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Colleters are secretory structures present in more than 60 families of angiosperms, whose function is protecting
the leaf primordium and meristem against biotic and abiotic damage. The colleters are developed from proto-
derm and ground meristem and the secretory process begins during cell differentiation. The secretion is a com-
plex phenomenon of synthesis, separation and isolation of substances, as well as release or extracellular
elimination. This research describes the ontogenesis of Morinda citrifolia L. colleters and the mechanism of
exsudate externalization. For this purpose, various microscopy techniques, including scanning electron micros-
copy, light microscopy (including histochemical tests) and confocal scanning laser microscopy were used. Stan-
dard type colleters are attached on the stipule adaxial surface. During development, the colleters pass through
four developmental stages defined by structural and anatomical changes: undifferentiated, pre-secretory, secre-
tory and senescent. In the undifferentiated stage, the secretory structures are characterized by small protuber-
ances. In the pre-secretory stage, the secretory epithelium begins its differentiation. In the following stages, the
colleters present a parenchymatic central axis covered by palisade epidermal cells. Secretion occurs by the rup-
ture of the cuticle. At the end of the secretory process, the colleters begin the senescent stage, characterized by
deformation, color change and cuticle wrinkling. This work evidences the section passage mechanism by cuticle
rupture, accumulating knowledge in the still poorly understood process of molecules passages by the external
periclinal wall in Rubiaceae colleters.

© 2018 SAAB. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Rubiaceae is the fourth largest family in the plant kingdom
(Robbrecht, 1988),with a great diversity of species. The genusMorinda
comprises about 40 species, distributed mainly in pantropical regions
(Kesonbuaa and Chantaranothai 2013). Among the species described
so far, Morinda citrifolia L. stands out for the antioxidant properties
(Zin et al. 2002) in its roots (Hemwimon et al. 2007) and fruits
(Krishnaiah et al. 2015).

This plant is popularly known as “Noni” being distributed in Pacific
Islands, tropical Asia, and India. The medicinal properties of Morinda
citrifolia have been known for more than 200 years and are exploited
by indigenous people for diseases treatment in primitive communities.
Such medicinal properties help in the fight against heart disease, AIDS,
ulcers, arthritis and cancer (Wang et al. 2002). Flowers, leaves, bark,
stems, roots and fruits are all used (Dixon et al. 1999; Deng et al. 2007).

Likemost species of Rubiaceae,Morinda citrifolia has colleters on the
stipule adaxial surface (Pinheiro et al. 2015), whose function is to
do Ceará, Campus do Pici,
Fortaleza, Ceará, Brazil.
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protect the leaf primordium and developing structures. Colleters
are secretory structures present in more than 60 angiosperm fam-
ilies (Thomas 1991). Such secretory structures can also occur in
various organs of the plant, varying among the botanical families.
In Rubiaceae, they are mainly on the stipule's adaxial surface
(Thomas 1991), but may also be present on bracts and sepals
(Barreiro and Machado 2007). In Aquifoliaceae, colleters were
found in the base and teeth of the leaf and nodal area (Gonzalez
and Tarragó 2009). In the Orchidaceae, colleters were found in
bracts, sepals and ovary wall, the first record for all these struc-
tures (Cardoso-Gustavson et al. 2014). The fully expanded colleter
has an elongate axis and short base (Thomas and Dave 1990),
with the central axis constituted of parenchymatic cells, covered
with palisade secretory cells (Da Cunha and Vieira 1993;
Barreiro and Machado 2007; Gonzalez and Tarragó 2009;
Martins et al. 2010; Tullii et al. 2013; Vitarelli et al. 2015).

Based on morphology and anatomy, such secretory structures are
classified as: reduced standard, standard, filiform, dendroid, intermedi-
ate, brush type (Thomas 1991; Simões et al. 2006), digitiform (Paiva and
Machado, 2006a), conical, hemispheric Gonzalez and Tarragó 2009),
lachrymiform (Miguel et al. 2010) and claviform (Machado et al.,
2015). Standard type is the most common shape of colleter present in
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Fig. 1.Habit ofMorinda citrifolia L. A,Morinda citrifolia plant; B, Shoot apex showing opposite, decussate leaves; C, Detail of the vegetative apex. Note stipules (open arrow) protecting the
leaf primordium (circle); D, Longitudinal section of the shoot apex, stipules with colleters (closed arrow) protecting the leaf primordium. Note the presence of secretion near the leaf
primordium (*); E, Detail of the adaxial surface of stipule with colleters in the base (closed arrow). Bars: A – 30 cm; B – 15 cm; C – 2,5 cm; D – 1,1 cm; E – 1,4 cm; F – 500 μm.

Fig. 2. Scanning electron micrographs (A, B, D), light micrograph (C) of Morinda citrifolia colleters; A, Detail of colleter with standard type morphology in stipule base; B, Colleter with
ruptured cuticle showing morphological details; C, Colleter showing elongate central axis (CA) with raphides (R), surrounded by secretory cells (SC) axially disposed; D, Colleter
exhibited base constriction next to the secretory cells (CS). Bars: A – 500 μm; B – 250 μm; C – 30 μm; D – 50 μm.
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Fig. 3. Scanning electron micrograph (A) and light micrograph (B) of Morinda citrifolia
colleters at various stages of development. A, Overview of the stipule adaxial surface
(ES) exhibited undifferentiated colleters (arrowhead), pre-secretory colleters (PS);
secretory colleters (SE) and senescent colleters (NS) covered by secretion (*); B,
Colleters in undifferentiated stage (arrowhead) and pre-secretor (PS) with secretion (*).
Bars: A – 200 μm; B – 300 μm.
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Rubiaceae (Klein et al. 2004; Mayer et al. 2013; Miguel et al. 2016;
Tresmondi et al. 2015, 2017). The disposition of the colleters, as well
as their number can vary. Simira pikia (K.Schum.) Steyerm. colleters
are distributed in line on the stipule base, while the colleters of Simira
glaziovii (K.Schum.) Steyerm. form two triangles on the stipule base
(Klein et al. 2004).

The secretory activity begins in young stipules. The secretion pro-
tects the leaf primordia chemically and physically (Thomas 1991;
Klein et al. 2004; Paiva and Machado, 2006b; Miguel et al. 2010).
The colleters begin to secrete before the expansion of the foliar
primordia as observed in Alibertia sessilis K.Schum. (Rubiaceae)
(Barreiro and Machado 2007). The secretion is basically composed of
lipids (Appezzato-Da-Glória and Estelita, 2000; Paiva 2009), proteins
(Klein et al. 2004; Miguel et al. 2006) and mucilage (Klein et al.
2004; Coelho et al. 2013; Miguel et al. 2010, 2016). Some studies re-
vealed the secretion externalization by cuticle rupture as described
for Caryocar brasiliense Cambess. (Paiva and Machado, 2006a) and
Tocoyena bullata (Vell.) Mart. (Miguel et al. 2016). However, in
Bathysa nicholsonii K. Schum. (Rubiaceae), there is no cuticle rupture,
the passage of secretion occurs in six stages, through the cell wall
(Miguel et al. 2017). After the secretory process, colleters enter into
a senescent stage (Thomas and Dave 1989; Thomas 1991; Miguel
et al. 2006, 2009).

Colleters cells in the senescent stage are more sinuous than
those in other stages (Coelho et al. 2013) and have a wrinkled cuti-
cle (Miguel et al. 2016). At this stage, the colleters change color
from yellow to dark-staining, indicating that there has been tissue
necrosis (Thomas and Dave 1990). The secretion at this stage of de-
velopment acquires a yellowish crusty appearance (Gonzalez
1998). Senescence is a natural process controlled by plant genetic
programming (Miguel et al. 2016). This research describes the on-
togenesis of Morinda citrifolia colleters and the mechanism of
exsudate externalization.
2. Material and methods

2.1. Plant material

Morinda citrifolia shoot apex containing stipules at various develop-
mental stages were collected in Maracanaú (3°52′27.5″S 38°36′
29.2"W), Ceará-Brazil and voucher specimes deposited in the Prisco
Bezerra herbarium (EAC) with number 59806. Samples were immedi-
ately taken to Central Analítica of Universidade Federal do Ceará and in-
vestigated. For scanning electron microscopy and light microscopy, the
stipules were chemically fixed and dehydrated in the laboratory. The
identification of stipules was started from the oldest node to the close
to the apical meristem.

2.2. Scanning electron microscopy

Samples at various stages were fixed in a solution of 4.0% formalde-
hyde, 2.5% glutaraldehyde and 0.05M sodium cacodylate buffer, pH 7.2,
at room temperature for 24 h. The material was then rinsed three times
in sodium cacodylate buffer for 45 min for each rinse and post-fixed
with 1.0% osmium tetroxide in 0.05 M cacodylate buffer, pH 7.2 for
one hour at room temperature. Subsequently, the samples were
dehydrated for 45 min with increasing acetone series. After dehydra-
tion, the material was dried with hexamethyldisilizane (HDMS) and
placed on stubs, sputter-coated with 20 nm gold, and observed with a
digital scanning electron microscope Quanta FEG 450 (FEI).

2.3. Light microscopy

Stipule fragments were fixed, post-fixed and dehydrated as de-
scribed for scanning electron microscopy. The fragments were infil-
trated with epoxy resin (EponPolibed), using a series of increasing
resin in propanone. Thin sections (2.0 μm) were stained with 1% tolui-
dine blue. Glass slides were sealed with varnish composed of acrylic
resin. Observations were made with a photomicroscope Olympus
UC30 and recorded using a UC30 model digital camera and software
for Cell B image analysis.

Histochemical testswere performedwith tannic acid and ferric chlo-
ride for mucilage (Pizzolato & Lillie, 1973), with periodic acid-Schiff
(PAS) reagent for neutral polysaccharides (Jensen, 1962), Sudan black
for total lipids (Pearse, 1980), Xylidine ponceau (XP) for proteins
(Vidal, 1970), Lugol's reagent (Jensen, 1962) and potassiumdichromate
for phenols (Gabe, 1968). Control sampleswere treated in the sameway
as other samples for each test.

2.4. Confocal scanning laser microscopy

Vegetative shoot apices were collected with the use of blades and
taken immediately to the laboratory. After the separation of stipules,
fragments containing colleters were immersed in 1% auramine for
10 min, the fragment was washed three times in distilled water for cu-
ticle observation. Samples were observed in the laser confocal micro-
scope (LM 710 Zeiss) using an excitation laser with a wavelength of
405 nm and an emission of 455 nm.

3. Results

3.1. Morinda citrifolia morphology

Morinda citrifolia plants average 2 m in height (Fig. 1A) and have
simple, opposite, decussate, lanceolate and petiolate leaves, with undu-
late margin and pinnate venation (Fig. 1B). The stipules are free and
interpetiolar, and protect the leaf primordia. The secretion found in
the leaf primordiummade it difficult to separate (Fig. 1C). The secretion
covered the entire leaf primordium, was sticky and translucent, and be-
came vitreouswhen in contactwith the environment (Fig. 1D).Morinda



Fig. 4. Scanning electronmicrographs (C, F, I), lightmicrographs (B, D, G,H, J) and confocal scanning lasermicrographs (A, E) ofMorinda citrifolia colleters at various stages of development;
A, Colleter in early developmental stage (open arrowhead); B, Colleter in longitudinal section at the initial stage of development (open arrowhead). Note the cell division and nucleus at the
beginning development of colleter (Pentagon); C, Detail of pre-secretory colleter (PS). Observe base constriction (White arrowhead); D, Longitudinal cut of pre-secretory (PS) colleters.
Note secretion (*) accumulated in secretory cells (SC); E, Secretory colleter with ruptured cuticle (CUT) (dotted circle). Note slightly wrinkled cuticle, indicating the beginning of the
secretory process; F, Detail of colleter showing the ruptured cuticle (CUT) at the apex (dotted circle); G, Colleter in longitudinal section covered by secretion (*) with ruptured cuticle
(dotted circle); H, Ruptured cuticle at various points of the colleter (dotted circle); I, Overview of colleters at the stipule base, all covered by secretion (*). Note that the colleters
decrease in volume at the senescent stage (SN); J - Senescent colleter (SN) and abscission meristem (AM) on the stipule surface. At this stage, the secretory cells are disorganized (SC).
Bars: A, B, C – 50 μm; D, H, J – 60 μm; E, I – 200 μm; F, G – 30 μm.

29S.K. de Paiva Pinheiro et al. / South African Journal of Botany 121 (2019) 26–33
citrifolia colleters were found at the base of the adaxial surface of the
stipule and were arranged in a single line (Fig. 1E, F).
3.2. Colleter anatomy

Morinda citrifolia colleters are of the standard type (Fig. 2A), char-
acterized by an elongate central axis, covered with palisade secretory
cells (Fig. 2B, C). No vascular traces were observed in the central axis,
but raphide bundles were evident (Fig. 2C). Colleters with this charac-
teristic are basally constricted (Fig. 2D), forming a region of non-
secretory cells.
3.3. Ontogenesis

The development of Morinda citrifolia colleters did not occur
synchronously in different nodes. Thus, the colleter development was
described according to the stages of development.

Colleters of all stages of development can be present on the same
stipule. Using morphological characteristic, colleters were classified as
undifferentiated, pre-secretory, secretory and senescent (Fig. 3A, B).
Colleters in the initial developmental stage were named undifferenti-
ated. Such secretory structures were characterized by small protuber-
ances on the base of the stipule adaxial surface (Fig. 4A). The colleter
cuticle was smooth (Fig. 4A).



Table 1
Histochemical characterization of the main chemical compounds of colleter and secretion inMorinda citrifolia.

Lipids Phenolic compounds Polysaccharides Proteins Starch Mucilage

Undifferenciated colleter Protoderm Cell wall + _ _ _ _ _
Cytoplasm _ _ ND _ _ _
Nucleus _ _ _ ++ _ +

Fundamental meristem Cell wall _ _ ND _ _ _
Cytoplasm _ _ + _ _ _
Nucleus _ _ _ ++ _ +

Pre secretory colleter Central axis Cell wall _ _ _ + _ +
Vacuole _ _ _ _ _ _
Cytoplasm _ _ + + _ +

Secretory cells Cell wall ++ _ _ + _ +
Vacuole _ _ _ _ _ _
Cytoplasm _ _ + ++ _ +
Nucleus _ _ _ ND _ ND

Secretory colleter Central axis Cell wall _ _ + + _ +
Vacuole _ _ _ _ _ _
Cytoplasm _ _ + + _ +

Secretory cells Cell wall ++ _ ++ + _ +
Vacuole _ _ _ + _ _
Cytoplasm _ _ ++ + _ +
Nucleus _ _ _ ++ _ +

Secretion _ _ +++ + _ +++
Senescent colleter Central axis Cell wall _ _ ++ _ _ +

Vacuole _ _ _ _ _ _
Cytoplasm _ _ + _ _ +

Secretorycells Cell wall ++ _ ++ _ _ +
Vacuole _ _ _ _ _ _
Cytoplasm _ _ ++ _ _ +
Nucleus _ _ _ ++ _ ND

Secretion – – +++ ++ – +

Key: Weak reaction (+), Moderate reaction (++), Strong reaction (+++), No rection (−), No detected (ND).
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Longitudinal sections of stipules exhibited isodiametric protodermal
cells, with few difference in shape between the fundamental meristem
cells and protoderm cells (Fig. 4B). Anticlinal and periclinal divisions
that occurred in the protodermis and divisions in the fundamentalmer-
istem formed a protuberance in the stipule basal region. Intense mitotic
activity was observed in the cells, with periclinal walls being formed
(Fig. 4B). Cells of themeristematic epidermal and protodermis differen-
tiated, forming the colleter in the pre-secretory stage.

Pre-secretory colleters have a smooth cuticle (Fig. 4C). The secretory
cells at this developmental stage were turgid (Fig. 4D), and no secretion
was detected outside cells. The cuticle was attached to the cell wall
(Fig. 4D). As the developmental process continued, colleters went into
the secretory stage.

Morinda citrifolia colleters in the secretory stage undergo cuticular
rupture, which is a physical process for exudate release (Fig. 4E). As ex-
udate is released to the external environment, the cuticle becamewrin-
kled (Fig. 4F). The cuticle rupture occurred along the entire structure
(Fig. 4G), causing cuticle discontinuity (Fig. 4G). The ruptures occur at
several places in the cuticle, optimizing the secretory process
(Fig. 4H). As the secretory phase proceeds, the cuticle becomes strongly
wrinkled, beginning the senescent phase.

At the endof secretory stage, colleters enter the senescent phase. It is
common that at this stage, the secretion covers the colleter surface
(Fig. 4I). The constriction becomes less evident in the base (Fig. 4J). An
abscission meristem forms at the base of senescent colleter, with col-
lapsed secretory cells of irregular shape (Fig. 4N).

3.4. Histochemical tests

Histochemical tests were performed on Morinda citrifolia colleters
and secretions. Various chemical substances were identified during
the development of these structures. The staining varied in intensity
as a function of the amount of chemical compounds present in each re-
gion of the secretory structure. Secretion is composed mainly of pro-
teins, mucilage and polysaccharides (Table 1). Histochemical tests
using XP showed proteins in secretory cells and cytoplasm in the pre-
secretory stage (Fig. 5B). XP revealed proteins in the nucleus in the un-
differentiated, secretory and senescent stages (Fig. 5A, C, D). Proteins
were identified in the secretion in three stages of development, except
in the undifferentiated stage (Fig. 5A).

No reaction was observed with the cell nucleus using periodic-Schiff
acid reagent (PAS) to detect polysaccharides in any stage of develop-
ment. In undifferentiated stage colleter, there was a weak reaction on
the external periclinal wall (Fig. 5E), and in subsequent stages there
was a strong reaction on the external periclinal wall (Fig. 5F, G, H).
Using tannic acid/ferric chloride to detect mucilage, a positive reaction
was observed in the cell nucleus in undifferentiated (Fig. 5I), pre-
secretory (Fig. 5J) and secretory stages (Fig. 5K). No reaction was ob-
served in the cell nucleus in the senescent stage (Fig. 5L). Reaction
with secretions were observed in all stages.

Histochemical tests for lipid detection using Sudan Black, revealed a
positive reaction with the cuticle and cuticular extracts, with intense
staining in this region in all developmental stages (Fig. 5M, N, O, P).
No lipids were detected in the colleter secretion, however. To detect
starch, an iodine solution was used, but no positive reaction was ob-
served in secretory cells and colleter secretions (Table 1). With potas-
sium dichromate, no phenol was detected in the secretion and
secretory cells of the colleter. The same resultwas shown by cell nucleus
and central axis.
4. Discussion

4.1. Colleter morphology

Morinda citrifolia colleters were characterizedwith lightmicroscopy,
scanning electron microscopy and confocal scanning laser microscopy.
Such tools allowed observation of the colleters at various developmen-
tal stages, including secretion mechanisms. Colleters were found at the
base of the stipule adaxial surface, arranged as single lines. This agrees
with the observations of several authors (Thomas and Dave 1990;
Klein et al. 2004; Pinheiro et al. 2015; Miguel et al. 2016, 2010).



Fig. 5.Morinda citrifolia colleter at various developmental stages, using light microscopy. Material included in historesin (A–M) submitted to histochemical test. Test using XP for proteins
(A, B, C, D); PAS for polysaccharides (E, F, G, H); Ferric chloride/Tannic acid for mucilage (I, J, K, L); Sudan black for total lipids (M, N, O, P). A, Undifferentiated Colleter (Arrowhead). Red
staining indicates positive reaction for proteins. Notice the strongly colored cell nucleus (arrow); B, Colleter at pre-secretory stage, showing strong reaction with secretory cells (SC); C,
Colleter at secretory stage. Positive reaction with secretion (*), cytoplasm and cell nucleus (Arrow); D, Colleter at senescent stage. Observe stained secretory cells (SC) and nucleus
(Arrow) indicating a positive reaction; E, Colleter at undifferentiated stage. Pink staining indicates the presence of polysaccharides, note secretion (*) rich in polysaccharides; F, Colleter
at pre-secretory showing positive reaction with secretory cells (SC); G, Colleter at secretory stage. Positive reaction with secretory cells (SC), secretion (*); H, Colleter at senescent stage.
Strong reactionwith secretory cells. No reactionwas observedwith the cell nucleus; I, Colleter at undifferentiated stage, showing positive reaction onlywith nucleus (Arrow); J, Colleter at
pre-secretory stage showing positive reaction with secretory cells (SC). No reaction was observed with the nucleus K, Colleter at secretory stage. Weak reaction with the cell nucleus
(arrow), however, strong reaction with secretion(*) indicating the presence of mucilage; L, Colleter at senescent stage (SN). No reaction was observed with the cell nucleus (arrow);
M, N, O, P, Positive reaction for lipids at all stages of development of the colleter. Strong reaction with cuticle and cuticular extracts. No reaction was observed with the nucleus and secre-
tion. Bars: A, D, G, J, L – 70 μm; B – 50 μm; C – 40 μm; E, F, H, I, M, O, P – 60 μm.
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The secretion produced in theMorinda citrifolia colleter was translu-
cent, was observed on the stipule base and covered the vegetative apex,
as described in Bathysa gymnocarpa K.Schum. and Bathysa stipulata
(Vell.) C. Presl. (Miguel et al. 2010).

4.2. Colleter anatomy

The standard type of colleters found inMorinda citrifolia is common
in the Rubiaceae, being described in Gardenia lucida Roxb. (Dave et al.,
1988), Simira glaziovii (Klein et al. 2004), Bathysa nicholsonii (Miguel
et al. 2006) and various Rubiaceae species from tropical forest and sa-
vanna (Tresmondi et al. 2015, 2017). In addition to Rubiaceae, these
characteristics were observed in other families such as Apocynaceae
(Rio et al. 2002), Aquifoliaceae (Gonzalez and Tarragó 2009) and
Euphorbiaceae(Martins et al. 2016). The mature and differentiated
colleter has a long central axis and a short peduncle (Miguel et al. 2009).

4.3. Ontogenesis

The development of Morinda citrifolia colleters occurs asynchro-
nously, presenting various stages of development in the same stipules
pair. Other species have the same characteristics, as observed in
Hymenaea stigonocarpa Mart. ex Hayne. (Paiva and Machado, 2006b)
and Tocoyena bullata (Miguel et al. 2016). Different stages of develop-
ment ensure secretion throughout the development of the inflores-
cence, as observed in Dalechampia meridionalis Müll.Arg. (Gagliardi
et al. 2016). Colleter cells at the beginning of development are undiffer-
entiated and of mixed origin, originating from the fundamental tissue
and protoderm (Klein et al. 2004; Paiva and Machado, 2006a).Morinda
citrifolia colleters had the same characteristic. At the beginning of
colleter development, the cells that are going to give rise to protoderm
and the fundamental tissue re still undifferentiated. Both cells at the be-
ginning of development are isodiametric (Klein et al. 2004). In the pro-
toderm, as in the fundamental meristem periclinal and anticlinal
divisions occur forming a lump, that with the development of secretory
structures becomes elongate (Dave et al. 1988). These successive divi-
sions have fundamental importance for cell differentiation, where cells
become specialized. In addition to Rubiaceae, colleters of mixed origin
have been described for Apocynaceae (Appezzato-Da-Glória and
Estelita, 2000). After differentiation, the colleters of Morinda citrifolia
enter the pre-secretory stage.

At the pre-secretory stage, the cells are already differentiated, with a
central axis and secretory epidermis (Vitarelli and Santos 2009; Miguel
et al. 2016). The secretory cells of Morinda citrifolia colleters are turgid
with the secretion occupying most of the cellular content, as has been
observed in other species of Rubiaceae, such as Pentas lanceolata K.



32 S.K. de Paiva Pinheiro et al. / South African Journal of Botany 121 (2019) 26–33
Schum. (Muravnik et al. 2014) and Tocoyena bullata (Miguel et al. 2016).
After the pre-secretory stage, the colleter releases secretion into the ex-
ternal environment.

Colleters in the secretory phase produce a large amount of exudate,
as is their main function, to protect the leaf primordium and young
leaves during their development. This protection function is unanimous
in literature (Thomas 1991; Miguel et al. 2010; Muravnik et al. 2014;
Tresmondi et al. 2015, 2017). The secretion ofM. citrifolia is translucent
and covers the shoot apex, which suggests a mechanism of protection
for meristematic tissue. The accumulation of secretion occurs in the
subcuticular space, causing the cuticle to distend and rupture, which is
a characteristic described by other authors for the Rubiaceae (Dave
et al. 1988; Paiva and Machado, 2006a; Vitarelli et al. 2015; Miguel
et al. 2016), characteristics observed in other families as well as
Fabaceae (Paiva 2009), Orchidaceae (Mayer et al. 2011) and
Rhizophoraceae (Sheue et al. 2013). However, in Morinda citrifolia, an
accumulation of secretions in the subcuticular space was not observed,
as is the case in Psychotria carthagenensis Jacq. (Vitarelli and Santos
2009). The cuticle rupture in Morinda citrifolia occurs in any region of
the colleter, however, in Tocoyena bullata, the secretion accumulates
in the apex causing cuticle pressure, leading to a rupture in this region
(Miguel et al. 2016). After releasing the secretion, colleters enter the se-
nescent stage.

Senescent colleters were characterized by having wrinkled surfaces,
with secretions still present on the surface. At this stage, the vesiculation
of the protoplast occurs, indicating that dictyosomes and endoplasmic
reticulum are producing lytic enzymes, which suggests programmed
cell death (Paiva 2012). At this stage, the formation of the abscission
meristem at the colleter base occurs (Miguel et al. 2016). After the
colleters fall, scars can be observed (Fernandes et al. 2016; Macedo
et al. 2016), a common characteristic observed in Morinda citrifolia. In
Cariniana estrellensis Kuntze (Lecythidaceae), phenolic compounds
were described in abscission area (Paiva 2012), a characteristic not ob-
served in M. citrifolia.

4.4. Histochemical test

Morinda citrifolia produces secretions consisting of many chemical
components. The chemical composition of the colleter secretion is com-
plex, and commonly includes proteins (Klein et al. 2004; Coelho et al.
2013; Mayer et al. 2013; Vitarelli et al. 2015), lipids (Paiva 2009;
Martins et al. 2016) and mucilage (Rio et al. 2002; Machado et al.
2015). In M. citrifolia, proteins are present mainly in secretory cells
and nuclei, with less in the central axis and secretions. In colleters of
Zanthoxylum minutiflorum Tul.(Rutaceae), proteins were described
mainly in the secretory cells (Macedo et al. 2016). In Croton glandulosus
L.(Euphorbiaceae) proteins were observed in the colleter's secretion
(Machado et al. 2015), However in Casearia sylvestris Sw. (Salicaceae),
there were no proteins in the colleter structure nor the secretions
(Fernandes et al. 2016).

Histochemical tests using PAS have revealed that polysaccharides
are common in several species. In Casearia sylvestris (Salicaceae)
polysaccharides were observed in secretory cells and secretions
(Fernandes et al. 2016). In Bathysa cuspidata (Rubiaceae) polysaccha-
rides were observed in secretions and secretory cells (Coelho et al.
2013), as is found in Morinda citrifolia. Polysaccharides and proteins
were found in the secretions and secretory cells of M. citrifolia, whose
function is to protect developing tissues from desiccation and damage
during growth. The same function was reported in Pentas lanceolata K.
Schum. (Rubiaceae) (Muravnik et al. 2014).

The mucilage present in Morinda citrifolia colleters is important for
the protection of developing structures. The hygroscopic nature of mu-
cilage maintains the hydration of meristematic regions (Silva et al.
2012). The chemical composition of mucilage involves a complex mix-
ture of sugars, formed from units of sugar and uronic acid (Bhatia
et al. 2014), however, in Arabidopsis seeds, the compound in the highest
concentration in the mucilage is pectin. Pectin and an acid polysaccha-
ride form a gel in the extracellular matrix (Western et al. 2000).

Structural lipids that were present in the external periclinal wall
reacted strongly with Sudan black. No lipids were detected in the
Morinda citrifolia secretion, however, in colleters of Zanthoxylum
minutiflorum (Rutaceae) lipids were observed in the secretion of the
colleter (Macedo et al. 2016). Starch was not detected in the secretion
ofM. citrifolia colleters. This also occurs in other species such as Bathysa
cuspidata (Rubiaceae) (Coelho et al. 2013) and Dalechampia alata
Klotzsch ex Baill. (Euphorbiaceae) (Martins et al. 2016). Starch consti-
tutes an energy reserve formed in plastids of the higher plants, and is
synthesized in the leaves, where it serves as a temporary carbohydrate
reserve accumulated in the chloroplasts during the day and serving as
the main source for the synthesis of cytosolic sucrose at night
(Vandeputte andDelcour 2004; Tester et al. 2004). Phenolic compounds
were not observed in the secretion of M. citrifolia, a common feature
found in Bathysa cuspidata colleters (Coelho et al. 2013).

5. Conclusions

This paper describes the ontogenesis, maturation andmechanism of
exudate release of Morinda citrifolia colleters. Four developmental
stages of colleters occur simultaneously on stipules, ensuring the
production of secretion during all leaf primordia development. In early
developmental stages of colleters these structures are stipular projec-
tions, formed by protoderm and fundamental parenchyma. After com-
plete development, the secretion passes to the outside of the cell wall
through cuticle rupture.

Declaration of interest

The authors declare that they have no conflict of interest.
Edited by K Balkwill

Acknowledgements

The authors thank Fundação Cearense de Apoio aoDesenvolvimento
Científico e tecnológico (FUNCAP) and Central Analítica-UFC/CT-INFRA/
MCTI-SISANO/Pró-Equipamentos CAPES for the support.

References

Appezzato-Da-Glória, B., Estelita, M.E.M., 2000. Development, structure and distribution
of colleters in Mandevilla illustris and Mandevilla velutina (Apocynaceae).
Revista Brasileira de Botânica 23, 113–120. https://doi.org/10.1590/S0100-
84042000000200001.

Barreiro, D.P., Machado, S.R., 2007. Coléteres dendróides em Alibertia sessilis (Vell.) K.
Schum., uma espécie nao-nodulada de Rubiaceae. Revista Brasileira de Botânica 30,
387–399. https://doi.org/10.1590/S0100-84042007000300005.

Bhatia, N.M., Salunkhe, S.S., Mali, S.S., Gadkari, S.S., Hajare, A.A., Gaikwad, S.V., Karade, R.S.,
2014. Isolation and characterization of mucilage from Lepidium sativum Linn. Seeds.
Der Pharmacia Lettre 6, 65–70.

Cardoso-Gustavson, P., Campbell, L.M., Mazzoni-Viveiros, S.C., Barros, F., 2014. Floral
colleters in Pleurothallidinae (Epidendroideae: Orchidaceae). American Journal of
Botany 101, 587–597. https://doi.org/10.3732/ajb.1400012.

Coelho, V.P.M., Leite, J.P.V., Fietto, L.G., Ventrella, M.C., 2013. Colleters in Bathysa cuspidata
(Rubiaceae): Development, ultrastructure and chemical composition of the secretion.
Flora: Morphology, Distribution, Functional Ecology of Plants 208, 579–590. https://
doi.org/10.1016/j.flora.2012.08.005.

Da Cunha, M., Vieira, R.C., 1993. Anatomia foliar de Psychotria velloziana Benth.
(Rubiaceae). Rodriguésia 49, 39–50.

Dave, Y., Kuriachen, P.M., Thomas, V., 1988. Development, structure and senescence of
colleters in Gardenia lucida Roxb. (Rubiaceae). Acta Societatis 57, 3–7.

Deng, S., Palu, A.K., West, B.J., Su, C.X., Zhou, B.N., Jensen, J.C., 2007. Lipoxygenase inhibi-
tory constituents of the fruits of noni (Morinda citrifolia) collected in Tahiti. Journal
of Natural Products 70, 859–862. https://doi.org/10.1021/np0605539.

Dixon, A.R., McMillen, H., Etkin, N.L., 1999. Ferment this: The transformation of Noni, a
traditional Polynesian medicine (Morinda citrifolia, Rubiaceae). Economic Botany
53, 51–68. https://doi.org/10.2307/4256153.

Fernandes, V.F., Thadeo, M., Dalvi, V.C., Marquete, R., Meira, R.M.S.A., 2016. Colleters in
Casearia (Salicaceae): A new interpretation for the theoid teeth. Botanical Journal
of the Linnean Society 181, 682–691. https://doi.org/10.1111/boj.12432.

Gabe, M., 1968. Techniques histologiques. Masson & Cie, Paris.

https://doi.org/10.1590/S0100-84042000000200001
https://doi.org/10.1590/S0100-84042000000200001
https://doi.org/10.1590/S0100-84042007000300005
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0015
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0015
https://doi.org/10.3732/ajb.1400012
https://doi.org/10.1016/j.flora.2012.08.005
https://doi.org/10.1016/j.flora.2012.08.005
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0030
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0030
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0035
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0035
https://doi.org/10.1021/np0605539
https://doi.org/10.2307/4256153
https://doi.org/10.1111/boj.12432
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0055


33S.K. de Paiva Pinheiro et al. / South African Journal of Botany 121 (2019) 26–33
Gagliardi,K.B., Cordeiro, I.,Demarco,D., 2016.Protectionandattraction:Bractsandsecretory
structures in reduced inflorescences ofMalpighiales. Flora: Morphology, Distribution,
Functional Ecology of Plants 220, 52–62. https://doi.org/10.1016/j.flora.2016.02.003.

Gonzalez, A.M., 1998. Colleters in Turnera and Piriqueta (Turneraceae). Botanical Jounal of
the Linnean Society 128, 215–228.

Gonzalez, A.M., Tarragó, J.R., 2009. Anatomical structure and secretion compounds of
colleters in nine Ilex species (Aquifoliaceae) from southern South America. Botanical
Journal of the Linnean Society 160, 197–210. https://doi.org/10.1111/j.1095-
8339.2009.00969.x.

Hemwimon, S., Pavasant, P., Shotipruk, A., 2007. Microwave-assisted extraction of antiox-
idative anthraquinones from roots of Morinda citrifolia. Separation and Purification
Technology 54, 44–50. https://doi.org/10.1016/j.seppur.2006.08.014.

Jensen, W.A., 1962. Botanical Histochemistry: Principles and Practice. W.H. Freeman and
Company, San Francisco.

Kesonbuaa,W., Chantaranothai, P., 2013. The genusMorinda (Rubiaceae) in Thailand. Sci-
ence Asia 39, 331–339. https://doi.org/10.2306/scienceasia1513-1874.2013.39.331.

Klein, D.E., Gomes, V.M., Da Silva-Neto, S.J., Da Cunha, M., 2004. The structure of colleters
in several species of Simira (Rubiaceae). Annals of Botany 94, 733–740. https://doi.
org/10.1093/aob/mch198.

Krishnaiah, D., Bono, A., Sarbatly, R., Anisuzzaman, S.M., 2015. Antioxidant activity and
total phenolic content of an isolated Morinda citrifolia L. Methanolic extract from
Poly-ethersulphone (PES) membrane separator. Journal of King Saud University - En-
gineering Sciences 27, 63–67. https://doi.org/10.1016/j.jksues.2013.01.002.

Macedo, T.P., Cortez, P.A., Costa, L.C.B., 2016. First record of colleters in Zanthoxylum Linn.
species (Rutaceae Juss ., Sapindales): structural, functional and taxonomic consider-
ations. Flora: Morphology, Distribution, Functional Ecology of Plants 224, 66–74.
https://doi.org/10.1016/j.flora.2016.07.007.

Machado, S.R., Paleari, L.M., Paiva, A.S.E., Rodrigues, T.M., 2015. Colleters on the inflores-
cence axis of Croton glandulosus (euphorbiaceae): structural and functional charac-
terization. International Journal of Plant Sciences 176, 86–93. https://doi.org/
10.1086/678469.

Martins, F.M., Kinoshita, L.S., Castro, M.M., 2010. Coléteres foliares e calicinais de
Temnadenia violacea (Apocynaceae, Apocynoideae): estrutura e distribuição. Revista
Brasileira de Botânica 33, 489–500.

Martins, F.M., Cunha-Neto, I.L., Pereira, T.M., 2016. Floral morphology and anatomy of
Dalechampia alata Klotzsch ex Baill. (Euphorbiaceae), with emphasis on secretory
structures. Brazilian Journal of Biology 76, 233–244.

Mayer, J.L.S., Cardoso-Gustavson, P., Appezzato-Da-Glória, B., 2011. Colleters inmonocots:
New record for Orchidaceae. Flora: Morphology, Distribution, Functional Ecology of
Plants 206, 185–190. https://doi.org/10.1016/j.flora.2010.09.003.

Mayer, J.L.S., Carmello-Guerreiro, S.M.,Mazzafera, P., 2013. A functional role for thecolleters
of coffee flowers. AoB PLANTS 5, 1–13. https://doi.org/10.1093/aobpla/plt029.

Miguel, E.D.C., Gomes, M.V., Oliveira, M.A., Da Cunha, M., 2006. Colleters in Bathysa
nicholsonii K. Schum. (Rubiaceae): Ultrastructure, secretion protein composition,
and antifungal activity. Plant Biology 8, 715–722. https://doi.org/10.1055/s-2006-
924174.

Miguel, E.D.C., Moraes, D.G.D., Da Cunha, M., 2009. Stipular colleters in Psychotria nuda
(Cham. & Schltdl.) Wawra (Rubiaceae): micromorphology, anatomy and cristals mi-
croanalysis. Acta Botanica Brasilica 23, 1034–1039. https://doi.org/10.1590/S0102-
33062009000400013.

Miguel, E.D.C., Klein, D.E., Oliveira, A.M., Da Cunha, M., 2010. Ultrastructure of secretory
and senescence phase in colleters of Bathysa gymnocarpa and Bathysa. stipulata
(Rubiaceae). Revista Brasileira de Botânica 33, 425–436. https://doi.org/10.1590/
S0100-84042010000300006.

Miguel, E.D.C., Da Cunha, M., Miguel, T.B.A.R., Barros, C.F., 2016. Ontogenesis secretion and
senescence of Tocoyena bullata (Vell.) Mart. (Rubiacaeae) colleters. Plant Biology 18,
851–858. https://doi.org/10.1111/plb.12473.

Miguel, E.D.C., Pireda, S., Barros, C.F., Zottich, U., Gomes, V.M., Miguens, F.C., Da Cunha, M.,
2017. Outer cell wall structure and the secretion mechanism of colleters of Bathysa
nicholsonii K. Schum. (Rubiaceae). Acta Botanica Brasilica 31, 411–419. https://doi.
org/10.1590/0102-33062016abb0420.

Muravnik, L.E., Kostina, O.V., Shavarda, A.L., 2014. Development, structure and secretion
compounds of stipule colleters in Pentas lanceolata (Rubiaceae). South African Journal
of Botany 93, 27–36. https://doi.org/10.1016/j.sajb.2014.03.007.

Paiva, E.A.S., 2009. Occurrence, structure and functional aspects of the colleters of
Copaifera langsdorffii Desf. (Fabaceae, Caesalpinioideae). Comptes Rendus Biologies
332, 1078–1084. https://doi.org/10.1016/j.crvi.2009.08.003.

Paiva, E.A.S., 2012. Colleters in Cariniana estrellensis (Lecythidaceae): structure, secretion
and evidences for young leaf protection. The Journal of the Torrey Botanical Society
139, 1–8. https://doi.org/10.3159/TORREY-D-11-00046.1.
Paiva, E.A.S., Machado, S.R., 2006a. Colleters in Caryocar brasiliense (Caryocaraceae) onto-
genesis, ultrastructure and secretion. Brazilian Journal of Biology 66, 301–308 S1519-
69842006000200012.

Paiva, E.A.S., Machado, S.R.M., 2006b. Ontogenesis, structure and ultrastructure of
Hymenaea stigonocarpa (Fabaceae: Caesalpinioideae) colleters. Revista de Biologia
Tropical 54, 943–950.

Pearse, A.G.E., 1980. Histochemistry Theoretical and Applied: Preparative and Optical
Technology. Fourth ed. Churchill Livingstone.

Pinheiro, S.K.P., Sousa, F.X., Medeiros, P.R.L., Miguel, T.B.A.R., Miguel, E.D.C., 2015. Environ-
mental scanning electron microscopy (ESEM) of Morinda citrifolia L. (Rubiaceae)
colleters. Acta Biomédica Brasiliensia 6, 129–140.

Pizzolato, T.D., Lillie, R.D., 1973. Mayer's tannic acid-ferric chloride stain for mucins. The
Journal of Histochemistry and Cytochemistry 21, 56–64.

Rio, M.C.S., Castro, M.M., Kinoshita, L.S., 2002. Distribuição e caracterização anatômica dos
coléteres foliares de Prestonia coalita (Vell.) Woodson (Apocynaceae). Revista
Brasileira de Botânica 23, 339–349.

Robbrecht, E., 1988. Tropical woody Rubiaceae. Characteristic fratures and progressions.
Contributions to a new subfamilial classification, first ed Opera Botanica Belgica,
Belgica.

Sheue, C.R., Chesson, P., Chen, Y.J., Wu, S.Y., Wu, Y.H., Yong, J.W.H., Yang, Y.P., 2013. Com-
parative systematic study of colleters and stipules of Rhizophoraceae with implica-
tions for adaptation to challenging environments. Botanical Journal of the Linnean
Society 172, 449–464. https://doi.org/10.1111/boj.12058.

Silva, C.J., Barbosa, L.C.D.A., Marques, A.E., Baracat-Pereira, M.C., Pinheiro, A.L., Meira,
R.M.S.A., 2012. Anatomical characterisation of the foliar colleters in Myrtoideae
(Myrtaceae). Australian Journal of Botany 60, 707–717. https://doi.org/10.1071/
BT12149.

Simões, A.O., Castro, M.D.M., Kinoshita, L.S., 2006. Calycine colleters of seven species of
Apocynaceae (Apocynoideae) from Brazil. Botanical Journal of the Linnean Society
152, 387–398. https://doi.org/10.1111/j.1095-8339.2006.00572.x.

Tester, R.F., Karkalas, J., Qi, X., 2004. Starch— Composition, fine structure and architecture.
Journal of Cereal Science 39, 151–165. https://doi.org/10.1016/j.jcs.2003.12.001.

Thomas, V., 1991. Structural, functional and phylogenetic aspects of the colleter. Annals of
Botany 68, 287–305.

Thomas, V., Dave, Y., 1989. Histochemistry and senesence of colleters of Allamanda
cathartica (Apocynaceae). Annals of Botany 64, 201–203.

Thomas, V., Dave, Y., 1990. Structure and necrosis of stipular colleters in Mitragyna
parvifolia (Rubiaceae). Belgian Journal of Botany 123, 67–72.

Tresmondi, F., Nogueira, A., Guimarães, E., Machado, S.R., 2015. Morphology, secretion
composition, and ecological aspects of stipular colleters in Rubiaceae species from
tropical forest and savanna. The Science of Nature 102, 73. https://doi.org/10.1007/
s00114-015-1320-5.

Tresmondi, F., Canaveze, Y., Guimarães, E., Machado, S.R., 2017. Colleters in Rubiaceae
from forest and savanna: The link between secretion and environment. The Science
of Nature 104, 17. https://doi.org/10.1007/s00114-017-1444-x.

Tullii, C.F., Miguel, E.D.C., Gomes, V.M., 2013. Characterization of stipular colleters of Alseis
pickelii. NRC Research Press 413, 403–413.

Vandeputte, G.E., Delcour, J.A., 2004. From sucrose to starch granule to starch physical be-
haviour: a focus on rice starch. Carbohydrate Polymers 58, 245–266. https://doi.org/
10.1016/j.carbpol.2004.06.003.

Vidal, B.C., 1970. Dichroism in collagen bundles stained with xylidine ponceau. Ann
Histoch 15, 289–296.

Vitarelli, N.C., Santos, M., 2009. Anatomia de estípulas e coléteres de Psychotria
carthagenensis Jacq. (Rubiaceae). Acta Botanica Brasilica 23, 923–928. https://doi.
org/10.1590/S0102-33062009000400002.

Vitarelli, N.C., Riina, R., Caruzo, M.B.R., Cordeiro, I., Fuertes-Aguilar, J., Meira, R.M.S.A.,
2015. Foliar secretory structures in Crotoneae (Euphorbiaceae): Diversity, anatomy,
and evolutionary significance. American Journal of Botany 102, 833–847. https://
doi.org/10.3732/ajb.1500017.

Wang, M.Y., West, B.J., Jensen, C.J., Nowicki, D., Su, C., Palu, A.K., Anderson, G., 2002.
Morinda citrifolia (Noni): A literature review and recent advances in Noni research.
Acta Pharmacologica Sinica 23, 1127–1141.

Western, T.L., Skinner, D.J., Haughn, G.W., 2000. Differentiation of mucilage secretory cells
of the Arabidopsis seed coat. Plant Physiology 122, 345–356. https://doi.org/10.1104/
pp.122.2.345.

Zin, M.Z., Abdul-Hamid, A., Osman, A., 2002. Antioxidant activity of extracts from
Mengkudu (Morinda citrifolia L.) root, fruit, and leaf. Food Chemistry 78, 227–231.
https://doi.org/10.1016/S0308-8146(01)00402-2.

https://doi.org/10.1016/j.flora.2016.02.003
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0065
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0065
https://doi.org/10.1111/j.1095-8339.2009.00969.x
https://doi.org/10.1111/j.1095-8339.2009.00969.x
https://doi.org/10.1016/j.seppur.2006.08.014
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0080
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0080
https://doi.org/10.2306/scienceasia1513-1874.2013.39.331
https://doi.org/10.1093/aob/mch198
https://doi.org/10.1093/aob/mch198
https://doi.org/10.1016/j.jksues.2013.01.002
https://doi.org/10.1016/j.flora.2016.07.007
https://doi.org/10.1086/678469
https://doi.org/10.1086/678469
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0110
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0110
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0110
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0115
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0115
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0115
https://doi.org/10.1016/j.flora.2010.09.003
https://doi.org/10.1093/aobpla/plt029
https://doi.org/10.1055/s-2006-924174
https://doi.org/10.1055/s-2006-924174
https://doi.org/10.1590/S0102-33062009000400013
https://doi.org/10.1590/S0102-33062009000400013
https://doi.org/10.1590/S0100-84042010000300006
https://doi.org/10.1590/S0100-84042010000300006
https://doi.org/10.1111/plb.12473
https://doi.org/10.1590/0102-33062016abb0420
https://doi.org/10.1590/0102-33062016abb0420
https://doi.org/10.1016/j.sajb.2014.03.007
https://doi.org/10.1016/j.crvi.2009.08.003
https://doi.org/10.3159/TORREY-D-11-00046.1
http://doi.org//S1519-69842006000200012
http://doi.org//S1519-69842006000200012
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0175
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0175
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0175
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0180
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0180
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0185
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0185
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0185
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0190
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0190
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0195
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0195
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0195
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0200
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0200
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0200
https://doi.org/10.1111/boj.12058
https://doi.org/10.1071/BT12149
https://doi.org/10.1071/BT12149
https://doi.org/10.1111/j.1095-8339.2006.00572.x
https://doi.org/10.1016/j.jcs.2003.12.001
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0230
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0230
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0235
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0235
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0240
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0240
https://doi.org/10.1007/s00114-015-1320-5
https://doi.org/10.1007/s00114-015-1320-5
https://doi.org/10.1007/s00114-017-1444-x
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0255
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0255
https://doi.org/10.1016/j.carbpol.2004.06.003
https://doi.org/10.1016/j.carbpol.2004.06.003
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0265
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0265
https://doi.org/10.1590/S0102-33062009000400002
https://doi.org/10.1590/S0102-33062009000400002
https://doi.org/10.3732/ajb.1500017
https://doi.org/10.3732/ajb.1500017
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0280
http://refhub.elsevier.com/S0254-6299(18)31080-9/rf0280
https://doi.org/10.1104/pp.122.2.345
https://doi.org/10.1104/pp.122.2.345
https://doi.org/10.1016/S0308-8146(01)00402-2

	Ontogenesis and secretion mechanism of Morinda citrifolia L. (Rubiaceae) colleters
	1. Introduction
	2. Material and methods
	2.1. Plant material
	2.2. Scanning electron microscopy
	2.3. Light microscopy
	2.4. Confocal scanning laser microscopy

	3. Results
	3.1. Morinda citrifolia morphology
	3.2. Colleter anatomy
	3.3. Ontogenesis
	3.4. Histochemical tests

	4. Discussion
	4.1. Colleter morphology
	4.2. Colleter anatomy
	4.3. Ontogenesis
	4.4. Histochemical test

	5. Conclusions
	Declaration of interest
	Acknowledgements
	References


