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Abstract

The micromorphology of the nectaries and of other
elements of the flower was examined by scanning electron mi-
croscopy (SEM). The anatomy of the nectaries was determined
using light microscopy (LM). The inflorescences of A. platano-
ides comprise flowers included in two categories: functionally
male and female. Nectaries of similar structure are found in
both types of these flowers. The nectary gland located on the
surface of the receptacle belongs to interstaminal nectaries. It
has the form of a fleshy ring situated between the petals and
the pistil. The bases of the staminal filaments are located in the
depressions of the nectary. The outer diameter of the nectary
reaches ca. 5 mm, while the thickness of this gland’s tissues
is 400-700 pm. In the epidermis of the nectary gland, there are
numerous, evenly distributed stomata through which nectar re-
lease occurs. The stomata function asynchronously. In some
stomata, we could observe nectar drops flowing out and a layer
of this secretion around the stomata. The secretory parenchyma
of the nectary is composed of several layers of thick-walled
cells, whereas the ends of the vascular bundles with xylem and
phloem elements are situated in the subglandular parenchyma.
Chloroplasts are found both in the epidermal cells and in the
glandular parenchyma cells and photosynthesis can take place
in them due to the nectary’s good exposure to light. The pre-
sence of starch grains was found in the chloroplasts; they can
be energy material for nectar production.
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INTRODUCTION

Norway maple (Acer platanoides L.) blooms
for the first time at the age of 20 M aurizio and
Grafl, 1969). The flowers of this species form co-
rymbs which develop before or simultaneously with
leaves (Kugler, 1970; Szweykowscy, 2003).
The dish-shaped flowers of Acer, which produce nectar

in abundance, are easily accessible to various groups
of insects (Kugler, 1970; Proctor etal. 1996).

The yellow-green sepals (5) and petals (5) re-
ach a similar length. The flowers have a diameter of
about 1 cm (Seneta and Dolatowski, 2007).
The androecium consists of 8 stamens, with the ba-
sal part of the filaments embedded in the ring-shaped
nectary disc. The pistil is composed of a two-chambe-
red winged ovary and a style with two-lobbed stigma
(Maurizio and Grafl, 1969; Lipinski,2010).
The flowers of this species are divided into several
categories differing in stamen length and pistil size.
According to various authors, unisexual functionally
male flowers, with a small non-functional pistil, and
functionally female flowers, with short stamens that
do not mature, can be found in the inflorescences of
A. platanoides M aurizio and Grafl, 1969; Tri-
pi¢,2008). Renner etal (2007) report that mono-
ecy with heterodichogamy belongs to sexual strategies
in the flowering biology of this species.

Maurizio and Grafl (1969) report that the
weight of nectar released by a single A. platanoides
flower per day is 0.95 mg, with the average sugar con-
tent reaching 50 %. The secreted nectar forms large
drops on the surface of the nectary. There are known
light yellow coloured maple honeys with a delicate fla-
vour and scent. Honey yield of this species is estima-
ted at 1 kg per large tree (Kottowski, 2006), and
a dense stand of A. platanoides trees is estimated
at200 kgper l ha(Jabtoriski, 1989).

The aim of the present study was to determi-
ne some morphological characters of the perianth and
generative elements as well as the micromorphology
and anatomy of the nectary in the flowers of A. plata-
noides, since data on the structure of this gland are still
very limited.
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MATERIALS AND METHODS

Acer platanoides L. flowers were sampled from
trees growing in different districts of the city of Lublin.
The nectaries in fresh flowers were measured and photo-
graphed under a stereoscopic microscope equipped with
a NIKON COOLPIX 4500 camera. Anatomical features
of the nectaries were determined using a Nikon Eclipse
400 light microscope after hand-cut sections had been
prepared from fresh material. Starch content in the nec-
tary tissues was examined after the application of IKI
solution. The presence of a cuticle on the epidermal sur-
face of the nectary was tested using Sudan III solution.

For SEM examination, portions of flowers were
fixed in 4% glutaraldehyde in 0.1 M phosphate buffer
at a pH of 7.0. Next, the plant samples were dehydrated
in ethanol and acetone series and critical-point dried in
liquid CO,. The sections were coated with gold using
an EMITECH K550x sputter coater. The micromor-
phology of the nectaries and other floral elements was
assessed under a TESCAN VEGA II LMU microscope.

RESULTS

Morphological characters of the flowers

Functionally male flowers (Figs 1C-E) and
functionally female flowers (Figs 1F, 2A) develop in
the inflorescences of Acer platanoides (Fig. 1A,B) at
different times of the flowering period. They are pro-
duced in different numerical proportions in particular
inflorescences. The diameter of these flowers collected
from different trees ranged 12.5-16.5 mm. The length
of petals was on average 6.0 mm, their width 2.5 mm,
while sepal length averaged 5.0 mm. In functionally
male flowers, the stamens reached an average length
of 5.0 mm, whereas the poorly developed pistil 1.0 mm
(Fig. 1G). In functionally female flowers, the stamens
were 2.0 mm long and the pistil reached a height of
5.5 mm (Fig. 1F).

The adaxial surface of the petals is covered
with an epidermis producing short conical papillae
(Fig. 2D). A striated cuticle can be seen on the surface
of these cells. The mesophyll of the petals consists of
branched spongy-parenchyma cells forming a tissue
with a system of large intercellular spaces (Fig. 2F).

The short stamens in functionally female flo-
wers produce pollen grains with very thick cell walls.
The surface of a large flattened ovary of functionally
female flowers is covered with glandular trichomes
(Fig. 2A). In young flowers, these hairs are of unequal
size and at different stages of development (Fig. 2E).
Trichomes with heads composed of several up to seve-
ral dozen cells can be observed among them (Figs 2G —
J). Few stomata were also observed in the epidermis of
the ovary (Fig. 2E). But no glandular hairs were found
on the surface of the small ovary in functionally male

flowers (Fig. 2B). Also, no glandular hairs were seen
on the surface of developing fruits (Fig. 2B,C).

The structure of the nectary

The gland nectary of A. platanoides forms a fle-
shy ring located on the receptacle between the petals
and the pistil (Figs 3A,B). In both types of flowers, the
outer diameters of the slightly ellipsoidal nectary are
similar and average 5.1 x 4.6 mm. The thickness of the
nectariferous tissue is within a range of 400-700 um.
There are depressions in the places where the staminal
filaments grow out in the nectary disc (Figs 3A-D), but
the nectary tissues are not fused with the filaments.

The stomata are distributed evenly in the epi-
dermis of the nectary (Figs 3D, 4A), and the gu-
ard cells are located in different directions. A stoma
complex is surrounded 6-8 epidermal cells (Figs 3E,
4B, 6F). During nectar secretion, the stomata are raised
above other epidermal cells (Fig. 3F, 4E, 6B-D), whe-
reas after the end of this process both the stomata and
the epidermal cells surrounding them slightly subside
(Fig. 4C). In the guard cells, there are chloroplasts in
which starch grains form; it is revealed when the tissu-
es are treated with IKI solution (Fig. 6F).

The stomata on the nectary surface function asyn-
chronously. In addition to stomata surrounded by a layer
of secreted nectar, there were also observed some sto-
mata through which the nectar had not been secreted yet
(Fig. 3F). Alayer of secreted nectar was observed around
the pores both under a scanning microscope (Figs 4C-E)
and a light microscope (Fig. 6E). Drops of secreted nec-
tar containing granular structures (Fig. 6G-I) could be
observed using light microscopy in the pores of some
stomata. SEM observations reveal that drying nectar can
form spherical structures of different size (Fig. 4B, E).

Large, flattened epidermal cells with slightly
convex outer walls can be distinguished in vertical sec-
tion of the nectary (Fig. SA-C). The walls of these cells
are relatively thin and covered with a layer of smooth
or finely striated cuticle (Fig. 4B, 5C). The epidermal
cells are poorly vacuolized (Fig. 5C) and contain chlo-
roplasts (Figs 6B, E).

The nectary’s parenchymal cells with a thick
cytoplasm form a dark streak in vertical section of the
gland (Fig. 6A). The glandular parenchyma is compo-
sed of 8-10 layers of cells with smaller dimensions and
thicker walls than those observed in the cells of the sub-
glandular parenchyma layers (Figs SA; 6B,E). The sube-
pidermal glandular layer consists of tightly packed cells
resembling palisade parenchyma (Figs 5B; 6B.E). The
tangential walls of these cells are strongly thickened,
likewise in the tangential collenchyma cells. Large cell
nuclei and chloroplasts occur in the glandular parenchy-
ma cells. The vascular bundles running to the stamens
and the perianth segments branch out and xylem and
phloem elements reach the subglandular layer (Fig. 6A).



Morphological characters of the flowers and the structure of the nectaries of Acer platanoides L. 21

Fig. 1. Nectaries in the morphologically and functionally differentiated flowers of Acer platanoides.
A, B — Inflorescences; C — functionally male flower; D,E — nectaries in functionally male flowers; F — vertical sectional
view of a functionally female flower; G — portion of a functionally male flower with the nectary; H,I — layer of nectar on the
nectary surface; n — nectary, r — receptacle.
A-x0.5;B-x2;Cx4;D-x7;,E-x8; FG-x9; H-x 12; I —x 17.
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Fig. 2. Portions of A. platanoides flowers (SEM).
A — Glandular trichomes (arrows) on the surface of the pistil’s ovary in a functionally female flower; B — pistil from
a functionally male flower; C — two-lobbed stigma of the pistil from Fig. B; D — papillae in the adaxial epidermis cells of
a petal; E — different-sized glandular trichomes from the ovary surface; F — sectional view of a petal with the epidermis
(e) and spongy parenchyma (p); G-J — glandular trichomes with different-sized heads from the ovary surface.
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Fig. 3. Micromorphology tanoides (SEM).
A — Nectary (n) viewed from above after the stamens and perianth segments were cut off; B — vertical sectional view of
the receptacle (r) with the nectary (n); C,D — surface portions of the nectary with depressions visible by the filaments and
numerous stomata (arrows); E — stomata in the epidermis of the nectary before nectar secretion; F — stoma during nectar
secretion (double arrows) and before nectar secretion (arrow).
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Fig. 4. Surface portions of the nectary in A. platanoides (SEM).
A — Stomata evenly distributed around the epidermal cells with convex outer walls; B — stoma at the beginning of nectar
secretion; C,D,E —stomata during nectar secretion with visible granular structures in the pores and a layer of dried nectar on

the surface of the epidermal cells.
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Fig. 5. Vertical sections of the nectary in A. platanoides (SEM).
A — Nectary tissues: e — epidermis, gp — glandular parenchyma; sp — subglandular parenchyma; B — epidermal cells (e);
subepidermal layer of cells similar to palisade parenchyma (pp); layers of glandular parenchyma (gp); C — poorly vacuolized
epidermal cells (e) and tightly packed glandular parenchyma cells (gp); D — vascular bundle (vb) in the layer of subglandular
parenchyma (sp).
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Fig. 6. Vertical sections of the nectary in A. platanoides (LM).
A — Nectary tissues with a dark-stained layer of glandular parenchyma and a brighter subglandular layer in which the vascular
bundles run; B,C,D — stomata raised above the surface of other epidermal cells, thick cell walls (arrows) are visible in the glandular
parenchyma cells; E — layer of greenish nectar on the epidermis surface as well as thickened inner walls of the epidermis and
glandular parenchyma (arrows); F — stoma viewed from above; G,H,I — stomata with drops of nectar being released.
A —x 50; B-I —x 1000.
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DISCUSSION

The nectary gland located in the dish-shaped
flowers of Acer platanoides belongs to receptacular
nectaries. 3 types are distinguished within receptacu-
lar nectaries, depending on their location in relation
to stamens: extrastaminal, intrastaminal, and inter-
staminal (Schmid, 1988; Bernardello, 2007).
The nectary of Acer located between the stamens re-
presents the interstaminal type. Nectaries of the above-
-mentioned type also occur in representatives of the or-
der Celastrales M atthews and Endress, 2005);
this order is closely related to the order Sapindales to
which the family Aceraceae belongs.

Our study shows that the diameter of the sli-
¢htly ellipsoidal nectary of A. platanoides reaches
5.1 x 4.6 mm. But Lipifnski (2010) reports that it
is 3.5 mm. The numerous stomata through which nec-
tar is secreted are distributed regularly on the surface
of the nectary of A. platanoides. Haragsim (1977)
also reports that in maple nectar is secreted unto the
nectary surface through the stomata. Our observations
demonstrate that the stomata in the nectaries of Acer
platanoides function asynchronously. We observed si-
milar asynchronous functioning of the nectarostomata
in Elaeagnus commutata(Chwil and Weryszko-
-Chmielewska,?2011). Apart from that, we found
the occurrence of closed nectarostomata during anthe-
sis as well as before and after nectar secretion. This
may be evidence that in Acer platanoides the pores
regulate to some degree the flowing out of nectar. It
has been found in other plant species that modified sto-
mata of nectaries are not able to closely regulate nectar
secretion (Davis and Gunning, 1993; Razem
and Davis, 1999; Nepi, 2007).

The nectar-secreting stomata in A. platanoides
are much raised above the surface of the epidermis,
contrary to the stomata that did not secret nectar. Our
observations are in agreement with the data given by
Gaffal et al. (1998), Nepi et al. (1996) as well
as Weryszko-Chmielewska and Chwil
(2005, 2007) who found a similar situation in the nec-
taries of other plant species.

The nectary tissues observed in the present stu-
dy were supplied by the branches of the vascular bun-
dles reaching the stamens and the perianth segments.
According to Maurizio and Grafl (1969), only
phloem branches reach the nectary tissues in this spe-
cies.

The yellow-green nectaries located in the flo-
wers of A. platanoides are directly exposed to light.
We found that chloroplasts occurred both in the epi-
dermal cells and in the parenchymal cells of the necta-
ry. Our observations also show that cells of the above-
-mentioned tissues can provide for nectar production
carbohydrates produced as a result of photosynthesis.

Nepi (2007) reports that the walls of the nec-
tary’s parenchyma are usually thin. In A. platanoides,
we observed in the subepidermal layer of parenchyma
thick tangential walls resembling tangential collenchy-
ma walls. Collenchymatic cells with strongly thicke-
ned walls in this layer were observed by Stpiczyi-
ska etal. (2003) in Maxillaria and Stpiczynska
et al. (2009) in Ornithidium (Orchidaceae).

Secondary nectar presentation to pollinators
is found in the flowers of many plant species and
perianth segments play a major role in it (Pacini,
Nepi, Vesprini, 2003). On the other hand, pri-
mary presentation occurs in open flowers of A. plata-
noides when nectar is offered to insects from the nec-
tary surface.
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Cechy morfologiczne kwiatéw i struktura
nektarnikéw Acer platanoides L.

Streszczenie

Struktura nektarnikéw kwiatowych Acer plata-
noides nie zostata dotychczas wystarczajgco poznana.
Mikromorfologi¢ nektarnikéw i innych elementéw
kwiatu badano przy uzyciu skaningowego mikro-
skopu elektronowego (SEM). Anatomi¢ nektarnikéw
okreslono w mikroskopie swietlnym (LM). W kwia-
tostanach A. platanoides wystgpuja kwiaty zaliczane
do dwdch kategorii: funkcjonalnie meskie i zenskie.
W obu typach kwiatéw wystepujg nektarniki o po-
dobnej budowie. Gruczol nektarnikowy potozony na
powierzchni dna kwiatowego nalezy do nektarnikéw
interstaminalnych. Ma posta¢ migsistego pierscienia
potozonego miedzy platkami a stupkiem. Nasady
nitek precikowych znajdujg si¢ w obrebie zaglebien
nektarnika. Zewngetrzna srednica nektarnika osigga ok.
5 mm, a grubos¢ tkanek gruczotu 400-700 um.

W epidermie gruczotu nektarnikowego wy-
stepuja liczne, rdwnomiernie rozmieszczone aparaty
szparkowe, przez ktére odbywa si¢ uwalnianie nek-
taru. Aparaty szparkowe funkcjonujg niesynchronicz-
nie. W niektérych szparkach obserwowano wypty-
wajace krople nektaru, a wokét nich warstwe tej wy-
dzieliny. Parenchyme wydzielniczg nektarnika tworzy
kilka warstw grubosciennych komorek, natomiast
w parenchymie podgruczotowej sg widoczne zakon-
czenia wigzek przewodzacych. Zaréwno w komor-
kach epidermy, jak tez w komdrkach parenchymy
gruczotowej wystepuja chloroplasty, w ktérych moze
si¢ odbywac proces fotosyntezy ze wzgledu na dobrg
ekspozycje nektarnika na swiatto. W chloroplastach
stwierdzono obecnos¢ ziaren skrobi, ktére mogg sta-
nowi¢ materiat energetyczny do produkcji nektaru.
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