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Abstract. The research covered three stands of Epipactis atrorubens on the Stowinskie Coast (Rowy, Wicko Morskie and Jarostawiec).
The plants in blossom were characterized on the basis of seven individual characteristics: height, the number of leaves, the number
of flowers per inflorescence, the length and width of the largest leaf and stipule. Statistically significant differences were found in
the studied populations between the height of the plant and the width of the largest leaf, the number of flowers per inflorescence and
the inflorescence length up to the bract, as well as between the number of flowers per inflorescence and the inflorescence length up
to the bract. The populations of E. atrorubens on the Stowinskie Coast cover the mineral soil with the dominance of medium- and
fine sand fractions. Those soils are loose with very low water capacity and good permeability. The organic matter content varied from
0.4 to 0.8%. The soil reaction is low acid or close to alkaline. The analyzed soil samples were characterized by very low content of
exchangeable AI** ions, which results from relatively high pH levels. The soil salinity was low and the average content of NaCl was
between 0.146 and 0.181 g-dm™.
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1. Introduction

Orchidaceae constitute one of the largest families of an-
giospermous plants comprising about 25 000 species
(Szweykowska & Szweykowski 2006; Tsiftsis et al. 2008).
The Epipactis genus is represented globally by 30 species,
of which about 25 are found in Europe (Brzosko et al.
2006). In Poland, depending on the source of information,
there are five (Brzosko et al. 2006) or even eight species
of that genus according to Szlachetko (2001). Epipactis
atrorubens is a species found in Europe and Asia. In Eu-
rope, the distribution of the plant is wide. It spreads from
the British Isles and Scandinavia to Spain, Italy, Greece,
the Balkan Peninsula and as far as Crimea (Vakhrameeva
et al. 2008). In Asia, E. atrorubens is found in Asia Minor
— in the Northern Iran, the Caucasus, in Central Asia and in

Eastern Siberia. The species grows in Bielorussia, Estonia,
Georgia, Kazachstan, Lithuania, Latvia and Moldova as
well as in Russia and Ukraine (Tuulik 1998; Vakhrameeva
et al. 2008). In Poland, E. atrorubens stands are found both
in the North and in the South (Brzosko et al. 2006; Szlach-
etko 2001). The ecology of E. atrorubens has not been suf-
ficiently recognized, and information in this scope is very
general (Jurkiewicz et al. 2001; Brzosko et al. 2006; Kull
& Hutchings 2006; Tsiftsis et al. 2008; Tatataj & Brzos-
ko 2008; Vakhrameeva et al. 2008; Jakubska-Busse 2009).
Recognition of ecological conditions of E. atrorubens is
indispensable to safeguard its effective protection.

The aim of the study was consisted of search for rela-
tionship between morphological features, comparison of
biometric features of three populations and characteriza-
tion of soils on their habitats.
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2. Material and methods

2.1 Study area

The research comprised three stands of E. atrorubens at
the Stowinskie Coast (Fig. 1). The first stand (the area of
800 m?) was situated in Rowy, at a grey dune on the right
bank of the Lupawa outlet to the Baltic Sea. The second
stand (the area of 700 m?) was situated in Wicko Morskie
at a grey dune situated at the marine military training area,
along the road between the division of: 98b/101b the Mod-
linek Forest Distict and 102b the Zalaski Forest District
(Ustka Forest Inspectorate). The third research area (the
area of 550 m?) was situated in Jarostawiec at the sandy
plateau of a cliff crown (the entrance to the beach from the
side of Aqua Park).

2.2 Field and laboratory work

The research was done at the turn of June and July 2010,
during which the phytosociological records (relevés) were
taken by application of the method of Braun Blanquet
(1964). Nomenclature of the vascular plant species was ad-
opted after Mirek et al. (2002), while the nomenclature of
the moss after Ochyra et al. (2003). The research area was
divided into squares of 1m side each. The numerical force
and density (the number of plants per 1 m?) of the popula-

tion was specified by calculating specimens from particu-
lar squares of each research standing. The age structure of
the population was determined assuming after Lukasiewicz
(1962) and Sarosick et. al. (1990) four development phases
of E. atrorubens: 1 —juvenile (i.e. one-two leaves), 2 — im-
mature (growing, i.e. three-four leaves), 3 — virginal (veg-
etatively development, non-flowering, more than 5 leaves)
and 4 — generative (flowering).

The plants in blossom were characterized on a basis of
seven individual features: height, number of leaves, num-
ber of flowers in inflorescence, the length and width of the
largest leaf and stipule. The measurement of the height,
length and width was done with accuracy up to 1 mm.
In order to specify edaphic conditions, the soil samples
from the rhizosphere of the examined plants were taken.
The mechanical composition of the soil was specified by
means of application of the dry mesh method, active acid-
ity (pH,,,) and exchangeable acidity (pH,.) by means
of the potentiometric, exchangeable aluminum by means
of the Sokolov method, salinity — by the conductometric
method, and organic matter in a muffle furnace at the tem-
perature of 550°C (Karczewska & Kabata 2008).

2.3 Statistical analysis

The obtained results of the research tests were verified by
statistical methods (Wotek 2006), with application of Statis-
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Figure 1. Situation plan of the Stowinskie Coast — locations of the study site
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tica software (7.1). The statistical distribution of the height
of the tested plants at a generative stadium is represent-
ed by bar charts. Normality of distribution of the studied
was tested using the Shapiro-Wilk test. In order to compare
validity of differences of individual features of examined
plants among three designated stands, the parameter Anova
(analysis of variance) test was applied. In order to compare
and characterize the chemical composition of the soil, mean
values, standard deviations, coefficients of variation (%)
and the Pearson’s correlation coefficients were calculated.

3. Results and discussion
3.1 Biotic conditions
The examined population of Epipactis atrorubens is

a component of phytocoenoses with Helichrysum arenari-
um and Jasione montana, which belong to the association

Helichryso-Jasionetum litoralis Libb. 1940 (Table 1), and
form compact patches of turf on dune sands of marine ac-
cumulation. Such patches of turf are characteristic of grey
dunes with fixed sand free of salt (Matuszkiewicz 2008).
Two subassociations can be distinguished within this asso-
ciation: a typical one and with the cup-lichen (Cladonia).
The cup-lichen subassociation is characterised by exuber-
ant development of the lichen and moss layer with a mi-
nor contribution of herbaceous species. It develops mostly
in inland areas, usually close to forest (Braun 2010). The
species characteristic of Helichryso-Jasionetum litoralis
Libb. 1940 are Jasione montana var. litoralis, Artemisia
campestris subsp. sericea and Hieracium umbellatum var.
dunense. The distinguished species comprise Epipactis at-
rorubens, Eryngium maritimum and Linaria odora. There
are numerous species of Koelerio glaucae-Corynephoretea
canescentis and Molinio-Arrhenatheretea. The Molinio-Ar-
rhenatheretea class is more frequently represented by: Fes-
tuca rubra, Achillea millefolium and Poa annua.

Table 1. Social structure of community Helichryso-Jasionetum litoralis Libb. 1940
Succesive number 1 2 3 4 5
Number of phytosociological relevé 21 2la 27 24 24a
Date (day, month, year) 21.06 | 12.07. | 28.06. | 24.06 | 12.07
2010 2010 2010 2010 2010
Locality R R w J J
Stand ey 1 BIEY BV g | cliff
dune dune dune
Exposition SE
Inclination [°] 5
Area of relevé [m?] 50 40 50 50 60
Crown density [%] 15 5 5 5 5
20 10 45 30 25
Cover of plant layers [%] 45 55 70 80 60
15 5 15 5 5
Number of species in phytosociological relevé 33 29 32 24 37 Lw D
I. ChAss. Helichryso-Jasionetum litoralis
Artemisia campestris subsp. sericea + + 1.1 3 140
Jasione montana var. litoralis + 1.1 3 140
Hieracium umbellatum var. dunense + + + 3 60
I1. DAss. Helichryso-Jasionetum litoralis
Epipactis atrorubens 33 2.2 33 2.2 1.2 2300
Linaria odora 1.1 1.1 . . . 2 200
Eryngium maritimum 2.2 . . . 1 350

ChAIll. Koelerion albescentis*, Koelerion glaucae **

III. ChCl. Koelerio glaucae-Corynephoretea canescentis, ChO. Corynephoretalia canescentis,
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*Carex arenaria
Anthyllis vulneraria subsp. maritima
Sedum acre
Trifolium arvense
Corynephorus canescens
Rumex acetosella
*Ammophila arenaria
**Petasites spurius
Helichrysum arenarium
Festuca ovina
**Peucedanum oreoselinum
Brachythecium albicans
Ceratodon purpureus
**Astragalus arenarius

IV. ChCl. Festuco-Brometea
Euphorbia cyparissias
Centaurea stoebe

V. ChCl. Artemisietea, ChO. Onopordetalia acanthi*
*Nepeta cataria
Artemisia vulgaris
*Echium vulgare

VI. ChCl. Vaccinio-Piceetea
Melampyrum pratense
Leucobryum glaucum
Hylocomium splendens
Pyrola minor
Vaccinium vitis-idaea

VII. ChCl. Stellarietea mediae
Vicia hirsuta
Conyza canadensis
Hordeum murinum

Bromus sterilis

VIII. ChCl. Molinio-Arrhenatheretea, ChQO. Plantaginetalia majoris*, ChAll. Arrhenatherion

Festuca rubra
Achillea millefolium
*Poa anna
*Lolium perenne
Trifolium pratense
Plantago lanceolata
**Galium mollugo
Trifolium repens
Lotus corniculatus
Cerastium holosteoides
IX. ChCl. Nardo-Callunetea. ChO. Calluno-Ulicetalia*
*Calluna vulgaris
Hieracium pilosella
*Sarothamnus scoparius

X. ChAIlL Salicion arenariae
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Salix arenaria b 2.2 1.1 1.2 . . 3 550
Hippophaé rhamnoides subsp. maritima b 2.2 350

XI. Accompanying species
Pinus sylvestris a 2.2 1.2 1.1 1.1 1.1 5 750
Rosa rugosa b + 1.1 2.2 1.2 4 570
Polypodium vulgare + 1.1 . 1.2 1.2 4 320
Pinus sylvestris b . . 1.2 2.2 +.2 3 470
Pinus mugo b 1.2 +.2 1.1 3 220
Betula pendula b + + + 3 60
Salix acutifolia b + +.2 2 40
Medicago lupulina + + 2 40
Cladonia sylvatica d 2.2 1 350
Equisteum hyemale + 1 20
Veronica chamaedrys + 1 20
Galeopsis tetrahit + 1 20

R — Rowy; W — Wicko; J — Jarostawiec; Lw — number of appearance; D — cover coefficient; SE — exhibition south-east

In the herbaceous layer of the complexes the dominat-
ing species are Epipactis atrorubens, Anthyllis vulneraria
subsp. maritima, Carex arenaria and Calluna vulgaris. The
coverage coefficient (D) for these plant is 2300 (E. at-
rorubens), 890 (Anthyllis vulneraria subsp. maritima), 750
(Carex arenaria) and 770 (Calluna vulgaris) respectively.
In the moss layer, there are Brachythecium albicans, Cera-
todon purpureus, Cladonia sylvatica, Hylocomium splen-
dens) and Leucobryum glaucum. In the tree layer, there is
only one species, Pinus sylvestris. The shrubs layer is rep-
resented by Betula pendula, Hippophaé rhamnoides subsp.
maritima, Pinus mugo, Pinus sylvestris, Rosa rugosa and
Salix acutifolia.

3.2 Individual features

The examined populations of Epipactis atrorubens con-
tained from 307 to 393 individuals, each one being at dif-
ferent stage of development. The plants in blossom consti-
tuted from 31% in Jarostawiec to 64% in Wicko Morskie
(Table 2). Comparison of the frequency of development
stages shows that the plants in blossom dominated all three
stands. Participation of juvenile plants in populations was
from 8% (Wicko Morskie) to 20% (Jarostawiec), immature

Table 2. Age structure of the Epipactis atrorubens populations

ones from 12% (Wicko Morskie) to 24% (Jarostawiec),
and the ones at mature stage from 14% (Rowy) to 25%
(Jarostawiec). A relatively low participation of juvenile
specimens and immature in the population of Wicko Mor-
skie is worth mentioning, which can cause substantial de-
crease of their number in a 3-4 years’ time.

In the examined research stands, the diversity of the
height of the plants was observed. The minimum height
of E. atrorubens in Rowy was 7.0 cm, 8.9 cm in Wicko
Morskie and 6.0 cm in Jarostawiec. The maximum length
of the sprout found at the research stations of the Stow-
inskie Coast was 65.7 cm for the plants in Rowy, 49.3 cm
for the plants in Wicko Morskie and 50.7 cm for the plants
in Jaroslawiec, respectively. The average height of the
plants (Table 3) depending on the research station was:
31.9 cm (Rowy), 26.8 cm (Wicko Morskie) and 23.5 cm
(Jarostawiec). According to Szlachetko (2001), the sprout
of this species reaches the size of 20-80 cm. According
to Vakhrameevej (2008), such plants can grow from 25
to 60 cm. From the data collected by Kull and Hutchings
(2006) results, that in Estonia E. atrorubens grows up to
the height of 57 cm. There is no doubt that the height of
the plants depends on the soil nutrients richness in the sub-
stratum (Ostrowska & Porgbska 2002). The coefficient of

Age spectra
Locality juvenile immature virginal generative Total
number % number % number % number % number %
Rowy 58 15 63 16 57 14 215 55 393 100
Wicko Morskie 26 8 36 12 48 16 197 64 307 100
Jarostawiec 73 20 87 24 89 25 112 31 361 100
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Figure 2. Histograms of heights of blooming plants
in populations of Epipactis atrorubens

variation for this feature, depending on the research stand,
is 21.4% to 41.2%. The distribution of height is represent-
ed by bar charts (Fig. 2).

As far as E. atrorubens is concerned, there are about
8.9 leaves on the stem on average in plants originating in
Rowy, 8.8 leaves in plants from Wicko Morskie and 6.9
leaves in plants from Jarostawiec (Table 3). The minimum
number of leaves on the stem is from 3 to 5. The maximum
number of leaves in the case of measured individuals of E.
atrorubens was 13 to 14. According to Szlachetko (2001)
the plant usually produces from 4 to 9 leaves. However,
according to Vakhrameeva et al. (2008) there can be from
7 to 9, and maximum 12. Undoubtedly, the number of the
leaves on the stem depends on the height of each individ-
ual, however it can also be a characteristic of a species.

The average width of the largest leaf (Table 3) among
population of E. atrorubens at the Stowinskie Coast is
from 1.9 to 3.1 cm. The minimum level of this parameter
within the area of the stands is 0.5 cm for the individuals
from Rowy, 1.6 cm for the plants from Wicko Morskie
and 0.2 cm from individuals from Jarostawiec. The maxi-
mum width of the largest leaf is from 3.6 (Jarostawiec) to
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5.1 cm (Rowy). According to Szlachetko (2001) the width
of the leaves of this E. atrorubens varies from 1 to 4 cm.
The obtained results are close to the data which refer to
Epipactics palustris presented by Antkowiak and Pankros
(2000). According to the authors, the width of the largest
leaf for individuals of this species was from 2.4 to 6.4 cm.
According to Golis and Bednorz (2001), the value of this
parameter was from 1.1 to 4.5 cm. Therefore, we can con-
clude that the width of the largest leaf can be a character-
istic feature shared within one genus.

The number of flowers in inflorescence also varies
substantially within the research stands. On average, the
number is from 17.1 to 24.1 flowers. Within the area of
research stands, the minimum value of that parameter is 6
pieces for the plants from Rowy, 2 for the specimens from
Wicko Morskie and 1 for the plants from Jarostawiec. The
maximum observed number of flowers in the inflorescence
is from 41 to 46. In comparison to Epipactics palustris, E.
atrorubens produces substantially more flowers. According
to it, the data collected by Antkowiak and Pankros (2000),
in the case of E. palustris the number of flowers in in-
florescence was from 7 to 26 pieces. While, according to
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Table 3. Individual features of blooming plants of Epipactis atrorubens

Characteristic Min. Max. | Mean + standard deviation Variation(;]o)efﬁcient
Rowy (n = 215)
Height of plant (cm) 7.0 65.7 31.9+13.1 41.2
Number of leaves (pcs.) 4.0 14.0 89+23 25.8
Width of the greatest leaf (cm) 0.5 5.1 3.1+1,1 35.6
Number of flowers (pcs.) 6.0 46.0 24.1+£9.2 37.9
Lenght of inflorescence (cm) 2.3 28.7 99+64 64.7
Lenght of bracts (cm) 0.3 6.7 34+13 39.0
Width of bracts (cm) 0.2 3.0 05+0.2 50.2
Wicko Morskie (n = 197)
Height of plant (cm) 8.9 493 26.8 +7.9 29.7
Number of leaves (pcs.) 5.0 13.0 8.8+ 1.7 19.0
Width of the greatest leaf (cm) 1.6 4.6 25+05 19.6
Number of flowers (pcs.) 2.0 41.0 20.2 +£8.3 41.1
Lenght of inflorescence (cm) 2.6 27.,3 11.9£59 49.9
Lenght of bracts (cm) 1.6 6.7 37+1.1 29.8
Width of bracts (cm) 0.1 1.4 05+0.2 32.8
Jarostawiec (n = 112)
Height of plant (cm) 6.0 50.7 23.5+£5.0 214
Number of leaves (pcs.) 3.0 13.0 6.9=+1.5 21.6
Width of the greatest leaf (cm) 0.2 3.6 1.9+£0.6 28.7
Number of flowers (pcs.) 1.0 42.0 171+ 7.2 42.4
Lenght of inflorescence (cm) 0.5 322 124+53 425
Lenght of bracts (cm) 0.5 6.5 29+1.2 39.2
Width of bracts (cm) 0.2 1.8 0.5+0.3 60.8

n — size of the population

Kolon et al. (1995) the number of flowers in this species is
from 6 to 16 pieces. Undoubtedly, the number of flowers
in inflorescence depends on the length of inflorescence,
which in turn is a constituent of the height of the plant.
Therefore, the height of the plant should have a vital im-
pact on number of its flowers. That relationship is repre-
sented in Table 4. According to the table, in all measured
specimens of Epipactis atrorubens, the number of flowers
in inflorescence depends on its length, and at the same
time on the height of the plant. The analyzed features show
strong correlation with one another. The height the plant
of E. atrorubens, the length of the inflorescence increases
which results in the number of produced flowers. It can be

evidenced by substantially vital statistical values of Pear-
son’s correlation coefficient (1=0.64, for Rowy, r=0.77 for
Wicko Morskie and r=0.73 for the stand in Jarostawiec,
respectively) (Table 4). The variability of the analyzed pa-
rameter is from 37.5% for the population from Rowy to
42.4% for the population from Jarostawiec (Table 3).

The length of inflorescence up to bracts (Table 3)
among populations of E. atrorubens at the Stowinskie
Coast is from 9.9 cm for the plants from the stand in Rowy
to 12.4 cm for the plants from Jarostawiec. This charac-
teristic feature shows high diversity within all populations
under consideration. Within the area of particular stands,
the minimum value of the parameter is 2.3 cm for Rowy,
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Table 4. Matrix correlations Pearson’s coefficient for p<0.05 between individual features research of Epipactis atrorubens

Locality Individual Individual features
features 1 2 3 4 5 6 7
1 1.00
2 0.52 1.00
- 3 0.84 0.48 1.00
g o 4 0.80 0.42 0.60 1,00
= 5 0.64 0.11 0.31 0.74 1.00
6 0.43 0.04 0.44 0.59 0.61 1.00
7 0.33 -0.13 0.24 0.51 0.51 0.65 1.00
1 1.00
o 2 0.25 1.00
K 3 0.43 037 1.00
33 4 0.82 0.43 0.40 1.00
= = ) . . .
& 5 0.77 -0.01 0.21 0.70 1,00
= 6 0.15 -0.05 0.15 -0.09 0.05 1.00
7 0.11 0.18 0.13 0.10 0.04 0.80 1.00
1 1.00
2 0.23 1.00
§ o 3 0.52 0.17 1.00
- 4 0.66 0.18 0.53 1.00
£l 5 0.73 -0.13 0.36 0.67 1.00
6 0.43 0.23 0.41 0.31 0.45 1.00
7 0.19 -0.33 0.34 021 0.38 0.70 1.00

n —size of population, 1 — Height of plant (cm), 2 — Number of leaves (pcs.), 3 — Width of the greatest leaf (cm), 4 — Number of flowers (pcs.), 5 — Lenght

of inflorescence (cm), 6 — Length of bracts (cm), 7- Width of bracts (cm)

2.6 cm for Wicko Morskie and 0.5 cm for Jarostawiec. The
maximum observed length of inflorescence to the bract is
from 27.3 cm for the individuals from Wicko Morskie to
32.2 cm for the population from Jarostawiec. The coeffi-
cient of variation of the length of the inflorescence to the
bract is from 42.5% to 64.7%.

The average length of the bract within the area of the
populations under consideration is 3.4 cm for the plants
from Rowy, 3.7 cm for the plants form Wicko Morskie
and 2.9 cm for the specimens from Jarostawiec. The mini-
mum value of that parameter is 0.3 cm (Rowy) to 1.6 cm
(Wicko Morskie). The maximum length of the bract was
from 6.5 to 6.7 cm. Comparing the data collected at the
Stowinskie Coast related to E. palustris with the data ob-
tained by Kolon et al. (1995) and Antkowiak and Pankros
(2000), we can say, that the plants represent similarity
as to the analyzed feature. The length of the bract in E.
palustris was from 1.2 to 5.0 cm for the population from
the banks of Lake Pomorze in the Augustéw Primaeval
Forest and from 2.0 do 12.5 cm for the population from
the Wielkopolska National Park. Therefore, the analyzed
feature may be characteristic of the genus, however con-
ditioned by the parameters of the habitat. The coefficient

of variation of that feature was from 29.8% for Wicko
Morskie to 39.2% for Jarostawiec.

In all these populations, the length of inflorescence up
to the bract, the width and the length of the bract were
recognized as the most variable features. The least varia-
ble was the number of leaves in the stem. The variation of
the other features varied depending on the research stand.
The distribution of all the analyzed features in blooming
individuals was normal or close to normal.

For the individual features the Paerson correlation coef-
ficients were determined and the ¢ tests of diversity of the
said features were performed. The results are presented in
the tables 4 and 5. In all populations, statistically signif-
icant differences between the height of the plant and the
width of the largest leaf, the number of flowers in inflo-
rescence and the length of the inflorescence to the bract
were found as well as between the number of flowers in
inflorescence and the length of the inflorescence up to the
bract. The vital relation was also found between the length
the width of the bract. Correlation coefficients for such
features were: r=0.65 (Rowy), r=0.80 (Wicko Morskie)
and r=0.70 (Jaroslawiec) respeclively. In the case of the
population originating in Rowy and Jarostawiec, statistical
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Table 5. The results analysis of variance (Anova test) of significance of individual characteristic features of E. atrorubens at research

stands
Variable SS DF MS value p
Height of plant (cm) 13500 2 6774.0 66.52 <0.001
Number of leaves (pcs.) 980.7 2 490.4 137.5 <0.001
Width of the greatest leaf (cm) 242.0 2 121.0 190.0 <0.001
Number of flowers (pcs.) 933.1 2 4665.0 67.67 <0.001
Lenght of inflorescence (cm) 1291.0 2 645.5 18.48 <0.0001
Lenght of bracts (cm) 97.90 2 48.95 32.98 <0.0001
Width of bracts (cm) 0.175 2 0.087 1.503 >0.05

SS-sum of squares, DF-degrees of freedom, MS-mean square, F

value

significant correlations were established between the width
of the largest leaf and number of flowers in inflorescence
(r= 0.60 and r=0.53) respectively and average relation in
the case comparable features for the research standing in
Wicko Morskie (r=0.40).

For the population of E. atrorubens from Rowy, a very
strong relation was found between the height of the plants
and the number of leaves in the stem and between the
number of flowers in inflorescence and the length and
height of the bract. For the population from Jaroslawiec,
the average correclation between the number of flowers
in inflorescence and the width of the bract was evidenced
(r=0.31, at p<0.05). The length of the inflorescence up to
the bract is also connected with the length and the width of
the bract (respectively: r=0.61 and 0.51 at p<0.05 for the
population in Rowy and r=0.45 and 0.38, p<0.05 for the
population in Jarostawiec). In the case of the population
from Jarostawiec, it was found that the width of the bract
decreases along with the increase in the number of leaves
(r=-0.33 at p<0.05).

In populations from Rowy and Wicko Morskie, there
are average correlation between the number of leaves in the
stem and the width of the largest leaf (r=0.48 at p<<0.05 for
Rowy and r=0.37 at p<0.05 for Wicko Morskie) and the
number of leaves in the stem and the number of flowers
in inflorescence (1=0.42 at p<0.05 for Rowy and r=0.43 at
p<0.05 for Wicko Morskie). The E. atrorubens individuals
originating in Rowy and Jarostawiec also show average
positive correlation between the width of the largest leaf
and the length of the inflorescence to the bract and the
length and width of the bract (Table 4).

Analysis of variance (Anova test) showed vital sta-
tistical diversity of the populations under consideration
as to the height of the plants (p<0.001), the number of
leaves (p<0.001), the width of the largest leaf (p<0.001),
the number of flowers (p<0.001), lenght of inflorescence
(p<0.0001) and lenght of bract (p<0.0001) (Table 5). It was

-mean of the within group variances, p-significance level

also established that the width of the bract (p>0.05), as the
only characteristic feature does not reveal any vital statis-
tical differences between all specimens of E. atrorubens
under consideration independent of the research stand.

3.3 Edaphic conditions

At the research stands in Rowy, Wicko Morskie and
Jarostawiec the fraction of medium sand dominated (0.5-
0.25 mm) (Fig. 3). The dust sand fractions represented the
lowest percentage in the composition of the soil at all re-
search stands. The share of the remaining fractions varied
within the area of each stand. The sand fraction indicated
that the examined soil is loose and slack. There are big
spaces between the sand grains which leads to fast percola-
tion of water. The water capacity of such soils is very small
but they are characterized by good permeability (Bednarek
et al. 2004).

The second, as to proportion, soil composition fraction
at research stations was the fraction of fine sand (0.25-0.10
mm). It constituted 17.4% of all grains in Rowy, 16.6%
in Wicko Morskie and 30.7% in Jarostawiec, respective-
ly. As to the grain size composition, the soil from the re-
search stand in Jarostawiec was the most outstanding. The
core part of the soil consisted of gravel, whose content
was 11.1%. Among the earthy parts, beside domination of
medium sand (45.4%), there was visible content of fine
sand (30.7%). The coarse sand (1.0-0.5 mm) constituted
11.9%. In the soil of the research stand in Jarostawiec the
established content of powdery fractions was much higher
than in other research stands.

The soils with predominantly silty particles are con-
sidered to be of better quality. According to Bednarek et
al. (2004), between the particles of powder sand there are
capilar spaces in which the water can be retained.

The laboratory tests revealed that the populations of
E. atrorubens examined at the Stowinskie Coast as to the
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Figure 3. Granulation composition of soils

pH,,,, and pH,, reaction cover the soils of low acidity or
close to neutral and even slightly alkaline reaction (Ta-
ble 6). The obtained results confirm the data provided
by Szlachetko (2001) according to which E. atrorubens
grows in the soils of the acidity close to neutral and even
slightly alkaline. According to Jurkiewicz et al. (2001) E.
atrorubens in Southern Poland covers the soils of neu-
tral acidity or slightly alkaline. According to the research
done by Kull and Hutchings (2006) and Vakhrameeva et
al. (2008) that genus can be found in the soils with pH
from 7.5 to 9.0. According to the research by Tsiftsis et
al. (2008) done in Eastern Macedonia, this genus covers
the soils of pH from 6.5 to 7.7. The results obtained at the
Stowinskie Coast, are closer in their scope to the results
obtained in Eastern Macedonia.

The organic matter content in the soil from micro
habitats Epipactis atrorubens did not exceed 1% (Table 6)
showing small diversity as to the analyzed index. Jurkiew-
icz et al. (2001) in his research discovered higher concen-

Table 6. Selected properties of researched soils

tration of organic matter in the soil where E. atrorubens
grew (from 1.1 to 5.0%), and Tsiftsis et al. (2008) from 7.9
to 30.2%. The small content of organic matter in the re-
search stands of the Stowinskie Coast results from habitat
conditions in which they grew.

The average content of exchangeable aluminum Al**in
tested soil samples was from 0.012 to 0.024 cmol kg™ of
soil (Table 6). It undoubtedly is connected with low acidi-
ty of environment and even close to neutral of the habitat
where the E. atrorubens grew. According to Ostrowska et
al. (1991), the content of mobile aluminum in soil espe-
cially depends on its acidity (Gworek 2006). When acidity
of the environment increases, the volume of free ions of
aluminum grows higher.

The samples of the tested mineral soil showed low sa-
linity from 0.14 g-dm=NaCl in Jarostawiec to 0.19 g-dm*
NaCl at the research stand in Wicko Morskie (Table 6).
The obtained salinity values have no negative impact on
plants development.

. pH, pH, Organic AP Salinity
Locality H,0 KCl matter [%] cmol(+)'l<g‘1 g-dm~NaCl
Row 6.6+£0.4 6.7+£0.2 0.7£0.12 0.020+0.002 0.17+0.02
y 6.3-7.0 6.4-6.9 0.5-0.8 0.016-0.019 0.15-0.18
Wicko Morskie Average +SD 5.9+0.3 6.1£0.4 0.8+0.33 0.012+0.001 0.18+0.24
Min — Max 5.6-6.2 5.6-6.4 0.5-1.0 0.012-0.013 0.15-0.19
Jaroslawiec 6.4+0.4 6.1£0.04 0.4+0.08 0.024+0.005 0.15+0.004
6.2-6.9 6.0-6.1 0.3-0.5 0.018-0.028 0.14-0.15

SD- standard deviation
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4. Conclusions

The tested populations of E. atrorubens included from 307
to 393 specimen at different stages of development, how-
ever, the blooming ones dominated. The normal character
of distribution of individual features of blooming plants
proves their undisturbed development. In tested popula-
tions, statistically significant correlations were found be-
tween the height of the plant and the width of the largest
leaf, the number of flowers in inflorescence and the length
of inflorescence to the bract, as well as between the statisti-
cally significant correlations number of flowers in inflores-
cence and the length of inflorescence up to the bract. The
vital relationship was also found between the length and
the width of the bract. Analysis of variance (Anova test)
showed vital statistical diversity of the populations under
consideration as to the height of the plants, the number of
leaves, the width of the largest leaf, the number of flowers,
lenght of inflorescence and lenght of bract. It was also
established that the width of the bract, as the only char-
acteristic feature does not reveal any significant statistical
differences between all specimens of E. atrorubens under
consideration independent of the research stand.

Populations of E. atrorubens at the Stowinskie Coast
cover the mineral soil with more fractions of medium and
fine sand. Those soils are loose and slack of very low wa-
ter capacity and characteristic of good permeability. The
organic matter content varied from 0.4 to 0.8%. The soil
had low acidity or close to alkaline. The tested samples of
soil were characteristic of very low content of exchange-
able AI** ions, which results from relatively high pH levels.
Salinity of that soil was low and the average content of
NaCl was between 0.146 and 0.181 g-dm>.
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