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Abstract

This paper presents the findings of a prolonged field studies that aimed to assess the feasibility of using the
sewage sludges (SS) form a regional water and wastewater services enterprise to expedite the establishment
of a resilient erosion-control plant cover in sand pits located in the Arctic region of the Russian Federation.
The study confirms the beneficial impact of the SS on the seed germination, subsequent growth, and
development of plants. The study shows that SS can be used in two ways: first, by applying a continuous
layer measuring 5 to 10 cm thick on the soil surface or by fragmentarily applying a layer 2-3 cm thick.
Second, through early-winter sowing of seeds directly on the soil surface (under the SS layer) or on top of the
sewage sludge. In both cases, an annual enhancement of the qualitative and quantitative parameters of the
artificially formed stand of grass was observed. This included a significant increase in its height and density,
biomass, foliage cover, and thickness of the formed sod, in contrast to the reference sample. The present
study investigates the characteristics of the floristic composition of the phytocenoses formed in a sand pit.
The findings demonstrate that the use of sewage sludge (SS), regardless of the quantity and application
method, accelerates the restorative succession in the sand pit. The thick stand in the experimental variants,
resulting from the attraction of pioneer vegetation, promotes the complexity of its structure and species
composition, rapid vegetation of inner bare areas, and the emergence of natural phytocenoses elements
that are specific to the zonal type of vegetation. Additionally, the use of SS stabilizes erosion processes in
the study area. Consequently, the plant community formed in the experiment using SS can be classified
as ecologically sustainable, with the potential for independent existence and further development. These
results can serve as a foundation for monitoring efforts and the development of measures to optimize the
vegetation of such ecotopes.
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AHHOTauunA

B HacToseit paboTe MmpeiCcTaB/IeHbl Pe3Y/IbTAThl MHOTOJIETHUX MOJIEBBIX MCC/IEOBAHMI IT0 OIIEHKE BO3MOMXK-
HocTu mpuMeHeHust OCB pernoHaabHOTO MPeAIpUsITUS BOIOIIPOBOIHO-KAHAIM3AIMOHHOTO X03s/CTBa AJIs1
YCKOPEHHOTO (POPMMPOBAHUSI YCTOMUMBOTO MPOTUBOIPO3MOHHOTO PACTUTEIHHOIO ITOKPOBAa Ha ITECUaHBIX
Kapbepax B ApKTMuecKoii 30He PO ¢ moaTBepkIeHMeM OKasaHUS UM CTUMyIuUpyiomero sdderra Ha mpo-
pacTtaHue ceMsiH, JajdbHeNIINiA pOCT U pa3BuTue pacreHnii. [Tokazano, uto OCB MoxxeT IPUMeHSIThCST ABYMSI
criocobaMy: HaHeCeHVEM Ha MOBEPXHOCTb I'PYHTA CIUIONIHBIM CIOEM BbICOTOM OT 5 mo 10 cm, u dparmeH-
TapHO — CJI0eM 2-3 CM, a TIOJ3MMHMI1 TT0CEB CEMSH — HETIOCPeICTBEHHO I10 MOBEPXHOCTY I'PyHTA (TIOA, CJIOH
OCB) 160 MoBepx 0caZKa CTOUHBIX BOZ,. B 0601X CJTyyasix OTMEUEHO eKeTOJHOe yIydullleH/e KaUeCTBEHHBIX U
KONMMUYeCTBEHHbIX [ToKa3aTeseii MCKYCCTBEHHO CO3[TaHHOTO TPaBOCTOSI — MHOTOKPATHOE, IO CPaBHEHUIO C KOH-
TPOJIEM, YBEJIMUEHME €T0 BbICOTHI U IJIOTHOCTY, GMOMACChI, TPOEKTUBHOIO MOKPBITUS M MOIIHOCTU ChOp-
MMPOBaHHO AepHUHBI. VicciemoBaHbl 0COOEHHOCTM (GOPMUPOBAHMS QIOPUCTUIECKOTO COCTABa CO3TaHHbIX
B IeCYaHOM Kapbepe (PpuUTOLeHO30B. YCTaHOBJIEHO, UTO HE3aBMCMMO OT KOJIMYECTBa M CIIOCO0a HaHeCeHMs
npumeHeHne OCB crioco6cTBYeT YCKOPEHMIO BOCCTAHOBUTEBHON CYKIIeCCUMY Ha MTeCYaHOM Kapbepe, a MOIII-
HbII TPABOCTO# OMBITHBIX BAPMAHTOB IyTeM MPUBJIeUeHUSI TMOHEPHOI PACTUTENIbHOCTU — YCIIOXKHEHUIO ero
CTPYKTYPbI ¥ BUIOBOTO COCTaBa, GLICTPOMY 3apacTaHMI0 BHYTPEHHMUX OTOJIEHHBIX YUaCTKOB Y BO3HUKHOBE-
HUIO 3JIEMEHTOB €CTECTBEHHBIX (DUTOILIEHO30B, CBOMICTBEHHBIX 30HAJTbHOMY TUITY PaCTUTETbHOCTH, & TAKKe
CcTabuaM3alM MpoIeccoB P03y Ha 06bEeKTe MCCaemaoBaHusI. Bce 9TO MO3BOJSET XapaKTepu3oBaTh cGop-
MMPOBaHHOE B 3KcIepuMeHTe ¢ momoinpio OCB pacTuTenbHOE COOOMECTBO KaK IKOJOTMUYECKHU YCTOUMBOE,
uMeloIee MepCreKTUBbI K CAMOCTOSITEIbHOMY CYIIIeCTBOBAHMIO U TajibHelIeMy pa3BUTHUI0. Pe3yabTaThl Ta-
KX MCC/IeI0BAHMIT MOTYT ITOCTY>KUTb OCHOBOIA [IJIsS OpraHu3alMyi MOHMTOPUHTA U Pa3spaboTKY MepOIPUSITHIA
10 ONITUMM3aLMM PACTUTEIbHOCTY MOTOOHBIX 9KOTOIIOB.
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Introduction

The annual increase in mineral resource utili-
zation, exploration and construction activities by
mining companies for oil, gas and ore, as well as the
construction of roads, power lines and other works,
has resulted in the disturbance of natural ecosys-
tems. These activities lead to the destruction of soil,
plant cover and reduction of biodiversity, resulting in
the emergence of new man-made forms of the land-
scape [1].

In the Murmansk Region, one of the most com-
mon forms of man-made change in the Arctic land-
scapes are pits that emerge after the removal of sand
for construction and other purposes. Restoration of
these areas requires measures to transform the dis-
turbed lands into a state suitable for further use and
prevent adverse impact on the environment [2].

One of way to rehabilitate such areas is to
allocate a portion of them for self-organized
vegetation [3]. However, due to the unfavorable fore-
cast for natural vegetation and the complexity of
revegetation on sand deposits due to individual and
regional specifics, reclamation works are necessary
to restore the productivity of disturbed lands by
creating new, purposefully synthesized, artificial
biogeocenoses [4]'.

When implementing reclamation measures to
form a plant cover on sandy soil, one of the deter-
mining factors is the nutritive conditions of its sur-
face layer. The structurelessness of such substrate,
low water-holding capacity, lack of organic matter
of biogenic origin (humus), and insufficient nutrient
provision make it necessary to invest in expensive
mineral fertilizers annually [5]. Sewage sludge (SS)
treatment, a byproduct of regional municipal waste-
water, can play a positive role in solving the problem
of the low NPK status of sandy soils, creating a plant
cover on them, and maintaining its stability [6-8]. SS
has potentially useful properties due to its high con-
tent of easily accessible organic matter for microbio-
ta [9], as well as the lability of nitrogen, phosphorus
and potassium, which determines their rapid assim-
ilation by plants [10, 11]. Although SS has a positive
effect on the physical properties of sandy soils, op-
timizing the density and aggregation, it may contain
a set of heavy metals and pathogens. Therefore, it is
necessary to study each sediment in specific condi-
tions of reclaimed areas [12].

The purpose of the study is to assess the
feasibility of utilizing SS from a regional water
and wastewater services (WWS) enterprise Apatity-

1 GOST R 57446-2017. Best available techniques.
Disturbed lands reclamation. Restoration of biological diversity.
Moscow: Standartinform; 2017.
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vodokanal JSC to expedite the development of
a sustainable and effective erosion-control plant
cover in sand pits located in the Arctic zone of the
Russian Federation.

Research objectives:

1. To investigate the effects of SS on plant growth
and quality of artificially formed seeded phytocenoses.

2. To evaluate the effectiveness of different meth-
ods of applying SS onto the surface of the sand pit soil
during reclamation activities.

Objects and methods of research

The research was conducted between October 7,
2017, and October 10, 2020, in the Murmansk Re-
gion (Kola Peninsula, Russian Federation) on a local
disturbed territory, which is a sand pit owned by
Apatityvodokanal JSC.

The pit's depth ranges from 3 to 5 meters and
is located in the northern taiga coniferous forests
subzone, which has about 250 species of vascular
plants [13]. Based on the research findings, the model
site was identified as a secondary ecotope with a lit-
tle number of plant germs in the soil surface layer.
Examination of the plant communities growing in
the pit area revealed the presence of small micro-
groups consisting of one, two and perennial pioneer
plant species with a low degree of surface coverage.
Surrounding the pit, the plant cover comprises natu-
ral forest communities, primarily birch, lichen-grass
and lichen-grass-moss fir wood, and meadow plants
in open areas. In total, 56 species characteristics of
dry and barren soils were recorded within the pit and
its immediate vicinity. Under favorable growing con-
ditions, these species could contribute to the natural
vegetation of the pit’s sandy soil, promoting biodi-
versity and the formation of a much more sustainable
artificial phytocenosis [14].

The pit area shows clear indications of wind and
water erosion, including soil sliding and rounded hill-
tops. The model site itself is was a 30° sandy slope
facing northwest, with an area of 200 m? that has been
cleared of vegetation, and prepared with surface flat-
tening, terracing and levelling?.

The objective of this study was to investigate
sandy pit soil with an admixture of gravel and small
boulders, which is classified as medium-grained ac-
cording to State Standard 25100-2011% with a low
proportion of clay particles.

2 GOST 17.5.3.0483 (ST SEV 5302-85). Nature
protection. Lands. Reclamation general requirements. Moscow:
Standardinform; 1984.

5 GOST 25100-2011. Interstate standard. Soils.
Classification. 2013-01-01. Moscow: Standartinform; 2011.
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Table 1
Diagram of field experiment

Variant SS application technique

SS was applied to the soil surface in

a fragmentary manner, with a layer

2-3 cm high. The seeds were then sown
directly on the soil surface, underneath
the layer of SS

Variant 1 (n = 6)

SS was applied to the soil surface in

a continuous layer, with a height of
5-10 cm. The seeds were then sown on
top of the layer of SS

Variant 2 (n = 6)

No sludge was applied to the soil
surface. The seeds were directly sown
on the soil surface

Variant 3 (n = 6)

The objective of this study was to investigate
sandy pit soil with an admixture of gravel and small
boulders, which is classified as medium-grained ac-
cording to State Standard 25100-2011, with a low pro-
portion of clay particles. To enhance the biogenesity
of the soil, sludge from wastewater treatment plant
(WTP-3) in Apatity (Murmansk Region) was used as
an ameliorant. The sludge is a moist, plasticine-like
mass with a black-brown color and a pungent specific
smell. The sludge is classified as hazardous class V
waste according to GOST R 54534-2011, and its to-
tal content of heavy metals is well below the stand-
ards [12] established by this regulation®*, At the WTP-
3, sludge treatment involves drying and aging on
sludge beds for three or more years®.

The field experiment was designed with three
variants, each with six replications, for a total of
18 experimental plots measuring 1x1 m and spaced
0.5 m apart at the model site. The experimental var-
iants involved the application of sludge to the soil
surface in two ways: fragmentarily and as a continu-
ous layer, while the reference site did not receive any
sludge application. The diagram of the field experi-
ment is presented in Table 1.

No covering of the sandy surface with a fertile soil
layer or additional fertilization of plants with mineral
fertilizers was carried out during the experiment.

A complex sowing phytocenosis was formed
using the early-winter method of direct sowing of
the grass mixture, developed on the basis of biolo-
gical characteristics of perennial herb species.

4+ GOST R 54534-2011. Resources saving. Sewage sludge.
Requirements for recultivation of disturbed lands (official
edition). Moscow: Standartinform, 2012.

5 GOST R 54534-2011. Resources saving. Sewage
sludge. Requirements for recultivation of disturbed lands.
Moscow: Standartinform; 2013.
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The grass mixture comprised three species of grass-
es (red fescue (Festuca rubra L.), European dune wild
ruttishness (Leymus arenarius Hochst.), and couch
(Elymus repens (L.) Gould) and two species of legumes
(Washington lupine (Lupinus polyphyllus Lindl.)
and sweet vetch (Hedysarum alpinum L.) taken in
the ratio of 5:1:1:0.1:0.1 (vol.), with a seed rate of
27.5 g/m? In variant 1, seeds were sown directly
on the soil surface (under the sludge layer), and in
variant 2, they were sown on top of a continuous
layer of sludge. Additionally, six seeds of Scots pine
(Pinus sylvestris L.) were sown separately from the
grass mixture in the lower right corner of each plot.

Subsequent fieldwork involved regular monitor-
ing of plant growth and development, as well as the
formation of the grass stand. The effect of the amelio-
rant on the quality of the resulting phytocenosis was
evaluated based on various parameters, such as plant
height in the grass stand (cm), foliage cover (%) on
the plots, changes in the structure and species com-
position of the phytocenosis [15, 16], and, at the end
of the experiment, the sod thickness (cm), grass stand
density (number of shoots per 1 m?), and accumula-
tion of raw biomass (g/m?). Biometric measurements
were taken simultaneously in all replications, and the
biomass was determined in the laboratory using ana-
lytical scales.

The Latin names of plants are given according
to the common international names of World Flora
Online®.

The collected data were processed using one-way
analysis of variance (one-way ANOVA) in Excel.

Research results

2018. The first sprouts of seeded plants were
observed in all three variants of the experiment
simultaneously after the snow cover melted in
May. However, the most vigorous and high-quality
sprouts were noted in the variants with the use of SS
(Table 2), which led to the assumption of a stimula-
ting effect of this ameliorant on the seed germina-
tion process.

Over the next 1.5 months, primitive (one-tier)
plant communities were formed on the experimental
sites (Table 2), consisting of only two sown species —
red fescue and couch as of July 2018. The quality of
the grass stand on the experimental plots was sig-
nificantly different from the reference plots. In both
experimental variants, a dense and well-developed
grass stand with high foliage cover of bright eme-
rald green color was observed. The foliage cover was
100 % in plots with continuous application of SS

¢ The WFO Plant List. Snapshots of the taxonomy. URL:
https://wfoplantlist.org/plant-list
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and top sowing of the grass mixture (variant 2), and
87 % in the plots with fragmentary application of SS
(variant 1). Seed germination was mainly observed in
the areas of experimental plots free of the SS layer,
and to a lesser extent in the areas covered with an
ameliorant layer. In the reference area (without ap-
plication of SS), the grass stand formed was sparse,
yellow-red in color, covering only 15 % of the plot
area. Plants within it were in a depressed state, and
by the end of the growing season, they practically did
not increase in height.

In the first vegetation period, an increase (up to
five species) in the composition of the phytocenoses
formed was observed only on the experimental plots
(Table 2) due to the introduction of three new species
from the nearby territories. These were native pio-
neer and weed plants - foalfoot (Tussilago farfara L.),
fireweed (Epilobium angustifolium L.) and field sorrel
(Rumex acetosella L.).

elSSN 2500-0632
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In 2019, the grass stand at the reference sites re-
mained low and sparse with the foliage cover of only
20 %, and the resulting community remained one-
tiered (Table 2, Figure 1). The experimental plots were
characterized by a dense grass stand of complex two-
tier structure, with a height 4-5 times exceeding the
height of plants at the reference site.

While the plants at the reference sites were only
in the vegetative stage, the plants at the experimen-
tal sites had already entered the flowering phase.
All six sown species, including Scots Pine seedlings,
were only observed at the experimental plots. During
this period, the species composition of the created
plant community was augmented with four species
from the main sowing grass mixture, namely Europe-
an dune wild ruttishness (Leymus arenarius Hochst.),
Washington lupine (Lupinus polyphyllus Lindl.),
sweet vetch (Hedysarum alpinum L.) and Scots pine.
Colonization of experimental plots, as well as their

Average indicators of artificial phytocenosis in 2018-2019 in the sand pit of Apatityvodokanal JSC fable?
Variant and method of SS application
Indicator 2018 2019
1* 2% 3 (reference) 1* 2% 3 (reference)

Number of tiers, pcs. 1 1 1 2 2 1
Average plant height (by dominant species), cm 27.4%1.5 |35.3%1.2 8.1+0.3 56.9£1.7|169.7£1.9| 12.8%£0.5
Average number of species from the number of sown 2 2 2 45 56 40
ones, pcs.
Average number of invaded species, pcs. 3 3 - 3.8 3.8 2.3
Foliage cover, % 87 100 15 100 100 20

* — fragmentary application of SS;
** _ application of SS as a continuous layer.

Variant 1

o

Variant 2

Reference variant

Fig. 1. Appearance of experimental plots in 2019
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perimeter, continued with six new species of native
plants: subarctic astragalus (Astragalus norvegicus
Grauer), tufted hair grass (Deschampsia caespitosa
(L.), P. Beauv.), marsh cress (Rorippa palustris Besser),
fall dandelion (Scorzoneroides autumnalis (L.) Mo-
ench), colonial bent grass (Agrostis capillaris L.), and
mountain sorrel (Oxyria digyna Hill.). At the refer-
ence sites, European dune wild ruttishness or Scots
Pine were often not detected in the grass stand,
which may be attributed to the quality of seeds col-
lected from natural conditions and their low volume
ratio during planting. Although Washington lupine
is usually found in habitats with sandy soils and can
thrive on nutrient-poor substrates [17], this spe-
cies was only observed at experimental plots where
sewage sludge was present.

2020. Over the course of three vegetation peri-
ods, plant communities with vigorous growth and
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development were formed on the model slope of the
pit that lacked plant and soil cover, without the use
of earthing or fertilizers, due to the application of SS.
These communities were dominated by two species
that determined their height: red fescue and couch.
The height of plants in the experimental variants
reached 95.2*1.4 cm (variant 2) and 86.7+3.3 (va-
riant 1), whereas at the reference sites, this measure-
ment was six times lower (Table 3). In contrast to the
reference sites, plants in the experimental variants
retained an intense green color and a shiny surface of
leaves and stems. The grass stand density in the experi-
mental variants 1.7-4.4 times higher than the reference
one. Only the experimental variants showed a 100 %
foliage cover, whereas the reference site had an indi-
cator of only 10 %, which was 5-10 % lower than the
first and second vegetation periods. The roots of plants
in the experimental variants effectively utilized the

Table 3

Results of variance analysis of the impact of SS application technique
on the main qualitative indicators of artificial phytocenosis (2020)

Indicator
Variant, sources
of variation Height of plal}ts (by dominant | Density of grass standz, number Green biomass, g/m?
species), cm of stems/1 m'
1 86.7£3.3 12 830+123.14 2952+52.5
2 95.2+1.4 32 589.7+546.7 5632+28.9
3 13.7%£0.9 7431.7£20.9 100+3.2
SS 120 538 2105022 787 76 295 880.9
df 2 2 2
MS 60 269 1052511394 38 147 940.5
F 13452.6 10 040 391194
p-value <0.001 <0.001 <0.001
F critical* 74 3.7 3.9

* Critical F is a tabular value of the criterion of the adopted level - the reliability of differences between the variants was taken at

the values of p < 0.05 (n = 6). Variants were considered unreliable at p > 0.05.

Effect of SS application technique on qualitative indicators of artificial phytocenosis (2020) fables
Variant
Indicator
1* 2% 3 (reference)

Number of tiers, pcs. 2 3 1

Average number of species from the number of sown ones, pcs. 6,0 6,0 4,5

Average number of invaded species, pcs. 11.7 12.0 3.0

Foliage cover, % 100 100 10

Sod thickness (by core, n = 3), cm 3.6+0.03 9.6%0.02 2.6%0.2

* — fragmentary application of SS;
** _ application of SS as a continuous layer.
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sandy substratum and formed a dense grass sod with
a thickness of 3.6+0.03 ¢cm (variant 1) and 9.6+0.02 cm
(variant 2). In comparison this indicator was 1.4 and
3.7 times lower, respectively, at the reference site
(Table 4). The high foliage cover and density of the
grass stand in the variants with the use of SS result-
ed in a significant accumulation of biomass, which is
notable for the northwest region of the Russian Fe-
deration [18]. The experimental variant 1 accumu-
lated 2952.0+52.5 g/m? and in variant 2, it was
5632.0+28.9 g/m? (29 and 56.3 t/ha), which was 29 and
56 times higher than the reference site, which only ac-
cumulated 100.7+3.2 g/m?) (1 t/ha) (Table 3).

The present study investigated the impact of SS
on the qualitative indicators of the vegetation cover
created over three vegetation periods (Table 3).
The results demonstrated statistically significant
differences (p < 0.05) in the average values of the
three main quality indicators of the artificial phyto-
cenosis. The calculated F statistic was greater than
the critical F value, leading us to reject the null hy-
pothesis that height, accumulation of green plant
biomass, and grass stand density are not dependent
on the use of SS. Instead, we accepted the alternative
hypothesis that the main quality indicators are sta-
tistically influenced by the use of SS. These findings
suggest that there is a 95 % probability that the use
of SS has a positive effect on the quality indicators
of the plant cover formed in the sand pit during the
three vegetation periods.

The grass stand that formed at the experimental
plots exhibited a complex two- and three-tiered struc-
ture, in contrast to the primitive, sparse, one-tiered
structure of the reference site (Table 4). In 2020, two
additional native plants, tea-leaved willow (Salix phy-
licifolia L.) and Kentucky bluegrass (Poa pratensis L.),
were incorporated into the plant community; which
accelerated the vegetation of bare inter-plot areas and
the perimeter of the sites by pioneer plants, hastening
the restoration succession of the pit. The total num-
ber of species at the model site, adapted to the spe-
cific conditions, increased to 21 in 2020, with seven
of them completing a full cycle of development. The
appearance of natural phytocenoses elements, typical
of the zonal type of plant cover, allowed for the arti-
ficial plant community to be classified as ecologically
sustainable, with potential for independent existence
and further development [19].

Practical application
The value of research results for practice is evi-
denced by the proposal of an innovative and cost-ef-
fective method of creating high quality rehabilitative
phytocenoses for environmental purposes.
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This method is based on the use of a widely
available and ow-cost high-absorbency component,
which is also an additional source of nutrients from
the product of regional municipal wastewater treat-
ment — SS. This approach can play a positive role in
addressing the problem of low productivity of sandy
man-made soils. The proposed measures in this study
could contribute to the growth of profit of wastewa-
ter treatment enterprises due to the reduction of
penalties for the excessive waste discharge and the
possibility of improving processes. Furthermore, it
could allow for the involvement of a large volume of
waste requiring utilization in the economic turnover,
leading to a significant reduction of their adverse
impact on the environment. The resulting economic
effect of environmental protection is challenging to
evaluate [20, 21].

Directions for future research

The results of this study require verification
when implemented at the objects of accumula-
ted environmental damage, specifically for fi-
xing dusty surfaces of different types of tailings
ponds in the Murmansk Region. This verification
aims to recognize the proposed method as an al-
ternative to traditional methods of reclamation
of man-made soils.

Conclusion

Long-term field research was conducted to de-
velop practical bases for an innovative method of
bioreclamation of sandy soils without peating or
earthing, and without use of mineral and organic
fertilizers.

This method is based on the field observations
of experimental irrigation of the man-made soil in
a sand pit with the product of the regional municipal
wastewater (SS) treatment, which confirmed the stim-
ulating effect of its use on seed germination, further
growth and development of plants, and improvement
of the quality of artificially created sowing phyto-
cenoses. This approach could partially contribute to
the solution of important environmental problems
such as the sound use of SS of regional WWS enter-
prises in the restoration of objects with accumulated
environmental damage and environmental enhance-
ment in the Extreme North.

The study showed that SS can be applied in two
ways: as a continuous and fragmentary layer 2 to
10 cm thick on the man-made soil, and early-winter
sowing of seeds - directly on the soil surface (under
the SS layer) or on top of the sediment.

The method of ameliorant application signifi-
cantly affects the quality of the sowing phytoceno-
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sis formed. Fragmentary application of SS on the
soil surface increases the plant height in the created
phytocenosis by 6.3 times, the grass stand density
by 1.7 times, the biomass by 29.3 times, the foliage
cover by 10 times, and the turf thickness by 1.4 times
compared to the reference site (the variant without SS
application). When applying the sediment as a con-
tinuous layer, these indicators increase even more
compared to the reference site: the height of plants by
6.9 times, the density of the grass stand by 4.4 times,
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the biomass by 55.9 times, and the sod thickness by
3.7 times.

Regardless of the method of application, the ap-
plication of SS contributes to the acceleration of res-
toration succession and an increase in biodiversity in
a sand pit. A thick grass stand promotes the coloniza-
tion of pioneer species, rapid vegetation of inner bare
areas, the appearance of elements of natural phyto-
cenoses typical of the vegetation zonal type, fixing, as
well as stabilization of erosion processes.
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