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The soil seedbank (seed pool) represents the titormotential of a given area and an
important reservoir of species in restoration ¢fdB, 11, 12]. This reservoir may include seeds
from taxa presently inhabiting the site in additimnseeds transported into the area by different
vectors. Species whose seeds have been incorpantddtie seedbank from neighboring areas may
have potential for future colonization [15, 17].

The probability that a given plant will become é&dihed in a particular area is influenced by
the extent to which its seeds are dispersed [1p $kedbank resulting from this dispersal
contributes to ecological and genetic diversitythed area [5-7, 13, 16, 20]. Habitats characterized
by frequent disturbance events typically exhilansient seedbanks [2, 6] with seeds that either die
or germinate within a year [10, 15]. Transient $eedks have little or no influence on established
populations because germinating seeds typicallinmette within safe-sites where seedling survival
may be assured. Consisting primarily of ephemepaicies, seeds from this type of seedbank
germinate in response to some unpredictable chianlgabitat characteristics [1, 9, 12]. Persistent
seedbanks, in areas less prone to perturbatiosjstaf seeds that have accumulated over two or
more years. The seeds of perennial species arewitiespread and are able to germinate under the
environmental conditions of the site. Although dieedgrowth may be somewhat restricted in the
presence of the dominant vegetation, removal of dbeminant taxa by disturbance is often
accompanied by increased growth rates of seedhiths the patch [8, 14, 19].

In this study, we monitored seedlings germinatiraynf soil samples collected from restored
and unrestored portions of a Donbass shale barfencomposition of the seedbank was compared
with that of the aboveground vegetation.

Data on the state of soil seed bank have fundainemdapractical importance. Fundamental
and theoretical meaning of information on seedsbearegarded as

* strategic potential of soil horizons,

* retrospective analysis of reproductive sphere aigl,

« defining geochronological sequence,

« transformation of generative sphere of plants.

In the framework of issues under consideratio)ametsk region plants are mostly used as
informative indicators of the state of tecnogenycabnsformed landscapes, toxic pressure on the
environment.

In this aspect soil seed bank has practical impogdor

* monitoring research of the state of environment,

« forecast for realization of ecological potentialptdints,

 conducting ecological expertise on the territorynolustrial objects,

« assessment of population strategies of plants-amalis in industrial region.

Issues of soil seed banks have been consideredby rasearchers in different countries [1,
4,6, 9, 10, 13-15, 17].

In the previous publication [18] we have conducaedecological analysis of the territory of
an industrial town on the example of the Donetdly @with the use of bioindicational indices.
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According to any parameter reflecting reproductvelogy or relationships between a plant and
environment, the species form continuum that isiced to the discrete types because of pragmatic
reasons. Continuum of species strategy (behavimiflgcts their relationships to the level of
resource supply, biotic factors and disturbancé® st index is basic for analysis of disturbed
habitats on the territory of Donbass. Different@eg adapt to the same environmental factor using
different sets of physiological and structural m@d€he greater number of such modes, the more
successfully species can get over environmenttaesis. When monitoring landscape changes, the
visual landscape should also be considered. Thiaips to the information function of ecosystems
and landscapes that refers to environmental streieind its function for satisfying nee@sactical
means of principally important blocks of integratiof industrial indicational botany trends have
been grounded. Indices of structural transformatdnplants, their fluctuation asymmetry in
technogenic and natural ecotopes have been pdizedia Strategies of plants’ survival under
unfavorable conditions of growth have been takém aonsideration [18].

Our scientific programme is aimed at research efideank of given ecotopes with various
technogenic pressure for assessment of populatiategies of plants-indicators in industrial
region.

In many discrete and density-dependent modelsmiarplant population dynamics there is a
parameter that measures the probability that a sekdjerminate and become established the
following year [4, 10], or a compound parameter fe€undity times a probability of seed
germination and establishment [4, 13, 14]. Seethgption in such models is generally assumed to
occur the following year without considering a seadk, or alternatively, assumed to be a measure
of the probability of germination from a seed bamlequilibrium, irrespective of when germination
occurs. However, the presence of a seed bankeffective strategy for preventing local extinction
due to catastrophic environmental events, anddineegy is an important component in the life
history of most plant species. Consequently, itriportant to understand the effect of a seed bank
on the dynamics and equilibrium conditions in thex®mentioned discrete and density-dependent
plant population models.

It is possible explicitly to model the dynamicstbe seed bank in stage-structured models,
where the effect of delayed germination and seedatity is included in the models. However, this
makes the ecological models more complicated, fsekidbank dynamics are not the main focus of
the investigated model, e.g. in the study of mgjéecies dynamics, most ecological modelers tend
to simplify their models and assume the absencearof seed bank. However, this model
simplification poses a problem in the possibleitgsbf the models by more empirically oriented
plant ecologists. If the studied plant species lemgeed bank, which almost all plants speciestdo, i
is not straightforward to apply the plant ecologidata to a published model without a seed bank.
Therefore, it would be useful to be able to corithet simpler, unstructured population dynamic
models for the possible effects of a seed bank.

Here, the effect of a seed bank is investigatecdfoannual plant population. Throughout, it is
assumed that the plant population is at ecologqallibrium. The main issue that is investigated is
the importance of ignoring a seed bank in the ctdsdiscrete and density dependent models of
unstructured plant populations. A formula that eots the probability of germination and
establishment in unstructured population modelarofual plants for the effect of a seed bank is
derived.

In the plant ecological literature there seemsedaaldivision between theoretically oriented
and empirically oriented plant ecologists, and thiasion may partly be due to the fact that the
parameters in the theoretical plant ecological nsde not correspond to observable quantities that
may be estimated in plant ecological studies. Sithee probabilities of seed germination and
establishment typically are estimated from singlary observations, it will in most cases be
necessary to correct the probabilities of seed getion and establishment in order to apply the
simple unstructured theoretical models to real.data
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If delayed germination is an important life-histatyategy and seed mortality in the seed bank
is relatively low, it has been demonstrated heag iths important to take the effect of the seadk
into account.

A seedbank may include seeds of species presaritbiting a site as well as seeds from
species that do not presently occur on the sitemitbin the local area. In greenhouse studies gther
also exists the possibility that not all of thedsérom the seedbank will germinate. Year to year
variation in seedbank composition is dependenthensummation of the number of germinating
seeds of which the seedlings reach sexual matdngynumber of seeds produced by those plants,
and the fraction of seeds lost to decay, preda#ind,inviability.

Studies, based solely on seed germination fromssoiiples, might not reveal all of the taxa
that actually occur on a given site. Not all of #e2ds may be viable, some seeds may have been
removed by predation prior to the time of sampliogthe conditions in the research facility may
not be sufficient for the seeds to break dormancy.

The dominant taxa represented a mix of species fimsturbed habitats (i.e. Asteraceae,
Brassicaceae, Lamiaceae, Poaceae), as well asbsinedes (i.e. Poaceae, Asteraceae, Brassicaceae,
Lamiaceae, Fabaceae, Chenopodiaceae, RosaceamriRalgae, Caryophyllaceae).

In an attempt to provide a reliable estimate ofdhaual seed rain, sampling was conducted
with three different types of seed traps. On eddha40 plots, a sticky trap, a funnel trap amuba
trap were disposed in the 1°msed to sample vegetation in order to assess shmrilarity. The
sticky trap consisted of a clear plexiglas plate X115 cm) fixed on a metal pole (figa)l.
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Fig. 1. (a) Sticky trap and (b) funnel trap [acdogdto 3, 6, 10, 13]: a 1 — clear plexiglas plate;
a 2 — sticky grease; a 3 — screw fixing the platé;— metallic plate support; a 5 — metallic polé;
— ground level; b 2 — PVC plastic funnel; b 3 eygPVC pipe; b 4 — elastic band; b 5 — gauze bag
of 0,1mm mesh size; b 6 — bore holes (1 cm diameter

The plexiglas plate was situated 15 cm above grotawing the main wind direction and
sloping at an angle of 45The characteristics of the sticky trap were chdsefeature the optimum
design to record seed rain principally of anemoctsrspecies. Monthly, from March 2009 to
March 2010 the sticky plates were exchanged anthatiérial from each trap was examined under a
dissecting microscope (10 x 90). All seeds, incigdithose inside multi-seeded diaspores, were
counted if they were whole and apparently un dachagmidentifiable seeds were planted into
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trays containing sterile soil and grown until idéoation was possibleArtemisialL., Euphorbial.,
Amaranthudl., Centaureal., Chenopodiuni., Atriplex L., CarduusL., CarexL., EpilobiumL.,
GaliumL., PoaL., AchilleaL.).

The second type of seed trap consisted of a PV&iplkunnel 10 cm in diameter, which was
put level with the surface into the soil (fig. 1 Bhe funnel was fixed on a PVC pipe with lateral
bore holes (1 cm) to allow drainage. At the bottoitthe funnel the seeds were caught in a filter
gauze bag of 0,1 mm mesh size fixed with an el&stid at the base of the funnel. The bags were
replaced every second week from March 2009 to Ma€d0, i.e., a total of 34 sample-dates for the
42 traps. Unidentifiable seeds were planted in&ystrcontaining sterile soil and grown until
identification was possibleCfyclachaena xanthiifoligNutt.) FresenGrindelia squarrosalPurch)
Dunal, Xanthium albinum{Widd.) H. Scholz Ailanthus altissimgMill.), Swingle, Stenactis annua
Nees, Reseda luteal., Fallopia convolvulus(L.) A. Love, Rumex crispusL., Erucastrum
armoracioides (Czern. ex Turcz.),Polygonum aviculareL., Amaranthus albud.., Digitaria
sanguinalis(L.) Scop.,Persicaria maculata(Rafin.) A. & D. Love, Oberna beher(L.) Ikonn.,
Salsola australifR. Br.,Ambrosia artemisiifolid..).

The seeds were identified in the same way as ickystraps. The third trap type consisted of
pots with sterilised soil. The 40 pots with 10 crandeter were put level with the surface into the
soil in the same way as for funnel traps. Pots adtan the field for the same time period as the
traps, after which they were placed in an unhegtednhouse and watered twice a week to keep the
soil moist. Considered together, however, sevefrdh® taxa typify the suite of species frequently
found on shale barrens (e.G.apsella bursa-pastorif..) Medik., Echium vulgard.., Euphorbia
seguierianaNeck., Kochia laniflora(S. G. Gmel.) Borh Agrostis stoloniferd.., Elytrigia repens
(L.) Nevski), Artemisia absinthiumL., Anthoxanthum odoratuni., Artemisia vulgarisL.,
Convolvulus arvensik., Digitalis purpurealL., Eupatorium cannabinurh., Chenopodium album
L., Cirsium arvense(L.) Scop, Daucus carotalL., Berteroa incana(L.) DC., Calamagrostis
epigeios(L.) Roth,Lactuca tataricalL.) C. A. Mey, Amaranthus retroflexuks., Dactylis glomerata
L., Cyclachaena xanthiifoli#Nutt.) Fresen.Deschampsia caespito¢h.) Beauv, Galium mollugo
L., Cynoglossum officinalé., Diplotaxis tenuifolia(L.) DC., Arrhenaterum elatiugL.) J. et
C. Presl. Swida albeDpiz, Gnaphalium uliginosur.

The various and interdependent processes involveged rain emphasize the need of using
different seed traps and spatial sampling desigrassess the role of seed rain in plant community
dynamics. Funnel and sticky traps reveal the catale and also quantitative importance of seed
rain as a potential source of species regenerdlioey reflect the long-term potential for change of
the standing vegetation through plant successibhs. large quantity of seed input seems to be
necessary for seedling establishment in the fielchbse of the effect of the environmental filter.
Pot traps indicate that numerous species with & \®&v number of individuals in standing
vegetation are unable to establish in the fieldourations of such species could be doomed to
extinction. Thereby, seed rain measured with difieimethods may contribute to an assessment of
population viability analysis of specific plant comanities.
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Cagponos A. 1. llepBuHHUI CKPUHIHT HACIHHOTO 0aHKY (iTOIHIMKATOPIB T€XHOTeHHUX HABAHTAXKeHb Ha
enadoronu Jdondacy. — [IpoaHanizoBaHO METOOJIOTIYHI MPUHOMH Ta MPUHIIMIIOBY 3HAYYIIICTh BUBYCHHS HACIHHOTO
0aHKy B IPYHTOBHMX F'OPH30HTaX TEXHOT'€HHO TpaHchopmoBanux nanamadris Jlonenpkoi obnacti. Buznaueno crektpu
ydJacTi HaciHHOTO MaTepialy BCTAHOBJICHMX paHillle POCIHMH i3 IHAMKaliHHOI 3HAYYHIICTIO JUIS PETPOCIEKTHBHOIO
aHaJi3y TPEeHIa TEXHOTCHHUX HaBaHTA)XKEHb Ha MPUPOJIHI CEPEeOBHILA.

Kniouosi crosa: HaciHHMit OaHK, QiToiHAMKALIiS, AIarHOCTHKA CTaHy 1oBKULIA, [loHOac.

Cagponoe A. H. IlepBUYHBIN CKPUHUHT CeMEHHOT0 0aHKAa (PUTOMHIMKATOPOB TeXHOT€HHBIX HAIPY30K Ha
snadoronsl JJonbacca. —IIpoanann3npoBaHBl METOIOIOTHUECKIE IPUEMBI W IPUHITUNIHATIbHAS 3HAYMMOCTD H3Y9CHUS
CceMeHHOro OaHKa B MOYBEHHBIX TOPHU30HTAX TEXHOTCHHO TPaHCHOPMHUPOBAHHBIX JaHmmadpToB JloHEIKOW oOiacTy.
BrIsSBIIEHBI CIIEKTPHI yYacTHsl CEMEHHOT'O MaTepraja YCTaHOBICHHBIX paHee PaCTeHUH ¢ MHINKAIIOHHOH 3HAYNMOCTBIO
JUTA PETPOCIIEKTHBHOTO aHAJIN3a TPEH/Ia TEXHOT€HHBIX HATPy30K Ha MPHPOTHBIC CPEIBL.

Knouesvie cnosa. ceMeHHOM O0aHK, GUTOMHINUKAIINS, JUATHOCTHKA COCTOSIHHS OKpYKaromiei cpenpl, Jlonbacc.
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