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Abstract

The morphology and anatomy of the flower of Dalechampia alata, as well as the chemical nature of the exudates
secreted in the inflorescence were studied using light microscope. This is the first report showing the presence of
colleters in the genus Dalechampia. In the staminate flower occur a group of small secretory glands. The histochemical
results indicate that the substance secreted from the glands is lipidic and resinuous in nature, while in the colleters it
consists of polysaccharides and lipid-rich substances. The ovule of D. alata are anatropous, subglobose and bitegmic.
It presents obturator, micropyle occluded by nucellar beak and meristematic activity in the ovary wall. The secretion
produced in the stigmatic and transmitting tissue consists of polysaccharides.
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Morfologia e anatomia da flor de Dalechampia alata Klotzsch ex Baill.
(Euphorbiaceae), com énfase nas estruturas secretoras

Resumo

A morfologia e anatomia das flores de Dalechampia alata, bem como a natureza quimica dos exsudatos secretados
na inflorescéncia foram analisadas utilizando microscopia de luz. Este é o primeiro relato de coléteres para o género
Dalechampia. Um grupo de pequenas glandulas secretoras ocorre nas flores estaminadas. Os resultados dos testes
histoquimicos indicam que a substancia secretada pelas glandulas apresenta natureza lipidica e resinosa, enquanto
nos coléteres a secre¢do ¢ constituida de polissacarideos e lipideos. O ovulo de D. alata é anatropo, subgloboso e
bitegumentado. A presenga de obturador, projecao do tecido nucelar pela micropila e atividade meristematica na parede

do ovario foram relatadas. A secre¢@o do estigma e do tecido transmissor ¢ constituida de polissacarideos.

Palavras-chave: coléter, glandula, histoquimica, atividade meristematica, resina.

1. Introduction

The Euphorbiaceae exhibits a widespread distribution
and is comprised of about 222 genera and 6100 species,
but it is most diverse in tropical regions (Judd et al., 2009).
The family is represented by about 80 genera and 1000 species
in Brazil, making it one of the most important families
of the country (Barroso et al., 1991). Taxonomically, the
Euphorbiaceae is also one of the most complicated families
of the Brazilian flora (Barroso et al., 1991).

A diversity of secretory structures is involved in
the production of different compounds from secondary
metabolism, documented in a number of Euphorbiaceae
species (Metcalfe and Chalk 1950). The following types
of secretory structures have already been recorded in the
family: trichomes, idioblasts, laticifers, coletters, nectaries,
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secretory cells with resinous contents, tannin cells, and
mucilage lacunae (Solereder 1908; Metcalfe and Chalk
1950; Thomas 1991).

Dalechampia Plum ex. L., subfamily Acalyphoideae
and tribe Plukenetieae, is the only genus of the subtribe
Dalechampiinae (Tokuoka and Tobe, 2003) comprising
approximately 120 species of lianas or rarely shrubs that are
distributed throughout of the lowland tropics of the world
(Armbruster et al., 2009). Armbruster (1996) calculated
that approximately 90 species occur in the Neotropics,
mostly in South America (Armbruster and Webster, 1981).

Dalechampia bears self-compatible, unisexual flowers
clustered into open and bisexual, blossom inflorescences
(pseudanthia). Most accounts of Dalechampia flowers
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anatomy are based on a study of D. scandens L. and
D. stipulacea Miill.Arg. which were studied by Webster
and Webster (1972) and Souza et al. (2010), respectively.
Both species have bitegmic and anatropous ovule, obturator,
trichomes and a resinuous gland, which is composed of
flange-like structures that are modified bractlets (Webster
and Webster, 1972). Tokuoka and Tobe (2003) studied
ovules and seeds of Dalechampia caperonioides Baill.,
Dalechampia scandens L. and Dalechampia tiliifolia Lam.,
observing that besides the presence of bitegmic ovules,
all species are characterized by the absence of vascular
bundle in the inner integument.

Several studies about the pollination ecology of
Dalechampia have been published over the years
observing that in most species of this genus, flowers
secrete a triterpene resin from specialized glands to attract
pollinators (Armbruster, 1984). As noted by Armbruster
(1996), this resin is commonly collected by bees for use
in nest construction. Later studies have suggested that the
resin-reward system seen in Dalechampia vines evolved
by exaptation, whereby resin secretion originated as a
defense mechanism and secondarily provided an attractive
function (Armbruster et al., 2009).

Although there are many studies about pollination
ecology, only a few studies have focused on the anatomy
and morphology of Dalechampia flowers. While it is well
known that the substance secreted from Dalechampia
flowers is of resinous nature, no previous histochemical
studies have been published to support these studies or to
evaluate the composition of the exudate in other structures
in the inflorescence.

The goal of this study is to describe the morphology
and anatomy of the flower of Dalechampia alata Klotzsch
ex Baill., as well as the chemical nature of the exudates
secreted in the inflorescence.

2. Material and Methods

Samples of adult individuals of Dalechampia alata
Klotzsch ex Baill. growing in Cruz das Almas in the
state of Bahia, Brazil (12° 40’ 19” S, 39° 06° 22” W)
were colletcted, herborized, and deposited in the HERB
(Herbarium of the Universidade Federal do Reconcavo
da Bahia) Brazil, Bahia: Cruz das Almas, HERB 4107.

Whole buds (5-10 mm long) and flowers of D. alata
were collected at four stages, during bud development,
anthesis and flowering. The material was fixed in 50% FAA
(37% formaldehyde, glacial acetic acid, 50% ethanol) for
24 hours (Johansen, 1940) and neutral-buffered formaldehyde
solution (FNT) for 48 hours (Lillie, 1965). All of the material
was exposed to vacuum desiccation during the fixation
process and then transferred to 70% ethyl alcohol. Samples
were isolated and kept in 70% tertiary butyl alcohol for
approximately seven days, dehydrated in a butilic alcohol
series, and subsequently embedded in histological paraffin
(Histosec/Merck, Johansen, 1940). Serial transversal and
longitudinal sections (ca. 10-14 pm) were made using a
rotary microtome (Leica RM2245). The sections were
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stained with 1.5% alcoholic Safranin O and 1% aqueous
Astra Blue (Gerlach, 1969) and mounted on permanent
slides with synthetic resin (Permount/Fisher).

Histochemical tests of the glands, colleters and transmitting
tissue were performed on serial sections of floral buds that
were fixed in FAA to test for polysaccharides, proteins,
and water-soluble phenolic compounds, and in FNT to
identify total lipids and lipid-soluble phenolic compounds.
The controls for the lipophilic substances test included an
extraction solution composed of chloroform/methanol/water/
HCI (66:33:4:1 v/v; High 1984). The treatments utilized
are described in Table 1. Histochemical tests were also
performed with sections taken from fresh samples using
a cryomicrotome (Model CM1850; Leica Microsystems).

Photomicrographs were taken using an Olympus
BX51 microscope equipped with an Olympus A330
digital camera. The photomicrographs were edited using
Adobe Photoshop 9.0 software. The figure scales were
obtained by photographing a millimeter scale under the
same optical conditions.

3. Results

3.1. Inflorescence and flower morphology

Dalechampia alata possesses a pseudanthium
inflorescence with bilateral symmetry. The staminate flowers
and pistillate cymes are protected by two yellow-greenish
bracts, which are involucral, and foliaceous with serrate
margins and five-lobed apices (see Figure 1A). The bracts
exhibit actinodromous venation with five veins diverging
radially from a single point. Non-glandular and unicellular
trichomes and colleters are present in the axils of the bracts.
At the base of the inflorescence occur four entire stipules,
which are pilose, lanceolate with entire margin.

The staminate inflorescence is a pleiochasium with
5-6 flowers (see Figure 1B-C) and four bracteoles.
The flowers are pedicellate and monochlamydeous with
six yellow-greenish tepals, an androphore and numerous
stamens (see Figure 1D). There are glands on the abaxial
‘or’ adaxial side of the stamens that secrete a greenish,
sticky substance (see Figure 1B).

The pistillate flowers are clustered in cyme-like
inflorescences that consist of three flowers, three laciniate
tepals and one short, lanceolate, pilose, yellow-greenish
bracteole (see Figure 1E). These flowers are monochlamydeous
with a tricarpellate, apocarpousgynoecium and a superior,
trilocular ovary. The three styles are elongate and cylindrical
with non-papillous, undivided stigmas.

3.2. Inflorescence and flower anatomy

The involucral bract and bracteoles of the staminate
flower have a single-layered epidermis on both surfaces
(see Figure 2A, B). The ordinary epidermal cells are small,
rounded in shape, and possess thin walls. The mesophyll has
uniform parenchyma constituted by isodiametric cells that
are variable in size, with the formation of small intercellular
spaces. Bracts and bracteoles have inconspicuous collateral
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vascular bundles distributed in a single series arranged in
the middle of the mesophyll (see Figure 2B).

The tepals of the staminate flowers have a single-layered
epidermis formed by thin cell walls and cells that vary in
shape from rounded to rectangular. The mesophyll consists
of 2-3 parenchymatic isodiametric cells that vary in size

and delimit large intercellular spaces. Small collateral
vascular bundles are present and sparsely distributed in
the mesophyll.

The pseudanthium presents non-glandular (see Figure 2B)
and glandular trichomes (see Figure 2C). The non-glandular
trichomes were small single-celled, while the glandular

Table 1. List of the histochemical tests used to identify the principal metabolic compounds secreted by the secretory

structures of Dalechampia alata Klotzsch ex Baill.

Metabolite Reagent
.. Sudan Black B (Pearse, 1985)
Lipids Total Lipid Sudan Red (Brundrett et al., 1991)
Acid and neutral lipids Nile blue (Cain, 1947)
Terpenoids Essential oils and oleoresins Nadi reagent (David and Carde, 1964)

Phenolic compounds Phenolic general

Ferric chloride (Johansen, 1940)
Potassium dichromate (Gabe, 1968)

Tanin Chloridric vanillin (Mace et al., 1974)
Alkaloids Draggendorf reagent (Furr and Mahlberg, 1981)
Dittmar reagent (Furr and Mahlberg, 1981)
Elram (Furr and Mahlberg, 1981)
Wagner reagent (Furr and Mahlberg, 1981)
Polyssaccharides Starch Lugol (Johansen, 1940)
Total polysaccharides PAS (McManus, 1948)
Acid mucopolysaccharides Alcian Blue (Pearse, 1985)
Proteins Total proteins Xilidine Ponceau (O’Brien and McCully, 1981)

mY”

Figure 1. Inflorescence morphology of Dalechampia alata Klotzsch ex Baill. A. Bract. B. Inflorescence in lateral view.
Note the completely developed glands. C. Inflorescence in upper ‘or’ top view. D. Staminate flower. Note the presence of
the androphore. E. Carpellate flowers. (a — androphore; asterisk — bracteole of staminate flower; br — bracteole of pistillate
flower; g — glands; pf — pistillate flower; s — stipule; sf — staminate flower; t - tepal). Bars: A-C =2 cm; D; E = 0,5 cm.
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staminate flower showing the involucral bract, bracteoles, staminate flowers, and the glands in early stages of development.
B. Transversal section of the bracteoles and tepal. Notice the inconspicuous vascular bundles and non-glandular trichomes
(arrows) on the bracteoles. C. Detail of the pluricellular glandular trichomes (stinging hair). D. Staminate flower showing the
androphore and the tetrasporangiate anthers. E. Transversal section of an anther at early microspore mother cell stage with
epidermis, endothecium, middle layer, and tapetum. F. Detail of the androphore, tepals, and the anther. G. Blades on division
for the formation of the staminate flower glands. (a — androphore; arrow — trichomes; bg — blades of glands; br — bracteole;
g — glands; ib — involucral bract; mmc — microspore mother cell; sf — staminate flower; t — tepal; vb — vascular bundle). Bars:

A;D; G=4 um; C; E = 80 pm; B; F =40 um.

trichomes were uniseriate and pluricellular. They were
observed on the tepals, bracts, bracteoles and involucral
bracts.

The androecium of D. alata is polystemonous
(see Figure 2D). The anther is ovoid and tetrasporangiate
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with longitudinal dehiscence. Each stamen has four
microsporangia arranged in two thecae. The young anther
wall (see Figure 2E), when microspore mother cells are
present, consists of a uniseriate epidermis, an endothecium
formed by thin cell walls, one middle layer of cells similar
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to endothecium cells, and one layer of secretory tapetal
cells. The mature anther wall consists of an epidermis with
rectangular cells and an endothecium with thick-walled
cells. The middle layer forms a discontinuous ring and
the tapetal cells are absent due their disintegration in the
previous stage. In the connective tissue the vascular bundle
and undifferentiated parenchymatic cells were observed.
The androphore has a single-layered epidermis with
roughly square cells (see Figure 2F). The cortex consists
of isodiametric parenchymatic cells that are variable in
size. One cylinder formed by vascular bundles delimits a
parenchymatic medulla.

Present in the staminate flowers on the abaxial ‘or’
adaxial side of the stamens is a group of small secretory
glands (see Figures 2G, 3A). In these glands the secretory
tissue consists of a uniseriate palisade epidermis with an
acidophilous secretion on the cytoplasm (see Figure 3B).
The palisade secretory epidermal cells are elongated and
have thin walls covered by a cuticle. In cross section, the
central region of the gland is occupied by parenchymatic
cells forming very small intercellular spaces. Vascular tissue
was also observed in the central region. When completely
developed the glands form a structure that is approximately
round in shape.

. A7

Figure 3. Structure and histochemistry of the staminate flower gland of Dalechampia alata Klotzsc

At first, gland formation takes place by successive
divisions of 5-6 groups of laminas from the ground tissue
(see Figure 2F). From the divisions of this tissue are formed
dozens of individually units (see Figure 3A) that remain
together until the end of the flower maturation when the
secretion is released. Later all the tissue not integrated
with the composition of the stamen also differentiates to
form new glands. The gland secretion (see Figure 3B-F) is
lipid and terpenoid in nature, as demonstrated by a positive
reaction in tests with Sudan Black B (see Figure 3E), Nile
Blue (see Figure 3F) and Nadi reagent (see Figure 3G)
(see Table 2). The Sudan Red tests also highlighted the
presence of cuticle covering all the secretory epidermal
cells (see Figure 3D). Histochemical tests indicated that
the cuticle does not rupture during secretion.

The bracteole of pistillate flowers has a single-layered
epidermis (see Figure 4A, B). The ordinary epidermal cells
are small and square or circular in shape. Stomata are absent.
Mesophyll is homogeneous composed of parenchymatic
isodiametric cells of varying sizes, forming small intercellular
spaces. Vascularization is formed by collateral bundles
immersed in the mesophyll (see Figure 4B).

In transverse section the ovary wall was observed to
consist of an unistratified outer epidermis composed by

o ek - £

h ex Baill. in transversal

sections. A. Glands of the staminates flowers. B. Detail of the gland structure. C. Glands not exposed to reagents. D. Sections
stained with Sudan Red. E. Sections stained with Sudan Black B. F. Sections stained with Nile Blue. G. Sections stained with
Nadi reagent. (g — glands; cc — central cells; se — secretory epidermis) Bars: A =200 um; B = 30 um; C-G = 50 pum.
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Table 2. Histochemical characterization of colleters, glands, and transmitting tissue from the inflorescence of Dalechampia

alata Klotzsch ex Baill.

Metabolite Reagent

Colleters

Style Gland Transmitting

Glands (Souza et al., 2010) Tissue

Lipids Sudan Black B +

Sudan Scarlat +

Nile Blue +
Nadi Reagent -
Ferric chloride -

Terpenoids
Phenolic compounds
Potassium dichromate -
Chloridric vanillin -
Dragendorf -
Dittmar reagent -
Alkaloids Elram -
Wagner reagent -
Lugol -
PAS +
Alcian Blue -
Xilidine Ponceau -

Polysaccharides

Protein

+ - -

+ - -
+ - -
+

square cells containing dense cytoplasm (see Figure 4C).
Mesophyll consists of multiple parenchymatous cell
layers. Prior to anthesis, the inner epidermis and middle
cell layers assume meristematic activity characterized
by the occurrence of anticlinal and periclinal divisions.
This results in the formation of two meristematic regions
in the ovary wall, the adaxial meristem and the middle
meristem. Between the two meristematic regions one
can discern a layer of radially elongated rectangular cells
that feature dense cytoplasm and conspicuous nucleus
(see Figure 4C).

The seminal rudiments of D. alata are anatropous,
subglobose, bitegmic, and crassinucellate, with a narrow
conical nucellus (see Figure 4D, E). The micropyle is
formed by the two integuments delimiting a narrow opening
that is occluded by the nucellar beak (see Figure 4F).
Occurring at the chalazal end of the ovule there is a
cup-shaped region of thick-walled cells (see Figure 4G).
These cells present cytoplasm that is intensely stained by
safranin. Epidermal cells at the base of the funiculus are
enlarged radially forming a projection with 5-6 layers of
parenchyma cells (see Figure 4H) which are not glandular
in appearance. The integuments are multi-layered and
covered by cuticle. The outer integument consists of
2-4 layers of isodiametric cells that are variable in size,
while the inner integument is thicker with multiple layers
of cells in the micropyle region. The vascular tissue occurs
in the outer integument and extends from the chalaza to
the inner integument (see Figure 41). Stomata are present
on the outer integument (see Figure 4J).

The style exhibits a single-layered epidermis
(see Figure 4K, L) with unicellular non-glandular trichomes.
In the middle third arises a sub-epidermal tissue formed
by parenchymatic cells of varying shapes, compact
arrangement, and of a significantly smaller size than
the ordinary cells of the mesophyll (see Figure 4M, L).
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Mesophyll is multiseriate with vascular bundles and
transmitting tissue in the central region (see Figure 4M, P).
The internal epidermal cells are round ‘or’ circular in
shape and protect the stylar canal.

The enlarged stigma consists of a central triangular cavity
that is contoured by non-papillose cells (see Figure 4N).
Styles of D. alata have a mixed structure between
the commonly encountered states of hollow or solid.
The secretions present in the stigma and the central canal
in the stigmatic and stylar transmitting tissue, took on
a deep red coloration after staining with safranin, and
they reacted strongly to PAS (see Figure 40). Below the
epidermal cells occur parenchymatic cells with reduced
dimension and compact arrangement.

On the bracts of the pseudanthium (see Figure 5A) and
on the axil of the stipules (see Figure 5B) colleters were
found, presenting a wide variation in size and abundance.
Generally, the colleters of D. alata feature a short stalk
with a slightly sinuous outline, and they are identified
as the standard type (see Figure 5C). Colleters with long
stalks were also observed (see Figure 5D).

All of the colleter types were composed of a central
nucleus of parenchyma cells covered by a uniseriate
palisade secretory epidermis (see Figure 5C, D).
The palisade secretory epidermal cells exhibit a thin cuticle
and dense cytoplasm that stained strongly with safranin
(see Figure 5C). Vascularization was only observed in
the long-stalked colleters (see Figure 5D, E).

Histochemical tests (see Figure 5F-J) indicated
that the cuticle becomes distended with the secretion
apparently accumulating in this space between the
external periclinal wall and the protoplast. Secretion was
visible in the interior of the secretory epidermal cells
and was stained with safranin. The results highlight the
presence of mucilaginous substances in the vacuoles of
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the secretory cells as shown by a positive reaction to the  tests. Lipid substances were observed using Sudan Red
PAS test (see Figure 5G). The presence of water and lipid-  (Figure 5H), Sudan Black B (see Figure 5I) and Nile
soluble substances were also identified by histochemical ~ Blue (see Figure 5J).

Figure 4. Ovary, seminal rudiment, stigma, and style structure of Dalechampia alata Klotzsch ex Baill.. A. Basal region of
the pistilate flower in transversal section. Note the trilocular ovary. B. Bracteole detail. C. Ovary wall detail. D-J. Longitudinal
sections. D. Ovary and style. E. Ovary and seminal rudiment. F. Micropyle detail. G. Obturator detail. H. Hypostase detail.
1. Longitudinal section of the basal region of the ovary showing the vascular bundle. J. Stomata in the ovary wall. K-O.
Transversal section of the style and stigma. K. Style. L. Detail of the differentiated subepidermal cells. M. Central region
of the style. N. Stigmatic secretion stained with safranin. O. Positive reaction to PAS by the secretion from stigmatic and
transmitting tissues. P. Longitudinal section of the style. (asterisk — meristematic region; br — bracteole; headarrow — vascular
bundle; hy — hypostase; ii — inner integument; np — nucellus projection; oi — outer integument; ov — ovary; tt — transmitting
tissue; thin arrow — obturator; thick arrow — stomata; vb — vascular bundle). Bars: A; K; P=200 pm; B; C; H; I; J; D; L; M;
N =60 um; E =150 pm; F; G; J; O =40 um.
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Figure 5. Structure and histochemistry of colleters on the pseudanthium of Dalechampia alata Klotzsch ex Baill.
A. Transversal section of the pseudanthium. Notice the colleters (arrows) associated with the involucral bract and on the
base of the pistillate flowers. B-J Longitudinal sections. B. Colleter found in the axile of the stipule. C. Detail of a standard
colleter. D. Stalked colleter. E. Detail of the stalked colleter with conspicuous vascularization. Figure. F-J. Histochemical
tests. F. Colleter not exposed to reagents. G. Colleter exposed to PAS reaction. H. Colleter stained with Sudan Red.
I. Colleter stained with Sudan Black B. J. Colleter stained with Nile blue. (arrows — colleters; ¢ — colleter; cc — central
cells; ib — involucral bract; pf — pistillate flower; se — secretory epidermis; sf — staminate flower; vb — vascular bundle).

Bars: A=200 um; B; D = 150 um; C; E-J =40 um.

4. Discussion

Morphological analysis of D. alata flowers showed that
the organization of the flower verticels reflects the common
features already described for the genus Dalechampia
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(Webster and Webster, 1972; Souza et al., 2010). As seen
in D. scandens (Webster and Webster, 1972) the glands in
D. alata begins to secrete a yellow-greenish sticky material
before the first male flowers open. Besides Dalechampia,
the only other plants reported to secrete resins from floral
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structures belong to the genus Clusia L. and Clusiella
Planch. & Triana both Clusiaceae (Armbruster, 1984;
Bittrich and Amaral, 1996).

Armbruster (1984) noted that the secretion of Dalechampia
dissolves in ether, but not in water, confirming the resinous
nature of the substance, which is probably a mixture of
two to six oxygenated triterpenes. In the present study,
histochemical tests confirmed that, in fact, the secreted
substance from gland consists of terpenoids but also lipid, as
shown by the positive reaction with Nadi reagent to detect
terpenoids and Sudan Black B and Nile blue for lipids.

As described to other Dalechampia species, non-glandular
and pluricellular glandular trichomes similar to stinging
hairs were found in D. alata (Webster and Webster, 1972;
Souza et al., 2010).

On the basis of the formation of the middle layers,
Davis (1966) classified the development of anther walls
into four types: basic, dicotyledonous, monocotyledonous,
and reduced. As described for D. stipulacea (Souza et al.,
2010) and other species of Euphorbiaceae (Liu et al.,
2007; De-Paula and Sajo, 2011), D. alata might belong
to the dicotyledonous type. However, a particular study
regard anther wall formation in D. alata is required to give
more details about this issue. In accordance with Liu et al.
(2007), because of its variability, the type of anther wall
development serves a limited purpose in the classification
of the Euphorbiaceae.

Colleters have been described for approximately
60 families of Angiosperms and occur in just seven genera
of Euphorbiaceae (Thomas, 1991), however, this is the
first report showing the presence of colleters in the genus
Dalechampia.

Colleters may be present on vegetative or reproductive
organs, releasing a viscous fluid (mucilaginous or resinous)
that protects and lubricates meristems early in development
(Fahn, 1979). The structural similarity of colleters with
other types of secretory structures led researchers to
confuse them with extrafloral nectaries and resin glands
(Martins et al., 2010). For this reason, the term ‘colleter’
should be attributed only through histochemical tests that
ensure the presence of mucilage in the secreted product
(Martins et al., 2010; Mayer et al., 2011).

Colleters of D. alata have structural similarity to special
glands on the floral organs of D. stipulacea (Souza et al.,
2010). Nevertheless, in their investigation these structures
are denominated improperly as “stalked gland” with a “head
gland” and are considered to have the same functions as
nectaries. However, due to the anatomy, position and other
morphological similarities in the inflorescence of these two
species, those glands should also be considered colleters.

The colleters of D. alata are classified as the standard
type (Lersten, 1974). The main feature that characterize
this type of colleter and distinguish them from other
types are their palisade-like secretory epidermal cells that
form the secretory epithelium, which delimits a central
parenchymatic region. As described for the colleters of
Caryocar brasiliense Camb. (Paiva and Machado, 2006),
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the origin of this type of colleter involves the protoderm
and the ground meristem.

Vascularization was observed only in the elongated
colleters of D. alata. The vascular tissue is formed by
collateral bundles occurring in the central region of the
colleters. Vascularized colleters have been reported in
several species in different families such as, Rubiaceae
(Klein et al., 2004) and Apocynaceae (Appezzato-da-Gloria
and Estelita, 2000; Martins, 2012). Nevertheless, some
species exhibit only xylem, as observed in the genus Nerium
L. (Thomas, 1991). According to Appezzato-da-Gloria and
Estelita (2000) colleters may or may not be vascularized,
depending on their proximity to the vasculature of the
organ to which they are attached.

In D. alata, the cuticle always remains intact after
the secretory period of the colleters. This mechanism of
liberation of the secretion without rupturing of the cuticle
was also observed in Simira (Klein et al., 2004), Bathysa
nicholsonii (Miguel et al., 2006) and Temnadenia violaceae
(Martins et al., 2010). In contrast, Fahn (1990) assumed
that the rupturing of the cuticle is a common feature in the
mechanism of liberating the secretion. Nevertheless, this
mechanism is scantily mentioned, being referred only to
a few species of Apocynaceae (Thomas and Dave, 1989a,
1989b; Appezzato-da-Gloria and Estelita, 2000).

Taking into account that the presence of colleters in
Euphorbiaceae is not restricted to the genus Dalechampia, it
is worth to expand investigations regarding these structures
within Euphorbiaceae, as they might be useful for future
phylogenetic analysis of the family.

Histochemical tests indicated that the secretion
produced in the stigmatic and transmitting tissues in
D. alata consists of polysaccharides, as proved by the
positive reaction to PAS. The composition of the stigmatic
secretion varies among species, but it consists mainly of
lipids and phenolic compounds (Knox, 1984), although
other components such as carbohydrates, proteins, pigments,
and phenolic compounds have also been reported (Leitdo
and Cortelazzo, 2010).

According to Souza et al. (2010), below the epidermis
of the style of D. stipulacea there is a gland that consists
of radially elongated palisade cells. In this present work
a similar structure was observed. The differentiation of
these cells starts at the middle third of the style and near
the stigma it involves all the outer circumference of the
style. However, histochemical tests showed no signs ‘or’
types of secretory activity originating from these cells
(see Table 2). The style of D. alata presents long strips
of stigmatic tissue that extend from the gynoecial apex
downwards along the stylar surface. It also presents central
rifts, as described to the styles of D. stipulacea (Souzaetal.,
2010), both consisting of an intermediate between the
commonly encountered states of hollow or solid.

Prior to anthesis cell layers of the ovary of D. alata
undergo a periclinal division developing two meristems, one
in the middle region of the mesophyll and the other in the
inner epidermis of the floral bud ovary. This same pattern
was observed in D. stipulacea (Silva and Souza, 2009;
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Souza etal., 2010) and Euphorbia species (Gagliardi et al.,
2012). According to Roth (1977) the inner epidermis of the
carpel is able to keep its meristematic activity for a long
time resulting in a conspicuous multilayered epidermis.
Besides Dalechampia and Euphorbia, this process has
been reported within Euphorbiaceae in Manihot (Oliveira
and Oliveira, 2009), in which it results in the formation
of subadaxial and adaxial meristems that produces the
mesocarp and the endocarp, respectively. Meristematic
activity of the inner epidermis of the ovary is also reported
in Rutaceae and Fabaceae, however, instead of two
meristems as in Euphorbiaceae, they present only one,
either in subepidermal layers or in the inner epidermis itself
(Roth, 1977; Souza et al., 2003; Gagliardi et al., 2012).

The presence of vascular tissue in the seminal rudiment
of D. alata confirms the statement of Tokuoka and Tobe
(2003) that the ovules of the subtribe Dalechampiinae,
including Dalechampia, presents a vascularized outer
integument, which is unknown in the subtribes Plukenetiinae
and Trigiinae.

The cells with differentiated content occurring in the
chalaza were considered hypostase. According to Endress
(1994), a zone with lignified cell walls (hypostase) often
develops between the end of the vascular bundle and the
base of the embryo sac. Although hystochemistry test
were not made, these cells in D. alata are very similar to
those described for D. stipulaceae (Souza et al., 2010) and
other Euphorbiaceae species (Kapil and Bhatnagar, 1994).
The hypostase is probably related to the translocation of
nutrients into the embryo sac and endosperm (Tilton, 1980)

The projection seen at the base of the funiculus was
considered as an obturator. As shown for D. scandens
by Webster and Webster (1972), the obturator is closely
apressed to the micropyle in lid-like fashion. Obturators,
a transmitting plug of the placental region that facilitates
entered of the polinic tube in the ovule, also occur in Liliaceae
and some other groups; in Euphorbiaceae the obturator is
in direct contact with the nucellus (Endress, 1994; Souza,
2009; De-Paula and Sajo, 2011). The hypothesis of nutrition
is also suggested as a function of this structure (Souza,
2009). Both the presence of hypostase and the obturator
were considered as an embryological characteristic of the
family Euphorbiaceae by Kapil and Bhatnagar (1994).

The micropyle of D. alata is occluded by the nucellar
beak, as reported to several other species within Euphorbiaceae
(Endress, 1994; Souza et al., 2010). According to Endress
(1994), both parts, the obturator and the nucellus, may
proliferate to varying extents, in that either the nucellus
grows out of the micropyle or the obturator grows into
the micropyle.

The results obtained in the present study contributed
to a better understanding of morphoanatomical and
histochemical features of D. alata, which are involved
in the adaptation to the reward system that functions to
attract pollinators. In addition to histochemical analysis,
we also contributed with useful taxonomical data, such as
the first report of colleters in Dalechampia, the occurrence
of glands, obturator, micropyle occluded by nucellar beak
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and meristematic activity in the ovary wall, that might
be explored in future studies within the genus and other
related Euphorbiaceae taxa.
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