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In plants belonging to the Ranunculaceae the floral nectaries may differ in origin, location in the flower, shape
and structure. In many cases they are defined as modified tepals or modified stamens. The nectary organs in
this family are frequently termed "honey leaves," and staminodial origin is attributed to them. Gynopleural and
receptacular nectaries are rarely found in Ranunculaceae. To date there are no reports on the structure of the
nectary organs in plants of the genus Pulsatilla. We used light and scanning electron microscopy to study the
location and structure of the nectaries in Pulsatilla slavica and P. vulgaris flowers. The staminodial nectaries
were found to be nectar-secreting organs. The number of stamens per flower (102-398) increases with plant age.
The share of staminodes is 12-15%. The staminodes are composed of a filament and a modified head. They are
green due to the presence of chloroplasts in the epidermal and parenchymal cells. The parenchymal cells are in
a loose arrangement. Stomata (3-20), through which nectar exudation occurred, were found only in the abaxial
epidermis of the staminode head. The stomata are evenly distributed and have well-developed outer cuticular
ledges. Some of them are immature during nectar secretion, with their pores covered by a layer of cuticle. During
the activity of the nectariferous organs in the flowers, primary (on the staminode surface) and secondary nectar
(at the base of tepals) are presented. The staminodes of the two Pulsatilla species show similar structural fea-
tures and have similar shares in the androecium.
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STAMINODIAL NECTARY STRUCTURE IN TWO PULSATILLA (L.) SPECIES

ca, P. vulgaris.

INTRODUCTION

Species of the genus Pulsatilla (Ranunculaceae) are
found in natural stands in the Northern
Hemisphere. Most are encountered among plants in
xerothermic communities. Seven species of this
genus grow in the wild in Poland, and have been
under strict protection for many years (Szafer et al.,
1986; Piekos-Mirkowa and Mirek, 2003).

Pulsatilla vulgaris Mill. occurs on sunny stony
slopes in lowlands and foothills. Pulsatilla slavica
Reuss. is an endemic plant found in mountains. It
grows in Slovakia as well as in Poland in the Tatra and
Pieniny Mountains on sunny limestone and dolomite
rock. Both species produce violet flowers, and in
Poland they flower from April to May (Rutkowski,
1998; Pigkos-Mirkowa and Mirek, 2003).

In terms of pollination ecology, due to their
large number of stamens, pasque flowers are treat-
ed by many authors as exclusively polleniferous
flowers which do not produce nectar, similarly to
other Ranunculaceae (Szafer and Wojtusiakowa,
1969; Kottowski, 2006; Lipinski, 2010). However,

“e-mail: elzbieta.weryszko@up.lublin.pl

PL ISSN 0001-5296

some papers report that in pasque flowers the nec-
tar is secreted by staminodial nectaries located at
the base of the androecium (Kugler, 1970;
Kratochwil, 1988a,b; Barth, 1991).

Pasque flowers are visited by insects seeking
pollen and nectar, such as honey bees and bumble-
bees, and also by butterflies feeding only on nectar
(Kugler, 1970). Kratochwil (1988a,b) stated that
P. vulgaris flowers are pollinated also by
Hymenoptera of the genera Andrena and
Lasioglossum.

In the literature we found no data on nectary
structure in Pulsatilla flowers. In this study we
located and counted the floral nectaries in two
species, Pulsatilla slavica and P. vulgaris, and
compared their structure.

MATERIALS AND METHODS

We examined 10-year-old specimens of P. slavica
(n=5) and 1l-year-old and 4-year-old P. vulgaris
plants (n=6) obtained from the collection of the
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Botanical Garden of Maria Curie-Sklodowska
University in Lublin, Poland. In fresh flowers at the
stage of pollen release we counted the stamens and
staminodes in 1-year-old (15 flowers) and 4-year-
old (11 flowers) P. vulgaris plants and in P. slavi-
ca (23 flowers). We calculated the percentage of
nectaries in the androecium, and used stereoscop-
ic microscopy (SM), light microscopy (LM), and
scanning electron microscopy (SEM) to reveal the
structural details of the perianth and androecium,
with special attention to the nectar-secreting struc-
tures in both species.

STEREOSCOPIC MICROSCOPY (SM)

We located the nectar-secreting organs, analyzed
their morphology, and examined the site of accu-
mulation of attractant secretions, using an SMT
800 microscope for observations and a Nikon
Coolpix 4500 digital camera for photographic doc-
umentation.

LIGHT MICROSCOPY (LM)

We examined transverse and longitudinal sections of
fresh staminodes and stamens. Semi-permanent
glycerol-mounted slides were prepared. To detect
the presence of starch in the chloroplasts, stamin-
ode sections were treated with Lugol's iodine (IKI).
We located and counted the stomata on the stami-
node surface, observed the structure of the epider-
mis and parenchyma, located the stomata on the
stamens, and examined the epidermis of the tepals.
Observations and images were made with a Nikon
Eclipse 400 microscope.

SCANNING ELECTRON MICROSCOPY (SEM)

SEM was used to observe the surface of the sta-
minodes, stamens, and tepals. Portions of young
flowers (with stamens not shedding pollen) and of
flowers collected at the end of anthesis (90% of
stamens empty of pollen) were sampled. Excised
staminodes, stamens and portions of tepals were
fixed in 4% glutaraldehyde solution in 0.1 M phos-
phate buffer (pH 7.0) at 4°C for 12 h. Then the
material was washed twice with the same buffer
for 15 min and dehydrated in an acetone series
(30, 50, 70, 90, 100%; 30 min each). After dehy-
dration the plant samples were critical-point dried
in liquid CO, (Bal-Tec CPD 030 critical point
dryer) and coated with gold-palladium (Polaron
SC 7640 sputter coater). The fixed plant material
was observed and photographed in a Tesla BS-300
SEM equipped with a Tescan attachment for digi-
tal processing of microscopic images.
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RESULTS
NECTAR SECRETION

As in other Ranunculaceae species, in the flowers of
Pulsatilla there are numerous stamens and pistils,
arranged spirally on the elongated receptacle. In
P. slavica (Fig. 1la—c) and in P. vulgaris the yellow
stamens clearly contrast with the violet perianth and
gynoecium.

Bees and butterflies collecting nectar were
observed in the flowers of P. vulgaris, and ants were
also noted in P. slavica flowers (Fig. 1c). Tiny nectar
droplets accumulated on the abaxial surface of sta-
minodes and on the adaxial surface of tepals, oppo-
site the staminodes. Later, merged droplets formed
a substantial layer which accumulated in a narrow
depression between the base of the lower parts of
the androecium and the tepals (Fig. 1g), and nectar
was retained by the basal parts of the tepals.

In the protogynous flowers of Pulsatilla, nectar
is secreted by the staminodes, functioning as nec-
taries. The staminodes are located at the base of the
androecium (Fig. 1d—-i). They are much smaller than
the stamens (Fig. le,f) and of simplified structure
(Fig. 1h-n). Glistening droplets of secretion were vis-
ible on many staminodes (Fig. 1l,0-s) in younger
flowers, at maturity of the gynoecium, and in older
flowers at pollen shedding,.

NUMBER OF STAMENS AND STAMINODES

The number of stamens in particular flowers of
P. vulgaris and P. slavica varies greatly (Tab. 1). In
P. vulgaris the number was associated with the age
of flower-producing plants: an average 173 stamens
per flower in younger plants (1 year old), and 295 in
4-year-old plants. The maximum difference in num-
ber of stamens between flowers of older individuals
was as much as 255, and 123 in younger ones. For
all age groups taken together, in P. vulgaris the aver-
age number of stamens (234) was as in P. slavica
(237). The range of variation in number of stamens
exceeded 160 in P. slavica flowers.

In both Pulsatilla species the androecium was
composed of stamens of different lengths. The
shortest stamens were in the basal part of the
androecium, near the staminodes (Fig. 1c—f). The
number of staminodes in the flowers of both
Pulsatilla species accounted for 12-15% of the
total number of stamens (Tab. 1). In flowers of
younger P. vulgaris the average number of stamin-
odes was 31, and 41 in those of older ones. In
P. slavica, flowers had 34 staminodes on average.
There were large differences in number of stamin-
odes per flower between P. vulgaris (26-51) and
P. slavica (16-46).



www.czasopisma.pan.pl P N www journals.pan.pl

96 Weryszko-Chmi d Sulborska

POLSKA AKADEMLA NAUK

Fig. 1. Location of staminodes in Pulsatilla slavica flowers. (a) Plant at full bloom, (b) Androecium with many stamens
also presents color attractants, (c) Ants foraging on nectar at base of androecium (arrows), (d) Staminodes are located
in lower part of androecium (arrows), (e) Staminodes viewed from the direction of the pedicle (arrows), (f) Stamens and
staminodes differ in height, (g) Staminodes viewed from above (arrowheads) and nectar accumulated at base of sta-
minodes (arrows), (h, i) Staminodes of varying size, (j, k) The shortest staminodes seen against a tepal, (}-s) Glistening
nectar droplets on surface of staminode heads (arrows). Bars = 1 mm (a, i), 5 mm (b), 2,5 mm (¢), 2 mm (d, j), 2 mm (e),
500 um (f, g, h, k-s).
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Fig. 2. Fragments of Pulsatilla slavica staminodes. (a) Longitudinal sections of staminode with stomata visible on abax-
ial surface (arrows), (b) Abaxial part of staminode. Stomata (arrows) with stained starch grains (IKI), (¢) Fragment of
longitudinal section of staminode. Stomata visible on epidermis (arrowheads), large intercellular spaces in parenchyma
(asterisks), and vascular bundle containing xylem and phloem elements (arrow), (d, €, g) Fragments of abaxial epider-
mis in staminodal head with stomata visible; (d) slide IKI-stained, (f) Parenchymal cells of staminode with starch grains
visible, IKI-stained, (h) Cells of adaxial epidermis, (i) Parenchyma in staminodal head containing chloroplasts. Large
intercellular space (asterisk), (J-m) Stomata located on abaxial epidermis of staminode; (m) slide IKI-stained. Dark
starch grains visible in chloroplasts of stomatal and other cells of epidermis. Bar = 200 um (a, b), 100 pm (c), 50 um (d),
20 pm (e-m).



W\-\'\’\;.(lé‘dS()])J‘.hlllﬂ.])lel.pl

98

P N www journals.pan.pl
Weryszko-Chmi d Sulborska

TABLE 1. Number of stamens and staminodes and number of stomata per staminode in the flowers of two Pulsatilla

species; n — number of flowers

Number of stamens Number of staminodes Percentage of Number of
Species - - staminodes stomata per
BLL = Ak, meat, TR~ HIaK. mean in stamens staminode
1-year-old plant
102 - 225 173 26-36 31 15
Pulsatilla _(n=15) 7-10
vulgaris 3 . X =
“yeariold plant 143 - 398 295 28 - 51 41 12 %
(n=11)
Pulsatilla  10-year-old plant 8-20
; i 160 - 326 237 16 - 46 34 12,5 e
slavica (n=23) X =

NECTARY ANATOMY (LM)

In both Pulsatilla species the staminodes were com-
posed of a relatively short filament (0.34-2.01 mm)
with the upper part resembling a head (0.31-0.70 mm
wide) (Fig. 1h,m), usually flattened and taking dif-
ferent shapes (Fig. 4a,f,h). The filaments clearly var-
ied in thickness (Fig. 3k).

In P. slavica the staminode heads were gener-
ally wider and rounder than in P. vulgaris. In
P. vulgaris some staminodes resembled stamens
morphologically. The adaxial surface of the sta-
minode head was slightly concave in both
Pulsatilla species; the abaxial part was marked by
a distinct protrusion (Fig. 2a). The staminodes in
P. vulgaris flowers sometimes were only a sharply
pointed filament.

The release of nectar onto the staminode sur-
face occurred through stomata in the abaxial epi-
dermis on the convex part of the staminode (Fig.
2a-c). The stomata were in the center (Fig. 2b) and
on the edge of the surface (Fig. 2d). They were dis-
tributed evenly (Figs. 2b,c,e, 5i) and most frequent-
ly parallel to the long axis of the staminode. In
P. slavica there were 3-20 (8 average) pores on a
single staminode, and 7-10 (8 average) in P. vul-
garis (Tab. 1). In both species the stomata were sur-
rounded by 4-7 epidermal cells; that is, they were of
the anomocytic type (Figs. 2e, 5j).

The abaxial epidermal cells most often were
elongated (Figs. 2e, 5g,j). The adaxial epidermal
cells were nearly isodiametric (Fig. 2h). All the epi-
dermal cells contained chloroplasts (Fig. 2e,gh),
and there were numerous chloroplasts in the guard
cells (Fig. 2e,j-1). Starch grains were present in the
chloroplasts, usually several grains in each, and
they stained deep blue with Lugol's iodine
(Fig. 2b,f,m). Most often the stomata were slightly
open (Figs. 2e,j-m, 6d.e).

The parenchyma cells in the staminode head
varied in shape and contained chloroplasts
(Fig. 2c,g,i). Large intercellular spaces were
observed (Fig. 2c,i). Unlike the greenish staminodes

containing chloroplasts, the yellow-stained stamen
heads had chromoplasts in the epidermal cells and
in the parenchyma. A single vascular bundle ran
through the central part of the staminode, in which
both xylem and phloem elements reached the upper
part of the organ (Fig. 2c).

MICROMORPHOLOGY OF FLORAL ELEMENTS (SEM)
Tepals

On the adaxial surface of the pasque flower tepals
there were depressions corresponding to the
arrangement of vascular bundles, branching off in a
fan-shaped pattern from the basal part to the upper
part of the organ (Fig. 3a). This surface was devoid of
hairs. The outer walls of the epidermal cells were
slightly convex (Fig. 3b). Long whitish trichomes were
on the abaxial surface, growing from massive pillars
made up of several epidermal cells (Fig. 3 c,d). These
trichomes were unicellular.

Stamens

The stamen in Pulsatilla was composed of a long fil-
ament and an oval flattened anther with 4 pollen
sacs (Fig. 3e,g). Morphological differences between
the stamen and staminode are presented in Figure
3e. The epidermal cells of the filament (Fig. 3f) and
stamen head (Fig. 3g) were markedly elongated.
Stomata occurred only in the connective tissue
region on both the abaxial and adaxial surfaces of
the anther (Fig. 3h,i).

Staminodes

The staminodes in younger flowers were smaller
than in older ones. The upper portion of the sta-
minodes was convex on the abaxial side (Fig. 3j)
and concave on the adaxial side (Fig. 3k.1). In
many staminodes, visible on the adaxial surface
were the expanded central parts formed by the con-
nective tissue and the small edge ones probably
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Fig. 3. Fragments of perianth and staminodes of Pulsatilla slavica (SEM). (a) Lower part of tepal (adaxial surface),
(b) Epidermis from adaxial surface of tepal, (¢) Fragments of lower part of tepal (abaxial surface) with long trichomes,
(d) Non-glandular trichomes growing from expanded pillar on abaxial surface of tepal, () Fragment of stamen and sta-
minode from open flowers (before pollen shedding), (f) Portion of stamen filament, (g) Anther, (h) Fragment of adaxial

surface of connective tissue with stomata visible (arrows),

(i) Stoma on connective tissue surface, (j) Staminode - con-

vex abaxial part (asterisk), (k-1) Staminodes — concave adaxial part. Bar = 1000 um (a, ¢, d), 40 um (b), 900 um (e, f),
400 um (g), 60 pm (h), 20 um (i), 500 pum (j, 1), 300 pum (k).

developed from pollen sacs (Fig. 3 k). In older
pollen-shedding flowers the staminodes were of
different sizes (Fig. 4a). Stomata occurred in the
abaxial epidermis of both small (Fig. 4b,e,f) and
larger staminode heads (Fig. 4h). In P. slavica
there were only 3 stomata (Fig. 4g) on a small sta-
minode (Fig. 4f) and up to 20 on larger ones. The

number of stomata on P. vulgaris staminodes
ranged from 7 to 10 (Tab. 1). On some staminodes
there were sphere-like outgrowths, possibly fat
bodies, showing liquid content in material dried
for SEM examination (Fig. 4b-e). The epidermal
cell surface was covered with smooth cuticle

(Fig. 4g,i).
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Fig. 4. Staminodes in P. slavica flowers. (a) Staminodes of different size in older flowers, (b) Staminode from older
flower (stamens almost empty of pollen), (¢, d) Fragments of staminodal filament with outgrowth visible, (e, f, h)
Staminodes with heads of different shapes, (g) Three stomata on surface of small staminode from Fig. 4f (arrows),
(i) Stomata located in abxial epidermis of staminode from Fig. 4h, (j) Fragment of staminodal surface with stomata
visible (asterisks) and nectar residues (arrows). Bar = 1000 um (a), 300 pm (b), 60 pm (c), 40 pm (d), 500 pm (e),
200 pm (f), 9 um (g), 400 pm (h), 50 pm (i), 70 pm (j).
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(a—g) Staminodal stomata in different development stages,

(h-i) Fragments of abaxial epidermis of staminode with nectar residues (asterisks) in vicinity of stomata. Bar = 20 um

(a-h), 40 um (i).

The stomata of the staminodes functioned asyn-
chronously. Closed pores covered by cuticle (Fig. 5a—c)
and also partially open pores (Fig. 5d,e) were found on
the staminodes in older flowers. Well-developed outer
cuticular ledges were visible on most of the stomata.
Cuticular striae ran concentrically on the surface of
guard cells (Fig. 5a—g). Nectar residues were observed
on some parts of the epidermis, mainly next to stom-
ata (Figs. 4j, 6h,i) or within the pore (Fig. 5g).

DISCUSSION

The family Ranunculaceae includes species most
frequently pollinated by insects or birds; plants of
these species offer them nectar and pollen, or only
pollen (Vogel, 1993). Pulsatilla produces flowers
pollinated primarily by bees (Kugler, 1970), and
these flowers are protogynous. Nectar is secreted
already at maturity of pistils. Insects seeking nec-
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tar must reach the base of the perianth, brushing
against the pistil stigmas (Kugler, 1970).

We have observed pasque flowers being visited
by butterflies, bumblebees and ants, in addition to
bees. In agreement with Kugler (1970), we noted
that nectar secretion occurs much earlier than
pollen shedding.

Smets (1986) distinguished nectaria caduca
and nectaria persistentia in the family
Ranunculaceae. Nectaria caduca are associated
with floral parts that drop: the petals and androe-
cium. Nectaria persistentia are associated with
floral parts that do not drop: the sepals, receptacle
and gynoecium. He also reported that in most
cases in this family the nectar is secreted through
the "honey leaves," which are of staminodial origin,
that in Ranunculaceae there is nectariferous tissue
on the sepals and gynoecium in only a few cases,
and that exceptionally some species have stamin-
odial nectaries that develop into receptacular nec-
taries.

Erbar et al. (1998) and Bernardello (2007) also
reported nectaries of different origin, location in the
flower, shape, and structure in Ranunculaceae.
Nectar is most often produced by the so-called
"honey leaves" or "nectary leaves" situated between
the perianth and stamens. These nectaries may
develop from modified tepals or stamens. Erbar et
al. (1998) demonstrated an ontogenetic relationship
between the stamens and nectary organs in two gen-
era of this family (Helleborus, Ranunculus).

Other authors confirm the different origins of
the nectaries in Ranunculaceae. Petanidou (2007)
reports that in Ranunculus the nectaries are located
in the lower part of the tepals as "honey pockets." In
Caltha the nectaries have been placed in the gyno-
pleural type, since the nectariferous trichomes are
located on the carpels (Smets and Cresens, 1988).
Aquilegia, Delphinium and Aconitum have nectarif-
erous spurs (Erbar et al., 1998). The nectaries in the
species of the genus Helleborus are modified petals
(Vesprini et al., 1999).

Our study shows that nectar production in the
flowers of Pulsatilla occurs in the staminodes,
which, as indicated by their morphology, are modi-
fied stamens. The nectar flows out onto the surface
of the organ via stomata situated only in the abaxial
epidermis of the staminode head. The distribution
of stomata in these staminodial nectaries corre-
sponds to the region of connective tissue in stamens,
which is significantly expanded in the nectaries.
Laterally situated protuberances resembling pollen
sacs are noted in many staminodes. The staminode
head seems to develop primarily from the expanded
connective tissue, with reduction or complete degen-
eration of the pollen sacs.

Kugler (1970) made a similar suggestion, that in
Pulsatilla the nectar is secreted by staminodes of

P N www journals.pan.pl
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staminal origin, "Honigblatter" in which the connec-
tive tissue functions as the nectariferous region,
while the anthers are retarded. Esau (1973) stated
that most genera of entomophilous plants of the
order Ranunculales have nectaries derived from
modified stamens or staminodes.

Proctor et al. (1996) claim that in Pulsatilla
the nectar is secreted at the base of the staminal
filaments, but here we have shown that in
Pulsatilla the nectar is produced in the staminode
heads, from whence it flows out onto the epider-
mis surface via the stomata. According to
Dalgren's (1982) classification, the nectaries in
Pulsatilla should be included among androecial
nectaries associated with stamens. Smets (1986)
concluded that nectaries associated with stamens
or staminodes are the most primitive manifesta-
tion of nectaria caduca.

Nectar exudation through the stomata of nec-
taries of different structure has been found in many
plants: Eucalyptus (Davis, 1997), Digitalis (Gaffal
et al. 1998), Ecbalium (Fahn and Shimony, 2001),
Crataegus (Weryszko-Chmielewska et al., 2003),
Myosotis (Weryszko-Chmielewska, 2003), Rhodo-
dendron (Weryszko-Chmielewska and Chwil, 2007),
Inula (Sulborska and Weryszko-Chmielewska,
2007) and Echium (Chwil and Weryszko-
Chmielewska, 2007).

Our observations show that the chloroplast-
containing parenchymal cells of the staminodes in
Pulsatilla flowers produce and secrete nectar. We
detected starch grains in the chloroplasts; they
probably play a part in nectar production. Nectar
exudation onto the epidermis surface occurs
through stomata that mature asynchronously. At
stamen maturity in the protogynous flowers of
Pulsatilla, in the nectar-secreting staminodes we
found not fully mature stomata with cuticle-covered
pores. The nectariferous tissue in the staminode is
supplied by a vascular bundle with xylem and
phloem elements. Drops on the abaxial surface of
the staminode are the primary nectar presentation.
Secondary presentation consists of nectar drops or
a continuous nectar layer on the tepals or at the base
of the tepals and stamens.

Huang et al. (2002) found that the hanging posi-
tion adopted by Pulsatilla cernua flowers during
rainfall protects pollen against damage by rain, and
the nectar against dilution.

REFERENCES

BarTH FG. 1991. Insects and Flowers. The Biology of a Partner-
ship. Princeton University Press, Oxford.

BERNARDELLO G. 2007. A systematic survey of floral nectaries.
In: Nicolson SW, Nepi M, Pacini E [eds], Nectaries and
Nectar. Springer, Dordrecht.



W\-\'\’\;.(lé‘dS()])J‘.hlllﬂ.])lel.pl

Pulsatilla sta&jectary structure

www.journals.pan.pl

103

POLSKA AKADEMIA NAUK

CawiL M, and WERyYSZKO-CHMIELEWSKA E. 2007. Nectary struc-
ture and nectar secretion of Echium russicum J. F.
Gmel. flowers. Acta Agrobotanica 60 (1): 25-33.

DAHLGREN G. 1992. Ranunculus subgenus Batrachium on the
Aegean Islands and adjacent areas nectary types and
breading system. Nordic Journal of Botany 12: 299-
310.

Davis AR. 1997. Influence of floral visitation on nectar-sugar
composition and nectary surface changes in Eucalyptus.
Apidologie 28: 27— 42.

ERBAR C, KusMa S, and LENs P. 1998. Development and inter-
pretation of nectary organs in Ranunculaceae. Flora 194:
317-332.

Esau K. 1973. Anatomia Roslin. Panstwowe Wyd. Rolnicze i
Lesne, Warszawa.

FauN A, and SHIMONY C. 2001. Nectary structure and ultra-
structure of unisexual flowers of Ecballium elaterium
(L.) A. Rich. (Cucurbitaceae) and their presumptive pol-
linators. Annals of Botany 87: 27-33.

GarrAL K, HEIMLER W, and EL-GammaL S. 1998. The floral nec-
tary of Digitalis purpurea L., structure and nectar secre-
tion. Annals of Botany 81: 251- 262.

HuanG SQ, TakaHasHI Y, and DarNI A. 2002. Why does the
flower stalk of Pulsatilla cernua (Ranunculaceae) bend
during anthesis? American Journal of Botany 89 (10):
1599-16083.

Kortowskl Z. 2006. Wielki Atlas Roslin Miododajnych.
Przedsi¢biorstwo Wydawnicze Rzeczpospolita S.A.,
Warszawa.

KraTOoCHWIL A. 1988a. Funktionsmorphologische Veran-
derungen im Bliitenbau innerhalb der Gattung Pulsatilla
(Ranunculaceae). Verhandlungen der Deutschen
Zoologischen Gesellschaft 81: 187.

KraTocHWIL A. 1988b. Zur Bestaubungsstrategie von
Pulsatilla vulgaris Mill. Flora 181: 261-325.

KuGLER H. 1970. Bliitendkologie. Gustav Fischer Verlag,
Stuttgart.

LipiNski M. 2010. Pozytki Pszczele. Zapylanie i Miododajnosé
Roslin. Powszechne Wydawnictwo Rolnicze i Lesne sp. z
0. 0., Warszawa.

PeETaNIDOU T. 2007. Ecological and evolutionary aspects of flo-
ral nectars in Mediterranean habitats. In: Nicolson SW,
Nepi M, Pacini E [eds], Nectaries and Nectar. Springer,
Dordrecht.

PiEkoS-MirRkowAa H, and MIREk Z. 2003. Flora Polski. Atlas
Roslin Chronionych. Multico Oficyna. Warszawa.

ProcTOR M, YEO P, and Lack A. 1996. The Natural History of
Pollination. The Bath Press, Hampshire.

Rutkowskr L. 1998. Klucz do Oznaczania Roslin
Naczyniowych Polski Nizowej. Wydawnictwo Naukowe
PWN, Warszawa.

SMETs EF. 1986. Localization and systematic importance of
the floral nectaries in the Magnoliatae (Dicotyledons).
Bulletin du Jardin Botanique National de Belgique 56:
51-76.

SMETs EF, and Cresens EM. 1988. Types of floral nectarines
and the concepts "character" and '"character state" —
a reconsideration. Acta Botanica Neerlandica 37:
121-128.

SULBORSKA A, and WERYSZKO-CHMIELEWSKA E. 2007. Anatomy
and ultrastructure of floral nectary of Inula helenium L.
(Asteraceae). Acta Societatis Botanicorum Poloniae 6
(3): 201-207.

SzarFErR W, KuLczyNskl S, and Pawrowskl B. 1986. Rosliny
Polskie. Panstwowe Wydawnictwo Naukowe, Warszawa.

Szarer W, and WoJgrtusiakowa H. 1969. Kwiaty i Zwierzeta.
Zarys Elologii Kwiatow. Panstwowe Wydawnictwo
Naukowe, Warszawa.

VEsPRINI JL, NEPI M, and Pacint E. 1999. Nectary structure,
nectar secretion patterns and nectar composition in two
Helleborus species. Plant Biology 1: 560-568.

VOoGEL S. 1993. Pollination systems. In: Kubitzki K, Rohwer JG,
Brittrich V [eds.], The Families and Genera of Vascular
Plants, Flowering plants, Dicotyledons: Magnoliiol,
Hamamelid and Caryophyllid families, vol. 2. Springer,
Berlin.

WERYSzKO-CHMIELEWSKA E. 2003. Morphology and anatomy of
floral nectary and corolla outgrowths of Myosotis sylvat-
ica Hoffm. (Boraginaceae). Acta Biologica Cracoviensia
Series Botanica 45 (1): 43-48.

WERYSZKO-CHMIELEWSKA E, MaSIEROWSKA M, and KONARSKA A.
2003. Characteristics of floral nectaries and nectar in
two species of Crataegus (Rosaceae). Plant Systematics
and Evolution 238: 33-41.

WERYSZKO-CHMIELEWSKA E, and CHwiL M. 2007. Micromor-
phology of the epidermis of the floral nectary of
Rhododendron japonicum (A. Gray) J. V. Suringar ex
E. H. Wilson. Acta Agrobotanica 60 (1): 45-53.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /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 /CMYK
  /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 [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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




