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Abstract

The present study involved the measurement of size and
the micromorphology of the floral elements of Anchusa offici-
nalis L. which are attractants for insects. The structure of the
epidermis on the surface of the calyx, petals, throat scales, pistil
and nectary were analysed using light and scanning electron mi-
croscopy (SEM). For light microscopy observations, semi-per-
manent slides were prepared, which were treated with Lugol’s
iodine solution, Sudan III and fluoroglucine.

The dark violet lobes of the corolla of Anchusa officina-
lis, with a velvety surface, and the throat scales, contrasting with
them, belong to the most important optical attractants which lure
insects from large distances. The dark pink colouring of the sepals
additionally increases the attractiveness of the flowers. The epi-
dermis covering the calyx formed different-sized non-glandular
trichomes as well as glandular trichomes. The glandular trichomes
were composed of a uni — or bicellular leg and a unicellular head.
The colour of the corolla petals was determined by anthocyanins
accumulated in the epidermal cells and in the more deeply situ-
ated parenchyma. The velvety surface was formed by the coni-
cal papillae, densely growing from the adaxial epidermis. The
pink-violet throat scales with white hairs, covering the inlet to the
tube of the corolla, were found at the inlet to the corolla throat.
The longest trichomes on the surface of the scales were located
in their lower and middle parts, whereas the shortest ones at their
tips. The epidermis of the central part of the throat scales formed
small papillae. The trichomes had thin cell walls, large vacuoles,
numerous plastids and lipid droplets. The two-parted stigma of
the pistil was covered by characteristic expanded outgrowths with
wavy edges which performed the functions of structures facilitat-
ing the capture of pollen grains.

As a result of the present study it was found that the
structures affecting the attractiveness of the flowers, through
various light effects within the corolla of Anchusa officinalis,
include the papillae on the corolla surface, trichomes of the
throat scales and the epidermal cells of the style. The trichomes
of the scales can also be responsible for protecting pollen and
nectar against rainfall.
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stigma, pollen grains

INTRODUCTION

Anchusa officinalis L. (Boraginaceae) is
found in natural stands in western, central and east-
ern Europe. It occurs in xerothermic communities
(Szweykowscy, 2003). The name of the genus
is derived from a Greek work dnchein, which means
to choke, to strangle, and it is probably associated with
the characteristic structure of the corolla in which the
inlet to the tube is covered by strongly haired throat
scales (Rejewski, 1996). Common bugloss (An-
chusa officinalis L.) is a biennial or perennial plant. In
the first year, it only forms a rosette of lanceolate basal
leaves. In the next years, stiff foliated shoots grow, 60
— 90 cm in height and covered with bristly hairs. The
lower leaves develop petioles, whereas the upper ones
are sessile, entire. Cyme inflorescences develop on the
branched stems (Podbielkowski and Sudnik-
Wéjcikowska, 2003). The plants flower from
May to September (Rutkowski, 2006).

Disk, actinomorphic flowers are five-petalled.
The corolla is purple-violet or blue, less frequently
white or red (Szweykowscy, 2003). The upper
part of the corolla is flatly open and it is 15 mm in
diameter, whereas the lower part forms a straight tube
5-7mminlength(Weryszko-Chmielewska
and Chwil, 2007). In terms of morphological adap-
tations to entomogamy, bugloss flowers are included
in the class of trumpet-shaped flowers. Such flowers
are most frequently directed obliquely or vertically
upwards; they seldom hang downwards. The stamens
and pistils are hidden in the floral tube, at the bottom
of which nectar accumulates (Szafer and Wojtu-
siakowa, 1969; Kugler, 1970). Bugloss flowers
are visited by honey bees, bumble bees as well as other
Hymenoptera and Diptera. Anchusa officinalis belongs
to plants providing large amounts of nectar and pol-
lentoinsects (Andersson 1988;Dreisig, 1995;
Kottowski, 2006). In our previous study we dem-
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onstrated that the nectar of this species contains approx.
60% of sugars (Weryszko-Chmielewska and
Chwil, 2007).

Attractants found in insect-pollinated flowers
can be divided into signal and food attractants (K u -
gler, 1970; Banaszak, 1986). The signal, i.e.
so-called secondary, attractants include the following:
flower shape, size, odour, colour, glossy elements, sig-
nals and colour indicators. The food attractants, which
include nectar, pollen and food hairs, are a reward for
insects visiting flowers, that is, these are primary at-
tractants.

The aim of this study was to determine the struc-
ture of floral elements of Anchusa officinalis which are
important in pollination ecology and which contribute
to the reproduction success of this species. The micro-
morphology of sepals, petals, throat scales, elements of
the pistil and nectary was investigated. Special atten-
tion was paid to the structure of the trichomes covering
the surface of the throat scales.

MATERIALS AND METHODS

The study was carried out in the years 2007 -
2008. The plants of Anchusa officinalis L. from which
inflorescences were sampled came from the Botanical
Garden of the Maria Curie-Sktodowska University in
Lublin, Poland.

The micromorphology of the following floral
elements: sepals, petals, stamens, pistil and nectary, was
observed using light and scanning electron microscopy
(SEM). The structure of the epidermis on the surface of
the sepals, petals, throat scales as well as on the surface of
the pistil and nectary was analysed. For light microscopy
observations, semi-permanent slides were prepared in
glycerol-gelatine, which were stained with Lugol’s iodine
solution, Sudan III or fluoroglucine. On the cross sections
of the perianth, observations of cells were made for the
presence of starch and fatty substances as well as for the
cell wall structure. Measurements were made of the floral
elements and epidermis formations on their surface: non-
glandular and glandular trichomes as well as papillae.

The plant samples used for scanning electron
microscopy analysis were fixed in glutaraldehyde, next
dehydrated in acetone and, after critical point drying in
liquid CO,, coated with gold using a Sputter Coater.
The floral elements were viewed under a TESLA BS-
300 microscope.

RESULTS

The colour of the flower belongs to the most im-
portant optical attractants, luring pollinators from large
distances. The flowers of Anchusa officinalis have
dark violet petals of the corolla with a velvety surface,
which are open in a disk shape at the time of flowering

(Figs 1A, B, D). The sepals of the calyx also have dark
pink colour, which may contribute to increasing the at-
tractiveness of the flowers (Fig. 1B).

Calyx

The calyx in the flowers of A. officinalis was ca.
6 mm long and it was composed of 5 sepals fused in the
basal part and sharp-pointed at the tip. Non-glandular and
glandular trichomes were found both on the abaxial sur-
face and on the edges of the unfused parts of the sepals
(Figs 1 D, 2 A-C). The spiky non-glandular trichomes
were live, uni- or bicellular, and they had different sizes
(Figs 2 A, B). The smaller trichomes had a swollen basal
part, whereas the larger-sized bristly hairs were surround-
ed at the base by 6 up to 8 cells forming a massive base.
The length of the non-glandular trichomes was within
a range of 172 — 778 um. The glandular trichomes with
a length of approx. 70 um were composed of a uni- or
bicellular leg and a unicellular head (Fig. 2C). Numerous
anisocytic stomata were found on the abaxial surface of
the sepals. Most of the epidermal cells and the guard cells
showed irregular striation of the cuticle (Figs 2 C-E).

Corolla

The corolla length reached ca. 10 mm, whereas its
diameter 8-9 mm. The length of the corolla tube was 5-7
mm, and the tube diameter approx. 2.5 mm. The colour of
the corolla petals was determined by anthocyanins con-
tained both in the epidermal cells and in the more deeply
situated parenchyma. The velvety surface of the petals
was formed by the conical papillae, densely growing
from the adaxial epidermis, which had an average height
of 25 um and a basal width of 24 pm. The surface of the
papillae was covered with a thin, slightly striated cuticle
(Figs 3B-D). The lower, abaxial epidermis of the petals
was smooth (Fig. 3A). The vacuoles of the papillae were
stained by pink anthocyanins. There were two layers of
parenchyma between the epidermis layers. The thickness
of the petal was ca. 75 um. Hairy throat scales occurred
at the inlet to the corolla tube, forming 5 epipetalous pro-
tuberances. The throat scales were pink-violet coloured,
whereas the long trichomes of the scales were directed
to the central part of the corolla tube, and those closing its
inlet were white coloured (Figs 1C, D; 4A, B).

In the flowers of Anchusa officinalis, the throat
scales, strongly contrasted with the colour of the corolla,
perform, inter alia, the role of well visible colour sig-
nals, indicating the location of pollen and nectar in the
flower. The throat scales with a length of approx. 1.7
mm were ligulate in shape (Figs 4C; 5A) and they were
structures composed of several layers of cells. The long-
est trichomes were located in the lower and middle parts
of the scales, whereas the shortest ones at their tips (Figs
1C, 4C, D; 5A, B). The epidermis formed small papillae
between the trichomes in the central part of the scales
(Fig. 5SE). The length of the trichomes covering the throat
scales was from 100 um up to 600 um. These trichomes
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Fig. 1. Flowers of Anchusa officinalis L.
A — Inflorescence at full bloom. Bar = 10 mm.
B — B — flower with visible throat scales (sc). Bar =2 mm.

C, D - Longitudinal sections of flowers showing the location of ligulate scales (sc). C — Bar = 500 ym, D — Bar = 2 mm.

E — Portion of a haired scale. Bar = 500 um.
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Fig. 2. Portions of sepals of Anchusa officinalis L.
A — Apical part of the abaxial surface of a sepal with different-sized trichomes. Bar = 200 um.
B — Non-glandular and glandular trichomes in the abaxial epidermis. Bar = 300 pym.
C — Edge part of a sepal with non—glandular and glandular trichomes. Bar = 70 um.
D, E — Stomata in the abaxial epidermis. D, E — Bar = 20 um.
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Fig. 3. Portions of the adaxial surface of petals of Anchusa officinalis L.
A — Cross section of a petal with visible papillae.
B — Papillae densely covering the surface.
C, D — Pollen grains (p) in the depressions between papillae. A — D — Bar =20 pm.
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Fig. 4. Throat scales restricting the inlet into the tube of the corolla of Anchusa officinalis L.
A — The colour of bright scales forms a strong contrast with corolla lobes. Bar =2 mm.
B — The surface of the scales is covered by different—sized trichomes. B — Bar = 500 um.
C, D — The longest trichomes are visible in the lower part of a ligulate scale. C, D — Bar = 200 um.
E - Living trichomes of the scales contain numerous plastids. Bar = 100 um.
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Fig. 5. Portions of a corolla of Anchusa officinalis L. with throat scales and stamens.
A — Two neighbouring lobes with scales. Bar = 800 pym.
B, D — Trichomes of different length on the surface of the scales (sc). B — Bar = 20 um,
D - Bar = 100 pm.
C — Stamens with short filaments fused to the corolla below the scales. Bar = Imm.
E — Outgrowths of cells of the epidermis occurring in the middle part of the scales. Bar = 50 pm.
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Fig. 6. Portions of a pistil and nectary of Anchusa officinalis L.
A, B — Four—parted ovary with a nectary (n) at the base. A, B — Bar = 500 um.
C, D — Portion of the style with elongated epidermal cells and massive cuticular striae.C — Bar = 100 um, D — Bar =20 pm.
E — Portion of the nectary surface. Bar = 50 um.
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Fig. 7. Stigma of a pistil of Anchusa officinalis L. with characteristic outgrowths.
A — Papillae densely cover a protruding stigma. Bar =200 pm.
B, C — Pollen grains are retained between the stigma outgrowths with wavy edges (p). B — Bar = 50 um, C — Bar = 20 um.
D — Upper surface of the stigma outgrowth with branched edges. Bar = 10 pm.
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were live, unicellular. They had thin cell walls, at places
covered with tiny outgrowths (Fig. 5D). Large vacuoles
were found in the cells of these trichomes as well as nu-
merous, tiny plastids in the cytoplasm (Figs 4D, E). The
presence of small lipid droplets was found inside them.
Violet anthocyanins were found in the vacuoles of the
parenchyma.

Androecium

The stamens (5), alternating with the lobes of
the corolla, consisted of short filaments and elongated
heads. They grew from the upper part of the corolla
tube. The apical part of the stamen heads was adjacent
to the lower region of the throat scales (Fig. 1C). The
stamen filaments were approx 0.6 mm in length and
the heads 1.8 mm. The anthers dehisced longitudinally
inside the corolla tube and they were slightly twisted
after pollen release (Fig. 5C).

Pistil

The pistil, similarly to the stamens, was closed
in the corolla tube (Figs 1C, D). The height of the ovary
was approx. 0.55 mm and the length of the pistil’s style
approx. 5 mm. The four-parted ovary was rounded and
smooth at the apex (Figs 6A, B). The nectary was lo-
cated at its basal part (Fig. 6B). The epidermis of the
nectary is characterised by the presence of fine, multi-
walled cells (Fig. 6 E). No stomata were found on the
surface of the nectary gland.

The epidermis of the style consisted of elongat-
ed cells whose outer walls were covered with massive
cuticular striae running parallel to the long axis of the
cells (Figs 6C, D).

The two-parted convex stigma of the pistil was
covered by characteristic expanded outgrowths with
wavy edges (Figs 7A-D). The diameter and height of
the stigma were, respectively, 480 um and 400 um. Pol-
len grains were visible between the outgrowths, whose
edges moved (Figs 7B, C). The wavy outgrowths of
the stigma performed the functions of structures fa-
cilitating the capture of pollen grains which placed
themselves in the hollows formed between the position
changing edges of these outgrowths.

DISCUSSION

The violet-blue colouring of the corolla petals
of Anchusa offcinalis corresponds to the frequently
found colour of entomophilous flowers in the moderate
climate zone of Europe (Szafer and Wojtusia-
kowa, 1969). As a result of our study we found that
the colour of the petals in Anchusa officinalis comes
from anthocyanins contained in the vacuoles of both
the epidermal cells and parenchyma. Kugler (1970)
reports that the colouring of the corolla petals in A.
officinalis is determined by complementary pigments
located in particular tissues. The cell sap in the epi-

dermal cells is red coloured, whereas the contents of
the vacuoles in the mesophyll located beneath the epi-
dermis has blue colour, which gives different shades
to flowers.

The white-pink strongly haired throat scales,
covering the inlet to the tube of the corolla, are an im-
portant visual attractant in the flowers of Anchusa. Due
to a large contrast with the colour of the petals, they
make flowers well visible from far away. The densely
packed trichomes of the throat scales probably protect
the nectar and pollen against rainfall and they can re-
strict access to the inside of the flowers for undesired
insects which do not pollinate flowers. Another func-
tion of bright hairs belonging to the scales can be the
scattering of sunlight, so that it reaches the inside of
the corolla tube to a smaller degree, which may be the
protection of the anthers and the stigma of the pistil
against ultraviolet radiation. Szafer and Wojtu-
siakowa (1969) report that trichomes found in the
epidermis of the corolla petals, for example, capitate
or villous trichomes, may impact the effects of illumi-
nation of the inside of flowers by sunlight. Due to the
content of fat droplets in the cytoplasm of the trichomes
of the throat scales, one may presume that the scales
are a place of production of odorous substances in the
flowers of Anchusa officinalis.

The type of surface of the petals, which can be
glossy, matt or velvety, contributes to increasing the
attractiveness of flowers. In the case of Anchusa offici-
nalis, in the adaxial epidermis we found the presence
of conical papillae which are responsible for the effect
of velvety lustre of the petals. According to Kugler
(1970), the effect of velvety surface is created in flow-
ers thanks to the presence of small papillae, at a par-
ticular sunlight incidence angle. These papillae reflect
and refract sunlight in a definite way. The warm and
saturated colours of the petals deepen the effect of vel-
vet. The colourful calyxes may also complement insect
attraction in the inflorescences.

Different properties of the epidermis in particu-
lar parts of the Anchusa flowers may provide various
light effects to insects. In accordance with the data of
Kugler (1970), the velvety lustre in flowers is cre-
ated by parallelly arranged fibrous structures found in
them. The elongated epidermal cells of the style of the
pistil, covered by a layer of cuticle with clear striae
running in parallel to the long axis of the organ, can be
included in such structures.

Due to its location in the flower, according
to Bernardello (2007), the nectary in Boragi-
naceae can be generally included in gynoecial nectar-
ies, whereas within this type it represents the variant of
ovarian nectaries. This author reports that the nectary
in representatives of this family forms a ring at the base
of the superior ovary. Our study shows that in Anchusa
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this ring is divided into four distinct parts, correspond-
ing to the compartments of the ovary. This nectary dif-
fers in size and shape from the nectaries in the flow-
ers of other representatives of this family: Myosotis
(Weryszko-Chmielewska 2003) and Sym-
phytum (Stpiczynska, 2003). Moreover, we did
not find stomata in the nectary of Anchusa, whereas in
other species of this family nectar is secreted through
nectarostomata.

The study of Andersson (1988) shows that
the flowers of A. officinalis are self-incompatible and
they require cross pollination by insects. A. officina-
[is is a valuable food plant for insects (Kottowski,
2006;Pogorzelec, 2006). Kottowski, (2006)
reports that the flower of A. officinalis lives two days.
It produces 1-2 mg of sugars in its nectar. Honey yield
per one hectare of crops is 170 kg. The weight of pollen
which can be provided by plants of this species grown
on the abovementioned area is estimated at 30 kg.
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Struktura elementéw kwiatowych
Anchusa officinalis L. tworzacych
atraktanty dla owadow

Streszczenie

Przeprowadzone badania obejmowaly pomiary
wielkosci oraz mikromorfologi¢ elementéw kwiatowych
Anchusa officinalis L. stanowiacych atraktanty dla owa-
déw. W mikroskopie swietlnym i skaningowym elektro-
nowym (SEM) analizowano struktur¢ epidermy na po-
wierzchni kielicha, ptatkéw korony, osklepek, stupka
i nektarnika. Do obserwacji w mikroskopie Swietlnym
przygotowano pottrwate preparaty, ktoére traktowano:
ptynem Lugola, Sudanem III i fluoroglucyna.

Ciemnofioletowe tatki korony Anchusa officina-
lis o aksamitnej powierzchni i kontrastujgce z nimi jas-
ne osklepki nalezg do najwazniejszych atraktantéw op-
tycznych przywabiajgcych owady z duzych odlegtosci.
Ciemnorézowe zabarwienie dzialek kielicha zwigksza
dodatkowo atrakcyjnos¢ kwiatow. Epiderma okrywaja-
ca kielich tworzyta wloski mechaniczne r6znej wielko-
Sci oraz wloski gruczotowe. Wtoski gruczotowe sktada-
ty si¢ z jedno- lub dwukomérkowej n6zki i jednokomor-
kowej gtéwki. Barwe platkéw korony warunkowaty an-
tocyjany zgromadzone w wakuolach komérek epidermy
i glgbiej lezacej parenchymy. Aksamitng powierzchnig¢
tworzyly zwarcie wyrastajagce z doosiowe]j epidermy
stozkowate papille. Przy wlocie do gardzieli korony
wystgpowaly rézowo-fioletowe osklepki z biatymi wio-
skami ostaniajacymi wlot do rurki korony. Najdtuzsze
wloski na powierzchni osklepek wystgpowaly w dolnej
i srodkowej ich czgsci, a najkrdtsze na szczycie. Epi-
derma centralnej czesci osklepek wytwarzata niewielkie
papille. Wioski mialy cienkie Sciany komérkowe, duze
wakuole, liczne plastydy i lipidowe krople. Dwudzielne
znami¢ stupka bylo pokryte charakterystycznymi roz-
szerzonymi wyrostkami o pofaldowanych brzegach,
ktére petnity funkcje struktur utatwiajacych zatrzymy-
wanie ziaren pytku.

W wyniku badan stwierdzono, ze do struktur
wplywajacych na atrakcyjnos¢é kwiatéw poprzez zrdz-
nicowane efekty Swietlne w obrebie korony Anchu-
sa officinalis naleza papille na powierzchni ptatkéw,
wtoski osklepek oraz komoérki epidermy szyjki stupka.
Wioski osklepek moga by¢ réwniez odpowiedzialne
za ostong¢ pytku i nektaru przed deszczem.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /POL <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


		2013-05-06T17:33:57+0100
	Polish Botanical Society




