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Abstract. The investigations were conducted in two Molinion patches dominated by small meadow species (ME) and overgrown by
tall-growing macroforbs (MAC). Observations were carried out in systematically arranged permanent experimental plots divided in
subplots. The subplots were subjected to: I) no disturbances; II) low level of disturbance, corresponding with trampling consisting
of the litter and moss layer removal; III) intermediate level of disturbance, corresponding with mowing consisting of the litter, moss,
and above-ground part of plants removal; and IV) high level of disturbance, corresponding with rooting by wild mammals consisting
of the litter, moss and the plants removal, as well as top soil raking with a metal scraper about 7 cm deep. The light availability was
greater in Patch ME, while the soil humidity achieved higher values in Patch MAC. At the same time, the light availability increased
in consecutive subplots, whereas the soil humidity showed a reversed trend. The cumulative number of seedlings Betonica officinalis
and Succisa pratensis in Patches ME and MAC was similar, while Sanguisorba officinalis recruited more abundantly in Patch ME.
The greatest number of offspring of all studied taxa was noticed in subplots III and IV. The obtained results might contribute to
creating of succesful plans of enlargement of natural resources of medicinal plants in Molinia meadows-one of most valuable semi-

natural communities in Europe.
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1. Introduction

A disturbance is a temporary change in environmental con-
ditions that causes a pronounced change in an ecosystem.
Large-scale abiotic ecological disturbances such as fires,
flooding, windstorms, various types of volcanic eruptions,
tsunamis and firestorms act quickly and with great effect
to alter the physical structure or arrangement of ecosystem
elements. Small-scale biotic disturbances, originating as an
effect of animals (such as browsing, wallowing, trampling,
grazing, raking) or human activity (trampling, mowing),
contribute to the appearance of openings in continuous
plant cover acting as ‘safe sites for seedling recruitment’

(sensu Harper et al., 1965) and ‘windows of opportunity’
(sensu Eriksson & Froborg, 1996) i.e. spatially or tempo-
rally unpredictable conditions in which seedling recruit-
ment is possible within stands of established conspecific
adults. The occurrence of gaps is particularly valuable in
semi-natural communities subjected to overgrowing and
transformations in the course of secondary succession.
Such habitats are represented inter alia by Molinia mead-
ows designated for conservation by International Con-
ventions (Anonymous, 1992; 1997), and included in the
NATURA 2000 network (Anonymous, 2007).

To date, numerous authors have observed seed-
ling recruitment after artificial seed addition in gaps
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(e.g. Kienova & Leps, 1996; Spackova et al., 1998; Ko-
torova & Leps, 1999; Isselstein et al., 2002; T¢sitel et al.,
2017). Other investigators have focused on natural seed-
ling recruitment, especially on the relations among species
composition in the plant canopy, seed rain and seedling
pool (Kostrakiewicz-Gieralt, 2017a; 2017b; 2018). More-
over, spontaneous seedling recruitment was observed in
gaps occurring as a result of disturbances characterised by
different size (Kostrakiewicz, 2011; Kostrakiewicz-Gieratt,
2014a; 2014b), time of creation (Mudrak et al., 2013;
Kostrakiewicz-Gieratt, 2015a), shape (Kostrakiewicz-
Gieratt, 2015b) and intensity (e.g. Lep§, 1999; Spackova
& Leps, 2004; Janecek & Leps, 2005; Mudrak et al., 2013;
Leps, 2014). Despite the growing interest in the influence
of disturbance intensity on natural gap recolonisation, the
spontaneous seedling recruitment of particular species has
only been rather rarely investigated (e.g. Spackova et al.,
1998; Kubikova & Zeidler, 2011; Kostrakiewicz-Gieratt,
2012; 2014a).

Considering this, the present studies were undertaken
aimed at assessing the effect of disturbance intensity on the
spatial variability of habitat conditions and natural recruit-
ment of seedlings of the rare, declining in Europe medici-
nal plants Betonica officinalis, Sanguisorba officinalis and
Succisa pratensis in Molinia meadows representing differ-
ent successional stages.

Table 1. The characteristics of study Patches

2. The study area

The investigations were carried out in Krakow-Kostrze,
Southern Poland (Fig. 1A) in a study area consisting of two
adjacent abandoned patches of Molinion caeruleae sensu
Matuszkiewicz (2008), measuring ca. 2300 m? and differ-
ing as to successional stage and dominant species. Patch
ME, representing the initial successional stage, was dom-
inated by meadow species creating delicate erect (up to
30 c¢cm) or procumbent stems such as Lotus corniculatus,
Lychnis flos-cuculi, Potentilla erecta and Lathyrus praten-
sis. Patch MAC, representing advanced successional stage,
was overgrown by tall-growing macroforbs (e.g. Filipen-
dula ulmaria, Lysimachia vulgaris and Lythrum salicaria).
Within the aforementioned Patch the large tussock and rhi-
zomatous grasses e.g Phragmites australis, Deschampsia
caespitosa, Molinia caerulea and shrub-willows such as
Salix repens ssp. rosmarinifolia and Salix cinerea were
also abundant. The characteristics of the study Patches are
given in Table 1.

Patch ME Patch MAC

Area (m?) 2 300 2 300
Coordinates 50°01'55.7" N; 50°01'55.2" N;

19°52'03.1" E 19°52'05.5" E

Lotus corniculatus, Lysimachia vulgaris, Filipendula
Dominant species Lychnis flos-cuculi, ulmaria,
Potentilla erecta Phragmites australis, Deschampsia
caespitosa,

Subdominant species

Lathyrus pratensis, Selinum

Betonica officinalis

Salix cinerea,
Molinia caerulea
Sanguisorba officinalis

carvifolia,

Number of generative stems Befonica officinalis 132 95
Number of generative stems Succisa pratensis 148 88
Number of generative stems Sanguisorba officinalis 117 76
The cover of trees and shrubs (%) 0 15
The cover of herbaceous vegetation (%) 98 100
The cover of bryophytes (%) 5 10

The mean (+SD) height of the highest stems (cm)*

51.0 (£12.2) 102.9 (£17.6)
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3. Material and methods

3.1. The study species

All the studied species belong to hemicryptophytes (Pladi-
as, 2014-2018), propagating clonally affiliated to patch-
es of Molinia meadows: Befonica officinalis and Succisa
pratensis representing characteristic species for the Mo-
linion caeruleae alliance, while Sanguisorba officinalis is
a characteristic species for the Molinietalia order (Matusz-
kiewicz, 2008). The studied species represent rare plants
included into many regional or national Red Lists or Books
(e.g. Wilhalm & Hilpold, 2006; Sparrius et al., 2014; Stroh
et al., 2014; Bornand et al., 2016; Wyse Jackson et al.,
2016).

Betonica officinalis L. syn. Stachys officinalis (L.) Tre-
vis (Lamiaceae), naturally occurring in Europe and West-
ern Asia (Anonymous, 1998a), has been used for centuries
for the treatment of disorders of the respiratory, gastroin-
testinal tract, cerebral afflictions, high blood pressure, skin
ulcers, as well as gynecological problems (Lazarevic et al.,
2013). This species represents rhizomatous plants creating
rosettes of leaves and upright flowering stems growing up
to 90 cm, topped by interrupted spikes formed by several
rings or whorls of bright, purple-red or occasionally white
flowers pollinated by bumblebees (mostly Bombus pascuo-
rum). One inflorescence might produce between 100 to
1.000 seeds dispersed by water and animals (Kleyer et al.,
2008). The unspecialised seeds are mostly disseminated in
summer and autumn, the mean density of soil seedbank
amounts to ca. 41 seeds per 1 m?, and its longevity reaches
3 - 12 months (Fitter & Peat, 1994). The germination abil-
ity of seeds in laboratory conditions ranged from 50% to
100% (Royal Botanic Gardens Kew, 2018).

Succisa pratensis Moench. (Scabiosa succisa L.) (Dip-
sacaceae), natively occurring in Europe and Western Si-
beria (Anonymous, 1997), has demulcent, depurative,
slightly diaphoretic, diuretic and anti-inflammatory prop-
erties. The antimicrobial and antioxidant activity of the es-
sential oils was confirmed by Witkowska-Banaszczak and
Dhugaszewska (2017). The individuals form a short vertical
rhizome bearing a rosette of leaves. The flowering stems
usually carry up to six - but occasionally more - flower
heads with up to 100 small, pale violet flowers (Adams,
1955). Most seeds land close to the mother plant, but long-
distance dispersal by animals, water or wind is likely to
occur (Kleyer et al., 2008). The unspecialised seeds might
be dispersed in summer and autumn and build the transient
seed bank achieving ca. 302 seeds per 1 m?* (Fitter & Peat,
1994; Kleyer et al., 2008). The germination ability of seeds
sown in laboratory conditions ranged from 75% to 100%
(Royal Botanic Gardens Kew, 2018).

Sanguisorba officinalis L. (Rosaceae), whose na-
tive distribution includes the Americas, Asia and Europe

(Anonymous, 1998b), is well known as a traditional herbal
medicine to treat inflammation and allergic skin diseases
(Su et al., 2018), as well as wounds (Zhang et al., 2018).
Individuals create a basal rosette of odd-pinnate leaves
and an erect flowering stem with several terminal inflo-
rescences containing up to 100 flowers, pollinated by
bees, syrphid flies, muscid flies and butterflies (includ-
ing the endangered large blue butterfly species: Maculin-
ea nausithous and M. teleius). The inflorescence might
produce from 52 to 94 seeds dispersed by animals, water
or wind building up transient soil banks achieving ca. 48
seeds per 1 m? (Kleyer et al., 2008; Fitter & Peat, 1994).
The germination ability of seeds sown in laboratory con-
ditions ranged from 59% to 95% (Royal Botanic Gardens
Kew, 2018).

3.2. The experimental design

In both patches in April 2017 twelve permanent experi-
mental plots were systematically arranged. The experimen-
tal plots were established in 4 rows, each row containing 3
plots. They were established at least 5.0 m from the border
of the patch to avoid the edge effect. Each plot was divided
in four square-shaped, separate subplots of 0.5m x 0.5 m.
The subplots were subjected to four different disturbance
regimes: I) no disturbances; II) low level of disturbance,
corresponding with trampling consisting of the litter and
moss layer removal; III) intermediate level of disturbance,
corresponding with mowing consisting of the litter, moss,
and above-ground part of plants removal; and IV) high
level of disturbance, corresponding with rooting by wild
mammals consisting of the litter, moss and the plants re-
moval, as well as top soil raking with a metal scraper about
7 cm deep. The experimental design is presented in Fig-
ure 1 B, C.

The light intensity and soil humidity in the openings
were evaluated on the basis of measurements conducted in
the central part of each gap. In order to make the obtained
microclimatic data spatially and temporally comparable,
the measurements were taken in full vegetation develop-
ment and in similar weather conditions (especially the lack
of precipitation in the 3-day period before the measure-
ments). Moreover, the measurements were conducted in
full sun exposure between the hours of 10.00 a.m. and
12.00 noon on 8 June 2017 and on 9 June 2018. Light in-
tensity was measured using LX-1010B Digital Light Lux
Meter (measuring range of light intensity 0.1-2000.0 1x),
while soil humidity was measured using a digital TZS-
I sensor (measuring range of soil humidity 1-100%) The
generative offspring establishment was monitored once
a week in May, June, July and August, and once every two
weeks in April, September and October, from 2017 through
2018. Seedlings were counted in each subplot. The seed-
lings were removed and determined according to Csapody
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Figure 1. The locality of study area and experimental design. A-locality of study Patch dominated by small meadow species (ME)
and prevailed by tall-growing macroforbs (MAC); B- pattern of distribution of study plots within Patches ME and MAC;
C-pattern of distribution of subplots within plots: I- subplot with no disturbance, II- subplot with removed litter and mosses,
I11- subplot with removed litter, mosses and aboveground organs of plants, IV- subplot with removed litter, mosses, above-
ground organs of plants and 7 cm soil layer
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(1968) and Muller (1978) with the support of a compara-
tive collection.

3.3. Statistical analysis

The ANOVA analysis for factorial design and the Tukey
HSD test were applied to check the statistical significance
of the effect of the patch character and disturbance inten-
sity on: (i) the light intensity and the soil moisture in the
year 2017 and 2018, as well as (ii) the cumulative number
of seedlings Betonica officinalis, Sanguisorba officinalis
and Succisa pratensis appearing in whole study period. All
the analyses were computed using STATISTICA software
(version 13).

4. Results

4.1. The habitat conditions

The light intensity at the ground level achieved greater val-
ues in Patch ME, than in Patch MAC in both study years.
Moreover, it increased from subplot I via II to III and IV
(Table 2). The statistical analysis confirmed the remark-
able effect of patch character and subplot type on light
intensity (Table 3). The Tukey HSD test showed the sig-
nificant differences among Patches (p<0.001). Moreover,
it showed the remarkable differences among subplot I and
subplots III, IV (p<0.001), as well as among subplot II
and subplot IV (p<0.05) within both study sites. The soil

Table 2. The mean (£SD) light intensity (Lx) in gaps in subplots with no disturbance (I), removed litter and mosses (II), removed
litter, mosses and aboveground organs of plants (III), removed litter, mosses aboveground organs of plants and 7 cm soil
layer (IV) in Molinion caeruleae patch dominated by small meadow taxa (ME) and overgrown by macroforbs (MAC) in

the years 2017 and 2018

Subplots
I II I v

Year 2017 ME 16333 1700.0 1 800.0 1 808.3
(+137.1) (x112.8) (£95.3) (£99.6)

MAC 1 400.0 1508.3 1641.7 1 650.0

(+127.9) (£124.0) (£162.1) (+156.7)

Year 2018 ME 1583.3 1 650.0 17583 1 775.03
(£146.7) (+108.7) (£108.4) (£128.8)

MAC 13333 1 450.0 1 600.0 1 608.3

(£149.7) (£138.2) (x£175.8) (£173.0)

Table 3. The ANOVA results for factorial designs of the effect of patch and subplot character on light intensity at ground level in the

years 2017 and 2018

Sum of squares Degrees Mean square F-value p-value
of freedom
Year 2017 Intercept 259 055 104 1 259 055 104 15 569.8 p<0.001
Patch 825 104 1 825 104 49.5 p<0.001
Subplot 742 812 3 247 604 14.8 p<0.001
Patch*subplot 22 812 3 7 604 0.4 0.56
Error 1 464 167 88 16 638
Year 2018 Intercept 244 162 604 1 244 162 604 11 909.2 p<0.001
Patch 900 938 1 900 938 43.9 p<0.001
Subplot 89 1146 3 297 049 14.4 p<0.001
Patch*subplot 31 146 3 10 382 0.5 0.44
Error 1 804 167 88 20 502
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humidity was higher in Patch MAC. Additionally in botch
study sites it decreased from subplot I via II to III and IV
(Table 4). The statistical analysis confirmed the remarkable
effect of patch character and subplot type on soil humid-
ity (Table 5). The Tukey HSD test showed the significant
differences among Patches (p<0.001), as well as among
subplot I and subplots III, IV (p<0.001), as well as among
subplot II and subplots III (p<0.05), IV (p<0.001) in both
study sites.

4.2 The seedling recruitment

The cumulative number of seedlings Betonica officinalis
and Succisa pratensis in Patches ME and MAC was similar
(Table 6). Also, the statistical analysis confirmed signifi-
cant effect of subplot type on abundance of recruits (Table
7). The Tukey HSD test showed the remarkable differences
in recruitment of Betonica officinalis among subplot I and
subpolots III, IV (p<0.001), as well as among subplot II
and subplots III, IV (p<0.001), while the recruitment of
Succisa pratensis differed significantly (p<0.001) among

Table 4. The mean (+SD) soil humidity (%) in gaps in subplots with no disturbance (I), removed litter and mosses (II), removed
litter, mosses and aboveground organs of plants (III), removed litter, mosses aboveground organs of plants and 7 cm soil
layer (IV) in Molinion caeruleae patch dominated by small meadow taxa (ME) and overgrown by macroforbs (MAC) in

the years 2017 and 2018

Subplots

I I 11 v

Year 2017 ME 63.3 57.0 49.8 48.6
(£8.8) *7.7) (#3.2) (£5.0)

MAC 84.4 78.0 60.0 58.4
(=1.2) (+0.8) (+0.4) (+0.4)

Year 2018 ME 65.0 59.9 52.0 49.3
*7.7) (#9.0) (£6.6) (8.3)

MAC 88.8 82.0 66.6 64.4
(*12.2) (8.8) #5.1) (+8.4)

Table 5. The ANOVA results for factorial designs of the effect of patch and subplot character on soil humidity at ground level in the

years 2017 and 2018

ss;l::r(e)ez o 3%23?111 Mean square F-value p-value
Year 2017 Intercept 402 486.0 1 402 486.0 8597.1 p<0.001
Patch 4374.0 1 4374.0 93.4 p<0.001
Subplot 7 793.1 3 2 597.7 55.4 p<0.001
Patch*subplot 353.1 3 117.7 2.5 0.33
Error 4119.8 88 46.8
Year 2018 Intercept 451 415.5 1 451 415.5 9 744.5 p<0.001
Patch 47743 1 47743 103.0 p<0.001
Subplot 5198.9 3 1733.0 37.4 p<0.001
Patch*subplot 135.8 3 453 0.9 0.71
Error 4 076.6 88 46.3
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Table 6. Mean (= SD) number of seedlings of Betonica officinalis. Sanguisorba officinalis and Succisa pratensis in artificial gaps
made in Molinion caeruleae patch dominated by small meadow taxa (ME) and overgrown by macroforbs (MAC) appeared
in subplots with no disturbance (I), removed litter and mosses (II), removed litter. mosses and aboveground organs of plants
(II), removed litter. mosses aboveground organs of plants and 7 cm soil layer (IV in the years 2017 and 2018

Patch Subplots
Species
I | 11 v
ME 0.0 2.9 31.8 29.9
Betonica (£ 0.0) (* 1.6) (*21.6) (+ 14.6)
officinalis MAC 0.0 3.9 22.8 19.2
(+ 0.0) (*3.5) (+ 8.0) (+ 4.0)
ME 0.1 74 53.1 37.1
Sanguisorba (+0.3) (+5.0) (+21.0) (+ 11.6)
officinalis MAC 0.3 6.9 336 263
*+0.7) (*5.1) (*6.7) (+6.5)
ME 0.4a 5.5a 27.7b 20.3b
(+0.9) (£ 3.6) (+ 13.4) (*5.1)
Succisa pratensis
0.0a 8.0a 28.9b 20.5b
MAC (*0.0) (*3.5) *73) (*6.7)

Table 7. The ANOVA results for factorial designs of the effect of patch and subplot character on cumulative number of seedlings
Betonica officinalis. Sanguisorba officinalis and Succisa pratensis appeared in the years 2017-2018

of ss(;lulgres ofD figegleosm Mean square F-value p-value
fj;i;(;};;cl?s Intercept 37525.0 1 37 525.0 2848 p<0.001
Patch 425.0 1 425.0 32 0.07
Subplot 28 322.0 3 9 440.6 71.6 p<0.001
Patch*subplot 894.3 3 298.1 22 0.08
Error 11 591.5 88 131.7
SZJ’;?Z’;;’;IS’“ Intercept 71 668.0 1 71 668.0 552.4 p<0.001
Patch 12833 1 12833 9.8 p<0.001
Subplot 46 317.2 3 15439.0 119.0 p<0.001
Patch*subplot 1549.6 3 516.5 3.9 p=<0.05
Error 11 416.7 88 129.7
Succisa pratensis Intercept 40 016.6 1 40 016.6 618.8 p<0.001
Patch 126.0 1 126.0 1.9 0.16
Subplot 22 369.0 3 7 456.3 1153 p<0.001
Patch*subplot 115.8 3 38.6 0.5 0.61

Error 5690.3 88 64.6
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each pair of subplots. The recruitment of seedlings San-
guisorba officinalis differed significantly among study
sites and subplots (Table 6). The statistical analysis showed
the significant, independent influence of patch character
and subplot type, as well as the significant effect of their
interaction (Table 7). The Tukey HSD test showed remark-
able differences among number of seedlings recorded in
subplot III in Patch ME and all other subplots (p<<0.001), as
well as among subplot IV in Patch ME and other subplots
in Patch ME (p<0.001) and subplots I, IT in Patch MAC
(p<0.001). Simultaneously, the number of seedling noticed
in subplots I and II in both Patches was similar.

5. Discussion
5.1 The habitat conditions

The performed showed that light intensity at ground sur-
face and soil moisture shows spatial variability. The light
intensity at the ground level increased from subplot I (con-
trol), via II (without litter and moss layer), to III (without
litter, moss layer and aboveground parts of plants) and IV
(without litter, moss layer, above- and belowground parts
of plants and topsoil), while the soil humidity showed a re-
verse trend. This phenomenon corresponds with the find-
ings conducted in various habitats, proving that increasing
vegetation cover results in the decreasing light availability
at ground level (Jutila & Grace, 2002; Prévost, 2008) and
augmentation of soil moisture (Edwards et al., 2003; Duan
et al., 2011).

The observed, remarkably greater light availability at
the soil surface within subplots I and II in Patch ME might
be due to greater absorption of solar radiation by the dense
leaf canopy of grasses and macroforbs growing within the
subplots in Patch MAC. According to other authors (Fli-
ervoet & Werger, 1984; Kotowski & van Diggelen, 2004),
the increased canopy height in wet meadows can consid-
erably reduce incident radiation. The lack of differences
among the Patches in subplots III and IV might be con-
nected with the cutting and uprooting of plants in the first
year of observations, as well as the quite similar height
of recolonisers (personal observation), allowing a similar
amount of solar radiation reaching the soil surface. The
higher soil humidity recorded in all the subplots within
Patch MAC, as compared to Patch ME, might be an effect
of the occurrence of local depressions among the tussocks,
where water might stagnate, assuring the hydration of the
ground. Moreover, the presence of tussock graminoids can
increase the soil moisture due to a reduction of evapora-
tion rates under the leaf canopy (Davie et al., 2006), as
well as interception and storage of rain and fog on the
stems and leaves (Ingraham et al., 2008). Furthermore, the
greater soil humidity in Patch MAC might be triggered by

the greater height of standing vegetation surrounding the
subplots. A positive correlation between the height of the
plant canopy and soil moisture was observed in subalpine
grasslands (Gross et al., 2008). The removal of the plant
canopy in subplots III and IV in both Patches during the
first year exposed the ground to much more sunlight, fa-
cilitating water transpiration and causing a sharp lowering
of ground moisture.-

5.2 The seedling recruitment

The performed observations showed that the number of
seedlings of all the studied taxa is much smaller in subplots
I and II than in subplots IIT and IV. The lack of differences
among subplots I and II corresponds with the investigations
of Wellstein (2012), who observed a similar emergence of
Sanguisorba officinalis seedlings under moist conditions in
places with and without litter, while Jensen and Gutekuns
(2003) observed that litter might substantially reduce the
recruitment rates. The substantial recruitment of seedlings
in subplot IIT corresponds with observations showing that
the removal of the vegetation canopy improves germina-
tion of B. officinalis (Spatkova et al., 1998) and S. prat-
ensis (Isselstein et al., 2002; Stammel et al., 2006) in fen
meadows. Furthermore, the obtained outcomes showing
the greatest recruitment rates in subplots III and IV sup-
port the results of the sowing experiments of Kotorova and
Leps (1999), who found much greater seedling number of
Betonica officinalis, Sanguisorba officinalis and Succisa
pratensis in mown locations, as well as in gaps created by
sod stripping, than in sites with untouched vegetation of
Molinion meadows. In addition, Soons et al. (2005) ob-
served that topsoil removal contributes to an increase of
seedling recruitment of S. pratensis from sown seeds. On
the other hand, Dorland et al. (2003) argued that sod cut-
ting might contribute to the accumulation of ammonium,
thus hampering the seedling recruitment of Succisa prat-
ensis.

The substantial colonization rates found in subplot
III might be enhanced by the absence of moss, litter and
aboveground plant organs hampering the germination of
seeds deposited on the soil surface, whilst the successful
seedling recruitment noticed in subplot IV might be ad-
ditionally facilitated by lack of belowground parts of the
plants. The considerable recruitment rates of all the stud-
ied species in subplot IV might suggest the germination of
seeds deposited in seed bank occurring in deeper layers of
the soil. On the other hand, Burmeier et al. (2010) observed
the low survivability rate of buried Sanguisorba officinalis
seeds, whilst other authors noted that the probability of sur-
vival of Succisa pratensis seeds decreases with augmenta-
tion of the burial period (Mildén et al., 2006; Wallin et al.,
2009; Kaiser & Pirhofer-Walzl, 2015), and after 1 year it
reaches 100% (Jensen, 2004). The substantial number of
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seedlings of all the studied taxa in subplot IV might indi-
cate the immediate germination of dispersed seeds after
reaching the openings. Such a supposition is supported by
laboratory tests (Grime et al., 1981; Holloway & Matheke,
2003), but the recruitment rates might be diminished by the
post dispersal seed losses caused, for instance, by predation
(Jongejans et al., 2000).

The performed observations showing remarkable ef-
fect of patch character on number of seedlings Sanguisor-
ba officinalis corresponds with the findings of Musche
et al. (2008). The aforementioned author evidenced that
the percentage of germination of Sanguisorba officinalis
decreased in small and low-density populations as an ef-
fect of restricted occurrence of the pollinators Maculinea
nausithous and Maculinea teleius in sites where the plant
occurs at low numbers, leading to lower seed production.
Additionally, it is worth mentioning that noticed in pre-
sented investigations significant simultaneous effect of the
patch character and the subplot type on recruitment of San-
guisorba officinalis seedlings needs further observations.

6. Conclusions

The study confirmed, that the disturbance intensity influ-
ence on spatial variability of light intensity and ground
moisture in two patches of Molinion meadows with differ-
ent dominant species. The seedlings recruitment of all spe-
cies was much lower in subplots I (control) and II (weak
disturbance), than in subplots III (intermediate distur-
bance) and IV (strong disturbance). The intermediate and
strong disturbances - diminishing competition from stand-
ing vegetation within the subplots and enabling substan-
tial light penetration - contribute to the greatest seedling
recruitment. The obtained results might provide a basis for
successful plans of enlargement of natural resources of me-
dicinal plants in Molinia meadows-one of most valuable
semi-natural communities in Europe.
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