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Abstract
The morpho-anatomical structure of nectaries, osmophores, and elaiophores, and the anatomical and micromorphological fea-
tures of floral pieces of Cohniella cepula Hoffmans. and Cohniella jonesiana Rchb.f. were comparatively analyzed. In both
species, bracteal and sepal nectaries are structured, i.e., they present a secretory epidermis, secretory parenchyma, and vascular
bundles. Nectar secretion is released through stomata. The anatomical and micromorphological traits are similar in both nectaries,
which can be detected only if the nectar drops are secreted. Considering the location of these nectaries, the secreted nectar would
not be a reward to pollinators. Osmophores are located at the base of both callus and laterals lobes, and consist of a layer of
secretory epidermis composed of quadrangular cells and papillae. Elaiophores are found on the callus of the labellum and are of
the epithelial type. The anatomical features of floral pieces are similar in both species. The anatomical analysis of sepals and
petals showed a few differences, which could be of potential taxonomic value. Our results contribute valuable and novel
information for the knowledge of these species and the genus, which will be useful in future taxonomic evaluations.
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Introduction

Cohniella Pfitzer belongs to the Epidendroideae subfamily
(considered the most advanced in the family), Cymbidieae
tribe, and Oncidiinae subtribe (Dressler and Dodson 1960).
Oncidiinae is one of the most diverse subtribes of
Orchidaceae, with a wide range of floral and vegetative

morphologies. The subtribe includes the greatest diversity of
pollination systems and the widest range of chromosome
numbers known for Orchidaceae (Neubig et al. 2011).
Lophiarella Szlach., Mytnik and Romowicz, Lophiaris Raf.,
Trichocentrum Poepp. and Endl., and Cohniella form the
Trichocentrum clade (Cetzal-Ix et al. 2013a).

Cohniella includes 22 species in five complexes and two
natural hybrids (Cetzal-Ix et al. 2016) that are distributed from
northern Mexico to southeastern Brazil and northern
Argentina (Cetzal-Ix and Carnevali Fernández-Concha
2010). The species of the genus Cohniella differ from other
members of Oncidiinae in the presence of relatively small and
sub-spherical pseudobulbs with succulent and terete leaves,
and Oncidium-like flowers (Carnevali Fernández-Concha
et al. 2010).

Orchid flowers attract their pollinators using visual or ol-
factory cues, or through rewards such as nectar, oils, and
scents (van der Pijl and Dodson 1966; Dressler 1990).
However, very often these plants offer no reward and are
pollinated by deceit (van der Pijl and Dodson 1966; Nilsson
1992; Singer and Cocucci 1999; Soliva and Widmer 2003;
Cozzolino and Widmer 2005).
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Secretory structures

Nectar is the floral food-reward most frequently found in or-
chids (van der Cingel 2001; Davies and Stpiczyńska 2008).
However, the presence of nectar was reported in a few repre-
sentatives of Oncidiinae, such as the genus Leochilus
Knowles and Westc. (Chase 1986), Comparettia falcata
Poepp. and Endl. (Rodríguez-Robles et al. 1992),
Rodriguezia bahiensis Rchb.f. (Carvalho and Machado
2006), Symphyglossum sanguineum (Rchb. f.) Schltr.
(Stpiczyńska and Davies 2006), Capanemia therezae Bar.
Rodr. (Buzatto et al. 2012), Rodriguezia venusta Rchb. f.
(Leitão et al. 2014), and Comparettia coccinea Lindl.
(Pansarin et al. 2015). In this subtribe, nectar is usually found
in a nectariferous spur. However, nectar deceit is more com-
mon and the presence of a spur does not always ensure the
presence of nectar (Neubig et al. 2011), as in some members
of Trichocentrum s.s. that have a non-functional hollow spur
(van der Cingel 2001).

Along the years, there have been numerous criterias to
classify nectaries. Caspary (1848) proposed a topographical
distinction, recognizing floral nectaries (on the flowers) and
extrafloral ones (on vegetative organs). Delpino (1868–1875)
established a functional classification, grouping them into
nuptials (related to the pollination process) and extranuptials
(not related to pollination). In a more recent classification,
Schmid (1988) followed a positional criteria and recognized
reproductives and extra-reproductives nectaries. The first
placed in parts of inflorescences, flowers, or fruits, and the
second on vegetative organs. This author also distinguished
a secondary category considering the organ in which the nec-
taries are located in the flower (Bernardello 2007). According
to Bernardello (2007), the most practical scheme to categorize
nectaries is that proposed by Schmid (1988).

Some flowers emit a fragrance that may or may not be
associated with pollinator attraction. The fragrance is pro-
duced by glands called osmophores and is mainly composed
of volatile oils (Vogel 1963, 1990). According to Proctor et al.
(1996), floral odor is responsible for long-distance attraction,
whereas nectar is the principal floral reward. Osmophores
may be located on the adaxial surface of sepals, petals, or part
of the lip (Dressler 1993), and are usually composed of a
single layer of epidermal cells, secretory papillae, or trichomes
(Curry et al. 1991; Endress 1994; Ascensão et al. 2005; Cseke
et al. 2007; Melo et al. 2010; Kowalkowska et al. 2015). In
Oncidiinae, the presence of osmophores has been recorded
only in a few representatives, such as Capanemia Bar. Rodr.
Buzatto et al. 2012), Ionopsis Kunth (Aguiar 2014), and
Gomesa R. Br. (Pansarin et al. 2016).

According to Neubig et al. (2011), most Oncidiinae species
have flowers that produce oil as a reward. Floral oils are secret-
ed by structures known as elaiophores. Vogel (1974) distin-
guished two types of elaiophores: trichomal and epithelial.

Trichomal elaiophores are composed of secretory hairs and
epithelial elaiophores consist of one layer of secretory epider-
mis and layers of sub-secretory parenchyma, and frequently
occur on the callus of the labellum (Singer and Cocucci 1999;
Singer et al. 2006). The presence of elaiophores has been con-
firmed in representatives of several genera of Oncidiinae, such
asGomesa, LockhartiaHook.,Oncidium Sw.,Ornithocephalus
Hook., Phymatidium Lindl., and Trichocentrum (Singer and
Cocucci 1999; Flach et al. 2004; Reis et al. 2000, 2006;
Stpiczyńska et al. 2007; Stpiczyńska and Davies 2008; Pacek
and Stpiczyńska 2007; Aliscioni et al. 2009; Pansarin and
Pansarin 2011; Pacek et al. 2012). Recently, Gomiz et al.
(2017) have described the presence of elaiophores and their
structure in Trichocentrum jonesianum (Rchb. F.) M. W.
Chase and N. H. Williams (= Cohniella jonesiana) and
Trichocentrum cebolleta (Jacq.) M. W. Chase and N. H.
Williams (= Cohniella cepula), along with three Gomesa spe-
cies and Grandiphyllum divaricatum (Lindl.) Docha Neto.

Despite all this evidence, the general consensus is that many
Oncidiinae offer no reward, but that they deceive their pollina-
tors (Chase et al. 2009). However, as already mentioned, dif-
ferent research works have shown that several members of
Oncidiinae produce some kind of substance to reward their
pollinator, such as oils and nectar, or fragrances to attract it.

Floral anatomy

Some studies focused on foliar anatomy within Oncidiinae
(Sandoval et al. 2003; Stern and Carlsward 2006; Sandoval
et al. 2010; Cetzal-Ix et al. 2013b), which include representa-
tives of Cohniella. However, there are no records about the
floral anatomy of this genus. Within Oncidiinae, this kind of
studies is mainly related to floral pieces involved with secre-
tory structures such as elaiophores and nectaries (Stpiczyńska
2003; Stpiczyńska et al. 2005; Buzatto et al. 2012; Gomiz
et al. 2013; Stpiczyńska et al. 2013; Leitão et al. 2014;
Gomiz et al. 2017).

Anatomical features may be important to understand phy-
logenetic relationships. Some authors have considered that
morpho-anatomical features are not informative because they
present high levels of homoplasy and generate low support for
the clades in the phylogenetic analyses (Sibley and Ahlquist
1987; Scotland et al. 2003). However, other authors use these
characters and combine them with DNA sequences to eluci-
date relationships at the generic level (Sandoval et al. 2010;
Noguera-Savelli and Jáuregui 2011).

The aims of this comparative study between C. cepula and
C. jonesiana were to: (a) analyze the morpho-anatomical
structure of nectaries; (b) confirm the presence of osmophores
and their location, and to describe their structure and anatomy;
and (c) describe the micromorphology and anatomy of floral
pieces in these species, identifying their individual features.
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Moreover, the study of elaiophores was included in order to
contemplate all secretory structures present in both species.
The data about secretory structures will make an important
contribution to Cohniella, since very little is known about
these structures for this genus. In addition, these epiphytic
orchids are the only natives species in Argentina (Zuloaga
and Belgrano 2018) and widely used as ornamental.

Materials and methods

Plant material

Fresh flowers of C. jonesiana and C. cepula were obtained
from plants of the first author’s own collection, and from
plants cultivated at the orchid’s greenhouse at the Faculty of
Agricultural Sciences, Northeastern National University, and
at the BOrquisan^ orchid nursery from Villa Ocampo, Santa
Fe (National Route N° 11, Km 873). The original plants were
derived from Bin vitro^ culture and from a specimen located in
the locality of Leandro N. Alem, Misiones. Flowers at anthe-
sis stage were fixed in formalin, acetic acid, and alcohol
(FAA) for anatomical and scanning electron microscopy
(SEM) examination. Reference vouchers were deposited in
the Herbarium of the Institute of Botany of the Northeast,
Corrientes (CTES).

Cohniella cepula ARGENTINA. Corrientes province, Capital
department, locality of Corrientes, specimen cultivated on a
greenhouse, 4/01/2017, Kettler 1.

Cohniella jonesiana ARGENTINA. Corrientes province,
Capital department, locality of Corrientes, specimen cultivat-
ed on the greenhouse of Ing. Agr. E. Flachsland (FCA-
UNNE), 26/01/2017, Kettler 2. Santa Fe province, General
Obligado department, locality of Villa Ocampo, young spec-
imen cultivated at BOrquisan Orquídeas^ nursery. 7/03/2018,
Kettler 3.

Light microscopy

For preparing permanent microscope slides, the fixed material
was processed by dehydration through an ethanol series with a
pre-impregnant rinsing of tertiary butyl alcohol (Gonzalez and
Cristóbal 1997) and infiltration in paraffin Histoplast®
(Biopack, Buenos Aires, Argentina) according to Johansen
(1940). Floral pieces were sectioned transversely and longitu-
dinally (15–18 um thickness) with a rotary microtome; the
sections were stained with Astra Blue-Safranin (Luque et al.
1996) and mounted with synthetic Canada balsam (Biopur,
Buenos Aires, Argentina). Slides were examined under a
Leica DMLB2 (Leica, Wetzlar, Germany) binocular micro-
scope equipped with a digital camera.

Scanning electron microscopy

Floral pieces were first dehydrated through a series of increas-
ing ethanol solutions. Then, critical point dried with solvent-
substituted liquid carbon dioxide and coated with a thin layer
of gold-palladium. Finally the samples were examined with a
JEOL 5800 LV SEM, operating at 20 kV.

Histochemical tests

To localize osmophore areas, fresh flowers of both species
were submerged by 10 min in Neutral Red dye, which reacts
with tissue and stains it pink to red (D’Ambrogio de Argueso
1986). The material was examined under Leica MZ6 (Leica,
Wetzlar, Germany) binocular stereomicroscope equipped with
a digital camera.

To detect the presence of lipids, fresh flowers of both spe-
cies were processed in the same way with the saturated alco-
holic Sudan III solution. Oils were identified by contact with
dye, which is specific for lipids and gives a reddish coloration
to oils if present (D’Ambrogio de Argueso 1986).

Analysis of nectar

In order to confirm that the drops secreted at the base of the
bracts and sepals corresponded to nectar, we measured the
sugar concentration (percent sucrose w/w) with a hand refrac-
tometer Arcano, REF 103 (range 0–32%). Samples of nectar
of FN and EFN were obtained of different flowers in both
species and in different times of the day. Dilutions were per-
formed as necessary to keep the concentration readings within
the range of the refractometer.

Results

Floral morphology

Inflorescences of both species are larger than leaves,
racemiform, and bear resupinate flowers, which open more or
less simultaneously (Fig. 1a, b). Flowers in C. cepula are yel-
low and small, of 2–2.5 cm in length. The labellum is three-
lobed, with the mid-lobe a little larger than the two lateral ones.
Sepals and petals are shorter than the labellum, and are pale
yellow with red-brown spots. Callus is composed of three
smooth keels or teeth, without protrusions. The column is solid,
with two lateral wings, perpendicular to its axis. Tabula
infrastigmatica is well developed, deeply bilobed, cleft, and
shiny, grooved at the base of the stigma and ventrally flat
(Fig. 1c). Flowers in C. jonesiana are showy and large, 3.5–
4 cm in length. The labellum is three-lobed with a mid-lobe
larger, white with reddish spots and two small, yellow lateral
ones. Sepals and petals are almost as long as the labellum, pale

Comparative survey of secretory structures and floral anatomy of Cohniella cepula and... 705



yellow-green with widely separated red-brown spots. Callus is
composed of five keels or teeth, and a denticulate surface.
Column is elongated with two lateral wings, parallel to its axis.
Tabula infrastigmatica is well developed, shiny, ventrally
grooved, and slightly elongated (Fig. 1d). Both species share
the pollinarium with two pollinia (Fig. 6a–c).

Nectaries

General aspects

Following Schmid’s scheme,C. cepula andC. jonesiana pres-
ent two types of reproductive nectaries: bracteal nectaries
(RBNs) and floral nectaries (RFNs). According to Delpino,
these nectaries correspond to extranuptial type (not related to
pollination). The RBNs are located at the base of the bracts,
which subtend the flowers. The base of the bract is thicker and
the remaining part is thinner and somewhat transparent in both
species. The presence of a drop of nectar allows us to identify
the nectary; without a drop, the nectary would be indistin-
guishable (Fig. 2a). The RFNs are located at the base of the
sepals, on the abaxial surface (Fig. 2b, c), so they may be
called sepal nectaries (hereafter, we will refer to them as
RSNs). As in the RBNs, the presence of the RSNs may be
detected only with the drop secretion; otherwise, it would go
unnoticed. Nectar secretion on RBNs occurs very early in the
development of the inflorescence, as in C. cepula, where the
drop secretion can be observed even before the floral buds
begin to appear. On RSNs, nectar secretion starts between

the third and fifth day before anthesis. In both nectaries, the
visit of small ants feeding on the drops was often observed
(Fig. 2d).

Light microscopy

RBNs

The nectary in both C. cepula and C. jonesiana has a similar
anatomical structure. A secretory tissue was evidenced in the
cross section, and it is composed of a layer of epidermal cells
and several layers of underlying secretory parenchyma
consisting of cells with a dense and granular cytoplasm, an
evident nucleus, and one or two nucleoli. Secretory parenchy-
ma and subjacent parenchyma contain idioblasts with
raphidies (Fig. 2e).

The nectary epidermal cells are more or less isodiametric and
have a thin cuticle. The secretory activity on the epidermis is
present only at the base of the bract, with the rest of the bract
presenting epidermal cells without granular content. The pres-
ence of modified stomata (nectarostomata) covered by a thick
cuticle is noticeable. The substomatal chamber is small and the
cells close to it limit intercellular spaces that arewider than those
between the more distant cells (Fig. 2f). The vascular bundles
that supply the bract consist of phloem and xylem. Some of
them were found in direct contact with the secretory parenchy-
ma (Fig. 2g). In C. jonesiana, the vascular bundles associated
with nectary parenchyma appear surrounded by fibers.

Fig. 1 Floral morphology. a, c
Cohniella cepula. b, d
C. jonesiana. a, b Detail of
inflorescences. c, d Detail of
flowers. Scale bars: a, b = 2 cm;
and c, d = 5 mm
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Fig. 2 Morphoanatomy and micromorphology of RBNs and RSNs. a, c,
e, g, h, i, l, o C. cepula. b, d, f, j, k, m, n, p C. jonesiana. a-c BRNs (a)
and FRNs (b, c) with the presence of drops of nectar (arrows). dDetail of
small ants (arrow) feeding of nectar on the BRNs. e-j Light
photomicrographs of BRNs (e-g) and RSNs (h-j). e Cross section
showing the secretory tissue and idioblasts with raphidies. f Detail of
the nectarostoma with the small substomatal chamber and the wide
intercellular spaces (arrows) between the surrounding cells. g Detail of
a vascular bundle in contact with secretory parenchyma. h Cross section
showing details of the secretory tissue. i Nectarostomata associates to
nectar secretion on the base of sepal. j Detail of alive fibers, note the

evident nuclei (arrows). k-p SEM photomicrographs of RBNs (k-m)
and RSNs (n-p). k, l General aspect of the epidermis with
subrectangular (k) and polygonal (l) cells. m Detail of residual of nectar
secretion above epidermal cells. n, o Nectarostomata (arrowheads)
distribute all over the surface of the nectaries. p Detail of nectarostoma
with pore completely blocked by the cuticle (arrowhead). Ep epidermis, F
fiber, I idioblast, Ph phloem, Sc substomatal chamber, Sp secretory
parenchyma, Vb vascular bundle. Scale bars: a = 5 mm; b-d = 1 cm; e,
o = 100 μm; f = 25 μm; g, h, I, k, l, m, n = 50 μm; j = 15 μm; and p =
20 μm
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RSNs

The anatomical structure is similar in both species, and is
comparable to the anatomical structure of RBNs. Epidermal
cells and the underlying parenchyma cells present dense gran-
ular cytoplasm, large nuclei, and evident nucleoli (Fig. 2h).
The presence of idioblasts containing raphidies is frequent.
The remainder of the mesophyll is homogenous, with irregu-
larly shaped cells. As in the RBNs, we have frequently ob-
served nectarostomata that would be associated with nectar
secretion (Fig. 2i). The vascular bundles found in the nectary
correspond to sepal vascularization. In C. jonesiana, the vas-
cular bundles have fibers below the phloem and in some cases
above the xylem. In addition, some of these fibers are alive
and their nuclei can be observed (Fig. 2j).

Scanning electron microscopy of RBNs and RSNs

Although the features are similar in both types of nectaries,
there are some differences between species. Epidermal cells
are subrectangular in C. jonesiana (Fig. 2k) and polygonal in
C. cepula in the surface view (Fig. 2l). In both species, the
cuticle is smooth and residuals of nectar secretion on the sur-
face are observed (Fig. 2m). Nectarostomata distributed all
over the surface of the nectaries are present in both species
(Fig. 2n, o). Their pores are normally open and some of them
are blocked by the cuticle (Fig. 2p). Stomata are situated at the
same level of neighboring cells in both species.

Analysis of nectar

Sugar concentration (percent sucrose w/w) was similar in both
species and did not show important variations at the different
moments of the day and between nectaries (personal observa-
tion). Average nectar concentration was 23.1 and 18.56% for
RBNs and RSNs, respectively, in C. cepula and 17.6 and
20.12% for RBNs and RSNs, respectively, in C. jonesiana.

Osmophores

Neutral red reaction

The flowers of both species present a softly perceptible,
sweetish fragrance, which is quite softer in C. cepula. Tests
with neutral red were positive, indicating the presence of a
secretory tissue of volatile substances in the upper portion of
the lateral lobes in C. cepula (Fig. 3a) and at the base of the
callus and of laterals lobes in C. jonesiana (Fig. 3b). Such
areas stained pale pink. In addition, the callus of both species
also reacted and stained pale pink.

Light microscopy

In the longitudinal section, at the base of the callus and at the
proximal adaxial surface of lateral lobes, papillae and epider-
mal isodiametric cells with dense, granular cytoplasm and
obvious nuclei were observed (Fig. 3c). In C. cepula, the
presence of a secretory tissue is less evident. This trait would
support the less intense neutral red reaction than in
C. jonesiana and the almost imperceptible fragrance of
flowers of C. cepula. The secretion of a volatile substance
would occur through the epidermis. The abaxial epidermis
of the lateral lobes and the adaxial epidermis of the middle
lobe of lip are also covered by papillae, but these lack a dense,
granular cytoplasm; therefore, they would not have secretory
activity (Fig. 3d).

Elaiophores

Sudan III reaction

In C. cepula and C. jonesiana, the callus reacted more strong-
ly to saturated, alcoholic Sudan III solution than did any other
parts of the flower, revealing the elaiophores. Organ surface,
originally yellowish in C. cepula and white-cream in
C. jonesiana, stained intense red, evidencing the presence of
an oil-secreting tissue (Fig. 3e, f). In addition, the proximal
portion of the lateral lobes also reacted, but less intensely.
However, in C. cepula, this reaction was more noticeable than
in C. jonesiana.

Light microscopy

The anatomical structure is very similar in both species. The
principal secretory tissue of elaiophores is the epidermis of the
callus, which consists of epidermal palisade-like cells with a
dense granular cytoplasm and a large nucleus. The subjacent
parenchyma cells have a large nuclei but their cytoplasm is not
as dense as in the epidermal cells (Fig. 3g, h).

Anatomical and micromorphological study of floral
pieces

Light microscopy

The anatomical features of the different floral pieces are very
similar in both species, showing only a few differences. In
most cases, the observations correspond to the cross section.

Sepals In C. cepula, the middle portion of the sepal has cells
with straight outer tangential walls in the adaxial epidermis
and cells with convex outer tangential walls in the abaxial
epidermis (Fig. 4a). In C. jonesiana, the epidermis of the mid-
dle portion shows quadrangular to subrectangular cells in the
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cross section in both abaxial and adaxial surfaces (Fig. 4b). In
both species, the cells on the adaxial surface are larger than in
the abaxial one, and on the extremes of sepals the cells present
convex outer tangential walls. The mesophyll is homogenous,
with irregularly shaped parenchyma cells. Some are larger and
contain raphidies. Vascular bundles are composed of xylem
and phloem. In C. jonesiana, the vascular bundles of the dor-
sal sepal are surrounded by sclerenquimatic cells (Fig. 4c),
whereas in C. cepula these cells are absent.

Petals As in the sepals, epidermal cells in the petals of
C. cepula present straight outer tangential walls on the basal
portion and convex outer tangential walls in the rest of the
petal (Fig. 4d). The epidermis of C. jonesiana has quadrangu-
lar to subrectangular cells in the cross section of both abaxial
and adaxial surfaces, with no differences between them. The
mesophyll shows the same features as in the sepals. However,
the presence of fibers below the phloem on the vascular bun-
dles of C. jonesiana is observed (Fig. 4e).

Labellum In both species, the epidermis on the adaxial surface
has papillae (Fig. 4f). In C. cepula, papillae are larger than in
C. jonesiana (Fig. 4g). Epidermal cells on the abaxial surface
are conical and smaller than the adaxial ones. The portion of
lateral lobes close to the callus presents papillae with a dense
cytoplasm, which are associated with the presence of
osmophores (Fig. 3c). Mesophyll is homogenous, with irreg-
ularly shaped parenchyma cells. Large idioblasts containing
raphidies are also observed.

Callus The epidermis is formed by a layer of quadrangular
cells with dense granular cytoplasm and large nucleus.
Parenchyma is homogenous, compact, and is formed by irreg-
ularly shaped cells delimiting intercellular spaces. Vascular
bundles consist of xylem and phloem (Fig. 4h). Idioblasts
containing raphidies are frequently observed (Fig. 4i).

Column The anatomical structure of the column is similar and
complex in both species. On the anther region, the outer epider-
mis is composed of large cells, with convex outer tangential
walls and papillae in some areas are observed (Fig. 4j). The
cells of the endothecium present fibrous wall thickenings
(Fig. 4k). Pollinia show the pollen grains aggregated in tetrads
and a thick exine is observed covering the external ones
(Fig. 4l). In the longitudinal section, pollinia are supported on
a stipe, which is formed by two layers of cells, one of them is
very thin, composed by flattened and evident nucleated cells,
the other presents thickened u-shaped walls (Fig. 4m). The epi-
dermis of the stigma and a few subjacent layers of parenchyma
cells detach and disintegrate, and are part of the stigmatic matrix
that has a viscous aspect (Fig. 4n). The stylar canal is hollow
and, as the stigma, epidermis and a few layers of parenchyma
cells detach from its surface (Fig. 4o). This can be observed
both in longitudinal and cross sections. The column wings have
an epidermis composed of papillae and a thin mesophyll with
small parenchyma cells and idioblasts with raphidies (Fig. 4p).
The region surrounding the stigma presents epidermis with pa-
pillae and the remainder of the column has subrectangular cells,
homogenous parenchyma, and idioblasts with raphidies.

Fig. 3 Osmophores and elaiophores. a, e, g C. cepula. b, c, d, e, h
C. jonesiana. a, b Flowers showing the areas of osmophores colored
pink (arrows), after staining them with Neutral Red. c, d Light
photomicrographs of lateral the lobe in long section. c Detail of the
secretory epidermis consisting of papillae and epidermal isodiametric
cells. d Abaxial epidermis of the lateral lobe covered by non-secretory

papillae (arrowheads). e, f Flowers showing the areas of elaiophores
colored dark red (arrows), after staining them with Sudan III. g, h Light
photomicrographs of callus showing the secretory epidermis,
corresponding to epithelial elaiophores. I idioblast. Scale bars: a, b, e,
f = 1 mm; c = 100 μm; d, h = 25 μm; and g = 50 μm
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Ovary The ovary has similar features in both species. In the
cross section, the ovary presents three carpels divided into six
valves: three are fertile, with the presence of a placenta region,
and the other three are sterile (Fig. 4q). The outer epidermis is
single-layered and cells are polygonal. The fundamental tissue
consists of compact, more or less isodiametric parenchyma
cells, and a high number of idioblasts with raphidies
(Fig. 4r). The valves present one vascular bundle composed
of phloem and xylem, and are located near the inner epidermis
(Fig. 4s). The latter consists of small cells with a dense and
granular cytoplasm. The placentation is parietal, and many
ovule primordia are observed (Fig. 4t).

SEM

The features of the different floral pieces are very similar in
both species, showing only a few differences.

Sepals and petals In both faces, C. cepula presents irregular
epidermal cells, polygonal to subrectangular (Fig. 5a, c),
whereas in C. jonesiana they are subrectangular (Fig. 5b, d).
The cuticle that covers the epidermal cells is smooth to

slightly striate. Abaxially, at the base of sepals, there is a high
number of nectarostomata, which are irregularly distributed
across a delimited area and associated with nectar secretion
(Fig. 2n, o).

Labellum The adaxial epidermis of both lateral and middle
lobes consists of papillose cells. On the middle lobe, these
cells are conical and become thinner at the distal extreme
(Fig. 5e, f). In C. cepula, the papillae seem to be grouped in
higher density. On the lateral lobes, papillae are less prominent
and have a rounded distal extreme (Fig. 5g). They are covered
by a striate cuticle. In both lateral and middle lobes, the abax-
ial epidermis consists of spherical papillae that have a slightly
striate cuticle (Fig. 5h).

Callus In the surface view, a high number of non-functional
stomata with wide pores distributed across the surface are
observed in both species (Fig. 5i, j). The epidermal cells are
more or less polygonal in C. cepula, and subrectangular in
C. jonesiana. The guard cells of stomata are covered by a
smooth cuticle and the pores of some stomata are almost
completely covered. In C. cepula, the guard cells appear to
be slightly sunken (Fig. 5k), whereas in C. jonesiana they are
elevated (Fig. 5l).

Column The distal extreme of the column (i.e., the anther
region and the column wings) presents papillae and the rest
of the column exhibits subquadrangular to subrectangular
cells (Fig. 5m). These cells have a smooth cuticle, whereas
the papillae show a striate cuticle (Fig. 5n, o). However, the
papillae surrounding the stigma present a strongly striate cu-
ticle (Fig. 5p). The surface of the stigma is smooth.

Pollinarium The pollinarium of both species consists of two
pollinia, which present a partial division in the dorsal side, a
semi-transparent stipe that supports them, and a sticky termi-
nal viscidium. A smooth exine covers the pollen grains
(Fig. 6d–f). The stipe is covered by a smooth cuticle with
ridges that correspond to the u-shaped thickenings observed
in the cross section (Fig. 6g).

Discussion

This survey reveals for the first time the presence of nectaries
and osmophores inC. cepula andC. jonesiana and contributes
novel information about their anatomical structure and micro-
morphology. The anatomy and micromorphology of floral
pieces are also described for both species, providing interest-
ing data of taxonomic value.
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�Fig. 4 Light photomicrographs of floral pieces. a, d, g, h, j, k, l, p, q, r
C. cepula. b, c, e, f, i,m, n, o, s, t C. jonesiana. a, bGeneral aspect of the
cross section of dorsal and lateral sepals, respectively. c Detail of the
dorsal sepal with the vascular bundle surrounding by sclerenquimatic
cells (arrows). d, e General aspect of the cross section of petals. Note
the sclerenquimatic cells below the phloem (arrows) inC. jonesiana (e). f,
g General aspect of the labellum. h Cross section of the callus showing
the epidermal cells with dense cytoplasm, corresponding to elaiophores
(arrows) and the compact parenchyma with vascular bundles and several
idioblasts with raphidies (arrowheads). iDetail of a section of a tooth with
two raphidies. j-p Column. j Cross section of an anther region showing
the large cells on the outer epidermis with circular cells (arrowheads) and
papillae (arrows). Is observed the endothecium in the inner side, and
pollinia. k Detail of cells of the endothecium (long section) with the
fibrous wall thickening (arrows). l Detail of a cross section of pollinia
showing the pollen grain aggregates in tetrads.m Long section of pollinia
showing the thick exine covering the external pollen grains (arrows) and
the stipe with the walls cellular thickened u-shaped (arrowheads). Note
below the layer of flattened cells. n Section of stigma, with layers of
detached cells (arrowheads). o Long section of the hollow stylar canal
(asterisk). p Cross section of the column with a column wing. Note an
important presence of raphidies (arrowheads). q-t Ovary. q General
aspect in the cross section showing the fertile and sterile valves. r
Detail of a fertile valve showing the outer epidermis, the compact
parenchyma, and a high number of raphidies. s Section of the sterile
valve with a vascular bundle. t Detail of placentas showing the
projections and cells with dense cytoplasm. Note the absence of fully
developed ovules. C column, Cw column wing, En endothecium, Ep
epidermis, Fv fertile valve, I idioblast, Iep inner epidermis, M
mesophyll, Oep outer epidermis, P pollinia, Ph phloem, Pl placenta, S
stigma, St stipe, Sv sterile valve, Vb vascular bundle, Xy xylem. Scale
bars: a, c, e, i, k, r-t = 50 μm; b, d, g, h, n = 100 μm; f,m = 25 μm; j, o-
q = 200 μm; and l = 15 μm
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Nectaries

We detected two types of reproductive nectaries, according to
their position: RBNs located at the base of the bracts, which
subtend the flowers, and RSNs located at the base of the se-
pals, on the abaxial surface. The nectaries situated on the
flowers (frequently known as floral nectaries) are usually

related to the pollination process, since they secrete nectar in
order to reward the pollinators. However, in this case, the
RSNs would not be related to the pollination process nor
would nectar be considered a reward; these assumptions are
based, on the one hand, on location of the nectary and, on the
other hand, on the fact this species would be pollinated by oil-
collecting bees, as the case of other Oncidiinae species
(Pansarin and Pansarin 2011; Torretta et al. 2011; Gomiz
et al. 2014; Pansarin et al. 2016).

As alreadymentioned, nectar secretion has been reported in
a few cases within Oncidiinae. Within Trichocentrum clade,
nectar secretion would be associated with the genus
Trichocentrum s.s, which is characterized by the presence of
a spur. However, this structure is non-functional (van der
Cingel 2001) and is not able to secrete nectar.

The morpho-anatomical structure of RBNs and RSNs is
very similar in both C. cepula and C. jonesiana; in turn, both
nectaries also present similarities with the foliar and bracteal
nectaries of Rodriguezia venusta (Leitão et al. 2014). The
nectaries placed in the flowers of members of Oncidiinae,
such as Comparettia falcata (Rodríguez-Robles et al. 1992),
Symphyglossum sanguineum (Stpiczyńska and Davies 2006),

Fig. 6 Macromorphology and micromorphology of the pollinarium. b, c,
d, eC. cepula. a, f, g C. jonesiana. a-c Pollinarium. aGeneral aspect. b, c
Frontal and dorsal views, respectively. d-g SEMmicrographs. d, e Frontal
and dorsal views of pollinia, respectively. f Detail of a section of pollinia

showing the smooth exine. g Detail of a section of the dorsal side the
stipe. Cw column wing, P pollinia, S scar of the stipe, St stipe, V viscid.
Scale bars: a = 1 mm; b, c = 0.5 mm; d, e = 100 μm; f = 20 μm; and g =
10 μm
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�Fig. 5 SEM micrographs of floral pieces. a, c, e, g, h, i, k, m, n, p
C. cepula. b, d, f, j, l, o C. jonesiana. a-d General aspect of sepals and
petals. Abaxial (a) and adaxial (b) surface of sepals and adaxial (c) and
abaxial (d) surface of petals. e-h Labellum. e, f Adaxial surface of the
middle lobe showing papillae with the striate cuticle. g, h Adaxial and
abaxial surface of the lateral lobe, respectively. i-l Callus. i, j General
aspect of the surface. Note the high number of modified stomata
(arrowheads). k, l Detail of stomata slightly sunken and elevated,
respectively. Note the pore almost covered by the cuticle (arrowhead).
m-p Column. m General aspect of a lateral side of the column where
observed is the epidermis of distal extreme covered with papillae and the
rest of the column with subquadrangular to subrectangular cells. n Detail
of epidermal cells with the cuticle smooth to slightly striate. o Detail of
papillae showing the striate cuticle. p Detail of papillae surrounding the
stigma. Note the cuticle strongly striate. An anther, Cw column wing, St
stigma, Ti tabula infrastigmatica. Scale bars: a-d, n = 50 μm; e-h, o,
p = 20 μm; i, j = 100 μm; k, l = 20 μm; and m = 200 μm



Capanemia therezae (Buzatto et al. 2012), and Rodriguezia
venusta (Leitão et al. 2014), show a very diverse structural
pattern. Since the literature about nectaries in Oncidiinae is
scarce, we could assume that the structure of RSNs of
C. cepula and C. jonesiana is another particular case within
the subtribe. However, in order to understand the evolutionary
trend of nectaries in Oncidiinae, it is necessary to explore a
greater number of species.

Following the classification presented by Bernardello
(2007), both RBNs and RSNs of Cohniella species corre-
spond to the structural type. We observed the three typical
histological components according to Nepi (2007): epidermis,
specialized parenchyma, and vascular system. The anatomical
features analyzed here are similar to those described in other
Orchidaceae (Stpiczyńska et al. 2003; Teixeira et al. 2004;
Davies et al. 2005; Stpiczyńska et al. 2005; Melo et al.
2010; Leitão et al. 2014).

We detected a high number of stomata distributed across
the surface of both RBNs and RSNs, which suggests that
nectar secretion is released through them. Additionally, the
presence of secretory tissue (epidermis and parenchyma)
around stomata was observed in the cross section. Similar
traits were described in R. venusta by Leitão et al. (2014),
who also remarked the presence of wide intercellular spaces
near the substomatal chamber and propose that this feature
would allow a more efficient flow of nectar through stomata.
We also observed this particular trait in both nectaries in trans-
verse sections.

According to Endress (1995), the modified stomata are
apparently absent from monocotyledons. In these plants, nec-
tar is secreted by trichomes or by diffusion through the epi-
dermis, as in many Orchidaceae (Stpiczyńska et al. 2003,
2005; Leitão et al. 2014; Neubig et al. 2015). However, there
are few records about nectar secretion through stomata in the
family, as in the case of Maxilaria anceps Ames & C.
Schweinf. (Davies et al. 2005) and the bracteal and foliar
nectaries of R. venusta (Leitão et al. 2014).

Osmophores

The flowers of C. cepula and C. jonesiana emit a soft fra-
grance, which is almost imperceptible in C. cepula. The pres-
ence of osmophores is not common within the Oncidiinae
subtribe, and was recorded only in a few representatives, such
as Capanemia adelaidae Porto & Brade, Capanemia
micromera Barb. Rod. and Capanemia superflua (Rchb. f.)
Garay (Buzatto et al. 2012), Ionopsis satyrioides (Sw.) Rchb.
f. and Ionopsis utricularoides (Sw.) Lindl. (Aguiar 2014) and
Gomesa montana (Barb. Rodr.) M.W. Chase & N.H.
Williams, and Gomesa varicosa (Lindl. & Paxton) M.W.
Chase & N.H. Williams (Pansarin et al. 2016). However, the
presence of osmophores in G. varicosa would be uncertain,
because Pansarin et al. (2016) locate these structures in the

central lip callus, whereas Gomiz et al. (2013) confirm the
presence of elaiophores in that position (reason why it was
not included in Table 1). Within the Trichocentrum clade,
Neubig et al. (2011) mentioned that Trichocentrum tigrinum
Linden & Rchb. f. has an intense fragrance that attracts
fragrance-collecting male euglossine bees (van der Pijl and
Dodson 1966). To our knowledge, there are no records in
the literature about osmophores in the Cohniella species.

The anatomical structure of osmophores in the different
orchid species is similar and consists of a layer of epider-
mal cells with dense granular cytoplasm and one to sev-
eral layers of sub-epidermal secretory parenchyma.
However, their location varies and they may be present
in different parts of the perianth, such as the adaxial sur-
face of the labellum in Capanemia and Ionopsis species
(Buzatto et al. 2012; Aguiar 2014), adaxial surface of
sepals in Acianthera Scheidw. species (Melo et al.
2010), multicellular epidermal protuberances on the label-
lum of Vanilla edwallii Hoehne (Pansarin et al. 2013), and
appendages in dorsal sepal and petals in Bulbophyllum
wendlandianum (Kraenzl.) Dammer (Kowalkowska et al.
2015).

In most Orchidaceae, the cells responsible for secreting
volatile substances are normally papillose (Ascensão et al.
2005; Melo et al. 2010; Buzatto et al. 2012; Aguiar 2014;
Kowalkowska et al. 2015), although osmophores with no
papillose cells occur, as in Ionopsis satyrioides (Aguiar
2014), Cirrhaea Lindl. species (Pansarin et al. 2006, 2014),
and Vanilla edwallii (Pansarin et al. 2013). However, the pres-
ence of both papilla and no papillose cells has not been de-
scribed before. Thus, this will be the first record of
osmophores with and without papillae reported in the same
species.

The emission of volatile compounds may occur in differ-
ent ways in Orchidaceae. Cuticular diffusion has been re-
corded in some species of Scaphosepalum Pfitzer
(Pridgeon and Stern 1985), Stanhopea Frost ex Hook.
(Stern et al. 1987), and Cirrhaea (Pansarin et al. 2014). In
other species, such as Bulbophyllum weberi Ames
(Kowalkowska et al. 2017), Anacamptis pyramidalis f.
fumeauxiana Marg. & Kowalk. (Kowalkowska et al.
2012), Bulbophyllum wendlandianum (Kowalkowska et al.
2015), and African Bulbophyllum species (Stpiczyńska et al.
2015), the exudation of fragrances is released through
microchannels formed by cuticular reticulation. The secre-
tion of volatile compounds also occurs through pores such
as in Restrepia Kunth (Pridgeon and Stern 1983) or stomata
such as in Acianthera (Melo et al. 2010). In the species here
studied, we could assume that the secretion of volatile sub-
stances occurs through the cuticle, since the presence of
stomata is not observed. However, it would be necessary
to explore the areas of osmophores in more detail to deter-
mine how the fragrances are emitted.
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Table 1 Secretory structures
recorded to the Oncidiinae
subtribe

Secretory structure Taxa Reference

Nectaries Capanemia therezae Buzatto et al. 2012

Cohniella. cepula This study

C. jonesiana This study

Comparettia coccinea Pansarin et al. 2015

C. falcata Rodríguez-Robles et al. 1992

Ionopsis multiflora Pupulin 1998

Leochilus spp.a Chase 1986

Rodriguezia bahiensis Carvalho and Machado 2006

R. venusta Leitão et al. 2014

Symphyglossum sanguineum Stpiczyńska and Davies 2006

Osmophores Capanemia adelaidae Buzatto et al. 2012

C. carinata Buzatto et al. 2012

C. gehrtii Buzatto et al. 2012

C. mircomera Buzatto et al. 2012

C. superflua Buzatto et al. 2012

Cohniella cepula This study

C. jonesiana This study

Ionopsis satyrioides Aguiar 2014

I. utricularoides Aguiar 2014

Gomesa montana Pansarin et al. 2016

Elaiophores Cyrtochilum meirax Davies et al. 2014

Gomesa bifolia Aliscioni et al. 2009

G. cornigera Gomiz et al. 2017

G. echinata Stpiczyńska et al. 2013

G. flexuosa Gomiz et al. 2013

G. herzogii Gomiz et al. 2017

G. longicornu Gomiz et al. 2017

G. longipes Davies et al. 2014

G. ranifera Stpiczyńska et al. 2013

G. recurva Stpiczyńska et al. 2007

G. riograndensis Gomiz et al. 2013

Grandiphyllum divaricatum Gomiz et al. 2017

Lockhartia spp.a Blanco et al. 2013

Oncidium amazonicum Stpiczyńska et al. 2013

O. cheirophorum Pacek and Stpiczyńska 2007
O. heteranthum var. album Davies et al. 2014

O. loefgrenii Stpiczyńska et al. 2007

O. ornithorhynchum Davies et al. 2009

O. oxyceras Stpiczyńska et al. 2013

O. paranaense (= G. paranaensis) Singer and Cocucci 1999

O. trulliferum Stpiczyńska and Davies 2008

Ornithocephalus gladiatus Pacek et al. 2012

O. kruegeri Pacek and Stpiczyńska 2007
Ornithophora radicans Stpiczyńska and Davies 2008

Phymatidium falcifolium Pacek et al. 2012

Trichocentrum cebolleta (= Cohniella cepula) Gomiz et al. 2017

T. cavendishianum Stpiczyńska et al. 2007
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Elaiophores

C. cepula and C. jonesiana present elaiophores on the callus
of the labellum. The secretory epidermis consists of cells with
a dense granular cytoplasm and evident nuclei, and a layer of
little differentiated sub-secretory parenchyma. Our results
agree with the data reported by Gomiz et al. (2017).
However, our SEM observations revealed the presence of a
high number of modified stomata over the surface of the cal-
lus, unlike findings reported by Gomiz et al. (2017), who
mentioned that stomata were scattered or absent. Based on
the classification of Vogel (1974), the elaiophores of both
Cohniella species belong to the epithelial type. Several studies
have shown that epithelial elaiophores are the most common
within the Oncidiinae (Singer and Cocucci 1999; Reis et al.
2006; Pacek and Stpiczyńska 2007; Stpiczyńska et al. 2007;
Stpiczyńska and Davies 2008; Aliscioni et al. 2009; Pansarin
and Pansarin 2011; Pacek et al. 2012; Gomiz et al. 2013).

The presence of both odor and oil-reward in the same flow-
er could increase the range of visiting pollinator species, since
visitors will collect the oils as reward whereas the sweet scent
attract them. Although there are no studies about reproductive
biology of Cohniella species, the few research studies in
Oncidiinae show that species that have elaiophores are polli-
nated by oil-collecting bees (Pansarin and Pansarin 2011;
Torretta et al. 2011; Gomiz et al. 2014; Pansarin et al. 2016).
Therefore, it is expected that C. cepula and C. jonesiana will
be pollinated by these kinds of bees.

Finally, as a summary, an update of the secretory structure
recorded to the different taxa of the Oncidiinae subtribe
(Table 1) is presented.

Floral pieces

Although no studies have described floral pieces completely
in the family, their anatomical analysis usually accompanies
studies about secretory structures (Melo et al. 2010; Buzatto
et al. 2012; Kowalkowska et al. 2015) or mechanisms of pol-
linator attraction (Teixeira et al. 2004; Ascensão et al. 2005).
Moreover, some authors have analyzed the development of
particular floral pieces, such as anther (Freudenstein et al.

2002), pollinarium (Mosquera-Mosquera and Valencia-
Barrera 2009; Mosquera-Mosquera 2012), gynostemium/
pistil (Figueroa et al. 2012; Mosquera-Mosquera 2012), and
pericarp and seed (Mayer et al. 2011).

The anatomy of the studied floral pieces of Cohniella spe-
cies is similar within Orchidaceae. Mesophyll of sepals, petals,
and lip is generally formed by parenchymal cells of different
sizes, and idioblasts containing raphidies are frequently ob-
served. Epidermis is frequently uniseriate, with the shape of
epidermal cells varying according to species and function.
The presence of papillae or trichomes is always associated with
some mechanism of pollinator attraction or system of rewards.

Adaxial surface of the lip is often composed of papillae
whose size and function vary among species. Ophrys fusca
Link and Ophrys lutea (Gouan) Cav. present four types of epi-
dermal cells on the lip, represented by papillae and trichomes,
each of them occupying a specific position and function, e.g.,
the long trichomes located on the basal part of the labellum
produce a tactile stimulation and orient male bees during
pseudocopulation, whereas the short trichomes of the speculum
with cuticular striations would be involved in the brightness of
this region (Ascensão et al. 2005). Some Bulbophyllum species
have papillae and trichomes acting as osmophores on the lip
and others have them in the dorsal sepal and petals (Teixeira
et al. 2004; Kowalkowska et al. 2015, 2017).

When the epidermis presents secretory activity, a dense
cytoplasm usually composed of starch grains is observed, as
in Bulbophyllum species (Teixeira et al. 2004; Kowalkowska
et al. 2015, 2017), Acianthera species (Melo et al. 2010), and
Capanemia therezae (Buzatto et al. 2012). However, sepals or
lip are not the only floral pieces with secretory activity in
Orchidaceae. Like C. cepula and C. jonesiana, several
Oncidiinae usually present oil-secreting tissue on the callus
of the labellum. Therefore, epidermal cells present a dense
cytoplasm and some sub-epidermal layers of secretory paren-
chyma, as in Gomesa species (Stpiczyńska et al. 2007; Gomiz
et al. 2013; Pansarin et al. 2016), Trichocentrum
cavendishianum (Bateman) M.W. Chase & N.H. Williams
(Stpiczyńska et al. 2007), Oncidium species (Pacek and
Stpiczyńska 2007; Stpiczyńska et al. 2007; Stpiczyńska and
Davies 2008), and Ornithocephalus clade (Pacek et al. 2012).

Table 1 (continued)
Secretory structure Taxa Reference

T. jonesianum (= C. jonesiana) Gomiz et al. 2017

T. pumilum Pansarin and Pansarin 2011

Vitekorchis excavata Davies et al. 2014

Zygostates alleniana Gomiz et al. 2014

Z. grandiflora Pacek et al. 2012

Z. lunata Pacek et al. 2012

a spp. is used in cases of authors who cite numerous species
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We found notorious differences in sepals and petals be-
tween C. cepula and C. jonesiana. The presence of
sclerenchymal cells around vascular bundles in the dorsal se-
pal and below the phloem in the petals of C. jonesiana would
have potential taxonomic value and might be useful to char-
acterize the species.

Features of column and anther vary among species. In
C. cepula and C. jonesiana, the anatomical structure is very
similar. Characters of the anther have been considered the most
important for systematics in Orchidaceae since the beginning of
the nineteenth century (Freudenstein et al. 2002). Some of the
characters studied are related to the orientation of the anther, the
nature of pollinia, and the differences in numbers and packag-
ing (Freudenstein et al. 2002). The pollinarium consisting of
two pollinia, stipe and viscidium, as in C. cepula and
C. jonesiana, is considered the typical pollinarium of
Oncidiinae (Dressler 1993). The pollen grains are covered by
a smooth exine, a typical feature of the most advanced mem-
bers of Epidendroideae (Dressler 1993). In C. cepula and
C. jonesiana, the stipe consists of two layers of cells, the second
one with thickened u-shaped walls. This trait was similarly
described by Gomiz et al. (2014) for the stipe of Zygostates
alleniana Kraenzl. Apparently, the presence of thickened u-
shaped walls would be associated with the reconfiguration of
pollinarium during the pollination process (Gomiz et al. 2014).

According to Heslop-Harrison and Shivanna (1977) and
Heslop-Harrison (1981), the stigma in Orchidaceae is character-
ized as Bwet, with low to medium papillae^. However, Calder
and Slater (1985) and Slater and Calder (1988) described a new
type of stigma in Dendrobium speciosum Sm.: the wet detached
cells. Slater and Calder (1990) studied the structure of this kind
of stigma in D. speciosum and found that the detached cells are
completely isolated from each other and suspended in the stig-
matic mucilage. The authors also mentioned that these cells
present secretory activity. InC. cepula andC. jonesiana, we have
observed both in longitudinal and cross sections that the stigma
presents several layers of detached cells and a viscous content on
the stigmatic cavity. However, under SEM, we observed that
stigmatic surface is slightly smooth and could be covered by
mucilage.

Papillae surrounding the stigma have been reported by
Clifford and Owens (1990) in several species of Oncidiinae.
According to observations of Brown (1833), Cruger (1864),
and Darwin (1904), the orchid stigma is composed of detach
cells, which are separated by a thick, sweet, mucilaginous secre-
tion at maturity. This secretion was also involved in promoting
pollen germination and tube growth (Slater and Calder 1990).

Anatomical studies about column are scarce in the litera-
ture. Only a few research works about development of the
gynostemium (Figueroa et al. 2012) and its external traits
(Bonatti et al. 2006; Figueroa et al. 2012) were reported.
However, the organ that has received the greatest attention
was the ovary. The number of carpels has been widely

discussed. Some authors considered that the ovary of
Orchidaceae is composed of six carpels: three with a placenta
and three without it (Lindley 1830–1840, Lindley 1847;
Saunders 1923; Arber 1925). On the other hand, the ovary
was found to be composed of three carpels and shows a pat-
tern of six valves: three fertile, with parietal placentas, and
three sterile (Brown 1831; Duncan and Curtis 1943; Swamy
1949; Cribb 1999; Rasmussen and Johansen 2006).
According to the scheme proposed by Rasmussen and
Johansen (2006), the sterile valves are composed of the bases
of the sepals, whereas the fertile valves correspond to a base of
a petal and two carpel-halves. Our observations follow the
latter scheme and agree with findings reported by Mayer
et al. (2011), who analyzed the anatomical development of
the pericarp of Oncidium flexuosum (Kunth) Lindl. and de-
scribed the anatomical structure of the ovary. We have ob-
served only one vascular bundle in both fertile and sterile
valves, whereas the latter authors observed two vascular bun-
dles in the sterile valves.

We have not observed fully developed ovules at anthesis.
Swamy (1943) suggested that the developmental stage at
which orchid ovules become arrested depends on the plant
habit. In epiphytic species, the archesporial cell differentiates
only after pollination, when it is well differentiated in terres-
trial taxa (Arditti and Pridgeon 1997). In most studied orchids,
the ovules are rudimentary previous to pollination. The orchid
ovary consists of three placental ridges and is often bilobed.
Following successful pollination, the placental ridges begin to
divide and form branches. At the tip of each branch, an ovular
primordium is generated. After several divisions, a massive
number of ovules are produced (Arditti and Pridgeon 1997).

Conclusions

Given the overall great diversity that exists within Oncidiinae
and Orchidaceae, a great number of species should be includ-
ed in this kind of surveys in order to contribute with informa-
tion that allows us to understand the floral evolution in the
family. It is also important to increase our knowledge about
secretory structures and mechanisms of pollination reward in
order to improve the characterization of species. This survey
contributes with novel and interesting data about two species
that have received scarce attention within the Trichocentrum
clade. We also provide important knowledge on the morpho-
logical and anatomical features of the secretory structures. We
consider this information could be the basis for future studies
about reproductive biology in these species and within the
genus. On the other hand, this comparative study will add
evidence about anatomical and micromorphological features
that could have potential taxonomic value and may be an
additional tool to identify these species.Moreover, when com-
bined with other data, such as DNA-sequences, foliar
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anatomy, and ultrastructure, among others, this information
may be useful to help understand phylogenetic relationships
within the subtribe or the Trichocentrum clade.
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