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The influence of bryophyte cover on accumulation of organic carbon and biogenic
elements in substrate of the dump No1 of Yazivsky sulphur deposit of State Mining-
Chemical Enterprise “Sirka” was investigated. The bryophytes were among the first to
settle on the dump substrates and form thick, multispecific overgrowth. It was showed,
that quantity of the organic carbon in the substrate under moss turfs has increased
1.6—1.8 times compared to its content in substrate without the turfs. The lowest indices
of the organic carbon content was detected on the dump top that might be caused by
a tension of the ecological factors on this plot (high insolation level, moisture deficit). It
was established that bryophytes promote enriching dump substrate with the biogenic
elements, first of all, nitrogen and phosphorus. High variability of the organic substance
content was determined by both specific moss peculiarities and the microconditions on
the dump territory. Life form of species is of great importance, as the highest indices of
the organic carbon, nitrogen and phosphorus content was established under moss co-
ver, formed by dense turf species Bryum caespiticium. Thus, the bryophytes as pioneer
plants play an important role in process of the renewal of technogenic substrates, pro-
moting accumulation of the organic substance, and in this way creating the conditions
for the development of other higher plants and soil biota.

Keywords: bryophytes, organic carbon, biogenic elements, dump of sulphur de-
posits.

INTRODUCTION

The problem of termination of technogenic degradation of soils and its phytomelio-
ration has got a global importance and requires an urgent decision. It concerns also the
Western region of Ukraine where during several decades the extraction of sulfur, sand
and clay occurs by the open way. The process of formation and development of plants
cover and ecosystems in the technogenic landscapes occurs as a primary succession.

It was established that in Poland on the posttechnogenic areas of sulfur and nitrogen
extraction on the initial stages of plant succession the ruderal species with high resis-
tance to the anthropogenic stress were dominant. For example, within the impact zone
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of “Osiek” Sulphur Mine the pioneer plants species were Cineraria farfara Bernh., Polygo-
num aviculare L. and Calamagrostis epigeios (L.) Roth. On the later stages of succession
Leontodon hispidus L., Lolium perenne L., Trifolium repens L., Taraxacum vulgare (Lam.)
Schrank, Festuca rubra L. and Poa compressa L. were found. These plants had an im-
portant influence on the restoration of substrates of the devastated areas [18; 19].

In our primary investigation, it was shown that overgrowing of tertiary marly clays,
quaternary loams and sandy deposit occurs by the consecutive stages of development
of bryophyte communities, differing by specific structure, structural and functional orga-
nization.

A new approach connected with maximum utilization of the regenerating possibili-
ties of natural ecosystems for restoring resources and ecological functions of devas-
tated territories — their “ecological restoration” has been formed in world practice of the
technogenic geosystems rehabilitation. The use of potential of plants communities,
adapted to antropogenically changed substrates gives a chance to decrease intensity of
denudation processes of technical earth to great extent and initiate soil forming pro-
cesses there. The conception of technogenic geosystems renaturalization is ecologi-
cally grounded and economically justifies [7].

As a result of open-cast mine exploitation of native sulphur extraction on the terri-
tory of Novoyavorivsk State Mining-Chemical Enterprise “Sirka” (L'viv region, Ukraine),
a number of various age dumps formed both from the rocks which take part in zone soil
formation and from bedding rocks which do not form soils (e.g. tertiary clays, sulphur
containing limestones etc.) have been formed. The main problem in cultivating dump
rocks is its alienation for biota and sometimes its toxicity. The population of rock sub-
strates by the microorganisms and pioneer plants promotes structuring of such sub-
strates qualitative and quantitative changes of properties which identify the formation of
young technogenic soils.

The bryophytes were among the first to settle on the dump substrates and formed
thick, multispecific overgrowth (Fig. 1) [14].

Fig. 1. Moss cover formed by Bryum
caespiticium Hedw. and Barbula
unguiculata Hedw. on the dump
crest

Puc. 1. MoxoBuin nokpus, ccopmoBa-
HWU Bryum caespiticium Hedw.
Ta Barbula unguiculata Hedw.
Ha rpebeHi BigBany

Gradually dying off, the pioneer bryophyte species create the substrate for popula-
ting other mosses and vascular plants. The way in which bryophytes change techno-
genic substrate has not been investigated enough. It is known from literature that moss
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cover essentially influences both the soil formation processes and the ecological condi-
tions inside the ecosystem: hydrothermal conditions in rhizosphere, soil acidity, mineral
regime, deposition and carbon cycle [5; 11; 15].

However, a question of the mosses role in revitalization of technogenic soils and on
the territories of sulphur extraction remains poorly investigated. The aim of this work
was to investigate the influence of bryophyte cover on the accumulation of organic car-
bon and biogenic elements in the dump No1 substrate of Yazivsky sulphur deposit of
State Mining-Chemical Enterprise “Sirka”.

MATERIALS AND METHODS

The object of investigation was bryophytes from the dump No 1 of Yazivsky sulphur
deposit (L'viv region, Yavoriv district), belonging to Novoyavorivsk sulphur deposit of
State Mining-Chemical Enterprise ,Sirka”. For investigations 3 moss species were cho-
sen: Barbula unguiculata Hedw., Bryum argenteum L. and Bryum caespiticium Hedw. For
investigation of bryophytes influence on accumulation of biogenic elements in the dump
substrate, the substrate samples under moss cover have been chosen for experiments
and the surface substrate layer of 2—-3 cm wide where the bryophyte cover is of the grea-
test influence, has been analyzed [20]. The samples of the base substrate (without plant
cover) have been used as control. The investigations have been carried out on 7 investi-
gated dump transects (the dump crest and 6 transects on the northern and southern
slopes) in summer and autumn of 2013-2015. The substrate has been chosen in 3 pla-
ces within experimental plot; the average sample has been mixed and formed.

Determination of the organic carbon content in the substrate was fulfilled by I. V. Tu-
ryn method in modification of B. A. Nikityn [10], that is based on oxidation of the organic
substance by chromium mixture in strongly acidic medium. The optical density of solu-
tions was measured spectrophotometrically on the Specord 210 Plus device having the
wave length 590 nm and was expressed in percentage.

The content of total nitrogen in the substrate was determined by K’endal' me-
thod [1], the phosphorus content was determined photocolorimetrically measuring in-
tensity of phosphorus-molybdenum blue color, the potassium content was determined
by the photometer PFM-BP-30M3 [2].

All experiments were repeated three times. The obtained results were processed
by the methods of statistical analysis [13].

RESULTS

Most scientists who investigated the processes of young soil formation on the ter-
ritories devastated by extraction of natural deposits point to the rapid accumulation
rates of organic substance in posttechnogenic soils [7]. The process is closely con-
nected with the constant over-growth of plant cover productivity, namely the increase of
plant fall quantity. The pioneers of bryophyte species which were used in investigations
settling on the dump slopes cause both mechanical and chemical influence on the sub-
strate. First of all, they fix the movable slopes of substrate mechanically and prevent
it from scattering light fractions. The species that form the life form of dense turf —
Bryum caespiticium plays a special part in these processes. Besides, the species
Bryum caespiticium forms dense rhizoid tomentum which penetrates into substrate
densely providing plants with additional fixation on the slopes. It has been found out
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during investigations that in some turfs Bryum caespiticium rhizoid tomentum reached
3 cm. Penetrating into the substrate moss rhizoids form dense net, increasing porosity
and promoting enrichment of substrate with oxygen and moisture. On the basis of sub-
strates analysis, on which moss turfs overgrow it has been found out that under moss
cover formed by dense turf species Bryum caespiticium a clear interlayer of dark color —
embryonic organic accumulative horizon made by the products of dying off turf has
been formed (Fig. 2). This interlayer is smaller under loose turfs Barbula unguiculata
or Bryum argenteum especially on the slopes as turfs of these species are destroyed
easily as the result of displacement of unstable substrate and hold the occupied area
uneffectively compared to Bryum caespiticium. It has been noted that the thickness of
bedding under moss turfs depends to great extent both on the specific properties and
on the growth locality of plants on the dump slopes with rather complex climatic condi-
tions. For example, in summer months substrate humidity on the crest and the north
dump slope amounted to 26.3-27.5 %, the light intensity was 6.5—8.5 thousand lux, the
temperature on the substrate surface was +18.4 — +25.2 °C. The top and the south
dump slope are characterized by the least favorable conditions (substrate humidity
4.5-14.8 %, light intensity was 10.0-11.0 thousand lux, the temperature on the sub-
strate surface has increased to +35.2 — +40.2 °C.

Fig. 2. The formation of organo-accu-
mulative horizons under moss
turfs Bryum caespiticium Hedw.

Puc. 2. dopmyBaHHA OpraHo-akymyns-
TUBHOIO FOPW3OHTY Mif AepHU-
Hamu Moxy Bryum caespiticium
Hedw.

The ability of dump rocks to form fertile soil by 25-30 % depends on the presence
of the organic carbon. Taking into account this fact, the substrate containing 0.5-1.0 %
of organic carbon is considered to be the substrate of fertile soil layer [7; 8]. The process
of technogenic lands overgrowing takes place in such a substrate that provides the cor-
responding level of stable soil ecological functions creates natural preconditions for the
development of soil cover on the devastated territories.

Content of the organic carbon in the upper layer of the bare substrate (without plant
cover) was 0.9-1.9 % in the territory of dump No 1 (Table 1). Besides, a tendency to
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content decrease of the organic carbon from the dump base to the top by 1.5-2.0 times
has been found out. First of all, this is caused by the conditions peculiarities on the
dump top, which are the least favourable for plants growth as a result of wind and water
substrate erosions, as well as moisture deficit that leads to slowing down renaturaliza-
tion processes of rock substrates. Such difference in quantity of the organic carbon on
the dump top can be caused by washing out the surface substrate layer from the top to
the dump base.

Table. 1.  Content of the organic carbon in the substrate under moss cover on the terri-
tory of the dump No 1 (2013-2015)

Tabnuysi 1. BmicT opraHiyHoro kap6oHy y cybcTpari nig MOXoBMM NOKPUBOM Ha TepuUTopii
BiaBany Ne1 (2013-2015 p.)

Locality of substrate Content of organic carbon, %
samples collection under North slope South slope
moss turfs 2013 y. 2015 y. 2013y. 2015y.
Uncovered substrate (control)

Crest of the dump 1.75+0.07 1.79+0.09

Base 1.71+0.09 1.78+0.10 1.84+0.25 1.89+0.08

Slope 1.59+0.10 1.60+0.10 1.65+0.14 1.68+0.11

Top 1.19+0.20 1.22+0.15 0.92+0.24 0.96+0.12
Bryum caespiticium

Crest of the dump 4.75+0.06* 4.97+0.08*

Base 2.70+0.04* 2.94+0.09* 2.45+0.21% 2.57+0.07*

Slope 2.95+0.04* 3.10£0.11* 2.48+0.16* 2.75+0.06*

Top 2.41+0.08* 2.52+0.09* 2.11£0.10* 2.23+0.08*

Bryum argenteum

Crest of the dump 4.16+0.07* 4.37+0.06*

Base 2.75+0.07* 2.86+0.07* 2.05+0.09* 2.16+0.15*

Slope 2.93+0.06* 3.06+0.08* 2.52+0.11* 2.61+0.12*

Top 2.23+0.10* 2.33+0.11* 2.16+0.09* 2.22+0.14*
Barbula unguiculata

Crest of the dump 3.36+0.31* 3.46+0.09*

Base 2.22+0.09* 2.29+0.22* 2.13+0.11* 2.26+0.08*

Slope 2.31+0.10* 2.39+0.11* 2.10+0.10* 2.18+0.07*

Top 2.01+0.10* 2.07+0.09* 1.56+0.09* 1.63+0.09*

Comment: * - difference compared to control (base substrate) is statistically reliable at p<0.05
MpumiTka: * — pi3HULA NOPIBHSIHO 3 KOHTPOJIEM (OroneHuii cybcTparT) cTaTMcTMYHO gocToBipHa npu p<0,05

According to literature data, mosses contain the largest number of carbon in aging
brown shoot parts [12; 15], localization of C . specificity in moss turfs Bryum caespiti-
cium, Bryum argenteum and Barbula unguiculata has been estimated (Fig. 3). It was
found that the largest quantity of carbon is accumulated in the dead part of moss turfs.
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C,,. content is to 16.3+1.5 % in the dead shoot parts in Bryum caespiticium, in Bryum

argenteum it is 14.5+1.3 % and 12.5+£1.2 % in Barbula unguiculata. Quantity of the or-
ganic carbon is 3—4 times smaller in green shoot parts of these moss species.

20
18
16
14
12
10

B dead part
@ green part

Content of organic carbon, %
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B. caespiticium B. argenteum B. unguiculata

Fig. 3. Content of the organic carbon in green and dead shoot parts of mosses
Pwuc. 3. BmicT opraHi4yHOro ByrrneLo y 3eneHiv i BiaMepnin YaCTuHi naroHiB MoXiB

We established a direct dependence between bedding thickness and the content of
organic carbon in the substrate under vegetable cover in natural moss samples. Maxi-
mum content of the organic carbon in the substrate under moss cover was determined
on the dump crest (3.4—4.7 %). On the north slope, the highest content of organic car-
bon was in the substrate under mosses Bryum caespiticium and Bryum argenteum, that
is almost 1.6 times higher compared to the carbon quantity in bare substrate from this
dump plot (Table 1). The carbon quantity was 1.4 times higher under the turfs Barbula
unguiculata compared to its content in the substrate without turfs. Similar tendency of
the organic carbon content change in the substrate under investigated moss species
has been also observed in the slope base.

The smallest quantity of the organic carbon under the moss turfs has been found
on the top, although comparing to its quantity in bare substrate on this dump plot, its
content increased almost 1.7-2.0 times, that shows an essential bryophyte contribution
in accumulation of the organic substances even under the unfavourable ecological con-
ditions. The results of determining a content of the organic carbon in the substrate under
moss cover on the south dump No 1 slope show the similar conformity: the highest
content was found in the substrate under mosses on the slope and in the dump base,
and the lowest content was found on the top. On the basis of the obtained results, one
can confirm that the process of soil formation occurs with the bryophyte participation on
the dump territory.

It is known that the increase of organic carbon content in the technogenic sub-
strates taken place until its losses, as a result of mineralization and washing out pro-
cesses do not become equal with the entrance of the organic substance to soil block of
the ecosystems as dead organic remnants. According to the data of many investigators
this process can last from 20 to 50 years. Then it continues mainly at the expense of
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qualitative transformations of the organic substance. Thus, the total regularity of the
processes of organic substance accumulation is the following: relatively rapid accumu-
lation of the organic carbon at the initial period of young soil ontogenesis and the follo-
wing slowing down of humus accumulation rates with the change of components cor-
relation of organic substance [5].

The results of two year analysis of the organic carbon content in not populated
substrate and the substrate under turfs of investigated mosses show positive dynamics
of its increase in all investigated transects, but the rate of the organic carbon accumula-
tion in upper horizons of the posttechnogenic substrate on the dump territory is different,
it depends on the microrelief, microclimatic conditions, projective bryophytes covering
and their species composition (Table 1).

On the basis of the organic carbon content analysis in 2015 it was established that
carbon content within the investigated plots is increased by 0.07-0.27 % C__, in com-
parison with the data in 2013 (Table 1).

Changes of the organic carbon content in the uncovered substrate were not es-
sential during this period. The highest indices of the organic carbon content in the bed-
ding layer under moss cover have been determined on the crest and in the dump base,
especially under the species Bryum caespiticium with dense turfs, accumulating or-
ganic substances. The tendency of decreasing organic carbon content has been ob-
served in the substrate under the moss turfs from the base to the dump top of the north
and south exposition.

One of the main soils characteristics determining their fertility and ability for plants
population is their supply with the nutrition elements. Technogenic dump substrate of
sulphur extraction is not almost structuralized, it is characterized by the insufficient ab-
sorbing and water keeping properties being poorly supplied with the main nutrition ele-
ments (nitrogen, phosphorus, potassium), that in complex defines its low potential ferti-
lity and adaptability to plants life activity [9]. It is known that bryophytes play an impor-
tant role in the circulation of nutritious substances in ecosystem, in spite of relatively
small part of their biomass compared to vascular plants [4; 16]. The mosses can absorb
nutritious substances from the atmospheric air, precipitation, dust and keep them during
long period of time in undecomposed part of dead shoots [21]. The main reasons of it
are the conditions of bryophyte existence (low temperature, humidity, heightened aci-
dity) as well as some of their physical and chemical properties (high cation exchange
capacity, availability of essential content of lignin-like compounds and lipids) [6].

The bryophyte role in accumulation of nitrogen in soil is estimated in numerous
publications [3; 5; 8; 11]. It has been established that the dead part of moss cover has
rather high hydrolytic acidity, due to this factor the moss bedding is characterized by
the essential absorption ability and can contain not only hydrogen ions in great quanti-
ties, but also other elements necessary for plants [15]. In the primary succession on
the sands the rate of nitrogen accumulation in moss cover, formed by Polytrichum ju-
niperium Hedw. and Polytrichum piliferum Hedw. amounted to 10.1 kg/hectare/year,
58 % of accumulative nitrogen has been accumulated in moss bedding. This fact shows
that bryophyte component positively influences the edaphic conditions. To confirm
such assumption, the moss cover was fully removed on the essential area of the inves-
tigated territory, and it has been found out that nitrogen losses in the ecosystem es-
sentially exceeded its entrance [4]. It has been established in arctic ecosystems that
some species of Sphagnum genus as well as Hylocomium splendens (Hedw.) Schimp.

org.?
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and Pleurozium schreberi (Willd. ex Brid.) Mitt. accumulate three times as much nitro-
gen and phosphorus than Picea mariana (Mill.) Britton, Sterns & Poggenb. [6].

We have established that mosses also influence accumulation of nitrogen and
phosphorus in the substrate on the dump territory of sulphur extraction. The highest
indices of their content have been determined in the substrate under mosses Bryum
caespiticium and Bryum argenteum. In the substrate under moss cover formed by
dense turf species Bryum caespiticium the gross nitrogen content has increased 2.0—
3.0 times, phosphorus content has increased 1.2—1.4 times compared to their quantity
in bare substrate (Table 2).

Table 2. Gross nitrogen, phosphorus and potassium content under moss cover on the
territory of dump No 1

Tabnuys 2. BanoBun ymicT a3oTy, ¢poccopy Ta Kanito y cy6cTpaTi nig MOXOBUM NOKPUBOM
Ha TepuTopii BigBany Ne 1

Locality of substrate

. Content of Content of .
samples collection under . o o Content of potassium, %
moss turfs nitrogen, % phosphorus, %
Uncovered substrate (control)
Crest of the dump 0.12+0.01 0.11+0.01 1.77+0.01
North slope 0.11£0.01 0.10£0.01 1.7510.02
South slope 0.09+0.01 0.09+0.01 1.7410.03
Bryum caespiticium
Crest of the dump 0.39+0.02* 0.16+0.01* 1.85+0.01*
North slope 0.28+0.02* 0.14+0.01* 1.86+0.01*
South slope 0.20+0.02* 0.12+0.01 1.77+0.02
Bryum argenteum
Crest of the dump 0.24+0.02* 0.14+0.01* 1.82+0.02
North slope 0.24+0.02* 0.14+0.01* 1.79+0.01
South slope 0.22+0.02* 0.11£0.01 1.76+0.01
Barbula unguiculata
Crest of the dump 0.22+0.02* 0.13+0.01 1.84+0.01*
North slope 0.18+0.02* 0.13+0.01 1.83+0.01*
South slope 0.16+0.01* 0.12+0.01 1.77+0.02

Comment: *- difference compared to control (uncovered substrate) is statistically reliable at p<0.05
MpumiTka: * — pi3HULA NOPIBHSAHO 3 KOHTPOeM (oroneHui cybecTpar) cTaTucTMyHo gocToBipHa npu p<0,05

Under the moss turfs Bryum argenteum the nitrogen quantity has increased 2.0—
2.2 times, phosphorus — 1.2—1.4 times. Nitrogen content in the substrate under Barbula
unguiculata has increased 1.6—1.8 times, but in phosphorus the difference with the
control was not authentic.

The microclimatic conditions on the dump territory also influence accumulation of
nitrogen and phosphorus in the substrate, as the highest content of these elements was
determined in the substrate on the dump crest. The lowest content was on the south
dump slope, thus, the dependence on the conditions of plant localities is observed.
Perhaps, the high insolation level on the south dump slope influences these indices as
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for many moss species negative correlation between nitrogen and phosphorus accumu-
lation and light intensity has been established [6].

The mosses role in potassium accumulation in the upper mineral ground horizon
has been shown in numerans publications [8; 19]. These investigations deal mainly with
mosses which get used to the life in the forest cenoses (species of the genus Sphag-
num, Pleurozium shreberi, Dicranum polysetum Sw.). The analysis of potassium con-
tent in the dump substrate has not shown the essential differences between its quantity
in bare substrate and in substrate under the bryophyte cover. Perhaps, the reason of
this is in specific properties or specific character of ions in moss shoots, as it was estab-
lished that univalent cations (for all K*) are most of all concentrated in the shoot apex,
but divalent cations are located in the basal old part [6]. In our experiments, a reliable
increase in potassium content in the substrate has been fixed on the crest and the north
dump slope only under moss turfs Bryum caespiticium and Barbula unguiculata.

Taking into account that the moss turfs overgrow and are concentrated in the upper
layer 0—3 cm of the soil substrate, it is natural that almost all organic substances being
a potential source of humus at the initial stage of soil formation are concentrated on the
surface or in soil of 0-3 cm thickness, where the process of their mineralization and
humus formation take place.

A high variability of the organic substance content is determined by both specific
moss peculiarities and the microconditions on the dump territory. The lowest indices of
the organic carbon content have been determined on the dump top that may be caused
by both tension of the ecological factors on this plot (high insolation level, moisture
deficit), and the periodic transference of the upper horizons of soil formation substrate
down the slope, as the result of the morphodynamic processes that are characteristic
for the technogenic landscapes.

The rate of the organic carbon accumulation in the upper horizons of posttechno-
genic soil on the dump territory is different, and it depends on the microrelief, microcli-
matic conditions, projective bryophytes covering, and their species composition. On the
basis monitoring of the organic carbon content during 2013-2015 years, the accumula-
tion rates of carbon within the investigated plots amounted to be 0.03-0.13 % C,, per
year. Changes in the organic carbon content in the uncovered substrate were not essen-
tial during this period. The highest indices of the organic carbon content in the bedding
layer under the moss cover have been determined on the crest and in the dump base,
especially under Bryum caespiticium species with dense turfs, accumulating the organic
substances. A tendency of decreasing the organic carbon content has been observed in
the substrate under the moss turfs from the base to the dump top of the north and south
exposition.

It is obvious that essential changeability of organic carbon accumulation rate can
be caused by the fact that an essential part of the organic substance on the dump terri-
tory is represented by the un-decomposed organic remnants (mainly by the decay prod-
ucts of moss turfs and by the introduced falling of the vascular plants). This can point to
slow mineralization of plant remnants as a result of specific hydrological conditions and
unripeness of microorganism groups being the main destructors of the organic rem-
nants [9].

Thus, it has been established that the bryophytes promote an enrichment of the
dump substrate with the biogenic elements. The life form of mosses has an essential
influence on the process since the highest indices of the organic carbon, nitrogen and
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phosphorus content were fixed in a substrate under the moss Bryum caespiticium with
the dense turfs. The important role is also played by specific ecological conditions on
the slopes of the dump.

At the early stages of soil formation, the bryophytes as pioneer plants play an impor-
tant role in this process promoting accumulation of the organic substance and, in that
way creating the conditions for the development of other higher plants and soil biota.

CONCLUSION

Bryophyte cover provides the formation of humus horizons on a surface of the tech-
nogenic substrates. That is connected with the character of dump substrate population
by the moss turfs which form the whole dense cover on the surface of dump substrate.
Colonizing technogenic exfoliation bryophytes perform complex action on the dump
substrate, namely:

e They initiate the processes of the upper horizons structuring under the moss
cover technogenic soil is loosened, and acquires a coarse lumplike structure, its
porosity increases that promotes substrate enrichment with oxygen and moisture.

e On the slopes, mosses fix movable substrate mechanically and prevent scatte-
ring of its light particles.

e Mosses accumulate the organic substance.
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POJ1b BPIO®ITHOIO MNOKPUBY B HATPOMAIXKEHHI OPTAHIYHOIO KAPBEOHY
TA BIOTEHHUX ENEMEHTIB Y TEXHOFEHHOMY CYBCTPATI
HA JEBACTOBAHUX TEPUTOPIAX BUOAOBYTKY CIPKU

H. A. Kusik, O. J1. baik

IHcmumym exonoeii Kapnam HAH YkpaiHu, syn. CmegbaHuka, 11, Jlbeie 79000, YkpaiHa
e-mail: kyyak_n@i.ua

HocnigpxeHo BnnnB 6pioiTHOrO NOKPMBY Ha HAarpoMagKEHHS OpPraHiYHoOro KapboHy
Ta GioreHHMX enemMeHTIB y cybcTparTi Bigany Ne 1 Asiscbkoro cipyaHoro pogosuila Ho-
BOSIBOPIBCLKOrO AepXaBHOro ripHn4yo-ximiyHoro nignpuemctaa “Cipka” (JIbBiBcbka 0611,
ABopiBCbKMIA p-H). MoxonogibHi ogHMMKM 3 NepLUMX OCENUIMCs Ha cybcTpaTax Bigsanise
i chopmyBanu psicHi baraToBMOOBI YyrpynoBaHHS. 3'iCOBaHO, L0 BMICT OpraHi4yHoro Kkap-
GoHy B cybCTpaTi Mg AepHMHamMy MoxiB 36inbLuyBaBcs B 1,6—1,8 pasy, NOpiBHSIHO 3 oro
BMICTOM Yy He3agepHOBaHOMY cyOcTpari. HaliHWkK4i NoKa3HUKM BMICTYy OpraHiyHoro By-
rmeLo BU3HAYEHI Ha BEPLUUHI BigBany, WO Moxe 6yTn 3yMOBMNEHO HAMpPYXeHICTIO eKorno-
riYHMX haKTOpPIB Ha LN AinsHLUi (BUCOKMI piBeHb iHconsLil, AediunT Bonoru). BuseneHo,
LLIO MOXOMopAibHi cnpustoTh 36aravyeHHo cybeTpaTy BigBany OioreHHUMKU enemeHTamu,
Hacamnepep, a3oToMm i pocchopom. Bucoka BapiabenbHICTb BMICTY OpraHiYHOT pe4OBUHMN
OeTepMiHOBaHa K BUAOBMMYM OCOBONMBOCTSIMM MOXIB, TaK i MiKpOKNiMaTU4HUMU YMOBaMM
Ha TepuTOpil BiaBany. Baxnvee 3Ha4eHHs1 Ma€e XUTTeBa oopma BUAIB, OCKINbKMA HAaMBULLL
MOKa3HMKN BMICTY OpraHiyHOro kapboHy, a3oTy n dhocopy BM3HAYEHI Nig MOXOBMM MO-
KpUBOM, CCPOPMOBaHMM LLIiNbHOAEPHUHHUM BUAOM Bryum caespiticium. OTxe, 6pioditn
SIK MIOHEPHI POCMMHKU BigirpaloTb BaXMBY pofb Y NPOUECi BiQHOBIEHHA TEXHOMeHHUX
cybcTpariB, CNpuUsitodM HaKOMUYEHHIO OPraHiYHOI PEYOBMHU A, TUM CaMMM, CTBOPHOKUM
YMOBW NSt PO3BUTKY iHLUMX BULLIMX POCINH i I'PYHTOBOI GioTw.

Knrovoei crioga: 6piodith, opraHiyHuin kapboH, BioreHHi enemeHTu, BigBan cip-
YaHoro BnaobyTKy.
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NccnegoBaHo BnusiHue OpMOUTHOrO MOKPOBa Ha HaKOMIEHWE OpraHMYecKoro
KapOoHa 1 OMoreHHbIX arnemeHToB B cybcTpaTte otBana Ne1 A30Bckoro MectopoXxaeHus
cepbl HOBOSIBOPOBCKOrO roCyAapCTBEHHOIO rOPHO-XMMUYECKOro npegnpuatuns «Cepax
(JTsBoBCKas obn., ABopoBckuii p-H). MoxoobpasHble SIBASHOTCS MMOHEPHBIMU pacTeEHU-
AMKW Ha cybcTpaTax oTBarnoB, KOTOpble CHOPMMPOBANN O0OUSbHBIE MHOTOBUAOBLIE CO-
obuecTBa. [NokasaHo, 4To cofepxaHme opraHmdeckoro kapboHa B cybcTpate nog aep-
HOBMHaMM MXOB yBenu4dmBanocb B 1,6—1,8 pasza No cpaBHEHMWIO C €ro KONMYeCTBOM
B cybcTpate 6e3 pacTtuTenbHOro nokposa. Hanbonee HM3KMe nokasatenu cogepaHus
opraHu4yeckoro kapboHa onpefeneHbl Ha BepLUMHE OTBana, 4Yto oOycroBneHo Hanps-
YKEHHOCTbLHO 3KOJTOMMYECKNX (PAKTOPOB Ha 3TOM y4acTke (BbICOKMIA YPOBEHb MHCOMNALNN,
aedununt Bnarv). BbisiBneHo, 4TO MoxoobpasHble cnocoOcTBYyOT oboralleHuto cyb-
cTpaTta oTBana OMoreHHbIMY afiEMEHTaMW, NPEXAe BCEro a3oToM u goccgopom. Beico-
Kasi BapnabenbHOCTb Ccoaep)KaHUs OpraHNYeckoro BeLLecTBa AETEPMUHMPOBaHA Kak
BMAOBbIMM OCOBEHHOCTAMM MXOB, Tak U MUKPOKIMMATUYECKMM YCIIOBUSIMU Ha TeppU-
Topun oTBana. BaxHoe 3HayeHMe MMeeT Xn3HeHHas oopMa BMAOB, NMOCKOSbKY BbICO-
Kvne nokasaTenu cogepxaHusi opraHnyeckoro kapboHa, aszota n poccopa onpegeneHsbi
Nnof MOXOBbIM MOKPOBOM, CGOPMMPOBAHHOM MfIOTHOAEPHOBUHHLIM BUAOM Bryum
caespiticium. Taknm oBpazoM, 6produUTbl Kak MMOHEPHbIE PACTEHUS UTPAIOT BaXKHYHO
porb B NPOLIECCE BOCCTAHOBIEHMS] TEXHOTEHHbIX CybGCTpaToB, cnocobCcTBys Hakomnne-
HMIO OPraHMYeCcKOro BELLECTBA M, TEM CaMbIM, CO3[iaBasi yCNoBMWS ANsi pasBUTUSA OPYTnX
BbICLUMX pacTeHWI N NOYBEHHON BUOTLI.

Knroveenle cnoea: GpuodunThl, opraHNYeckuini kapboH, GUOreHHble 3NEMEeHTHI,
oTBan Ao6blun cepbl.

OpepxaHo: 26.10.2016
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