites Nos. 5—6 and 1, while in the
soils of sites Nos. 2—4 there are much less these
microorganisms. In the first three sites, a signifi-
cant amount of melanin-containing strains has
been recorded.

After the introduction of the silicon-contain-
ing mix in all sites, except for site No. 4, there is
reported a decrease in the number of micromy-
cetes. It is known that fungi are indicators of eco-
system stability, so the resulting dependence in-
dicates a disturbance of the soil structure and
environment pollution. The lowest indicators of
the number of micromycetes are observed in the
soil samples from sites Nos. 5—6 (23.6—26.4 thou-
sand CFU) and No. 1 (25.4 thousand CFU). In
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the soil samples of sites Nos. 2—4 (which were
watered) there are more fungi (34.4—41.0 thou-
sand CFU). This effect of the silicon-containing
mix may be considered as a positive effect, since
an excessive number of micromycetes may indi-
cate the accumulation of toxic metabolites.

Actinomycetes are one of the most common
groups of soil microorganisms capable of survi-
ving in adverse living conditions. They are charac-
terized by a high physiological activity, and there-
fore can grow on various substrates, participate
in the destruction of sparingly soluble organic mat-
ter at later stages of their mineralization, which
are inaccessible to fungi and cellulose-destroying
microorganisms, and produce antibiotics and phy-
totoxic compounds.

The largest number of actinomycetes is obser-
ved in samples Nos. 5—6 (1.3 million CFU) and
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Fig. 6. The content of free phenolics in the soil solution of
experimental sites of Obolonsky District of Kyiv: a — the
samples before application of the mix; b — the soil samples in
3.5 months after application of the mix

in No. 1 (1.0 million CFU). The application of sili-
con-containing mix increases the number of mic-
roorganisms of fungi in all samples, except for the
soil from sites Nos. 5—6.

Ammonifying microorganisms destroy organic
compounds that enter the soil with root exuda-
tions or plant debris. The highest number of am-
monifiers is found in sites Nos. 6 and 1 (7.0 and
6.8 million CFU, respectively). The application
of the mix contributes to the development of this
group of microorganisms, as their number increa-
ses in all experimental sites, except for site No. 6.

The microorganisms that are able to consume
mainly mineral nitrogen play an important role in
the nitrogen balance of the soil. A characteristic
feature of the development of this group of micro-
organisms is the fact that their number increases
1.1—2.6 times in the soils of all experimental sites
after the application of silicon-containing mix.

In general, 3.5 months after the application of
the silicon-containing mix, there are reported
significant changes in the structure of the micro-
biocenosis of the experimental soils, as the num-
ber of ammonifiers, actinomycetes, and microor-
ganisms that consume mineral nitrogen goes up.
The most significant changes are observed in site
No. 1 (ammonifiers increase 2.9 times, microor-
ganisms-immobilizers of mineral nitrogen grow
1.4 times, and actinomycetes rise 1.25 times). In-
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creased development of these groups of microor-
ganisms is recorded in soil samples of Natalka
Park (sites 2—4). At the same time, the number of
micromycetes, especially in soil samples Nos. 5—6
and No. 1, decreases (3.1—3.5 and 1.8—2.4 times,
respectively).

The ratio of individual indicators of the num-
ber of trophic groups of microorganisms allows
calculating the coefficients of mineralization &
immobilization and transformation of organic
matter, which indicate the intensity of the pro-
cesses of mineralization and destruction of organ-
ic matter. The highest values of mineralization &
immobilization coefficient (2.4 and 2.7) are ob-
served in Natalka Park where the sites were irri-
gated with water having a high iron content. In
site No. 1, after the application of silicon-contai-
ning mix, the mineralization coefficient decreases.
This fact indicates more favorable conditions for
the synthesis of humic compounds, which is also
confirmed by a high rate of transformation of
plant residues.

According to the observations of many re-
searchers, urban soils are characterized by high
pH, density, concentration of carbonates and iron
oxides [24, 25]. Typically, in these soils, the car-
bon content increases because of organic pollut-
ants, which results in significant changes in the
biogeochemical cycles of C and N [26, 27]. In turn,
under conditions of increased soil density, there
are reported a disturbance of the water regime, a
reduction in the mobility of nutrients, and sig-
nificant changes in the quantitative and qualita-
tive composition of the microbiocenosis. In urban
ecosystems, it is difficult to trace the processes of
soil evolution because of different chemical com-
position of pollutants that may be of both organic
and inorganic origin and are characterized by
multi-vector action. In particular, the content of
carbon in soils decreases as a result of anthropo-
genic pressure, its supply is reduced as dead leaves
are cleaned and because of chemical pollution.
And vice versa, organic matter is accumulated in
the soil as a result of effect of organic pollutants,
slower mineralization of plant residues under the

ISSN 2409-9066. Sci. innov. 2021. 17 (1)



Implementation of Modern Technologies to Alleviate Soil Sickness in Urban Green Areas

influence of heavy metal pollution, higher plant
growth productivity at elevated temperature and
high concentration of CO, in the air. In accor-
dance with the peculiarities of the structural and
functional organization of urban biogeocenoses,
leading U.S. researchers have defined the concept
of soil evolution of metropolis ecosystems [28].
The classification of soils by stages of evolution
includes the two stages: the strong destructive
effect at the beginning of construction works,
which leads to a disturbance of the soil profile, inc-
luding the humus horizon, and the artificial for-
mation of soil cover by adding natural organic
materials. This complicates the systematization
of metropolis soils as a result of the disturbance
of their agrophysical, agrochemical, and biologi-
cal properties under anthropogenic influence.
The studies have revealed significant differen-
ces in the indicators of humus in the experimen-
tal sites. The reaction of the soil solution ranges
from slightly alkaline to slightly acidic. Before to
the application of the silicon-containing mix, the
carbon content is higher because of labile forms
of humus, which is consistent with the data of mic-

robiological analysis of the soil samples. In Sep-
tember, there is a stabilization of soil processes,
which manifests itself both in reducing humus la-
bile forms and in shifting the soil solution reac-
tion towards reducing alkalinity.

The optimization of the soil ecosystem is evi-
denced by the growing number of melanin-con-
taining micromycetes that act as biotransformers
of both organic and inorganic compounds. In turn,
the growth of stable forms of humus leads to re-
medying the soil structure, decreasing its density,
and activating the microbiological processes. It
should be noted that aerogenic pollutants have a
fairly diverse composition that includes both in-
organic and organic compounds. According to Ame-
rican experts, the degree of contamination of urban
soils with aeral heavy metals-biophiles correlates
with their contamination by organic pollutants [29].
The most indicative are carbon, copper, and lead.
Similar results have been obtained by German re-
searchers who have found that the largest amount
of carbon (36%) in urban soils is concentrated in
the sand fraction and 18% is contained in the silt
fraction, while in the natural untransformed soils,

Table 3. The Content of Heavy Metals in the Soils of the Experimental Sites of Obolonsky District of the Kyiv City

Element, ppm
Site
Al Ba Cd Cr Cu Fe Pb Sr \Y% Zn
May
1 6119.0 61.8 1.1 15.7 83.1 5933.0 581.4 12.5 14.4 189.6
2 3084.0 28.3 0.4 4.1 10.6 2817.5 21.6 71 16.8 31.2
3 6831.5 38.4 0.9 83.6 21.7 3926.0 29.2 10.1 51.2 67.2
4 4530.0 371 0.6 8.2 15.0 4108.0 19.4 16.3 18.1 30.6
5 6097.0 55.1 1.0 42.2 51.2 4527.0 49.5 1.1 81.3 112.3
6 11351.5 63.3 1.3 113.5 72.2 6233.0 459 15.4 75.8 99.5
September
1 5711.0 54.6 0.6 12.4 53.8 5005.0 299 9.8 11.5 115.7
2 2718.0 22.6 0.1 3.4 4.9 2182.0 7.6 5.8 4.4 12.1
3 6140.5 32.9 0.5 60.2 10.5 3325.0 11.6 8.6 9.9 36.1
4 4021.5 30.1 0.3 6.1 5.8 3574.0 7.6 14.3 10.5 12.0
5 5761.0 47.3 0.6 30.8 96.8 4259.0 26.4 9.2 11.7 68.6
6 9235.0 56.9 0.7 25.6 35.7 5626.0 22.6 11.2 16.3 59.4
LSD 29 17 0.1 0.8 1.2 2.9 13 1.2 1.2 14

*LSD means the least significant difference; P = 0.05.
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only 5% is concentrated in sand versus 60% in silt
[30]. An increase in air temperature in cities be-
cause of the influx of temperature from asphalt
pavement, houses, and industrial enterprises cre-
ates a background “heat island”. This explains the
increased carbon content in urban soils. On the
other hand, a high concentration of CO, both in
the air and in the ground surface stimulates the
plant growing processes. Certain changes also oc-
cur with the distribution of nitrogen that enters
the soil and together with dust particles enriched
with Ca?" and Mg?" contributes to its alkaliza-
tion. At the same time, the activation of nitrifica-
tion processes leads to a decrease in CH, emis-
sions from urban ground ecosystems [31]. In turn,
the carbon cycle depends on the concentration of
heavy metals in the soil, the level of which deter-
mines the quantitative parameters of microor-
ganisms that destroy plant residues. The results
of experiments have shown that the introduction
of silicon compounds not only reduces the mobil-
ity of heavy metals, in particular, Cu, Pb, Cd, Zn,

Table 4. The Content of Biogenic Elements
in the Soils of the Experimental sites
of Obolonsky District of the Kyiv City

Element, ppm
Site
N P K Ca Mg | Mn
May
1 33.6 | 395.7 | 376.1 | 2081.5 | 663.3 | 222.2
2 151 | 1183 | 124.8 | 1076.5 | 288.4 | 159.8
3 27.3 | 136.4 | 2291 | 1919.5 | 526.7 | 146.8
4 289 | 209.2 | 1589 | 4174.0 | 595.8 | 136.9
5 314 | 227.5 | 354.2 | 1868.5 | 646.9 | 181.9
6 427 | 455.9 | 599.8 | 2080.5 | 923.4 | 243.8
A A September A A
1 215.4 | 734.5 | 671.4 | 4975.0 | 815.2 | 95.7
2 146.1 | 295.3 | 198.9 | 4257.0 | 794.7 | 89.4
3 197.2 | 3139 | 470.6 | 4811.5 | 8229 | 55.2
4 201.6 | 481.5 | 236.0 | 5127.0 | 851.3 | 77.3
5 224.8 | 593.2 | 659.5 | 4926.0 | 810.9 | 99.6
6 235.8 | 943.4 |1006.2 | 5009.5 | 837.4 | 101.8
LSD 1.7 25 23 4.1 3.6 23

*LSD means the least significant difference; P = 0.05.
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and Cr, but also stimulates the development of
microbiota (Table 3).

The most significant fluctuations in the con-
centration of heavy metals in the soil of the ex-
perimental site are found in the samples of site
No.2 that was watered. Their content in the soil
is almost twice lower for most elements, the con-
centrations of which are measured. In this case,
the concentration of Sr and V remains almost the
same in all experimental sites. Lawns, especially
roadsides, have a higher capacity for accumula-
tion of heavy metals.

The presence and a high content of chromium
and cadmium in the soil of site No. 6 require a
more detailed study. They may be associated with
the enrichment of urban soils with organic mate-
rial, in particular, with lowland peat.

The balance of the components of the soil eco-
system is evidenced by 1.7 — 2.6 times increase in
the content of mineral nutrients in the case of the
use of silicon-containing mix (Table 4). In general,
the data on the distribution of nutrients in the
soil of the experimental sites are consistent with
the indicators of carbon distribution

Thus, a preliminary assessment of the condi-
tion of greenery in the studied areas of Obolons-
ky District of Kyiv has shown that most perennials
are in a depressed state: they have visible signs of
damage (scorched leaves, crown defoliation, phy-
topathogens). Soil drought and significant aero-
technogenic load have contributed to the accumu-
lation of phytotoxic allelochemicals in the rhizo-
sphere soil of the studied green plantations. This
further aggravates the conditions of their
growth.

The application of the experimental silicon-
containing mix contributes to improving the living
condition of the edificators of the studied green
plantations. In particular, the introduction of the
mix stimulates the biosynthesis of photosynthetic
pigments and the activity of protective antioxi-
dant systems in the plants. The presence of silicon-
containing mix significantly improves the biolo-
gical activity of the soil: reduces its phytotoxicity,
contributes to the accumulation of biologically
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active substances with growth-stimulating acti-
vity. The structure of the microbiocenosis of the
experimental soils significantly changes in 3.5
months after the application of the silicon-con-
taining mix. The characteristic feature is increas-
ing number of melanin-containing micromycetes,
ammonifiers, actinomycetes, and microorganisms
consuming the mineral nitrogen. At the same ti-
me, there is reported in a decrease in the number
of micromycetes with phytopathogenic proper-
ties and producers of phytotoxic allelochemicals.
The application of silicon-containing mix helps to
reduce the mineralization coefficient, which indi-
cates more favorable conditions for the synthesis

of humic compounds. This is also confirmed by
intensified transformation of plant residues after
the application of the studied mix. In addition,
the optimization of the soil ecosystem is eviden-
ced by the growing number of melanin-containing
micromycetes that act as biotransformers of both
organic and inorganic compounds. In turn, the
accumulation of stable forms of humus improves
the soil structure by reducing its density and ac-
tivating the microbiological processes. The app-
lication of silicon-containing mix helps to increa-
se the content of mineral nutrients 1.7 — 2.6 ti-
mes and to reduce the mobility of toxic metals in
the soil solution
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BIIPOBA/IPKEHHS CYYACHUX TEXHOJIOTIH
MMOJOJAHHSA TPYHTOBTOMUM ¥ MICBKUX HACA/IKEHHAX

Beryn. Michki 6aratopiuni HacapKeHHs TAJa0ThCs BILIMBY YHCICHHUX aHTPONOreHHUX 3a6pyIHIOBAYIB, peKpealiiiioro
HaBaHTAXEHHS TOMIO. /K HACiIZIOK — TOTipIIyIoThes Di3UYHi Ta XiMiuHI BJACTUBOCTI TPYHTY, iTocaHiTapHi BIaCTUBOCTI
TPYHTOBOI €KOCHCTEMH, TPUTHIYYETHCS PO3BUTOK KOPUCHOI TPYHTOBOI MiKPOMhJIOpH, 3HUKYETHCS iIHTEHCUBHICTh MiHepaJi-
3allifHUX TIPOTIECIB Ta IOCTYITHICTh MAKPO- Ta MiKPOEJIEMEHTIB, 3pPOCTAE KOHIIEHTPAIlist TOKCUYHKX CIOJIYK, 1110 TIPU3BOAUTD
JI0 TPYHTOBTOMH.
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IIpo6GaemaTuka. Ha cborozi B Ykpaiti npuuuHu T2 0COOJMBOCTI IPOSIBY IPYHTOBTOMHU B YPOAHI30BAHMX EKOCHCTEMAX €
MPAKTUYHO HEJOCIIZKEHUMH, & €KOJIOMTYHO 0OTPYHTOBAHUX IT1IXO/IB 010 TIOI0JIAHHS 1[bOTO SIBUILA HE PO3POOJIEHO.

Mera. BripoBajuTu eKOJIOri4HO 0OIPYHTOBAHY TEXHOJIOTIIO MOJOJIAHHSI IPYHTOBTOME y MiChKUX HACA/IKEHHSIX 32 Paxy-
HOK KOMIIJIEKCHOTO BUKOPUCTAHHS IIPUPOIHOTO KPEMHIEBMICHOTO MiHEPAJIY aHAJIBIIUMY Ta CHHTETUYHOTO aHAJIOTY aJlesiomna-
TUYHO aKTUBHOI CITOJTYKY (CAJIIINIOBOI KUCJIOTH ).

Marepiaum it metomau. Jlocmini AIAHKN 3aKIaI€HO B HaWOIIBIIT 3a6pyIHEHNX Ta aHTPOIIOTEHHO MTOPYIIEHNX 30HaX 3eJTe-
Hux HacajkeHb O60I0HChKOTO paiiony Kuesa. BusHauanu BMiCT MIiKpPO- Ta MaKPOEJIEMEHTIB, OLiHIOBAJIK OCHOBHI €KOJIOr0-
TpodiuHi rpyIu MiKPOOPraHisMiB, CIIPSIMOBaHICTh MIKPOOIOJIOTTUHKX IPOIIECiB 3a KoedillieHTaMu MiHepasisaiii Ta iMMo0i-
sizanii. JKuTTeBHil cCTaH POCJIMH OLIHIOBAJIM 32 CTYIIEHEM TIOIIKO/IKEHHS JINCTKIB, AedoJialtii Kpouu, BMicToM (hOTOCHHTe-
TUYHUX [IITMEHTIB, aKTUBHICTIO (hepMEHTATUBHUX aHTHOKCH/IAHTIB B JINCTKAX. AJIeJONATHYHY aKTUBHICTb I'PYHTY BU3HAUYEHO
METOIOM GioJIOTiYHUX TPOD.

Pesyabratu. [locaigxkeno ¢isuko-ximiuni i 6iosoriuni npoiecu, OB’ sg3aHi 3 I(PYHTOBTOMOIO, il MICBKMMU HacaKeH-
HSMM Ta BUSHAYEHO IIXOAU [0 YIIPABJIIHHS UMK IpoliecaMu. ApoOOBaHO HOBY TEXHOJIOTIO MO0JAHHS TPYHTOBTOMU Y
MiCbKIX HACA/PKECHHAX.

Bucnosku. [TepeBaroio 3amporoHoBaHOl TEXHOJIOTT € KOMIIIEKCHIIT CMHEKOJMOTTYHUI MiAXiz, SKuii nepegbadac onTuMi-
3ai1iio arpoisnIHNX, arpoXiMigHNX, 6H10JOrTYHUX XapaKTEPUCTUK IPYHTY, MiZABUINEHHS alallTUBHOTO MOTEHIaNy KyJIbTyp-
HUX POCJIUH 0 HETaTUBHUX abiOTHYHUX i GI0THYHUX YNHHUKIB, (DITOMATOTEHIB.

Kunwouosi crosa: ypboekocucremu, Garatopiuti HacayKeHHsI, TPYHTOBTOMa, KPEMHIEBMICHI MiHepasiu, caiinIoBa KUco-
Ta, MiKpOOIOIEHO03, aaIITUBHUI ITOTEHITIAL.

ISSN 2409-9066. Sci. innov. 2021.17(1) 77



