
















Figure 7. Transmission electron micrographs of Catuaı́ colleters. (A–F) Colleters in the secretory stage; (G and H) colleters close to senescence.
(A) Secretory palisade epidermis (sp): note the dense cytoplasm, large nucleus (n), cuticle (ct) displacement and subcuticular space with
exudate (*) and intercellular space (is); (B, C and E) details showing small vacuoles (v), vacuoles with an inner membrane system (ims), dictyosomes
(d), plastids (p), lipid vesicles (lv), mitochondria (m) and rough endoplasmic reticulum (er); note in (D) the wide subcuticular space with heteroge-
neous exudate; note in (F) that the non-secretory parenchyma cell axis accumulates phenolic compounds; (G) secretory palisade epidermis close
to senescence: note that the vacuoles increase in size and fuse; (H) the cytoplasm of these secretory cells consists of a thin peripheral layer close to
the cell wall (cw): note the endoplasmic reticulum parallel to the plasma membrane (arrows). Scale bars: A ¼ 5 mm; B ¼ 500 nm; C, E and
H ¼ 1 mm; D ¼ 2 mm, F and G ¼ 10 mm.
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humidity and may dehydrate. We suggest here that the
colleter exudate in coffee also functions to keep the
petals united, acting as an adhesive, by ‘sealing’ the bud.
Once closed, the flowers may be partially protected from
dehydration. In Decaffito, the petals are freed due to the
lack of exudate. They also lose water from the external
surface due to the presence of many stomata (see
Fig. 4G), which may cause differential tension between
the internal and external cell surfaces, forcing the petals
to curve and open precociously (see Fig. 1A) before
flower development is complete and when the flowers
are still dormant. At the beginning of the rainy season, in

September/October, the dormancy is broken and anthesis
occurs after 10–12 days of the first rain (Majerowicz and
Söndahl 2005). This is observed for both Catuaı́ and Decaf-
fito, whose flowers are smaller than those of the former,
most likely as a consequence of dehydration stress during
the dry season (Fig. 1B). Thus, considering that Catuaı́ and
Decaffito flowers differ regarding the presence of exudate,
the Decaffito flowers provide functional proof of the role
of colleters in protecting coffee flowers from dehydration
and controlling their opening.

The histochemical evaluation showed that the differ-
ence in composition of the exudate of Catuaı́ and Decaffito

Figure 8. Transmission electron micrographs of Decaffito colleters. (A) Secretory palisade epidermis (sp) in the secretorystage; note the cuticle (ct)
displacement and subcuticular space with exudate (*) and intercellular space (is); (B) details of the cell wall (cw) of secretory cells and exudate;
(C and D) cross-section of the secretory cell: note the completely disorganized cytoplasm; (D) details of the centre of the secretory cell: note
that no intact organelles were observed; only cytoplasm darkening was observed; (E) longitudinal section of the secretory cell: note the
exudate inside (arrows) and outside (*) the cell and vacuoles (v); note in (F) the normal non-secretory parenchyma cell axis for the nucleus (n),
plastids (p) and large vacuole (v). Scale bars: A and F ¼ 10 mm; B and D ¼ 1 mm; C ¼ 2 mm; E ¼ 5 mm.
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was the absence of alkaloids in the latter, as would be
expected given that Decaffito was selected for low caf-
feine content after sodium azide mutagenesis. The
marked detection of caffeine in Catuaı́ is in agreement
with chemical analysis, which showed that the caffeine
content in the coffee flowers is among the highest of the
different parts of the coffee tree (Hamidi and Wanner
1964; Raju and Gopal 1979).

The histochemical tests also revealed that the exudate
composition was highly heterogeneous and complex.
Polysaccharides, pectic substances, alkaloids, proteins
and lipophilic substances were detected. Complex poly-
saccharide polymers of high molecular mass seem to
play a role as an adhesive to aid in seed dispersion by
fixing them to animals and by helping carnivorous plants
to capture insects or to lubricate the root apex and facili-
tate interaction with microorganisms (Fahn 1988 and
references therein). Additionally, the hydrophilic charac-
teristics of these polymers seem to assist in maintaining
appropriate humidity levels in the meristem and develop-
ing organs during dry periods, when soil water content
and air humidity are low and temperatures are high
(Kronestedt-Robards and Robards 1991; Paiva 2009). On
the other hand, the colleter exudate is insoluble in water,
which is most likely related to the lipid-like substances,
produced to prevent water loss (Thomas and Dave 1989).
The Catuaı́ exudate showed intense colouration for lipids.
Kronestedt-Robards and Robards (1991) suggested that
these substances could also inhibit the development of
pathogenic microorganisms. Similarly, Paiva and Machado
(2006a) suggested that proteins found in the exudate of
colleters of C. brasiliense may have an anti-pathogenic
function because they found enzyme activities related to
chitinases and b-1,3-glucanases, which are usually
related to protection against pathogens (Goy et al. 1992;
Giannakis et al. 1998). The presence of protein in the
exudate of colleters has also been related to the protection
of meristems (Klein et al. 2004; Gonzalez and Tarragó 2009)
but without a defined function. Although controversial
(Guerreiro Filho and Mazzafera 2000, 2003), caffeine has
been suggested to protect plants against insect attack
(Nathanson 1984). However, it is noteworthy that at any
time point, the Decaffito flowers were not observed as
more likely to be under attack by insects or microorganisms
than Catuaı́ or any other known C. arabica cultivar or coffee
species containing caffeine (P. Mazzafera, pers. observ.),
which suggests that, at least in coffee, the caffeine in the
exudate from colleters does not have a function related to
pest or pathogen protection.

The exudate covering the Catuaı́ flowers is mainly com-
posed of polysaccharides and pectic compounds, which in
turn seems to explain the presence of numerous dictyo-
somes in the secretory cells. Proteins were also densely

stained. The secretion of protein–carbohydrate mucilage
indicates participation of the Golgi complex and amylo-
plasts as well as the rough endoplasmic reticulum in the
release process (Fahn 1988; Evert 2007). Amyloplasts are
abundant in nectariferous tissue (Fahn 1988). They can
act as organelles for the storage of substances necessary
for the synthesis of the polysaccharide component of the
nectar (Rachmilevitz and Fahn 1973; Nepi et al. 1996).

Epidermal cells of the colleters of Catuaı́ showed normal
and common characteristics of secretory structures, with
an evident nucleus, dense cytoplasm, various dictyo-
somes and mitochondria. However, the secretory cells of
Decaffito did not show any distinguishable organelles,
not even the nucleus, but only a darkened cytoplasm. In
these cells, the exudate is produced in lower amounts
than in Catuaı́, and it is not secreted.

The exudate produced in Catuaı́ and Decaffito accumu-
lates in subcuticular and intercellular spaces. Paiva and
Machado (2006b) and Appezzato-da-Gloria and Estelita
(2000) argued that such subcuticular spaces are formed
by dissolution of the middle lamella due to enzyme activ-
ities along the anticlinal walls of the epithelial cells. Such
processes increase the surface area from which the
exudate is released as well as the space in which it can
accumulate. Rupture of the cuticle by an increase in pres-
sure caused by exudate accumulation in the subcuticular
space has been observed in the colleters of other species
of Rubiaceae (Thomas and Dave 1990), Caryocaraceae
(Paiva and Machado 2006a) and Apocynaceae (Thomas
and Dave 1989), which strongly suggests an absence of
pores in the cuticle to facilitate exudate release.

Like any other secretory structure, colleters senesce
after a secretory phase in which marked anatomical and
ultrastructural alterations occur (Dickinson 2000). In the
colleters of Catuaı́, the main alteration observed with sen-
escence was the state of the cytoplasm, from dense to less
dense, and an enlargement of the vacuole. During the sen-
escing phase of the colleters of B. nicholsonii, the secretory
cells showed a disorganized system of endomembranes,
and it was not possible to distinguish organelles, suggest-
ing programmed cell death (Miguel et al. 2010). We could
not visualize or distinguish any structural organization
inside the secretory cells of the colleters of Decaffito
in any phase. We speculate that such an occurrence
is most likely related to a precocious programmed cell
death process.

Conclusions
The Decaffito plants have very low caffeine content in all
tissues, and this characteristic is profoundly associated
with precocious flower opening (Borrell 2012; P. Mazzafera,
unpubl. res.). Similar to natural mutants of C. arabica
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(Silvarolla et al. 2004), Decaffito plants accumulate theo-
bromine, indicating a metabolic blockade of the last step
of caffeine biosynthesis (Mazzafera et al. 2009). Although it
is still not clear what controls caffeine biosynthesis in
Decaffito coffee mutants, the associated and undesirable
precocious flower opening characteristic provides the first
functional proof of the role of colleters and their exudate in
protecting flowers against exposure to dry atmospheres
and acting as an adhesive to keep the petals united until
anthesis. Additionally, although not reported here, we
observed a lack of exudate on leaf buds, suggesting
that the mutation in Decaffito might also affect the
productionandreleaseofexudate inthecolleters indifferent
plant organs.
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