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Abstract

Secretory trichomes and colleters are two of the secretory structures whose exudates may cover the body of the plant. Such
secretions comprise resins or mucilages which are associated with an array of ecological roles. In Rosaceae, secretory tri-
chomes have been reported for the leaves while colleters associated with leaf teeth. Our study aimed to identify the secretory
structures of Rosa lucieae and understand the ecological role played by these glands as interpreted by morphoanatomical
and histochemical studies. Samples from developing and fully mature leaves were collected, fixed, and processed according
to usual techniques for light and scanning electron microscopy. In R. lucieae, colleters are restricted to the leaf and stipular
margins and are associated with the teeth. They present a parenchymatous axis surrounded by a secretory palisade epidermis
and usually fall off after the secretory activity is finished. Different from colleters, secretory trichomes are persistent. They
present a multicellular secretory head and stalk. They are found at the base of the leaflet, petiolule, rachis, and petiole and
occasionally on the stipular and leaf margins. The colleters predominantly secrete mucilages while the secretory trichomes
secrete lipids and terpenes, both via cuticle rupture. The secretory activity of colleters is predominant in the leaf primordia,
holding leaflets together and protecting meristems and leaves from desiccation, while the secretory trichomes maintain
their secretory activity at different stages of leaf development, protecting different regions of the leaf against pathogens and
herbivores.
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Introduction

Plant secretions are most of the time complex compounds as
they may be composed of a great diversity of both second-
ary and primary metabolites and are responsible for play-
ing an array of ecological roles (Fahn 1979; Roshchina and
Roshchina 1993; Prado and Demarco 2018). Sticky secre-
tions are widely spread in plants and may include resins,
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mucilage, or even a mixture of both compounds (Paiva
2009; Meira et al. 2014; Dattilo et al. 2015; Macédo et al.
2016; Sadala-Castilho et al. 2016; Demarco 2017; Sanchez-
Séanchez and Morquecho-Contreras 2017).

Plant resins are mostly composed of volatile and non-
volatile high-molecular terpenoids (i.e., in a broad sense as
to include terpenes) as well as flavonoids and lipids (Dell
and McComb 1979; Roshchina and Roshchina 1993). Their
terpene composition differs from that of essential oils as
essential oils contain low-molecular mass terpenoids with
monoterpenoid being the most representative molecule (up
to 90%) (Roshchina and Roshchina 1993; Bakkali et al.
2008; Markus Lange and Turner 2013; Herman et al. 2019).
Resins serve a variety of functions in plants, including her-
bivore deterrence, pollinator attraction, and preventing the
invasion of insects, fungi, and bacteria into the leaf (Dell
and McComb 1979; Roshchina and Roshchina 1993; Lerdau
et al. 1994; Paré and Tumlinson 1999; Langenheim 2003;
Sénchez-Sinchez and Morquecho-Contreras 2017).
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Mucilages are complexes of water-soluble acid and/or
neutral polysaccharide polymers of high molecular weight
(Fahn 1988). They have a wide distribution in plants, form-
ing colloidal solutions (hydrocolloids) that in contact with
water become viscous (Patten et al. 2010; Calle et al. 2021).
They may be involved in plant protection against excessive
sunlight, in anti-herbivore strategies, in the capture of insects
by carnivorous plants, and many others (Fahn 1979; Baas
and Gregory 1985; Roshchina and Roshchina 1993; Paiva
2009; Patten et al. 2010; Krimmel and Pearse 2013; Tres-
mondi et al. 2017; Caperta et al. 2020; Calle et al. 2021).

Both resins and mucilages may become sticky and in
plants and apart from ducts and cavities, two secretory
structures are commonly related to the production of such
substances: glandular trichomes and colleters (Dell and
McComb 1979; Fahn 1979; Wagner 1991; Roshchina and
Roshchina 1993; Langenheim 2003; Paiva and Martins
2011; Chin et al. 2013; Meira et al. 2014; Coutinho et al.
2015; Costa et al. 2020). Most types of glandular trichomes
found all over the plant body are an important source of
lipophilic substances such as lipids, waxes, essential oils,
and resins (Maffei et al. 1989; Wagner 1991; Tozin and
Rodrigues 2019; Muravnik 2020). These lipophilic secret-
ing trichomes are often involved in the protection of plants
against herbivores and pathogens (Fahn 1979; Roshchina
and Roshchina 1993).

On the other hand, colleters are secretory structures that
produce a sticky secretion mainly composed of mucilages
or a mixture of mucilages and terpenoids (Fahn 1979, 1990;
Thomas 1991; Klein et al. 2004; Miguel et al. 2006; Dalvi
et al. 2014). Colleters act as lubricating and protecting
shoots and buds against dehydration (Mayer et al. 2013).

Although predominant on the basal adaxial side of stipules,
leaf blades, bracts, calyx, and corolla (Thomas 1991; Mayer
et al. 2011; Coutinho et al. 2015; Macédo et al. 2016), recent
studies have highlighted the presence of colleters associated
with leaf teeth in different groups of plants (Gonzalez and
Tarrag6 2009; Paiva 2012a; Chin et al. 2013; Mercadante-
Simoes and Paiva 2013; Vitarelli et al. 2015; Fernandes et al.
2016; Meira et al. 2020; Rios et al. 2020; Silva et al. 2022).

Both secretory trichomes (Hashidoko et al. 2001; Faghir
et al. 2011; Adumitresei and Gostin 2016; Chwil and
Kostryco 2020) and colleters (Chin et al. 2013; Kumachova
et al. 2021; Silva et al. 2022) have been found on leaves of
Rosaceae Juss. For the genus Rosa L., although the ana-
tomical studies have focused on secretory trichomes found in
floral parts (Caissard et al. 2006; Sulborska and Weryszko-
Chmielewska 2014; Wang et al. 2019), trichomes on vegeta-
tive parts have also been described such as those curiously
found on the prickles (Zhou et al. 2021) or the ones found
on the leaves and stems (Wang et al. 2021).

Thus, given the different functions attributed to sticky
secretions and the occurrence of glandular trichomes and
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colleters in Rosaceae species, our study aimed to use Rosa
lucieae Franch. & Rochebr. ex Crép as a model to under-
stand the ecological role played by the leaf glands found in
Rosa as interpreted by the morphoanatomical characteriza-
tion of such glands as well as the histochemical nature of
their secretion in accordance with the life leaf span.

Material and methods
Plant material

A population of R. lucieae being cultivated on the campus
of the Instituto Federal de Educag@o, Ciéncia e Tecnologia
Goiano, campus Rio Verde (State of Goids, Brazil), Brazil
(17°48'15”S, 50°5424” W, 750 m asl), was used for collec-
tion of plant material. Flowering branches were collected,
dried, and deposited in the collection of the herbarium at the
Instituto Federal Goiano, campus Rio Verde, Goias, Brazil
(IFRV 1256).

Samples of leaf primordia and expanded leaves (Fig. 1)
were fixed in FAA (formalin:acetic acid:70% ethanol, 1:1:18
by volume) for 48 h, and later dehydrated and stored in 70%
ethanol (Johansen 1940). The sampling included the leaflet
margins, petiolule, rachis, stipules (adnate to the petiole),
and petiole. Photographs were made on Bel Photonix ster-
eomicroscope (WF10X, China).

Light microscopy and histochemistry

For evaluating the presence and distribution of the glands
on the leaf, samples from the material stored in 70% ethanol
were cleared with 10% commercial sodium hydroxide and
20% sodium hypochlorite, stained with 0.1% basic fuchsin
in 50% ethanol (Foster 1949, modified), dehydrated, and
mounted with synthetic resin (Permount, Fisher Scientific,
NJ, USA).

For the anatomical characterization, samples from the
material stored in 70% ethanol were either dehydrated in
an ethyl series for embedding in glycol methacrylate resin
(Leica Instruments, Heidelberg, Germany) following the
manufacturers recommendation. Alternatively, part of the
material was dehydrated in a tert-butyl series for paraffin
embedding (Johansen 1940) (i.e., paraffin added of dimethyl
sulfoxide; Histosec Merck, Darmstadt, Germany). Cross,
transversal, and paradermal sections at 5—7 pm thick from
material embedded either in paraffin or resin were obtained
using the rotary microtome (Model 1508R, Logen Scientific,
China).

The sections from the resin-embedded material were
stained with toluidine blue at pH 4.7 (O’Brien et al. 1964)
and mounted with synthetic resin (Permount, Fisher Scien-
tific, NJ, USA). The sections from the paraffin-embedded
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Fig. 1 Morphological char-
acterization of the leaves and
colleters of Rosa lucieae as
observed under the stereomi-
croscope (a, e, f, h, i) and in
the field (b—d, g). a Translucent
glands on the stipule margins
(black circles). b Young leaflets
with reddish margins. ¢ Leaflets
with sealed margins due to
colleter exudates. d Expanding
leaflet with colleters associated
with the teeth (white circles). e
Secretion (exudates) droplet (se)
produced by colleters. f Note
the sticky aspect of the secretion
(se). g Expanded leaflets. h
Detail of the colleter exudates
on an expanded leaflet. i Black-
ish color of colleters (black cir-
cles) on fully expanded leaflets

material were subjected to histochemical tests including
Xylidine Ponceau for proteins (O’Brien and McCully 1981)
and Sudan III for structural lipids (Pearse 1980). The slides
were mounted with synthetic resin (Permount, Fisher Sci-
entific, NJ, USA) or water. The histochemical tests for total
lipids with Sudan III (Pearse 1980) or with neutral red as
a fluorophore (Kirk 1970) and for essential oils or oil-res-
ins with NADI (David and Carde 1964) were performed
in hand-sectioned fresh material. Tests with ruthenium red
for pectins (Johansen 1940) and periodic acid-Schiff (PAS)
for the detection of total polysaccharides (McManus 1948)
were carried out in both fresh and embedded materials.

Simimi =

Observations were made on a light microscope (Leica
DMS500, Heerbrugg, Switzerland) while photographs on an
Olympus photomicroscope (BX61, Tokyo, Japan) equipped
with an image capture system (DP-73 camera).

Scanning electron microscopy

For the micromorphological study, fragments of the leaflet
margins, petiolule, rachis, and stipules stored in 70% etha-
nol were dehydrated in an increasing ethanol series up to
100% ethanol, and dried at critical point with CO, (Bozzola
and Russel 1992) (Autosamdri®, 815, Series A, Tousimis
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Research Corporation, Rockville, MD 20852, USA). The
samples were mounted on stubs using double-sided tape and
coated with gold (25 nm) in a Denton Vacuum (Desk V,
Denton Vacuum LLC, Moorestown, NJ, USA). Observations
and photographs were performed using a scanning electron
microscope (Jeol, JISM — 6610, Tokyo, Japan) equipped with
an energy-dispersive X-ray spectroscopy (EDS Thermo sci-
entific NSS Spectral Imaging, Tokyo, Japan).

Results

Two distinct secretory structures were found on the leaves
of R. lucieae: colleters and secretory trichomes, which dif-
fered on the distribution and timing of the secretory activity.

Colleters Colleters were found at the margins of the stipules
and leaflets (Fig. 1). The color of the gland and texture of
the timing of secretion varied in accordance with the leaf
development (Fig. 1). In the leaf primordia, colleters were
translucent, as observed on the stipule margins (Fig. 1a), but
soon acquired a reddish color (Fig. 1b), as red as the leaflet
margins (Fig. 1c—f). At this stage, colleters produced trans-
parent sticky exudates (Fig. 1e) which kept their margins
sealed and held the leaflets closed (Fig. 1b, ¢). Exudates in
fully expanded leaves (mature leaves) become solid (Fig. 1g,
h) if found at all on the colleters, while the colleters them-
selves turned brownish or blackish (Fig. 11).

Colleters were found on the leaflet basal portion (Fig. 2a),
between the teeth, and in the margins associated to the teeth
(Fig. 2b, c). On young leaves, when teeth were not fully
developed, colleters formed a continuous gland-teeth struc-
ture, being distinguished only by a constriction placed at
the end of the teeth and beginning of the colleter (Fig. 2b).
As the teeth developed and become bigger and longer, the
constriction turned more evident, marking the end of the
teeth, and beginning of the gland (Fig. 2c, d).

Throughout the teeth, a higher number of stomata were
observed (Fig. 2e), making the epidermis on the teeth quite
different from the remaining leaflet blade. Cuticle rupture
(Fig. 2e, f) was found as a way to release the secretion to
the outer side of the colleters. Older colleters withered, and
therefore, their surface becomes wrinkled (Fig. 2g—i). At this
stage, bacteria were found on the colleter exudates (Fig. 2j).

The secretory portion of the colleters was composed of
a parenchymatous central axis surrounded by a uniseriate
palisade (Fig. 3a, b) covered by a thick cuticle (Fig. 3c).
Calcium oxalate crystals, druses, were found on the par-
enchymatous central axis (Fig. 3d). Colleter secretion (still
within the colleter) and exudates (on the outer side) were
composed of total polysaccharides (Fig. 3d) and pectins
(Fig. 3e), as shown by the PAS test and ruthenium red,
respectively. Other compounds such as total lipids (Fig. 3f),
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terpenes (Fig. 3g), and proteins (Fig. 3h) were found in the
secretion and exudates. The chemical nature of the secretion
for all colleters, that is, on the teeth tip, between the teeth,
or at the base of the leaflet, was the same. On older fully
expanded leaves, accumulation of phenolic compounds on
the central parenchymatous axis and basal area of colleters
was observed, marking the abscission area (Fig. 3i).

Secretory trichomes Secretory trichomes were found at dif-
ferent areas on the leaves (Figs. 4, 5, and 6). They are unu-
sual between the leaflet teeth (Fig. 4a) and at the leaflet basal
area (Fig. 5a) but were commonly found on the petiolule
(Figs. 4b and 5b—d), rachis (Fig. 4c), stipules (Figs. 4d and
5e), and petiole (Fig. 4e) and on the abaxial side of the leaf-
let and midvein. Secretory trichomes exhibited the same pat-
tern of color as observed for the colleters, that is, translucent
when young, becoming later reddish and then turning red
(Fig. 4a). However, strikingly different from the colleters,
they kept red in fully expanded leaves. Sticky exudates were
produced by the secretory trichome (Fig. 4d—f).

The secretory trichomes presented a round to oval secre-
tory head and a stalk (Figs. 5 and 6). The head multicellular
(Fig. 6a, b) is covered by a cuticle and the stalk is multicel-
lular (Fig. 6a, b). Trichomes were persistent on leaves and
were developed early, so they were fully formed even in the
leaflet primordia, and, different from colleters, kept their
secretory activity even in adult leaves (Fig. 5e).

Total lipids (Fig. 6b) and terpenes (Fig. 6¢) were found in
the exudates while total polysaccharides (Fig. 6d, e), pectins
(Fig. 6g), and proteins (Fig. 6h) were absent. It is interesting
to notice that such compounds were found within the secre-
tory head but not in the exudates (Fig. 6d, e, g, h). Cuticle
rupture was observed at the very apex of the secretory head,
in its central area (Fig. 6e, f).

Discussion
Gland classification and systematic implications

Based on the morphoanatomical analyses and histochemical
study of the secretion along with its characteristics through-
out the leaf development, the secretory structures present at
the leaflet teeth apex in Rosa lucieae are characterized as
colleters. In R. lucieae, colleters are responsible for secret-
ing small translucent secretion drops which could be easily
mistaken for water drops such as those observed in the gut-
tation process.

Reports of hydathodes or just the guttation process
are common for all three subfamilies of Rosaceae (Belin-
DePoux 1969; Lersten and Curtis 1982; Curtis and Lersten
1986; Donnelly and Skelton 1989; Appezzato-da-Gléria and
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Fig.2 Micromorphology of the
leaf colleter in Rosa lucieae. a
General view of the colleters
found on the leaflet basal por-
tion (white circles). b Detail of
a young leaflet margin showing
colleters associated with the
very tip of the leaf teeth (white
arrows). Note the gland-tooth
continuous formed by the asso-
ciation of colleters to leaf teeth.
¢ Leaf margin of an expanded
leaflet with colleters at the tip of
the teeth (white circles). d Note
the constriction (white arrow-
head) between the leaf tooth
and colleter. e Stomata (black
circles) along the leaf tooth and
cuticular rupture at the colleter
apex (black arrowhead). f
Cuticular rupture (ct) showing
the secretion release (se) to the
outer side. g Withered colleter
with exudates (white arrow)

on fully expanded leaflet. h, i
Detail of the wrinkled surface
of a colleter. j Bacteria (ba) on
the surface of a colleter found
on fully expanded leaflet

100-um

Stalder-Miranda 1991). However, this is the first record of
colleters, associated with the leaf teeth for the subfamily
Rosoideae. An easy way to differentiate the colleter exudates
from guttation drops is the fact that colleter exudates in R.
lucieae are sticky while guttation drops are not. Colleters
on the leaf teeth were indeed reported for Prunus spp. (Chin
et al. 2013) and Rhaphiolepis loquata (formerly Eriobot-
rya japonica) (Silva et al. 2022), genera belonging to the
subfamily Amygdaloideae. Colleters in Rosoideae were
reported on the stem and midrib for a newly described spe-
cies, Rubus alutaceus B. Moreno, Casierra & Albesiano
(Moreno-Medina et al. 2020).

The rosoid teeth present in the Rosaceae family are char-
acterized by the widening of vascularization towards its
apex, and as showed in our results, stomata are commonly
placed on teeth. Therefore, bearing in mind that the colleter
associated with the teeth in Rosa sp. may fall off in the adult
leaves, as per abscission zone observed in our study, the
presence of a vascularized leaf tooth bearing stomata could
easily be mistaken for a hydathode. In the past decade, sev-
eral studies have reevaluated the presence or classification of
glands associated with the leaf tooth glands in several plant
families and proved that different types of glands may be
associated with the leaf teeth (Chin et al. 2013; Fernandes
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Fig. 3 Morphoanatomical and
histochemical characterization
of the colleters found in Rosa
lucieae. a Detail of a leaflet
margin showing colleter (co)
associated with of the tooth (to).
b Standard type colleter with
a palisade secretory epidermis
(ep) and parenchymatous central
axis (ca) stained with Toluidine
blue. ¢ Detail of the thick cuti-
cle (white arrow) stained with
Sudan III. Note the secretion
(se) accumulated under the cuti-
cle. d PAS staining of colleter vt
showing the‘ presence of total 100 I-"m:
polysaccharides (se) as shown - s
by the magenta color. Note the
oxalate crystals (druses) in the
parenchymatous central axis
(white arrow). e Ruthenium
red test indicating the pres-
ence of pectins (red-dark pink
staining) in the secretion (se). f
Neutral red under fluorescence ¥ i
£
indicating the presence of total \ ’.
lipids—yellowish fluorescence. D A
g NADI reagent showing the 'ﬁ ’ ‘
presence of terpenes (blue S0/
color). h Total proteins as '
indicated by red color as a result 3
of the Xylidine Ponceau test. i
Dark brown color showing the
presence of phenolic com-
pounds at the colleter abscission
zone

w

;t"
‘LR

#
o>

100 pm

et al. 2016; Meira et al. 2020; Rios et al. 2020; Gongalves
et al. 2020).

In Casearia Jacq. (Salicaceae), for instance, hydathodes
associated with theoid teeth have been recorded (Thadeo
et al. 2014), but upon a reexamination combining the ontoge-
netic process of the glands as well as histochemical results,
authors concluded that such glands were in fact colleters
(Fernandes et al. 2016). The same was true for Prunus L. as
the gland associated with the leaf teeth had been previously
called extrafloral nectaries or resin glands when in fact they
were colleters (Chin et al. 2013).

Not only the presence of colleter is an important taxo-
nomic trait but also their position on the plant body (Thomas
1991; Silva et al. 2012, 2017; Coutinho et al. 2015; Vitarelli
et al. 2015). Although there are few reports of colleters in
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Rosaceae, colleters were found to be associated with leaf
teeth only in two subfamilies: in Rosaceae, as shown in our
study for Rosa, and in Amygdaloideae for Prunus (Chin
et al. 2013), Mespilus, Amelanchier, Aronia, Crataegus
(Kumachova et al. 2021), and Rhaphiolepis loguata B.B.Liu
& J.Wen (Silva et al. 2022). Kumachova et al. (2021) have
also found colleters on the stipules of the genera mentioned
above, similarly to our results for Rosa. Therefore, a broader
study is needed to verify the taxonomical importance of such
structures for the Rosoideae and Amygdaloideae families.
Apart from colleters, secretory trichomes were also found
in R. lucieae. Although several studies have reported the
presence of secretory trichomes all over the plant body in
representatives of the subfamily Rosoideae, an anatomi-
cal and histochemical study of such kind of trichomes has
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Fig.4 Morphology of the secre-
tory trichomes found at different
leaf areas in Rosa lucieae as
observed under the stereomi-
croscope. a Secretory trichomes
(white arrow) between the leaf
teeth in a young leaflet. Note
the reddish color at the secre-
tory head. b and ¢ Secretory
trichomes on the petiolule

(pe) and rachis, respectively. d
Secretory trichomes with secre-
tion (white arrows) on the stip-
ule margins. e Natural red color
of secretory trichomes on the
petiole. f Detail of translucent
secretion (black arrow)

been reported only for hybrids of the genus Rosa (Cais-
sard et al. 2006), for Rosa rugosa Thunb. (Sulborska and
Weryszko-Chmielewska 2014) and Rubus idaeus L. (Chwil
and Kostryco 2020). Once again, this fact advocates for a
broader study of trichomes in the Rosaceae family.

The topography, that is, the position on the plant body,
combined with the anatomical and histochemical studies
as well as the timing of secretion is important for the cor-
rect classification of the glands as pointed out by previous
authors (Mayer et al. 2013; Vitarelli et al. 2015; Meira et al.
2020). In R. lucieae, for example, colleters are morphoana-
tomically similar to the secretory trichomes as they both pre-
sent a round to oval multicellular secretory head composed
of a parenchymatous central axis covered with a palisade
secretory epidermis and a multicellular stalk. However, both
glands are placed at different parts on the plant body. The
timing of the secretion and the composition of the exudates
also differ. Colleters are exclusive to the leaflet margins and
stipules being secretory active only in leaf primordia. On
the other hand, secretory trichomes occur on the leaflet base
and along the midvein on the abaxial side of the leaflet, and
on the petiolule and along the rachis, petiole, and stipules.
Secretory trichomes start secreting when leaves are very

2 mm

young, still developing, and keep secreting in fully expanded
leaves.

Gland secretion and ecological role

Regardless of being associated with the leaflet teeth, our
results show that the colleters in R. lucieae are placed on the
leaf margin. Colleters are common secretory structures on
marginal teeth of several plant families (Gonzalez and Tar-
ragd 2009; Paiva 2012b; Chin et al. 2013; Feio et al. 2016;
Fernandes et al. 2016; Meira et al. 2020; Rios et al. 2020)
but considering the existing plant diversity that bears leaf
teeth, their descriptions in these projections (i.e., leaf teeth)
are still scarce. The position of such colleters in R. lucieae
seems to have evolved in a strategic way as secretion from
colleter may aid leaflets to maintain their margins sealed.
This would in turn avoid the exposition of a soft, young,
and fragile developing organ such as leaves to high levels of
solar radiation. This sealing strategy has been suggested by
other authors (Mayer et al. 2013; Costa et al. 2020; Meira
et al. 2020). Mayer et al. (2013) suggested that the colleter
exudates in coffee flowers played a role in keeping the petals
united, acting as an adhesive. Therefore, flower buds would
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Fig.5 Micromorphology of

the secretory trichomes in Rosa
lucieae. a Secretory trichomes
(white arrows) at the leaflet
base. b—d Secretory trichomes
on the petiole. b General view. ¢
Detail of the trichome stalk (st)
and the secretory head (sh). d
Detail of a cuticle rupture (ct). e
Detail of the secretion (se)

50 jum
——

be sealed preventing the exposition of the developing flow-
ers to low air humidity, hence preventing dehydration. As
the colleters in R. lucieae are fully developed when leaves
are still developing, the secretion produced by such secre-
tory structures acts as lubricating vegetative and reproduc-
tive meristems and organs in early stages of development,
reducing excessive water loss and protecting organs from
dehydration as pointed out by other authors (Fahn 1979;
Thomas 1991; Mayer et al. 2013; Ribeiro et al. 2017; Costa
et al. 2020).

In R. lucieae, colleter exudates form through cuticle rup-
ture. The accumulation of the secretion under the cuticular
space may force the bursting of the cuticle as a result of
the pressure generated by the substances accumulated in the
periplasmic space (Paiva 2016). The dynamic distension,
bursting, and final detachment of the cuticle were observed
in our study. Besides, secretory pores are not observed in
the cuticle, as suggested by other authors as another way for
releasing the secretion to the outer side (Paiva 2016; Miguel
et al. 2017). Cuticle rupture also occurs in the secretory tri-
chomes of R. lucieae.

Bacteria were found on the colleter exudates of R.
lucieae. In leaf nodulating species of Rubiaceae, it has been
suggested that the secretion product of the colleters must
sustain the symbionts, that is, the bacteria found living
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within the secretion (Lersten 1974a, b, 1975; Klein et al.
2004). Bacteria, resident in colleter exudates, would invade
stomatal pores and proliferate, establishing the leaf nodules
(Lersten 1975; Miller et al. 1984).

The histochemical tests show the presence of heterog-
enous secretion for the colleter exudates, that is, hydrophilic
and lipophilic compounds in R. lucieae. Such compounds are
widely spread among plants bearing colleters (Mercadante-
Simoes and Paiva 2013; Coutinho et al. 2015; Tresmondi
et al. 2015; Fernandes et al. 2016; Silva et al. 2017; Meira
et al. 2020; Teixeira et al. 2021, 2022; Dourado et al. 2022).

The histochemical results obtained in our study are com-
patible with the hypothesis for the ecological function per-
formed by the leaf colleters. As previously suggested in the
literature for reproductive (Mayer et al. 2013; Coutinho et al.
2015) and vegetative (Meira et al. 2020) organs, colleter
secretion seals the leaflet margins, reducing the area of expo-
sure to the sun, avoiding excessive water loss, thus prevent-
ing these organs from becoming dehydrated.

Tresmondi et al. (2017) showed that colleters producing
hydrophilic-rich exudates tend to be more common in forest
species (shadier, cooler, and moister microclimates) while
lipophilic-rich secretions in savanna species (drier and hot-
ter microclimates) (Tresmondi et al. 2017). Although cos-
mopolitan to sub-cosmopolitan, the rose family distribution
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Fig. 6 Morphoanatomical and
histochemical characteriza-
tion of the secretory trichomes
in Rosa lucieae. a Secretor
trichome stained with Toluidine
blue showing the stalk (st) and
secretory head (sh). b Yel-
lowish fluorescence of neutral
red showing the presence of
total lipids in the secretion. ¢
Blue staining as the result of
the NADI reagent showing the
presence of terpenes. d Total
polysaccharides found at the
secretory head of trichomes

as shown by PAS reaction. e
Absence of total polysaccha-
rides in the secretion accumu-
lated in the subcuticular space
(ss). f Cleared secretory tri-
chome showing the cuticle rup-
ture (white arrow). g Absence
of pectins in the secretion (se)
on the outer side of trichome.
Note that the exudates do not
stain red with Ruthenium red.
h Absence of total protein in
the secretion as it does not stain
with Xylidine Ponceau

(08 Ui
e==am—c]

is particularly diverse in the Northern hemisphere (Hum-
mer and Janick 2009). Rosa is one of the genera that extend
southward into regions with Mediterranean climate or even
into tropical latitudes (often montane) (Kalkman 2004).
If taken as a model species for the genus Rosa, R. lucieae
shows that having colleters with a mixture of hydrophilic
and lipophilic compounds may have aided the genus Rosa
towards such a successful distribution, that is, towards dif-
ferent environmental conditions (i.e., temperate or Mediter-
ranean climates), as buds would be protected against dehy-
dration regardless of the type of environment where species
occurs.

The presence of lipids and terpenes in the secretion of
the secretory trichomes of R. lucieae is in agreement with
the histochemical results found for hybrids of Rosa (Cais-
sard et al. 2006) and R. idaeus (Chwil and Kostryco 2020).
Lipids and terpenes on leaves are the main chemical com-
pounds associated with chemical defense against pathogens

'~.—~‘

300" jum 200 pm

100 pm

and herbivores (Langenheim 2003; Combrinck et al. 2007).
Their sticky lipophilic exudates are associated with their
main function, protection against herbivory as insect may
get stuck in the secretion (Patten et al. 2010; Krimmel and
Pearse 2013). Therefore, the presence of secretory trichomes
spread throughout the leaves, the chemical nature of their
exudates, and their constant secretory activity even in fully
developed leaves support the ecological function of such
trichomes in R. lucieae, indicating their involvement in anti-
herbivore strategies.

Conclusion

The two leaf secretory structures identified in Rosa lucieae,
colleters and secretory trichomes, differ in their timing of
secretory activity throughout the leaf lifespan, the chemi-
cal nature of the exudates, and their position on the plant
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body. The premature secretory activity of the colleters and
the mucilaginous composition of the sticky secretion were
important features to recognize the protective function of the
developing leaflets against solar radiation. The prolonged
secretion time of the glandular trichomes and the lipophilic
composition of the secretion corroborated for a defense
function against herbivores and pathogens in the leaves.
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