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RESUMO

Em Orchidaceae, osmoforos, elaioforos e nectarios sdéo comumente encontrados nas
flores, cujas formas e cores sdo amplamente diversas e de irrefutavel beleza, as quais atraem
potenciais polinizadores e conferem a elas uma relagdo, muitas vezes, especifica com os insetos.
Assim, percebe-se que, caracterizar as estruturas secretoras de suas flores e entender a dindmica
de secrecdo das mesmas € de fundamental importancia para melhor compreender o processo de
interacdo inseto-planta, no sucesso reprodutivo dessas plantas, especialmente para espécies de
Gongora Ruiz & Pav., e Coryanthes Hook. que séo exclusivamente polinizadas por abelhas
macho Euglossini. O objetivo deste trabalho foi investigar as estruturas secretoras florais e
extraflorais de espécies de Gongora e Coryanthes, ocorrentes na Amazonia brasileira, a fim de
compreender suas funcdes ecoldgicas e as relacBes com os forrageadores, além de fornecer
subsidios para expandir os estudos anatbmicos com outras espécies do grupo. Para isso,
amostras florais foram coletadas e analisadas sob microscopia éptica de luz, em conjunto com
andlises histoquimicas e fitoquimicas, microscopia eletronica de varredura e transmissao. As
espécies de Stanhopeinae analisadas (Gongora jauariensis Campacci & J.B.F.Silva, G.
pleiochroma Rchb.f., G. minax Rchb.f. e Coryanthes macrantha (Hook.) Hook.), oferecem
recompensas produzidas pelos osmoforos (em sua maioria terpenos) aos seus polinizadores —
as abelhas macho de Euglossini (Eulaema sp. e Euglossa sp.). Ja os nectérios florais e
extraflorais para os géneros analisados, sdo detalhados anatomicamente pela primeira vez aqui.
Estes exsudadam néctar por estdbmatos e efetivam assim, a relacdo simbidtica com formigas
(Azteca sp. e Dolichoderus sp.), e em contrapartida, auxiliam na protecéo das flores. Os dados
morfoanatomicos e fitoquimicos analisados neste estudo fornecem subsidios para expandir

analises anatdmicas com outras espécies do grupo, bem como com outras Orchidaceae.

Palavras chaves: osmoforo — elaidforo — nectario — orquideas — coléter — polinizagéo.
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ABSTRACT

In Orchidaceae, osmophores, elaiophores and nectaries are commonly found in flowers, whose
shapes and colors are widely diverse and of irrefutable beauty, which attract potential
pollinators and give them an often specific relationship with insects. Thus, it is clear that
characterizing the secretory structures of its flowers and understanding their secretion
dynamics is of fundamental importance to better understand the process of insect-plant
interaction, in the reproductive success of these plants, especially for species of Gongora Ruiz
& Pav. and Coryanthes Hook. which are exclusively pollinated by male Euglossini bees. The
aim of this work was to investigate the floral and extrafloral secretory structures of Gongora
and Coryanthes species, occurring in the Brazilian Amazon, in order to understand their
ecological functions and the relationships with foragers, in addition to providing subsidies to
expand anatomical studies with other species. of the group. For this, floral samples were
collected and analyzed under light optical microscopy, together with histochemical and
phytochemical analysis, scanning and transmission electron microscopy. The species of
Stanhopeinae analyzed (Gongora jauariensis Campacci & JBFSilva, G. pleiochroma Rchb.f.,
G. minax Rchb.f. and Coryanthes macrantha (Hook.) Hook.), offer rewards produced by
osmophores (mostly terpenes) pollinators - male Euglossini bees (Eulaema sp. and Euglossa
sp.). The floral and extrafloral nectaries for the genera analyzed are anatomically detailed for
the first time here. These exudate nectar from stomata and thus affect the symbiotic relationship
with ants (Azteca sp. and Dolichoderus sp.), and in return, help protect the flowers. The
morphoanatomical and phytochemical data analyzed in this study provide subsidies to expand
anatomical analyzes with other species in the group, as well as with other Orchidaceae.

Keywords: osmophore — elaiophore — nectaries — orchids — colleter — pollination.
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INTRODUCAO GERAL

As flores de Orchidaceae sdo historicamente apreciadas pela espetacular beleza,
devido a ampla variedade de formas, cores e sua facilidade de hibridizagdo. Apresentam
ainda uma estrutura relativamente uniforme, constituida de dois verticilos trimeros (3
sépalas e 3 pétalas), sendo que a pétala mediana € denominada labelo, geralmente é maior
e pode possuir ornamentacdes (calos) ou glandulas, como nectéarios, elai6foros e
osmaforos, estruturas especializadas para atrair potenciais polinizadores, como 0s insetos
que garantem a polinizacdo cruzada e despertam mais estudos a cerca de sua biologia
floral de espécies de orquideas (Dressler, 1993).

As estruturas secretoras estdo presentes em grande parte das plantas vasculares,
apresentam grande importancia taxondmica, contribuem para o conhecimento das
principais vias de sintese dos metabolitos produzidos, como também, para o
esclarecimento das suas func¢des fisioldgicas e ecoldgicas (Fahn, 1988).

A principal recompensa ofertada aos polinizadores nesta familia é o néctar,
produzido em nectarios florais (Dressler, 1993). Em muitas orquideas ha também os
chamados nectéarios extraflorais que estdo associados com inflorescéncias e flores, mas
ndo diretamente envolvidos no processo de polinizacdo (van der Pijl & Dodson, 1966;
Davies et al., 2003; De Vries & Stiles, 1990; Flach et al., 2004; Singer & Koehler, 2004).
Estas glandulas estdo presentes na superficie de bracteas florais como em Cymbidium
Sw., Vanda Jones ex R. Br., Oncidium Sw. (Stpiczynska, 1997) e Rodriguezia venusta
(Leitdo et al., 2014).

Em Orchidaceae, as estruturas secretoras comumente encontradas s&o oS
nectarios, osmoforos, elaidforos e coléteres (van der Pijl & Dobson, 1966; Dressler, 1993;

Pridgeon et al., 1999). Os osmoforos em geral, ou glandulas odoriferas, sdo elementos
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importantes para manter a relacéo planta-polinizador, caracterizam-se como os principais
responsaveis pela producdo e liberacdo da fragrancia das flores de algumas plantas
(Dudareva, 2006; Wiemer et al., 2008, Melo et al., 2010). A fragrancia é comumente
produzida por substancias volateis, principalmente terpenoides (Williams & Whitten,
1983; Vogel, 1990; Vainstein et al., 2001).

Os osmoforos séo constituidos por um tecido compacto ou permeado por espagos
intercelulares, geralmente com diversas camadas celulares e a regido mais externa é
formada por uma epiderme glabra ou com papilas (uni ou multicelulares) (Vogel, 1990;
Curry et al., 1991) e tricomas (uni ou multicelulares) (Davies & Turner, 2004; Naczk et
al., 2018). A regido mais interna é composta por uma ou mais camadas de células do
parénquima secretor subepidérmico (Vogel, 1990; Curry et al., 1991; Toélke et al., 2019).
Em orquideas, os osmoforos podem ser localizados na superficie de sépalas e labelos
(Adachi et al., 2015; Naczk et al., 2018; Kowalkowska & Krawczynska, 2019). Em
Cohniella cepula Hoffmans. e Cohniella jonesiana Rchb.f., eles ocorrem préximos dos
elaiéforos na regido do labelo (Kettler et al., 2018).

Em Orchidaceae os elai6foros sdo comumente descritos para espécies de
Oncidiinae, Catasetinae e Maxillariinae (Possobom & Machado, 2017), podem estar
localizados em sépalas e labelos (Stpiczynska et al., 2013; Kettler et al., 2018). Os
elaiéforos sdo estruturas secretoras de 6leos ndo volateis, podendo ser de dois tipos: 0s
tricomatosos e os epidérmicos (Vogel, 1974; Possobom & Machado, 2017; Télke et al.,
2019). Os tricomatosos sdo compostos de tricomas glandulares ou excrescéncias
unicelulares ou multicelulares da epiderme, onde o 6leo pode ser secretado e/ou
acumulado, ou ele pode ser armazenado abaixo da cuticula, até ser removido pelas patas

dianteiras de abelhas (Blanco et al., 2013; Gomiz et al., 2013; Davies et al., 2014). Os
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epidérmicos sdo formados por uma ou mais camadas de células epidérmicas secretoras,
geralmente alongadas (Buchmann, 1987; Endress, 1994; Kettler et al., 2018).

Ao longo dos altimos 25 anos, uma série de estudos investigaram a anatomia das
glandulas florais em orquideas e sua relevancia para a poliniza¢do. Entre as glandulas
descritas até agora estdo: elaiéforos e osmoforos (Stpiczynska et al., 2007; Stpiczynska
& Davies, 2008; Wiemer et al., 2008; Aliscioni et al., 2009; Davies & Stpiczynska, 2009;
Pansarin & Amaral, 2009; Pansarin, et al., 2009; Melo et al., 2010; Pansarin & Pansarin,
2011; Anton et al., 2012; Davies & Stpiczynska, 2012; Blanco et al., 2013; Francisco &
Ascensao, 2013; Casique et al., 2018; Kettler et al., 2018); tricomas secretores (Davies
& Stpiczynska, 2006); nectarios florais e extraflorais (Figueiredo & Pais, 1992; Galetto
et al., 1997; Stpiczynska & Matusiewicz, 2001; Stpiczynska et al., 2003; Stpiczynska et
al., 2005; Leitdo, 2007; Moreira et al., 2008; Aguiar et al., 2012; Pansarin et al., 2012;
Nunes et al., 2013; Casique et al., 2018); e coléteres (Davies et al., 2005; Mayer et al.,
2011; Cardoso-Gustavson et al., 2014).

Stanhopeinae (Epidendroideae, Cymbidieae) possui cerca de 257 espécies
compreendidas em 20 géneros com distribuicao neotropical (Dressler, 1993; Chase et al.,
2003; Pridgeon et al., 2009). As espécies da subtribo podem ser caracterizadas como ervas
epifitas ou terrestres, com pseudobulbos uninodais; as folhas sdo terminais, articuladas,
geralmente pecioladas; a inflorescéncia é lateral, com uma ou varias flores em espiral; as
flores tem tamanho variado, muitas vezes pendentes e hermafroditas; com coluna
(ginostémio) alada ou ndo; as polinias sdo terminais ou ventrais; labelo é complexo e
dividido em: hipoquilio, mesoquilio e epiquilio; o estigma € inteiro; possuem duas
polinias achatadas, com viscidios triangulares e um estipe proeminte (Rasmussen, 1987;

Dressler, 1993; Whitten et al., 2000).
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As flores das espécies dessa subtribo sdo as que tém uma grande plasticidade
morfoldgica e pertencem as mais fascinantes e curiosas de todas as orquideas, devido as
estruturas de suas flores e dos seus engenhosos mecanismos de polinizagéao, realizados
exclusivamente por abelhas Euglossini machos (Dressler, 1968; Dressler, 1993; Gerlach,
2003; Gerlach & Dressler, 2003).

As Stanhopeinae, assim como as Catasetinae, sdo exclusivamente polinizadas
pelos machos de abelhas Euglossini, que a procura de compostos aromaticos (aroma), séo
atraidos por fragrancias especificas (perfumes e aromas) em abundancia que as flores
oferecem (Williams & Whitten, 1983; Dressler, 1993; Gerlach, 2003).

As substancias volateis presentes nas fragrancias sdo coletadas através da
raspagem das glandulas produtoras de 6leos (osmoforos e elaioforos) geralmente
presentes no labelo. A coleta € realizada com os tarsos das pernas anteriores e tibias
posteriores, onde esses compostos presumivelmente sdo utilizados como precursores na
sintese de um feromdnio sexual (Dressler, 1967; Dressler, 1982; Stern et al., 1987; Vogel,
1962; van der Cingel, 2001; Bembe, 2004). Porém, a verdadeira utilidade desses
compostos, nas atividades reprodutivas ainda sdo desconhecidas (Dodson et al., 1969;
Dressler 1982; Pansarin & Amaral, 2009).

Sabe-se que todas as espécies de Stanhopeinae possuem glandulas que secretam
recompensas florais, como os osmoforos (Dressler, 1968; Pansarin et al., 2006; Pansarin
& Amaral, 2009; Gerlach, 2009). No entanto, outras estruturas secretoras florais e
extraflorais, envolvidas no processo de polinizagdo ou ndo, podem estar ocorrendo nestas
espécies, pois estas apresentam relacdes especificas com abelhas e formigas.

Em Stanhopeinae, somente os osmoforos ou glandulas odoriferas, haviam sido

registrados e detalhados, os quais encontram-se localizados na superficie adaxial de
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sépalas, pétalas ou no labelo (Whitten, 1985; Dressler, 1993; Curry et al., 1991; Anton et
al., 2012; Pansarin et al., 2014; Adachi et al., 2015; Casique et al., 2018). Essas glandulas
foram descritas anatomicamente como células epidérmicas papilosas ou ndo papilosas,
além de tricomas unicelulares (Curry et al., 1991; Stpiczynska, 1993; Ascensdo et al.,
2005; Melo et al., 2010).

Os estudos anatdmicos realizados até 0 momento com espécies de Stanhopeinae
sdo com: érgdos vegetativos (Solereder & Meyer, 1930; Williams, 1979; Mgller &
Rasmussen, 1984; Pridgeon, 1987; Dressler, 1993; Stern & Morris, 1992; Pridgeon et al.,
2009), e 6rgdos reprodutivos, envolvendo especialmente osmoéforos (Solereder &
Meyer, 1930; Pridgeon & Stern, 1983; Williams, 1983; Stern et al., 1987; Vogel, 1990;
Curry et al., 1991; Silva, 1992; Williams & Whitten, 1999; Anton et al., 2012; Pansarin
et al., 2009; Pansarin et al., 2014; Adachi et al., 2015).

As Stanhopeinae assim como uma ampla variedade de orquideas compdem a
biodiversidade florifera da Amazénia, com cerca de 37 espécies distribuidas em 20
géneros (Flora do Brasil, 2020).

Para a Amazobnia brasileira, estudos anatdbmicos com Orchidaceae foram
realizados com enfoque em anatomia ecoldgica foliar de Epidendrum huebneri Schitr
(Braga & Vilhena, 1981), ecofisiologia e anatomia ecoldgica foliar de espécies de
campina da Amazonia central (Bonates, 1993), e com o complexo estomatico de espécies
nativas do género Catasetum (Lira et al., 1997). Atualmente, estudos com estruturas
secretoras, foram realizados em flores de Heterotaxis superflua, o estudo relatou pela
primeira vez a coleta de resina em orquideas (Krahl et al., 2019). E com espécies de

Stanhopeinae ocorrentes Regido Amazoénica, cita-se o estudo com as estruturas secretoras
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de Stanhopea grandiflora, neste estudo os autores detalharam pela primeira vez os
nectérios extraflorais e coléteres, como novidade para a subtribo (Casique et al., 2018).
Assim, com intuito de contribuir para o conhecimento morfoanatdmico de
Stanhopeinae, este trabalho visa investigar as estruturas secretoras em espécies dos
géneros Coryanthes Hook. e Gongora Ruiz & Pav., ocorrentes na Amazonica, a fim de,
compreender suas func¢Ges ecoldgicas e suas relacbes com os forrageadores, além de,
fornecer subsidios para expandir os estudos anatdbmicos com outras espécies de

Orchidaceae.
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ABSTRACT

Stanhopeinae species bear osmophores, which have been related to pollination, since such
structure exudes volatile lipids that attract Euglossini bees. Gongora is exclusively
pollinated by Euglossini bees. Due to the structural diversity found in the flowers of genus
and to the lack of data on other foraging insects that visit these flowers, our aim is to
elucidate floral anatomical aspects of secreting structures in the Stanhopeinae group,
focusing on structures present in Gongora jauariensis, G. pleiochroma, and G. minax,
orchids of the Amazon rainforest. Analyses of secretory structures were performed under
light microscopy, in conjunction with histochemical and phytochemical analyses,
scanning and transmission electron microscopy. Osmophores, extrafloral nectaries and
elaiophores were observed in the species. The three species bear structured nectary on
bract and osmophores on both the sepals and labellum hypochile. In Gongora minax, the
labellum (hypochile) showed chemical and structural characteristics of elaiophore and
osmophore. Thus, we suggest that the same plant structure have a dual role of both
osmophore and elaiophore. We report the interactions between foraging ants and nectaries
of Gongora species for the first time for the genus. The interaction with ants, attracted by
these nectaries of bracts, is beneficial for orchids, as they help in the protection of their

reproductive structures.

ADDITIONAL KEYWORDS: Amazon —anatomy — floral fragrance — floral morphology

— histochemistry — lipids — nectary — orchids — pollinator — secretion.
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INTRODUCTION

Osmophores, elaiophores and nectaries are easily found in Orchidaceae and are important
elements for maintaining the plant-pollinator interaction (Melo, Borba & Paiva, 2010;
Aguiar etal., 2012; Pansarin et al., 2012; Nunes et al., 2013; Neubig et al., 2015; Franken,
Pansarin & Pansarin, 2016; Kettler, Solis & Ferrucci, 2019). However, in flowers of
species that belong to the subtribe Stanhopeinae (Epidendroideae, Cymbidieae), only
osmophores located in the adaxial surface of sepals, petals, or labellum have been
reported (Curry et al., 1991; Pansarin, Castro & Sazima, 2009; Pansarin & Pansarin, 2011;
Anton, Kaminska & Stpiczynska, 2012; Davies & Stpiczynska, 2012; Francisco &
Ascensdo, 2013; Adachi, Machado & Guimaraes, 2015; Davies & Stpiczynska, 2017;
Casique et al., 2018). These osmophores were comprised of either one or no papillose
epidermal secretory cells, which were characterized as unicellular secretory trichomes
(Curry et al., 1991; Stpiczynska, 1993; Ascenséo et al., 2005; Melo et al., 2010).

Stanhopeinae is a Neotropical and monophyletic subtribe, with approximately 304
species and 20 genera (Dressler, 1993; Chase et al., 2003; Pridgeon et al., 2009; Chase et
al., 2015). In the Brazilian Amazon, there are approximately 37 species of Stanhopeinae
(Barros et al., 2019). The species of this subtribe are epiphytic or terrestrial herbs, with
uninodal pseudobulbs, terminal leaves articulate, often petiolate, and lateral inflorescence
(Rasmussen, 1985; Dressler, 1993; Whitten, Williams & Chase, 2000).

The flowers have a high morphological plasticity and are among the most fascinating
and curious orchids due to their ingenious pollination mechanisms, which are exclusively
performed by male Euglossini bees (Dressler, 1993; Gerlach, 2003; Gerlach & Dressler,
2003). The high complexity of Stanhopeinae flowers has encouraged studies in the last

decades, primarily focusing on the labellum structure that is divided in three regions:
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hypochile (basal), mesochile, and epichile (apical) (Gerlach, 2003; Gerlach, 2011; Anton
etal., 2012; Nunes et al., 2017; Adachi et al., 2015).

Recent studies on secretory structures of Stanhopea grandiflora (Lodd.) Lindl., have
also showed nectariferous stomata on the bract and colleters on the ovary surface (Casique
et al., 2018). The role of mucilage in this ovary region in Pleurothallidinae species is to
protect microorganisms and herbivores, as well as to enable symbiosis with fungi that are
necessary for seed germination (Cardoso-Gustavson et al., 2014).

Gongora Ruiz & Pav. is considered one of the most taxonomically complex genera of
Stanhopeinae due to the high morphological variability of some species, particularly
concerning flowers, colors, and scents (Rudolf, 1993). In Gongora, the mesochile
(labellum) is inverted, and bees forage hanging upside down sliding posteriorly until the
column apex, placed below it, moving the pollinarium (Whitten et al., 2000; Adachi et
al., 2015).

In recent studies on pollination ecology, both floral scent and morphology elucidated
pollination mechanisms in Gongora (Adachi et al.,, 2015). Osmophores were
characterized as being papillose and found in the labellum area, referred to as hypochile
(Adachi et al., 2015; Nunes et al., 2017). The fragrance synthesized in the osmophores
attracts male Euglossini bees as a reward (Curry et al., 1991). These volatile compounds
are actively explored by Euglossini and stored in the posterior tibia, a specialized structure
of these bees (Adachi et al., 2015; Nunes et al., 2017; Casique et al., 2018). Although the
precise function of these fragrances in bee biology has not been elucidated, some authors
believe that fragrances can presumably be used as precursors for the synthesis of a sexual
pheromone (Dressler, 1982; Bembé, 2004) and its production is a key element in the

evolution of many orchids (Nunes et al., 2017).
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A total of 11 species of Gongora are described in Brazil, and eight species have been
reported in the Brazilian Amazon Region so far (Barros et al., 2019). Despite their broad
occurrence in this region, studies involving the ecological relationship of male Euglossini
bees (Apidae) and other floral visitors with their flowers are scarce, which hampers a
better understanding not only of secretion processes and the floral reward they can offer
but also of insect-plant interaction in these species. One example is the study carried out
on Stanhopea grandiflora (Casique et al., 2018), addressing pollination ecology, floral
scent and morphology, and especially on anatomical analyses of its secretory structures
and its relationship with floral visitors.

Following the study conducted with Stanhopea grandiflora, which addressed
pollination ecology, floral aroma, floral morphology, and especially the anatomical
analyzes of its secretory structures and their relationships with floral visitors (Casique et
al., 2018). Gongora species started to be investigated to analyze which other possible
secretory structures can be observed in this genus and how they contribute to the adaptive
success of these species.

Thus, in this study, we investigated the anatomical, histochemical and phytochemical
aspects of the floral and extrafloral glands of Gongora species. We also aim to identify
and characterize them, to understand their secretion dynamics and their ecological

relationships with floral and extrafloral visitors.
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MATERIAL AND METHODS

PLANT MATERIAL AND FIELD OBSERVATION

Flowers were collected from the same inflorescence of eight individuals of three Gongora
species: Gongora pleiochroma Rchb.f., Gongora jauariensis Campacci & J.B.F.Silva,
and Gongora minax Rchb.f., (in January and February) in the morning (6 and 7 am), in
bud and postanthesis stages. Samplings occurred in Para state (Brazil), in the following
localities: Ananindeua, Belém, vicinities of the Jari River, Santarém, Santo Antonio do
Taud, Santa lzabel, and Oriximina. All species are epiphytes, and they occur near rivers
and streams, which are their natural environment. The first blooms and floral visitors were
recorded through photos and videos wherever they were observed. Bees observed on G.
minax took some time (about 15 min) to approach the flowers; this time dropped to 5 min
on the other species (G. pleiochroma and G. jauariensis).

In this study, the terminology adopted by Remizawa et al. (2013), was used to classify
the inflorescence of the species analyzed as flower-subtending bracts, here called bracts.

After flowering, flowers were properly identified, and fertile samples were performed
for exsiccate confection, which was incorporated at the Jodo Murca Pires Herbarium
collections under the corresponding vouchers at Museu Paraense Emilio Goeldi (MG)
and the Herbarium of the Universidade Federal do Rio Grande do Sul (ICN), under the
corresponding vouchers: Gongora pleiochroma (MG150592); Gongora jauariensis (ICN
199992); Gongora minax (MG221264).

Sampled specimens were subsequently cultivated in a private orchidarium under
abiotic conditions similar to the natural environment of the species, to observe new
flowering events and potential floral visitors. Only bracts were analyzed in the bud phase,

the other analyzes were performed in the post-anthesis phase (5 min). Floral buds and
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flowers in anthesis stage were isolated with a grid for about 1h. Nectar production was
detected in the bracts, but the volumes produced were insufficient to measure. Glucose
test strips were used (Glicofita Plus®, Accu-Chek Active, F. Hoffmann-La Roche Ltd.)
to check the occurrence of glucose in the secretion produced by glands.

Species were identified by Mr. Jodo Batista Fernandes da Silva, a specialist in Amazon
orchids. Foragers observed were collected, conserved in commercial ethyl alcohol, and
was identification for Dr. Fernando Carvalho, entomologist of Museu Paraense Emilio

Goeldi.

LIGHT MICROSCOPY
For anatomical analyses, flowers (labellum, sepals, bract) were collected and fixed in 1%
glutaraldehyde, 4% formaldehyde, and sodium phosphate buffer pH 7.2 0.1M,
(McDowell & Trump, 1976), dehydrated in an ascending ethylic series (10%, 30%, 50%,
70%, 90%, and 100%) and embedded in hydroxyethyl methacrylate (historesin Leica®;
Gerrits & Smid, 1983). Serial cross-sections and longitudinal sections were performed
using a rotary microtome (Leica Autocut) with approximately 3 um thickness and
subsequently stained with toluidine blue O (C.I. 52040), pH 4.4 (O’Brien, Feder &
McCully, 1964). Permanent slides were mounted in Canada balsam and visualized by

light microscopy in the bright field (Leica DMR).

HISTOCHEMICAL TESTS

Fresh material of labellum (hypochile), sepals, and bract were used for the following

histochemical tests: Lugol reagent was used for starch detection (Johansen, 1940);
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Fehling reagent was used for reducing sugars (product released by the action of enzymes
like cellulase, for example) (Sass, 1951); Sudan Il for lipids (Johansen, 1940); neutral
red under fluorescence for lipids (Kirk-Junior, 1970); Nile blue sulfate for neutral lipids
and acids (Cain, 1947); copper acetate and rubeanic acid were used for fatty acids (Ganter
& Jollés, 1969, 1970); NADI for essential oils and resins (David & Carde, 1964); and
Ponceau Xylidine for total proteins (Vidal, 1970). Samples with no treatment (white)
were analyzed, and negative control tests were also carried out. Extractive controls were
performed in the test for lipids (Sudan IIl, Sudan 1V, NADI reagent, Nile blue sulfate,
copper acetate, and rubeanic acid) treating sections with a methanol/chloroform/H>O/
HCI (66: 33: 4: 1) solution during 1h at room temperature before the test. Analyses and
photomicrographs were carried under light microscopy in bright field (Leica DMR) in all
tests except for neutral red, which was observed with epifluorescence (excitation filter
450-490 nm). All images were taken with a digital camera (AxioCam HRc Zeiss) coupled
to the microscope and the program ZEN Light 2012 was used for image capture.
Structural nomenclatures were performed based on Metcalfe & Chalk (1950), Withner,

Nelson & Wejks-Nora (1974); Fahn (1979); Vogel (1990); and Curry et al. (1991).

CHEMICAL ANALYSES

Fresh flowers (post-anthesis) samples were submitted to extraction (3 h) with a
simultaneous distillation-extraction microsystem to obtain their volatile concentrates,
using a Likens & Nickerson-type apparatus (Likens & Nickerson, 1964) and pentane as
the solvent (4 ml). The analysis of the volatile concentrates was carried out by GC-MS,
using QP-2010-Plus equipment (Shimadzu Corporation, Tokyo, Japan) and a silica

capillary column (Rtx-5ms, 30 mx0.25 mmx0.25 um film thickness), with the aid of the
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MS Solution software and standard libraries (Jennings & Shibamoto, 1980; Adam, 2007,
Mondello, 2011). The conditions of analysis were: injector temperature 250°C; oven
temperature programming which was 60-250°C (3°C/min); carrier gas, helium (32 cm/s)
measured at 100°C; splitless-type injection of 1.0 pul of the sample; ionization by electron
impact, 70 EV; temperatures of ion source and transfer line in 220°C and 250°C,
respectively. Mass spectra were obtained by automatic scanning (0.3 s, each), with mass
fragments varying from 40 to 450 m/z. The retention index was calculated for all volatile
components using a homologous series of alkanes (C8-C20, Sigma-Aldrich), according
to Van Den Dool & Kratz (Van Den Dool & Kratz, 1963). Constituents were identified
by comparing their retention indices and mass spectra libraries (molecular mass and
fragmentation pattern), as well as consulting the mass spectra literature. The analysis was
undertaken at Adolpho Ducke laboratory of Museu Paraense Emilio Goeldi, Para State,

Brazil.

SCANNING ELECTRON MICROSCOPY (SEM)

For Scanning Electron Microscopy (SEM), the fixed material — bract, sepals, and labellum
- was dehydrated in a grade acetone series and dried using the critical point method
(Gersterberger & Leins, 1978), with a CPD 030 Balzers equipment. Afterward, the
material was placed in aluminum stands with double-sided carbon tape, metalized with
gold in a SCD 050 Balzers equipment and analyzed using scanning electron microscope
(JEOL 6060, Japan) at the Microanalyses and Microscopy Center — CMM — of the

Universidade Federal do Rio Grande do Sul — UFRGS.
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TRANSMISSION ELECTRON MICROSCOPY (TEM)

The labellum from the three species were fixed in 2.5% glutaraldehyde, 2.0%
formaldehyde in sodium phosphate buffer, pH 7.2, 0.1M and postfixed in 1% osmium
tetroxide in sodium phosphate buffer, pH 7.2, 0.1 M. After that, samples were washed in
the same buffer (two exchanges of 30 minutes/stage) and distilled water (two exchanges
of 30 minutes/stage). The material was dehydrated in an acetone series (10%, 30%, 50%,
70%, 90%, and 100%) for 30 minutes in each stage and 15 minutes in acetonitrile in the
last stage. The material was first embedded in a pure acetonitrile solution (0.5mL) and
drop every 10 minutes in an epoxy resin of low viscosity (Spurr, 1969) until a 1:1 ratio
was achieved, for 12h. The material was transferred to a solution of resin/acetonitrile at a
3:1 ratio and was subsequently embedded in pure resin, thus remaining for 12h each stage.
Embedding and polymerization were carried out in jelly capsules with the material
properly placed in an incubator at 70°C for 18h.

These blocks were sectioned approximately with 70 nm thickness using an
ultramicrotome (Leica Ultracut UCT) and a diamond blade. These ultrathin sections were
placed on copper grids of 200 mesh and stained using 2% urany| acetate aqueous and lead
citrate (modified from Hanaichi et al., 1986).

SEM and TEM images were obtained at the Microanalyses and Microscopy Center

(CMM) of the Universidade Federal do Rio Grande do Sul (JEOL JEM 1200 ExII).

RESULTS

MORPHOLOGICAL ASPECTS

Gongora Ruiz & Pavon
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The inflorescence is a pendant raceme and rises at the base of the pseudobulb, bearing
10-20 flowers with flower-subtending bracts (Fig. 1A). Flowers non-resupinate, often
scented, and colors vary, especially between brown and yellow tones, sometimes smooth,
sometimes with macules (Fig. 1B, C, D). Sepals are free from each other and feature
revolute margin; the dorsal is erect; the lateral is patent on the labellum or reflex; the
petals are patent, smaller than sepals. The labellum is often lighter than the sepals
ornamented with horns (diagnostic feature for the genus), and it is divided into three
segments: hypochile frequently with horns; mesochile always with bristles; and the
epichile with a bulge and a triangular extremity (Fig. 1E, F, G, and H). The column is
long, narrow and slightly curved (Fig. 1H). The pollinia are two, yellow, and connected
to a shield-shaped stipe (Fig. 1H). The viscidium is triangular or rounded. The genus
Gongora is subdivided into three subgenus, Acropera, Gongora and Portentosa. The
above characteristics correspond to the subgenus Gongora, to which the species analyzed
in this study belong.

The species exhibit some similar morphological characteristics; Gongora jauariensis
(Fig. 1B) and Gongora pleiochroma (Fig. 1D) flowers are approximately 2-3 cm (Fig.

1H) and Gongora minax has flowers approximately 4-5 cm (Fig. 1C).

ECOLOGICAL INTERACTIONS

In the present study, the foraging of ants (Dolichoderus sp.) was observed in the basal
region of flower bract in the bud and postanthesis stages (Fig. 11, J). Secretion analysis
with Glicofita Plus (>25.0 mmol/L) in this region was positive for the three species (Fig.
11). During anthesis, which occurred in the period between six and seven a.m., the

presence of male Euglossini bees (Eulaema bombiformis Packard, 1869 and Euglossa sp.)
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on the species was different regarding scent preferences (Fig. 1K, L, M, N), present in the
sepals and labellum (Fig. 2A-C). On G. pleiochroma and G. jauariensis, both with a
remarkable scent that resembles mint, only the bees of the genus Euglossa sp. were
observed foraging the flowers, while both bees, E. bombiformis and Euglossa sp., were
present on the labellum and sepals of G. jauariensis and G. minax (Fig. 2C-D).
Interestingly, the scent in G. minax was similar to the other species, although less pungent
and perceptive to human beings. Another interesting factor was the presence of the bee
Eulaema nigrita Lepeltier, 1841, foraging the labellum (hypochile) of Gongora minax
together with the male E. bombiformis bee (Fig. 1K, L). It was not possible to collect
Eulaema nigrita bee, and thus its identification was carried out using video recordings.
The pollination mechanism, however, was similar in all species: bees landed
specifically on the labellum (mesochile) and foraged both the adaxial and abaxial regions,
where osmophores are situated. When bees were placed upside down to explore the
ventral region of labellum (hypochile), they showed a slight unbalance and touched the
column apex (gynostemium) where the viscidium is located. The viscidium has a glue-
like substance that develops at the tip of the stigma, and when the bee touches, the

viscidium projects the pollinarium into the scutellum of pollinator (Fig. 2C).

ANATOMICAL DESCRIPTION OF BRACT, LABELLUM AND SEPALS

Bract

The secretory activity of nectary is present only in the base of bract (Fig. 3A), where
nectariferous stomata are present in the epidermis of abaxial face (Fig. 3B), comprised of

cells with thick cuticle. The secretion observed in the abaxial face of bract in G.
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jauariensis, G. minax, and G. pleiochroma has epidermis with cells of outer periclinal
walls convex to papillose and inner periclinal walls convex to straight; in the mesophyll,
there are 1-3 layers of nectary parenchyma followed by 1-5 layers of fundamental
parenchyma with anisodiametric thin-walled cells (Fig. 3A—B); raphide crystal idioblasts
(Fig. 3C-D); and collateral vascular bundles limited by a schlerenchymatic sheath (Fig.
3E). Stomata (Fig. 3F-G) and digitiform trichomes were observed on both the adaxial

(cross-section and frontal view) and abaxial faces of bract (Fig. 3H-J).

Sepals

The epidermal osmophore is located in the epidermis of the adaxial and abaxial faces of
sepals of the three species analyzed, in both the cross-section and frontal views. The
epidermal cells (abaxial face) of sepals in G. jauariensis (Fig. 4A) and G. pleiochroma
(Fig. 4B) have outer periclinal walls slightly thick and convex (Fig. 4C-E); the cells of
osmophores on the adaxial face are papillose, conical, and have lateral ridges; elongated
ridges in G. pleiochroma (Fig. 4F) and short ridges in G. jauariensis (Fig. 4G);
epicuticular wax is frequent in the sepals of G. jauariensis (Fig. 4G). In G. minax (Fig.
4H-1) the cells of osmophores on the adaxial face are convex and straight, outer periclinal
walls are thick; the inner periclinal walls are thin, slightly sinuous to curved in the three
species; the anticlinal walls are slightly sinuous; the epidermal cells on the abaxial face
of sepals in the three species are elongate, with outer and inner periclinal walls slightly
curved the anticlinal walls are straight; and in a frontal view, the cells are polygonal (Fig.
4J-K); the mesophyll is comprised of multiseriate parenchyma cells, large, sinuous, and
thin-walled, with sparse collateral vascular bundles (Fig. 4L), starch abundant (Fig. 4D—
E) and idioblasts with calcium oxalate crystals (Fig. 41). Digitiform trichomes were rarely

observed, and only on the adaxial face of the three species (Fig. 4M—-N), and stomata were
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only observed on the abaxial face (Fig.4D, O). It is possible to see a thin layer of

epicuticular wax on the abaxial face of sepals in G. minax, in a frontal view (Fig. 40).

Labellum

The osmophores on the labellum in G. jauariensis (Fig. 5A-E) and G. pleiochroma
(Fig. 5F-J), in both the cross-section and the frontal views, have the papillose epidermis
of ventral face and the non-papillary epidermis of the dorsal face as main secretory
tissues, its cells containing large nucleus, thin cuticle, and dense cytoplasm. The
parenchyma below the secretory tissue is adjacent to the epidermis with vacuolated cells
(Fig. 5C, 1); the dorsal face is also comprised of papillose and secretory cells; the
subjacent parenchyma is comprised of anisodiametric cells, thin and with dispersed
collateral vascular bundles. In G. minax (Fig. 5K-0), the osmophores are also present in
the labellum (hypochile). Unlike the other two species of Gongora in this study, the
labellum area (hypochile) on the ventral and dorsal face of G. minax played a double
function, of both osmophore and elaiophore. The secretory epidermis (ventral face) of
this area is in palisade with cuboid to ovoid cells (cross-section) with large nucleus, thick
cuticle, dense cytoplasm, lipid drops (Fig. 5M), stomata, and epicuticular wax (Fig. 50);
followed by six parenchyma layers with vacuolated cells and evident intercellular spaces
(Fig. 51); the epidermis on the dorsal face (Fig. 5L) is also secretory and has cell
characteristics similar to that on the ventral face, with stomata absent (Fig. 5L);
fundamental parenchyma is made up of anisodiametric cells, thin, vacuolated, with

intercellular spaces and collateral vascular bundles (Fig. 5D, I, K).

Histochemistry
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The histochemical analysis of bract nectaries from the three species analyzed revealed the
following compounds: monosaccharides — reducing sugars (Fig. 6A-D); total proteins
(Fig. 6E-G); and starch (Fig. 6H). The following were detected in the osmophores of
sepals of the three species: lipids (Fig. 61-K) and terpenoids (Fig. 6L—M). In the region
of the labellum — osmophore (hypochile) of the three species, the tests indicated: total
lipids (Fig. 7A-E); starch (Fig. 7F—H); terpenoids — essential oils (Fig. 71-K) and
terpenoids — resin acids (Fig. 7L); acid and neutral lipids (Fig. 7M—N); fatty acids in the
elaiophore of G. minax (Fig. 70); and total lipids under UV light in G. pleiochroma and

G. jauariensis (Fig. 7P) and in G. minax (Fig. 7Q).

Transmission electron microscopy (TEM)

Osmophore and Elaiophore

Epidermal cells on the ventral and dorsal region of the labellum (hypochile) were
analyzed in the three species. Papillose cells of the secretory epidermis of osmophores in
G. jauariensis and G. pleiochroma present similar features (Fig. 8A-E), i.e., dense
cytoplasm with lipid drops, vesicles and vacuole with polysaccharide content (Fig. 8A).
The cuticle layer shows an electron-dense microchannel net (Fig. 8B). Other papillose
cells have a large and voluminous nucleus, dense nucleolus, dense cytoplasm with
developing vacuoles and intercellular spaces (Fig. 8A). In the parenchyma cells had well-
developed vacuoles (Fig. 8C). Mitochondria and smooth and rough endoplasmic
reticulum (Fig. 8D) were found near the periplasmic space (Fig. 8C). Vesicles and
abundant amyloplasts associated with plastoglobuli were observed in the cytoplasm (Fig.

8C, E), as well as lipid drops.
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In G. minax the thick cuticle also exhibited a well-developed net of microchannels and
deposits of epicuticular wax (Fig. 8F—H). The outer periclinal wall is polylamelate and
has microchannels.

Cells of the secretory region of osmophores/elaiophores of G. minax had large and
voluminous nucleus (Fig. 81), dense cytoplasm (Fig. 81), developing vacuoles, vesicles,
protoplasm with abundant amyloplasts and large intercellular spaces with
polysaccharides content (Fig. 81, 8K). Lipid drops occur both in the inner cytoplasm and
near the periplasmic space (cytosol) (Fig. 81-K). Mitochondria and numerous smooth and
rough endoplasmic reticulum (Fig. 8J-K) were also observed. Branched plasmodesmata
go through the walls between epidermal cells (Fig. 81-J). After analyzing the results of
osmophores in Gongora species and elaiophores in G. minax, the secretion was observed

to be of the granulocrine type in all species.

Phytochemical

The components identified in the floral fragrance of the three species, Gongora
jauariensis (Pa - 181), Gongora pleiochroma (Pa - 182), and Gongora minax (Pa - 175)
with percentage higher than 5% were: Pa. 181 - (E) - B -Farnesene, p-Bisabolene, MM =
208; Pa. 182 - Eugenol, Benzyl benzoate; Pa. 175-1 hexadecanol acetate, 9,12-
octadecadienoic acid (Z, Z), 1l-octadecanol, docosane, behenic alcohol 1-docosanol,

tetracosane (Table 1).

DISCUSSION

Results showed that Gongora pleiochroma, Gongora jauariensis and Gongora minax had

similar anatomical features: especially the nectaries in the area of bract, the digitiform
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trichomes along the epidermal surfaces of bract and sepals, and the crystalliferous
idioblasts (raphides) of calcium oxalate distributed along the mesophyll of bract.
Additionally, the features of osmophores observed in the labellum and sepals were similar
to those already described for other Stanhopeinae species (Vogel, 1990; Curry et al.,
1991; Anton et al., 2012; Casique et al., 2018). After the scent was released and nectar
was exuded, both Euglossini bees and ants were present in the areas mentioned above,
and it was possible to identify these structures.

Osmophores, or odoriferous glands, are important elements to maintain plant-
pollinator interaction and are characterized as the major drivers of production and release
of flower fragrance in some plants (Dudareva & Pichersky, 2006; Weimer et al., 2009).
Floral scent is the most important reward and the main responsible for attracting male
Euglossini bees, which are major pollinators of the Stanhopeinae group (Gerlach, 2003;
Anton et al., 2012; Pansarin, Pansarin & Sazima, 2014; Adachi et al., 2015). In some
orchid species, the volatilization of these scents is performed via diffusion throughout the
cuticle (Stern, Curry & Pridgeon, 1987; Stpiczynska, 2001).

The floral scents produced by osmophores are often comprised of isoprenoids, ketones,
esters, terpenoid aldehyde, benzenoid, and phenylpropanoid, which are derived from fatty
acids, and several other nitrogenous and sulfurous compounds that often have low
molecular weight, low polarity, and low vapor pressure, which enables scent
volatilization; in other words, substances of all possible metabolic origins (Silva, 1990;
Tolke et al., 2019). In Orchidaceae, the chemical composition of floral scent in orchids
pollinated by Euglossini bees tends to be dominated by volatile monoterpenoids,

sesquiterpenoids, and aromatic compounds (Williams & Whitten, 1983). Terpenoids are
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comprised of isoprene units (Curry, 1987) and are primarily responsible for attracting
male bees of Euglossini.

Pollination behavior and mechanisms carried out by these bees on the flowers of the
Gongora species analyzed were similar to those already described for the genus, as well
as those related to other species in Stanhopeinae (Dressler, 1968; Gerlach, 2011; Pansarin
et al., 2014; Adachi et al., 2015; Casique et al., 2018). Male Euglossini bees scratch and
collect this scent from osmophores, store it at specialized posterior tibias and, possibly,
spread and expose it to conspecific females (Eltz et al., 1999; Zimmermann, Roubik &
Eltz, 2006; Adachi et al., 2015; Hetherington-Rauth & Ramirez, 2015; Nunes et al.,
2017).

The osmophores in Orchidaceae are found almost exclusively in the labellum (Vogel,
1990). The osmophores in G. jauariensis, G. pleiochroma, and G. minax were also found
in the ventral and dorsal area of the labellum (hypochile) and sepals (adaxial face). They
are epidermal with papillose cells in G. jauariensis, G. pleiochroma, and without papilla
in G. minax. Osmophores can have other morphological features, e.g., be smooth or have
multi or unicellular trichomes; their secretory epidermal cells can have different shapes,
with or without papilla (uni or multicellular), or simply cubic (Vogel, 1990; Curry, 1991;
Anton et al., 2012; Tolke et al., 2019; Casique et al., 2018; Kettler et al., 2019).

The features observed in the osmophores of sepals and labellum of Gongora species
exhibit similarities with previous descriptions of other Stanhopeinae species, such as
Gongora bufonia Lindl., Stanhopea grandiflora., Stanhopea oculata Lindl., Stanhopea
wardii Lodd. ex Lindl., Sievekingia Rchb.f., and Cirrhaea Lindl. (Stern etal., 1987; Curry

et al., 1991; Davies & Turner, 2004; Ascensao et al., 2005; Pansarin et al., 2014; Adachi
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et al., 2015). In other orchids, the osmophores may be located on petal tips and ovary
surface (Silveira, 2002; Kowalkowska, Kozieradzka-Kiszkurno & Turzynski, 2015).
The chemical analysis of the scent of the Gongora species analyzed revealed typical
compounds of aromas usually found in other flowers of these genera, scents that are
closely related to pollinator attraction (Hetherington-Rauth & Ramirez, 2015; 2016).
Compounds such as eugenol, (E)-B-Farnesene, 3-Bisabolene, Docosane, and Tetracosane,
present in Gongora pleiochroma, Gongora jauariensis, and Gongora minax were similar
to other species in Stanhopea (Gerlach, 2010; Casique et al., 2018). Together with
alcohol, tetradecyl, and hexadecyl acetate, primary compounds in the three Gongora
species, there are other substances often involved in the attraction process of potential
pollinator bees, including monoterpenes (a-pinene, b-pinene, sabinene, myrcene,
limonene, eucalyptol (1,8-cineol) and ocimene) (Whitten & Williams, 1992).
Elaiophores are secretory structures of non-volatile oils that help in the mutual
relationship between oil-producing flowers and the bees that collect this oil, which are
their potential pollinators (Vogel, 1974; Possobom & Machado, 2017). There are two
types of elaiophores: trichomatose and epidermal (Vogel, 1974). Trichomatoses are
comprised of glandular trichomes or uni- or multicellular epidermal excrescences, where
oil can be secreted and/or accumulated, or it can even be stored bellow the cuticle until it
is removed by the anterior legs of bees. Epidermal elaiophores are secretory epidermal
cells covered by cuticle under which the secretion can be stored (Vogel, 1974; Buchmann,
1987; Endress, 1994; Possobom & Machado, 2017; Tolke et al., 2019). This second type
was described in this study in the ventral area of the labellum (hypochile) of Gongora

minax, same area where the osmophores can be found.
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It was not possible to observe female bees in this study. Therefore, future
investigations of ecological interactions on G. minax are required. These shall enable to
clarify the importance of this oil for the bee and pollination, and thus, confirm the role
played by this elaiophore.

These structures were first described in Malpighiaceae by Vogel (1969). In
Orchidaceae, the elaiophores were first described in the Oncidiinae species (Whitten et
al., 2000), e.g., Zygostates Lindl. and Oncidium Sw. (Vogel, 1974). Epidermal
elaiophores can be found at the base of the labellum or above the callus and lobes of the
labellum in some Oncidiinae species (Pacek & Stpiczynska, 2007; Stpiczynska, Davies
& Gregg, 2007; Pacek et al., 2012; Gomiz, Torretta & Aliscioni, 2013). They can be
comprised of a cuboid cell layer (Singer & Cocucci, 1999; Pacek & Stpiczynska, 2007,
Pacek et al., 2012; Davies, Stpiczynska & Rawski, 2014), or palisade-type cell
(Stpiczynska & Davies, 2008; Gomiz et al., 2013; Stpiczynska et al., 2013). Besides, the
position and structure of the elaiophore, and the degree of oil secretion, varied according
to the morphological group being investigated (Blanco et al., 2013).

The chemical composition of the elaiophores of Gongora minax consists mainly of
fatty acids and/or glycerids derivatives, such as 1-Hexadecanol, acetate, and Behenic
alcohol, 1-Docosanol, which are commonly described in phytochemical studies on
elaiophores (Vogel, 1974; Buchmann, 1987; Cocucci, 1991; Reis et al., 2000; Reis et al.,
2007; Vogel, 2009). Other minor constituents are also reported, namely: aldehydes,
amino acids, carbohydrates, carotenoids, hydrocarbon, isoprenoid compounds, ketones,
phenolic compounds, saponins, and terpenes (Vogel, 1974; Simpson & Neff, 1981;
Buchmann, 1987; Reis et al., 2000; Reis et al., 2006). Nevertheless, elaiophores do not

produce only fatty acids, but also acid mucilage, which along with the oil, makes the
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secretion more fluid and, therefore, facilitates its collection by bees (Pansarin et al.,
2009). It is worth of note that the occurrence of nectar, lipids, and sugar traces in some
floral oils (Vogel, 1990; Davies, Turner & Gregg, 2003), and the inverse, the occurrence
of terpenoids in the nectar (Davies, Stpiczynska & Gregg, 2005) of some species, can
indicate that the elaiophores derive from nectaries (Stpiczynska et al., 2007).

The first ultrastructural analyses of osmophores with granulocrine secretion in
Orchidaceae was performed with Restrepia Kunth and Scaphosepalum Pfitzer (Pridgeon
& Stern, 1983; Pridgeon & Stern, 1985). Among Stanhopeinae species, the analysis were
initially performed with Stanhopea oculata, S. wardii, and Stanhopea graveolens Lindley
and the major organelles observed were mitochondria, amyloplasts, elaioplasts, and
smooth and rough endoplasmic reticula (Stern et al., 1987; Anton et al., 2012). Gongora
bufonia, however, had some particularities, such as branched plasmodesmata, the
apparent absence of rough endoplasmic reticulum, and microchannels formed by the
reticulated cuticle (Adachi et al., 2015). These microchannels have already been
described in Bulbophyllum wendlandianum (Kraenzl.) Dammer and Bulbophyllum
weberi Ames (Kowalkowska et al., 2015; Kowalkowska, Turzynski, Kozieradzka-
Kiszkurno, 2017). In Gongora jauariensis, Gongora pleiochroma and Gongora minax,
the results were similar to those found in Stanhopea and Gongora bufonia. These cellular
compounds, smooth and rough endoplasmic reticulum, mitochondria and plastids are
closely involved in fragrance synthesis, which is produced and exudated by floral
osmophores and are commonly reported in osmophores of most orchids and of other
plants (Stern et al., 1987; Curry et al., 1991; Stpiczynska, 1993; Effemert et al., 2006;

Kowalkowska et al., 2015; Stpiczynska et al., 2018; Paiva et al., 2019; Tolke et al., 2019).
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The labellum surface (hypochile) of Gongora minax is covered by grains of
epicuticular wax, as in Gongora bufonia wich according to Adachi et al. (2015), may help
pollination by causing instability in the pollinator (slip-and-fall) when positioning on and
fixating in the labellum, which makes it fall over the column, thus removing the
pollinarium. The flower morphology provides this pollination mechanism characteristic
of Gongora subg. Gongora and the subg. Portentosa (Gerlach, 2009).

The starch grains present in the osmophores cells of the species studied are a common
feature of odoriferous glands (Stern et al., 1987; Curry et al., 1991; Pansarin et al., 2009)
since starch is used as an energy source for the production of nectar or scent (Vogel, 1990;
Effemert et al., 2006). Moreover, these starch agglomerations decrease as volatile
evaporation occurs, along with increased vacuole volume and reduced cytoplasm;
however, a thin peripheral cytoplasm layer remains, as do some large lipid drops, few
amyloplasts, mitochondria, and SER/RER (Pridgeon & Stern, 1983; Effemert et al.,
2006).

As seen by in situ histochemical analysis, the main classes of metabolites are the
terpenoids in the three species of Gongora and free fatty acids, especially in Gongora
minax, data confirmed by the list of compounds obtained after phytochemical analysis of
the labellum (Table. 1). The labellar secretion of Gongora minax is a heterogeneous
mixture, containing mainly lipophilic substances, like a high content of free fatty acids
and terpenoids. The free fatty acids are the most common components found in floral oils
of the elaiophores (Vogel, 1974; Reis et al., 2006; Possobom & Machado, 2017). And the
distinct coloration of the floral tissue in histochemical analyses with reagents such as
neutral red help in osmophore identification (Vogel, 1990; Pansarin & Pansarin, 2011;

Francisco & Ascensdo, 2013). The use of dyes Sudan black, Sudan 111, and Sudan IV are
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useful for the detection of triacylglycerides and total lipids (Effemert et al., 2006). Nile
blue sulfate indicates the presence of differentiated lipids such as acid and neutral lipids,
and NADI reagent helps to identify terpenoids (Effemert et al., 2006; Demarco, 2017).
All these tests react positively indicating that this secretion would be compatible with that
secreted by osmophores. Aside from coloration, identifying volatile compounds using a
mass spectrometer (GC-MS) is essential for osmophore identification (Effemert et al.,
2006).

Nectariferous stomata were also observed at the base of bract, both in bud and
postanthesis stages in Gongora, as well as in Stanhopea grandiflora. Ants were observed
on the bract, even with flower in anthesis stage and with the presence of bees. This
foraging of ants was similar to that reported on Epidendrum denticulatum Barb.Rodr. ants
did not interfere with pollinator behaviour (Almeida & Figueiredo, 2003; Gerlach, 2011;
Leitdo et al., 2014). This association with ants has been reported in Coryanthes Hook.,
and recently, in Stanhopea grandiflora, where ants feed on nectar from extrafloral
nectaries and can use the plant to build their nests while defending plants from herbivores
and fertilizing them with vertebrate feces (Gerlach, 2011; Casique et al., 2018). This
nutrient offered by ants allows plants to grow more rapidly (Gerlach, 2011; Gegenbauer
etal., 2012).

In conclusion, after anatomical, histochemical, and phytochemical analyses, we
observed the osmophores, structures commonly described for Stanhopeinae, these
structures are involved in the attraction and reward of pollinators, i.e., the male Euglossini
bees. In Gongora minax, the labellum (hypochile) showed chemical and structural
characteristics of elaiophore and osmophore. It can thus be assumed that there is a

possibility that the same plant structure is both osmophore and elaiophore. The elaiophore
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described in this study was mainly characterized by chemical analysis and TEM analysis.
Elaiophores are commonly described in Malpighiaceae, Iridaceae and other Orchidaceae
and the main ecological function of secreted oils is used for coating nest wall of
Euglossini bees nests by female bees. More studies on the floral biology of this species
will be necessary to identify the female bee or the real function of this exuded oil, for the
pollination process. Regarding the interactions between foraging ants and nectaries of
bracts of Gongora species, it is here reported for the first time for the genus. However,
we emphasize the need for future studies of these nectaries using transmission electron

microscopy to elucidate the secretion processes.
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TABLES
Table 1. Analysis of the floral fragrance of Gongora species. Gongora jauariensis (Pa -

181), Gongora pleiochroma (Pa - 182), and Gongora minax (Pa - 175) (%).

FIGURES
Figure 1. Habit and morphology of Gongora. (A) Habit and pendant inflorescence. (B)
Postanthesis flower of G. jauariensis. (C) Flower of G. minax. (D-E) Flower of G.
pleiochroma. (F-G) Morphology of G. minax, frontal and lateral view, note the absence
of horns in the labellum. (H) Frontal view of flower of G. pleiochroma, detail of horns
(arrow). (I-J) Bract tested with Glicofita Plus and foraging ants (Dolichoderus sp.). (K)
Eulaema nigrita (arrow) in the labellum of G. minax. (L) Detail of Eulaema bombiformis
in the sepals of G. jauariensis. (M) Euglossa sp. in the sepals of G. pleiochroma. (N)
Eulaema bombiformis in the labellum of G. minax. Scales bars: M =5cm; A, C, | =2
cm; H,B,D,N=1cm; L, K, F, G=5mm; J, E=1 mm. Key to all figures: sl, lateral
sepals; sd, dorsal sepals; pt, petals; co, column; hp, hypochile; me, mesochile; ep,
epichile; cu, cuticle; cw, cell wall; is, intercellular space; mi, mitochondria; nu, nucleus;

se, lipid secretion; sg, starch grains; pl, plasmalemma; va, vacuole; ve, vesicles.

Figure 2. Foragers, pollinators, and pollination mechanism in Gongora. (A) Floral bud
of G. pleiochroma with Dolichoderus sp. ant on bract (red arrow). (B) Flower of G. minax
in anthesis. (C) Scheme of flowers of G. jauariensis (left) with Eulaema bombiformis (red
circle) foraging the labellum and G. pleiochroma (right) with Euglossa sp. (red circle)

foraging the sepal; note the pollinarium (highlighted in yellow) in the bee's scutellum and
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the detail (red circle) shows the ant foraging the bract of postanthesis flowers. (D) Bee
(Eulaema nigrita) entering the excavated hypochile in search for oleiferous compounds
collected from the base of the hypochile; detail of column apex with pollinarium (red
circle); after the bee forages the labellum, it falls on the column, and the pollinarium

clings to the scutellum. Scales bars: A,C=1cm; B,D =2 cm.

Figure 3. Structural analysis of bract (A-F) and SEM (G-J) in Gongora species. (A, B,
I) G. jauariensis. (C, D, G, H) G. pleiochroma. (E, F, J) G. minax. (A) Cross-section of
the bract adnate to pedicel, collateral vascular bundles ordered in mesophyll (arrow head),
digitiform trichomes in the adaxial face (arrow). (B) Crystalliferous idioblasts in bract
mesophyll and vascular bundle (arrow head), stomata on the abaxial face (arrows). (C—
D) Detail of bract idioblasts with raphides. (E) Collateral vascular bundles of the bract.
(F) Nectariferous stomata on the abaxial face of bract, with content visible in intercellular
spaces (*). (G) In SEM, stomata observed on the abaxial face of bract of G. pleiochroma.
(H) Digitiform trichomes along the adaxial face of bract (arrowhead). (1-J) Detail of this
digitiform trichomes observed on the abaxial face of bract. Scales bars: A =200 um; B =

100 pm; C-E =20 um; F =10 um; G, H, J =20 pm; | = 10 pm.

Figure 4. Osmophore in the sepal of Gongora species. (A) G. jauariensis, papillose cells
of secretory epidermis (arrow). (B) Papillose cells of secretory epidermis in the sepal of
G. pleiochroma. (C) Collateral vascular bundle in the mesophyll close to abaxial face.
(D) Adaxial face of sepal, with starch grains in the detail (*) of papillose cells, stomata
on the abaxial face (arrow). (E) Adaxial face of sepal showing starch grains in the

parenchyma cells (*). (F) Elongated ridges in G. pleiochroma sepals. (G) Short ridges in
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G. jauariensis, in the detail epicuticular wax (arrow). (H) Smooth osmophore in the sepal
of G. minax. (I) crystalliferous idioblasts along the mesophyll, evident lipid drops (arrow).
(J) Abaxial face of sepals of G. pleiochroma. (K) Abaxial face of G. minax sepal. (L)
detail of collateral vascular bundle in the sepal of G. minax. (M—N) Digitiform trichomes
observed on the adaxial face of sepals of G. jauariensis. (O) Stomata present on the
abaxial face of G. minax sepals. Scale bars: A—C =500 pum; H, J =200 um; D, E, I, L =

100 pm; F, K, M, N, O =20 pm; G = 10 pm;

Figure 5. Osmophores and Elaiophore in the labellum of Gongora species. (A-E) G.
jauariensis. (F-J) G. pleiochroma. (K-Q) G. minax. (A) Hypochile of G. jauariensis
(cross-section). (B) Detail of horns. (C) Dorsal face showing papillose cells of the
epidermis. (D) Ventral face without papillose cells and papillose dorsal face. (E)
Osmophore of labellum in G. jauariensis (SEM). (F) Hypochile of G. pleiochroma (cross-
section). (G) Part of the labellum showing the ventral and dorsal faces. (H) Detail of
ventral face, cells with numerous starch grains (arrow head). (1) Detail of dorsal face with
some papillose cells (arrow). (J) Osmophore of labellum in G. pleiochroma (SEM). (K)
Hypochile of G. minax (cross-section). (L) Ventral face (hypochile), with content visible
in intercellular spaces. (M) Detail of epidermal cells in the ventral face, evident lipid
drops (*). (N) Dorsal face (hypochile) and evident lipid drops in this area. (O) Ventral
face of labellum with osmophores/elaiophores in G. minax, sparse stomata (arrowhead),
and epicuticular wax (arrowhead). Scales bars: A, K =500 um; D, F = 350 um; C = 200

pm; B, H, L, P, Q =100 pm; N-O =50 um; I, E, J =20 um; G, M =10 pm.
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Figure 6. Histochemical analysis of Gongora species of the median regions (cross-
section) of bract (A—H) and sepals (I-M). (A-D) Fehling reagent. (A-B) Mesophyll and
stomata of G. minax. (C—D) Mesophyll of G. jauariensis. (E-G) Ponceau Xylidine. (E—
F) Staining with Xylidine revealed the presence of protein bodies in the mesophyll and
trichome of G. pleiochroma. (G) Protein bodies in the stomata of G. minax. (H) Staining
with Lugol reagent in the mesophyll and stomata of G. jauariensis. (I-K) Sudan I11. (1)
Staining with Sudan 11l revealed the presence of lipid bodies in the sepals of G.
jauariensis. (J) Mesophyll of G. pleiochroma. (K) Mesophyll of G. minax. (L-M)
Staining with NADI reagent. (L) Mesophyll of G. jauariensis. (M) Mesophyll of G.

minax. Scales bars: A =50 um; B-M =10 pum.

Figure 7. Labellum (hypochile) histochemical analysis of Gongora species. (A) Staining
with Sudan Il in the secretory parenchyma of G. jauariensis. (B) Papillose cells with
Sudan 11 of G. pleiochroma. (C-E) Staining with Sudan 11l of G. minax. (D-E) Ventral
face and dorsal face, respectively, of labellum of G. minax with Sudan Ill. (F-G) Starch
grains (Lugol reagent) of G. pleiochroma. (H) Starch grains (Lugol reagent) of G. minax.
(1-J) Essential oils (NADI reagent) G. jauariensis and G. pleiochroma, respectively. (K)
Essential oils (NADI reagent) in G. minax. (L) Oil resin in G. minax. (M) Bodies of acid
lipids (Nile blue sulfate) in G. jauariensis. (N) Bodies of neutral lipids (Nile blue sulfate)
in G. minax. (O) Staining bodies with fatty acids (copper acetate/rubeanic acid) in the
labellum of G. minax. (P) Labellum with Neutral red in UV light of G. jauariensis. (Q)
Labellum with Neutral red in UV light of G. minax. Scales bars: O-Q =20 um; A-N =

10 pm.

70



Figure 8. Analysis using Transmission Electron Microscopy (TEM) of ventral and dorsal
faces of labellum (hypochile) osmophores of the three Gongora species. (A-E) Gongora
jauariensis and Gongora pleiochroma. (F-K) Gongora minax. (A) Secretory epidermal
cell, papillose with a thin periclinal wall on the dorsal face of G. jauariensis and G.
pleiochroma with abundant cytoplasm, evident vacuole, numerous amyloplasts, lipid
drops in vesicles (arrowhead), mitochondria, and smooth and rough endoplasmic reticula.
(B) Cuticle presenting a well-developed net of microchannels (arrows). (C) Amyloplasts
containing visible starch grains, well-developed vacuoles, and lipid drops near
(arrowhead). (D) Smooth and rough endoplasmic reticula, mitochondria, and large
intercellular spaces. (E) Detail of amyloplast containing starch grains and smooth
endoplasmic reticulum (arrowhead). (F) Ventral face of labellum with a thick cuticle. (G)
Outer periclinal wall polylamelate with microchannels (arrows). (H) Deposit of
epicuticular wax (arrows) on the ventral face. (I) Secretory cells of epidermis on the
ventral face. (J) Branched plasmodesmata (arrows) going through intercellular walls and
detail. (K) Abundant lipid drops, amyloplasts containing starch grains, mitochondria, and
smooth (blackhead arrow) and rough (white head arrow) endoplasmic reticula. Scales
bars: 1 =20 um; A=10um; C,J=5um; B, G, H, K=2um; E=1 um; D, F=0,5 um.

For key, see Figure 1.
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Table 1.

i —— Pa- Pa- Pa-
Rl  Constituents Characterization 175 181 182
[2-(2-
2086 Hydroxyphenyl)cyclopropyl] Acetone - - 1.73
(phenyl)methanone
2170 Octadeca-(32,132)-dien-1-yl Acetone i 0.46 i
acetate
e R Alcohols - 036 0.39
pentanediol diisobutyrate
1634 a-Acorenol Alcohols - 0.33 -
62.499 1-Tricosanol Alcohols 1.19 - -
811 Hexanal Aldehydes - 0.27 3.60
1045 Phenylacetaldehyde Aldehydes - 096 1.49
1106 n-Nonanal Aldehydes - 1.97 2.09
1161 1,3,5,7-Cyclooctatetraene-1- Aldehydes i 0.16 i
carboxaldehyde
1208 n-Decanal Aldehydes - 0.14 -
1273 (E)-Cinnamaldehyde Aldehydes - - 0.44
820 Butyl-Acetate Carboxylic Acids - 0.77 -
1409 Methyl-Eugenol Carboxylic Acids - 1.83 -
1774 Benzyl benzoate Carboxylic Acids - - 60.63
34.904 Dodecyl acetate Carboxylic Acids 0.46 - -
1877 Phthalic acid, isobutyl propyl Ester i 0.13 i
ester
1968 Hexadecanoic acid Fatty acid - 0.62 -
2000 Ethyl hexadecanoate Fatty acid - 0.09 -
44.627 n-Hexadecanoic acid Fatty acid 3.63 - -
49.403 9-Octadecenoic acid (2)- Fatty acid 3.09 - -
49.969 ?'Zlé')c_)“adecad'eno'c acid  Eatty acid 700 - -
42.018 Hexadecanol<n-> Fatty Alcohols 0.97 - -
54.055 1-Octadecanol Fatty Alcohols 5.19 - -
59.496 1-Docosanol Fatty Alcohols 20.46 - -
64.961 1-Tetracosanol Fatty Alcohols 1.32 - -
46.178 1-Hexadecanol, acetate Fatty Esters 14.74 - -
52.234 Octadecyl acetate Fatty Esters 1.03 - -
1389 (E)-p-Damascenone Hydrocarbon - 0.06 -
1420 chis-a-Bergamotene Hydrocarbon - 0.42 -
1440 trans-a-Bergamotene Hydrocarbon - 0.86 -
39.581 1-Octadecene Hydrocarbon 3.16 - -
54.843 Docosane Hydrocarbon 5.98 - -

72



60.185
62.770
65.305
2305
2405
1187
1292
1362
7.432
8.293
9.770
10.779
8.712
11.346
13.389
14.817
15.309
16.490
19.321
1380
1425
1440
1461
1444
1448
1484
1487
1517
1528
1565
1630
1515
1615
1676
1693
8.564
14.669
1457
1492
1500
1319
1588

Tetracosane
Pentacosane
Hexacosane
Tricosane
Tetracosane
Naphthalene

Safrole

Eugenol
Cineole<dehydro-1,8->
a-Terpinene
y-Terpinene
Terpinolene
Sylvestrene

Linalol

Limonene oxide<cis->
Thujone<trans->
a-Terpineol
Verbenyl acetate<trans->
Cymen-8-ol <para->
a-Copaene
(E)-Caryophyllene
(2)-p-Farnesene
(E)-p-Farnesene
B-Dihydroionone
Sesquisabinene
y-Curcumene
a-Curcumene
B-Curcumene
B-Sesquiphellandrene
(E)-Nerolidol
Hinesol
p-Bisabolene
a-Bisabolol
epi-p-Bisabolol
epi-a-Bisabolol
Cymene<ortho->
Terpinen-4-ol
Geranylacetone
(E)-B-lonone
a-Zingiberene

N.I.

*MM=208

Hydrocarbon
Hydrocarbon
Hydrocarbon
Hydrocarbon
Hydrocarbon
Hydrocarbon
Hydrocarbon
Monoterpene
Monoterpene
Monoterpene
Monoterpene
Monoterpene
Monoterpene
Monoterpene
Monoterpene
Monoterpene
Monoterpene
Monoterpene
Monoterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Sesquiterpene
Terpene
Terpene
Terpene
Terpene
Terpene
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31.457
39.876
41.181
41.304
44.529
48.861
49.034
50.732
50.905
51.618
54.252
56.837
57.576
59.348
59.693
60.628
61.490
61.711
63.951
64.591
64.690
65.084

RT:31.457
RT:39.876
RT:41.181
RT:41.304
RT:44.529
RT:48.861
RT:49.034
RT:50.732
RT:50.905
RT:51.618
RT:54.252
RT:56.837
RT:57.576
RT:59.348
RT:59.693
RT:60.628
RT:61.490
RT:61.711
RT:63.951
RT:64.591
RT:64.690
RT:65.084

0.13
0.19
0.15
0.25
0.41
0.20
0.25
0.93
0.54
0.23
0.24
0.42
0.32
0.06
0.61
0.13
0.35
0.72
0.14
0.30
0.08
0.18
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RESUMO

Coryanthes € um dos géneros mais fascinantes de Stanhopeinae (Orchidaceae), pois
apresenta um complexo mecanismo de polinizacdo devido as peculiares estruturas de
suas flores. Apesar de Coryanthes macrantha (Hook.) Hook. ser amplamente estudada,
estudos anatbmicos de estruturas secretoras citadas nas descricdes de morfologia externa
associadas a biologia floral sdo importantes para entender os mecanismos de polinizacéo
e seus aspectos ecoldgicos, os quais merecem atencdo, porém de dificil realizacdo devido
as dificuldades em encontrar e coletar material fértil na natureza. O objetivo desse estudo
foi realizar andlises morfoanatdmicas detalhadas das estruturas secretoras florais e
extraflorais de Coryanthes macrantha com o intuito de compreender melhor as estruturas
secretoras ocorrentes e contribuir para o conhecimento da sua biologia floral e/ou
processos de polinizacdo e principalmente entender a funcéo ecoldgica dessas estruturas.
As andlises revelaram que C. macranta apresenta os osmoforos epidérmicos com papilas
unicelulares que foram forrageados pelas abelhas macho Eulaema, nectérios florais nas
sépalas e os extraflorais nas bréacteas, em ambos o néctar é exsudado pelos estbmatos. As
formigas Azteca forragearam os nectarios das bracteas e sépalas na pré-antese e pos-
antese conferindo protecdo a flor. Nosso estudo mostrou 0 modo de secre¢do dos
osmaforos e dos nectarios demonstrando que estes atraem especificos forregeadores. As
estruturas secretoras de Coryanthes macrantha foram aqui detalhadas anatomicamente
pela primeira vez.
Palavras chaves: osmaforos — elaioforos — nectarios — Orquideas — glandulas

secretoras.
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ABSTRACT

Coryanthes is one of the most fascinating genera of Stanhopeinae (Orchidaceae), as it has
a complex pollination mechanism due to the peculiar structures of its flowers. Although
Coryanthes macrantha has been widely studied, anatomical studies of secretory
structures mentioned in the descriptions of external morphology, regarding to floral
biology are important to understand polination processes and its ecological aspects, which
deserve attention. However, performing these studies are hard due the difficulties in
collecting fertile material in the natural environment. Have not yet been carried out and
one of the reasons would be the difficulty in nature. This study aimed to carry out detailed
morphoanatomical analyzes of the floral and extrafloral secretory structures of
Coryanthes macrantha (Hook.) Hook. in order to analyse the secretory structures
approaching their floral biology and/or pollination processes and mainly to understand
the ecological function of these structures. The analyzes revealed that C. macranta
presents the epidermal osmophores with unicellular papillae that were foraged by male
Eulaema bees, floral nectaries in sepals and extrafloral in bracts, in both the nectar is
exuded by the stomata. Azteca ants foraged nectaries of bracts and sepals in the pre-
anthesis and post-anthesis giving protection to the flower. Our study provided how
osmophore na nectaries secretion presenting that these structures atract specific foragers.
The secretory structures of Coryanthes macrantha anatomically are detailed here for the
first time.

Keywords: osmophores — elaiophores — nectaries — Orchids — secreting glands.
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INTRODUCAO

As flores das Coryanthes Hook. estdo entre as mais fascinantes e interessantes
dentre as Orchidaceae. Tal fato se deve principalmente, pelo seu complexo mecanismo
de polinizacédo (Gerlach 2003). O género pertence a Stanhopeinae e assim como 0s outros
géneros do grupo, suas flores apresentam o labelo subdividido em: hipoquilio, mesoquilio
e epiquilio (Gerlach 2009).

Além do labelo subdividido, as Coryanthes podem ser caracterizadas como ervas
epifitas, com inflorescéncias geralmente pendentes, flores carnudas, pesadas e de cores
vivas, mas uma caracteristica marcante de Coryanthes é a coluna achatada ventralmente
com duas glandulas proeminentes (pleuridia), subquadradas a longo falcadas, secretoras
de uma substancia aquosa (Schnepf et al. 1983; Gerlach 2009).

Os osméforos comumente descritos para as espécies de Stanhopeinae, geralmente
estdo situados na regido do hipoquilio e sdo 0s responsaveis por emitir substancias
volateis como recompensa aos seus polinizadores: as abelhas macho de Euglossini (Vogel
1990; Whitten et al. 2000; Gerlach 2003). Essas substancias séo coletadas unicamente
pelas abelhas através da raspagem dos osmo6foros com os tarsos das pernas anteriores e
tibias posteriores, esses compostos nao servem para nutricio ou protecao,
presumivelmente sdo utilizados como precursores na sintese de um feroménio sexual
(Vogel 1962; van der Cingel 2001; Gerlach 2003; Bembé 2004). Porém o uso desses
compostos nas atividades reprodutivas ainda ndo foi confirmado (Dodson et al. 1969;
Dressler 1982; Pansarin & Amaral 2009).

Coryanthes apresenta distribuicdo neotropical e possui cerca de 60 espécies, para
0 Brasil séo citadas 22 espécies e dessas, 18 sdo registradas para a Amazonia brasileira

(Flora do Brasil 2020). E apesar da ampla ocorréncia na Amazonica brasileira, estudos
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com o género ainda séo escassos, isso se deve pela dificuldade em coletar os espécimes
férteis na natureza, bem como, pela dificuldade em cultiva-las, devido a sua intrinseca
relagdo mutualistica com formigas (Engels et al. 2017; Gerlach 2011). Nas espécies de
Coryanthes as parcerias mutualisticas entre formigas e suas plantas sdo conhecidas, as
formigas Azteca, Campanotus e Crematogaster, alimentam-se do néctar oferecido pelos
nectarios extraflorais e em troca oferecem protecdo as plantas contra possiveis
invasores/herbivoros (Gerlach 2009; Gerlach 2011).

E apesar de existirem estudos anatdbmicos envolvendo espécies de Coryanthes,
esses foram realizados principalmente em érgdos vegetativos, como anatomia foliar de
Coryanthes macrantha (Hook.) Hook. (Stern & Whitten 1999) e analises em raizes de
Coryanthes speciosa (Hook.) Hook. e Coryanthes maculata Hook. (Pridgeon et al. 1983;
Porembski & Barthlott 1988). Até o momento, o Unico estudo realizado em 6rgaos
reprodutivos foi focado nas glandulas e na composicdo quimica do exsudato das
pleuridias de Coryanthes speciosa. Neste estudo, 0s autores caracterizaram esta estrutura
como um hidatddio, sem dizer o tipo a qual pertence, ativo ou passivo (Schnepf et al.
1983).

Um estudo recente com enfoque em estruturas secretoras florais e extraflorais em
Stanhopea grandiflora (Lodd.) Lindl. analisou os osmoforos presentes no labelo
(hipoquilio), bem como descreveu novidades para Stanhopeinae, como 0s nectarios das
bracteas e sépalas e os coléteres presentes na regido do ovario. Além disso foi registrado
tambeém, a relagdo de formigas dos géneros Dolichoderus sp. e Azteca sp. na regido das
bracteas e sépalas desta espécie (Casique et al. 2018).

Diante do exposto, este trabalho visou investigar sob os aspectos anatémicos,

histoquimicos e fitoquimicos das estruturas secretoras florais e extraflorais de Coryanthes
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macrantha, com o objetivo de caracterizar suas estruturas, entender a dindmica e a
composicao da secrecdo. Desse modo, pretende-se compreender o papel dessas estruturas
nesta espécie, principalmente, fornecer dados sobre suas relagcBes ecoldgicas com 0s

forrageadores.

MATERIAL E METODOS

Material botanico

Foram coletadas trés flores de um Unico individuo de Coryanthes macrantha nos
meses de Janeiro a Abril, procedente de Barcarena, localidade do Estado do Para (Brasil).
Apos antese (cerca de 7 h da manhd), as flores de Coryanthes macrantha foram
devidamente identificadas e amostras férteis da mesma foi destinada a confecgdo de
exsicata, a qual encontram-se incorporada ao acervo do Herbario Jodo Murca Pires do
Museu Paraense Emilio Goeldi (MG), sob o respectivo voucher MG151349.

Posteriormente alguns individuos dos espécimes foram coletados e cultivados em
um orquidario privado sob condiges abidticas semelhantes ao ambiente natural da
espécie e quando possivel com parte do formigueiro, com o objetivo de observar novos
eventos de floragdo e potenciais visitantes florais. As flores em pré-antese e em antese
foram isolados por uma tela, por cerca de uma hora, detectamos a producgéo de néctar e
confirmamos a ocorréncia de glicose na secrecdo através da glicofita (Glicofita Plus®,
Accu-Chek Active_, F. Hoffmann-La Roche Ltd.).

Os orgdos analisados neste estudo foram os em antese: os florais, sépala, labelo e

pleuridias (coluna); e extraflorais: apenas as bracteas.
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Os insetos forrageiros observados neste estudo, foram coletadas, conservadas em
alcool etilico comercial e encaminhadas para identificacdo pelo especialista Fernando

Carvalho, entomologo do Museu Paraense Emilio Goeldi.

Microscopia de luz

Para as analises anatdmicas, o material coletado das bracteas (pré-antese), sépalas
(pbs-antese), labelo e coluna (pleuridia) foi fixado em glutaraldeido 1%, formaldeido 4%
e tampao fosfato de sédio pH 7,2 - 0,AM (McDowell & Trump 1976), sem vécuo, em
seguida foram desidratadas em série etilica ascendente (10%, 30%, 50%, 70%, 90% e
100%) e incluidas em hidroxietilmetacrilato (historresina Leica®; Gerrits & Smid 1983).
Cortes seriados transversais e longitudinais foram realizados em micrétomo de rotag&o,
3 um de espessura; posteriormente corados em azul de toluidina (C.I. 52040) em tampé&o
acetato de sddio 0,1 M pH 4,7 (O’Brien et al. 1964). As laminas permanentes foram

montadas em balsamo do Canada e observadas em microscdpio 6ptico em campo claro.

Histoquimica

Foram feitos cortes a mao livre do material fresco do labelo (hipoquilio), sépalas e
bracteas para os seguintes testes histoquimicos: O reagente Lugol foi usado para a
deteccdo de amido (Johansen 1940); O reagente Fehling foi utilizado para agucares
redutores (produto liberado pela acdo de enzimas como a celulase, por exemplo) (Sass
1951); Sudan Il para lipidios (Johansen 1940); vermelho neutro sob fluorescéncia para
lipidios totais (Kirk-Junior 1970); Cloreto férrico 10% para compostos fendlicos
(Johansen 1940); Vermelho de Ruténio para mucilagens acidas e pectinas (Gregory &
Baas 1989); Azul de Alcido para mucilagens &cidas e pectinas (Pearse 1985); Sulfato de

azul do Nilo para lipidios acidos e neutros (Caim 1947); NADI para 6leos essenciais e
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resinas (David & Carde 1964); e Xylidine Ponceau para proteinas totais (Vidal 1970).
Amostras sem tratamento (branco) foram analisadas e testes de controle negativo também
foram realizados. Os controles negativos foram realizados nos testes para detec¢do de
lipidios (Sudan 11, Sudan IV, NADI reagente, sulfato de azul do Nilo), tratando as se¢Ges
em uma solucdo de metanol / cloroférmio / H20 / HCI (66: 33: 4: 1) durante 72h a
temperatura ambiente antes de realizar o teste. As analises e fotomicrografias foram
realizadas em microscopio de campo claro (Leica DMR) em todos os testes, exceto no
vermelho neutro, observado com epifluorescéncia (filtro de excitacdo 450-490 nm).
Todas as imagens foram tiradas com uma camera digital (AxioCam HRc Zeiss) acoplada

a microscopia e o programa ZEN Light 2012 foi utilizado para captura de imagens.

Fitoquimica

Amostras do labelo (hipoquilio) foram submetidas a microhidrodestilacdo-
extragdo simultanea (SDE) por 3 horas usando um sistema Chrompack, e pentano (2 mL)
como solvente. A anélise do concentrado de flores foi realizada em um sistema CG/EM
Finnigan (cromatografo de géas Varian 3400; espectrometro de massas Finnigan INCOS-
XL), equipado com coluna capilar de silica fundida DB-5 (30m x 0,25mm d. i; 0,25 pm
de espessura do filme), nas seguintes condi¢des operacionais: programa de temperatura,
60°C — 270°C (3°C/min); temperatura do injetor, 220°C; gas de arraste, hélio numa
velocidade linear de 32 cm/s (medido a 100°C); tipo de injecéo: splitless (2mL);
espectrometro de massas: impacto eletrénico, 70 eV; temperatura da fonte de ions, 180°C.

Os constituintes volateis foram identificados através da comparacdo dos seus
espectros de massas e indices de retencdo com os de substancias padréo existentes nas

bibliotecas de referéncias e, com dados da literatura (Jennings & Shibamoto 1980; Adams
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2007). Os ions-cromatogramas foram escaneados a partir dos originais obtidos do sistema
CG/EM. A anélise foi realizada no laboratério de fitoquimica do Museu Paraense Emilio

Goeldi.

Microscopia Eletronica de Varredura (MEV)

Para a anélise em Microscopia Eletronica de Varredura (MEV) o material fixado
foi desidratado em série crescente de acetona e secagem através do método do ponto
critico (Gersterberger & Leins 1978), com o uso do equipamento Balzers, CPD 030,
Posteriormente, o material foi colocado em suportes de aluminio com fita carbono dupla
face, metalizacdo com ouro no aparelho Balzers SCD 050 e analise em microscépio
eletrénico de varredura JEOL 6060, no Centro de Microscopia e Microanélises — CMM

— da Universidade Federal do Rio Grande do Sul — UFRGS.

Microscopia Eletronica de Transmisséo

Amostras dos nectarios presentes nas bracteas e sepalas foram fixadas em
glutaraldeido 2,5%, formaldeido 2,0% em tampdo fosfato de sédio pH 7,2 0,1M. Pds-
fixadas em tetroxido de O0smio 1% em tampdo fosfato de sodio pH 7,2, 0,1 M.
Posteriormente, as amostras foram lavadas no mesmo tampdo (duas trocas de 30
min/etapa) e agua destilada (duas trocas de 30 min/etapa). O material foi desidratado em
solugdes de acetona ascendente (10%, 30%, 50%, 70%, 90%, 100%) por 30 min cada
etapa e uma Ultima etapa em acetonitrila por 15 min. Para inclusdo em resina epoxi o
material primeiramente foi submetido a uma solugdo de acetonitrila pura (0,5mL)
colocando a cada 10min gota a gota a uma resina epOxi de baixa viscosidade (Spurr, 1969)
até chegar em uma proporcao 1:1 permanecendo por 12 h. O material foi transferido para

uma solucdo de resina/acetonitrila numa proporgdo de 3:1 e posteriormente em resina
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pura permanecendo por 12h cada etapa. A inclusdo e polimerizagédo foi realizada em
capsulas de gelatina com o material devidamente orientado submetido em estufa a 700C
durante 18h. Estes blocos foram seccionados em ultramicrotomo (Leica ULTRACUT
UCT) em navalha de diamante em aproximadamente 70 nm de espessura. Essas se¢0es
ultrafinas foram colocadas em “grids” de cobre de 200 mesh e contrastadas em acetato de
uranila 2% aquosa e citrato de chumbo (modificado de Hanaichi et al. 1986). As imagens
foram realizadas em microscopio eletronico de transmissdo Jeol JEM 1200 ExII, no
Centro de Microscopia e Microanalise (CMM) da Universidade Federal do Rio Grande

do Sul.

RESULTADOS

Aspectos morfologicos e ecoldgicos

Coryanthes macrantha Hook.

A inflorescéncia é pendente e lateral (Fig. 1A), nascendo na base do pseudobulbo,
carrega de 1-5 flores. Bracteas ovadas. As flores com ovario juntamente com o pedicelo,
possuem até 17 cm comprimento, sdo levemente amareladas, muito perfumadas com
méaculas avermelhadas. As sépalas sdo livres entre si, a dorsal é posicionada
paralelamente a coluna com apice totalmente reflexo, as laterais sdo patentes a coluna
com margens fortemente revolutas (Fig. 1B). As pétalas sdo mais estreitas que as sépalas,
tém margens onduladas, quase sempre pendentes em relacdo ao ovario. O labelo é a
estrutura mais proeminente da flor, este é dividido em trés segmentos (Fig. 1B): o
epiquilio subgquadrado, com cavidade profunda em vista lateral, armazena uma solucéao
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aquosa secretada pelos cornos (pleuridia); o mesoquilio que é semitubular, externo e
internamente vinceo, carnoso, externamente pubescente na regido central; e o hipoquilio
que é vermelho-alaranjado, levemente piloso. A coluna é subtubular com &pice alargado
com duas pleuridias que secretam um exsudato fluido que é acumulado no epiquilio, uma
estrutura semelhante a um “balde” (Fig. 1B). As polinias sdo duas, amarelas e com 0
viscidio arredondado.

O forrageamento de formigas (Azteca sp.), ocorreu na regido das bracteas (Fig.
1C) e sépalas (Fig. 1D—F), tanto em pré-antese quanto pds-antese. A analise da secrecdo
com glicofita Plus (> 25,0 mmol / L) foi positiva nos nectérios das bracteas e sépalas em
ambos os estadios (Fig. 1C, F).

A antese ocorreu por volta das 7:00 da manh&, com a simultanea emissdo das
fragrancias. Notou-se que cinco minutos depois, a abelha macho Euglossini (Eulaema
sp.), pousou na regido adaxial do hipoquilio, e, em seguida, forrageou na regido abaxial
onde encontram-se os osmoforos (Fig. 1G-H). Observou-se que a abelha, durante o
forrageamento cai no epiquilio (balde) (Fig. 11), o qual acumula uma substancia aquosa
secretada pelos cornos (pleuridia). Impedida de voar devido a parede escorregadia do
epiquilio, a abelha apds alguns segundos encontra a saida localizada na regido inferior do
epiquilio com o final da coluna (Fig. 1J), onde o viscidio esta localizado. E este projeta o
polinario no escutelo da abelha (Fig. 1K).

Um esquema simplificado demonstra como ocorre as interagoes entre as flores de
Coryanthes macrantha com as formigas e abelhas. As formigas forrageiam a regido das
sépalas do botdo floral e as bracteas das flores (Fig. 2A—C). Cinco minutos da antese ha
a aproximacéo das abelhas que realizaram o processo de polinizacdo ja descrito acima,

mesmo com a presenga da formiga (Fig. 2C — passos |, 11, 111, 1V).
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Aspectos anatomicos

Bracteas

Identificou-se dois tipos de estruturas secretoras nas bracteas: Nectarios e
coléteres (Fig. 3A e Fig. 3E).

Os nectarios se caracterizam por apresentarem nectaestdmatos para secrecao do
néctar localizados na regido abaxial (Fig. 3A). Estes estdmatos sdo levemente elevados
acima das demais células epidérmicas nesta regido (Fig. 3C). Adjacente a esta regido da
epiderme, localiza-se o parénquima nectarifero. O mesofilo é composto por uma camada
de parénquima nectarifero subepidérmico (Fig. 3A, B) e abaixo deste, o paréngquima
fundamental associado aos feixes vasculares colaterais (Fig. 3A).

Os coléteres apresentam tricomas digitiformes caducos localizados na face abaxial
(Fig. 3E-H). Tricomas digitiformes na face adaxial também sdo observados, porém nao

sdo coléteres.

Sépalas

As sépalas em vista tranversal, tém a epiderme da face abaxial e adaxial
uniestratificada, anisodiametrica e com cuticula delgada (Fig. 4A). As células da face
adaxial tém paredes anticlinais externas sinuosas e as internas retas a suavemente curvas;
as células da face abaxial tém paredes periclinais externas e internas retas a suavemente
curvas. O mesofilo apresenta de 1-2 camadas de parénquima nectarifero subepidérmico e
aproximadamente 4 camadas de parénquima subnectarifero com células anisodiamétricas
e feixes vasculares colaterais. Os estdmatos nectariferos analisados foram os da face

adaxial da sépala pos-antese (Fig. 4B-D). Idioblastos com rafides estdo presentes e estdo
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distribuidos de forma aleatdria no parénquima fundamental (Fig. 4E). As sépalas sdo
epiestomaticas e apresentam tricomas digitiformes caducos somente na face adaxial (Fig.
4F-G). Os estbmatos, assim como nas bracteas, sdo levemente elevados acima da

epiderme.

Labelo

Na face abaxial do labelo (hipoquilio), encontram-se os osmoforos do tipo
epidérmico. Em secdo transversal o hipoquilio apresenta células epidérmicas diferentes
(Fig. 5A). A epiderme da face adaxial apresenta células de parede periclinal externa
alongada com formato escamiforme e com contetdo celular (Fig. 5B—C). A epiderme da
face abaxial, o osmdéforo, apresenta células papilosas, unicelulares, levemente enrugadas
e de diferentes tamanhos (Fig. 5D—F). No parénquima subjacente, os feixes vasculares
sdo colaterais (Fig. 5G). O epiquilio em secdo transversal apresenta células epidérmicas
da face adaxial e abaxial semelhantes, levemente arredondadas a achatadas (Fig. 5H). As
células da epiderme de ambas as faces apresentam conteddo mucilaginoso acido (Fig. 51—

J). O feixe vascular € colateral (Fig. 5I).

Pleuridia

No apice da coluna estdo localizados os dois cornos denominados pleuridias (Fig.
6A). As pleuridias sdo grandes, retangulares, levemente falcadas e que secretam um
liquido viscoso semelhante a mucilagem. A epiderme em vista longitudinal (Fig. 6B) e
tranversal (Fig. 6C) tem uma superficie uniestratificada, anisodiamétrica, cuticula espessa
e um volumoso espaco subcuticular entre as células epidérmicas (Fig. 6D). As células
epidérmicas sdo papilosas, sem a presenca de estdmatos, com a regido cortical com feixes

vasculares colaterais distribuidos aleatoriamente.
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Histoquimica

A andlise histoquimica do nectério da bractéola de Coryanthes macrantha revelou
0s seguintes compostos: monossacarideos - agucares redutores (Fig. 7A) e proteinas totais
(Fig. 7B). No nectério da sépala: monossacarideos - agucares redutores (Fig. 7C) e
proteinas totais (Fig. 7D). Na regido do labelo (face adaxial e abaxial) - osmoforo
(hipoquilio), os testes indicaram: lipidios totais (Fig. 8A-B); amido (Fig. 8C-D);
terpendides - 6leos essenciais (Fig. 8E—F); lipidios totais em luz UV (Fig. 9A-B); acidos

graxos (Fig. 9C-D); e lipidios acidos e neutros (Fig. 9E—F).

Fitoquimica

Os componentes identificados na fragrancia floral de Coryanthes macrantha (Pa
- 175), com percentual superior a 5%, foram: para-Anisyl acetato, n-Hexanal, Deca-

(2E,4E)-dienal, 2-pentil-Furan, (Z)-B-Farnesene (Table 1).

Microscopia Eletronica de Transmissdo: nectario da bréactea

O nectario da bractéola de Coryanthes macrantha analisado em MET foi o
coletado um dia antes da antese floral. As células guarda dos estbmatos dos nectarios
caracterizam-se por parede espessadas, nucleo grande e volumoso, nucléolo denso e
vacuolos grandes (Fig. 10A), as mesmas caracteristicas citoldgicas observadas na
microscopia de luz. Entretanto, em MET, foram observados microrganismos eucariontes
presentes na secrecdo do nectar e no espaco da camara subestomatica (Fig. 10B).

As células do parénquima nectarifero apresentam numerosas vesiculas,
provavelmente provenientes dos dictiossomos e/ou RE (Fig. 10D), mitocéndrias, vacuolo

bem desenvolvido e raros cloroplastos (Fig. 10C), além de ribossomos, reticulo
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endoplasmatico rugoso e dictiossomos ativos (Fig. 10D). N&o foram observados
amiloplastos. Nas proximidades do espaco periplasméatico mitocondrias, reticulos
endoplasmatico rugoso e dictiossomos foram observados (Fig. 10D).

As células do parénquima subnectarifero, o citoplasma apresenta vactolos bem
desenvolvidos, mitocondrias, dictiossomos, vesiculas, abundante reticulo endoplasmatico
rugoso e plastidios contendo pequenos grdos de amido (Fig. 10E-F). Os microrganismos
eucariontes foram observados nos grandes espacos intercelulares desta camada de células
(Fig. 10E). Plasmodesmos também foram observados atravessando as paredes entre as

celulas (Fig. 10F).

DISCUSSAO
Interac@es ecologicas

As espécies de Coryanthes sdo ervas epifitas que sempre despertaram a
curiosidade de grandes naturalistas, como Darwin, principalmente pela peculiar
morfologia de suas flores, gotejamento das pleuridias e pelo seu engenhoso mecanismo
de polinizacdo (Darwin 1882; Gerlach 2011). Coryanthes macrantha cresce nos
chamados jardins de formigas. Assim, como outras Coryanthes, essa interacdo simbidtica
é comum em formigas dos géneros Azteca, Campanotus e Crematogaster (Schnepf et al.
1983; Gerlach 2009; Gerlach 2011).

A interacdo simbiotica se estabelece a partir do momento em que as formigas séo
atraidas pelos nectarios extraflorais e florais, acabam por construir 0s seus ninhos nas
matrizes formadas pelo sistema de raizes das Coryanthes, fornecem nutrientes e passam
a proteger ferozmente a planta contra ataques de herbivoros, principalmente os 6rgdos
jovens vegetativos e reprodutivos, tais como os botdes florais (Gerlach 2009; Gerlach
2011). Essa oferta abundante de nutrientes, oriundos de fezes de vertebrados que as
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formigas disponibilizam para as plantas, faz com que elas crescam muito rapidamente.
Desse modo, o cultivo dessas plantas em orquidarios torna-se dificil ou até mesmo sem
sucesso, uma vez que, a interacdo com esses insetos se torna fundamental para o
desenvolvimento e floragdo do género (Dressler 1982; Gerlach 2009; Gerlach 2011).

A interacdo das formigas Azteca com os nectarios de Coryanthes macrantha
também foi observada neste estudo. Essa interacdo com formigas ocorre em outras
espécies de Orchidaceae de forma semelhante, como em Epidendrum denticulatum Barb.
Rodr., Rodriguezia venusta (Lindl.) Rchb.f. e em espécies de Cohniella Pfitzer. As
formigas forrageam os nectarios extraflorais sem interferir no comportamento dos
polinizadores, protegem as estruturas reprodutivas, auxiliando assim no aumento da
probabilidade de sucesso de polinizagdo, bem como, no desenvolvimento da planta
(Almeida & Figueiredo 2003; Leitéo et al. 2014; Kettler et al. 2018).

Além dos nectérios extraflorais e florais, 0s osmo6foros também estéo presentes no
hipoquilio da face abaxial do labelo de Coryanthes macrantha. Os osmdforos ou
glandulas odoriferas sdo as principais estruturas secretoras de Stanhopeinae (Vogel 1962;
Vogel 1990; Curry et al. 1991; Anton et al. 2012; Casique et al. 2018). Estas estruturas
sdo as responsaveis por oferecer 0s compostos volateis como recompensa para 0S seus
polinizadores exclusivos, ou seja, as abelhas machos Euglossini (Gerlach 2003; Anton et
al. 2012; Pansarin et al. 2014; Adachi et al. 2015).

As flores de Coryanthes macrantha sdo tdo complexas quanto as flores de
Gongora Ruiz & Pav. e Stanhopea Frost ex Hook. (Dodson et al. 1969; Gerlach & Schill
1989). Essa complexidade esta relacionada a morfologia do labelo desses géneros de
Stanhopeinae, que apresentam processos de polinizagdo considerados como 0s mais

engenhosos do reino Plantae (Dodson et al. 1969; Dressler 1993). As abelhas macho de
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Euglossini de tamanhos ideiais sdo atraidas por odores especificos, caem no epiquilio, no
qual se encontra cheio de um liquido secretado pelas pleuridias. A abelha sai apenas por
um pequeno tanel lateral formado pela base da coluna e o labelo, retirando, assim, o
polinario (Nazarov & Gerlach 1997; Gerlach 2011).

Osmoforos e Nectarios

Odor e néctar sdo elementos importantes para manter a relagdo planta-polinizador
(Vogel 1969; Melo et al. 2010). O odor floral € o principal responsavel por atrair
polinizadores a longa distancia, enquanto o néctar € uma das principais recompensas
florais das plantas (Proctor et al. 1996). O perfume floral é produzido pelos osmdéforos
(glandulas odoriferas) que ocorrem em um grande grupo de plantas, como por exemplo
em Araceae, Orchidaceae, Apocynaceae (Asclepiadoideae) e Burmanniaceae (Vogel
1990; Dressler 1993). Nas Orchidaceae os osmoforos sdo encontrados quase que
exclusivamente no labelo (Vogel 1990). Em algumas outras espécies de orquideas, a fonte
do aroma floral pode estar situada nas pontas das pétalas e nos ovarios (Esau 1965;
Swanson 1980; Silveira 2002; Kowalkowska et al. 2014).

Os osmoforos, nas flores, tém uma estrutura histoldgica particular (Vogel 1990).
Assim, a superficie epidérmica dos osmdéforos pode ter caracteristicas morfoldgicas
diferentes, isto é, glabras com células secretoras epidérmicas simplesmente cubicas
(Vogel 1990; Curry et al. 1991; Kettler et al. 2018; Tdélke et al. 2019) ou podem
apresentar papilas e/ou tricomas multi ou unicelulares (Curry et al. 1991; Davies & Turner
2004; Naczk et al. 2018). Além disso, os osmoforos podem apresentar epiderme com
cuticula estriada a lisa e ainda apresentar células de parénquima secretor subepidérmico

(Vogel 1990; Tolke et al. 2019).
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As caracteristicas celulares descritas neste estudo para o osmaéforo epidérmico de
Coryanthes macrantha foram semelhantes as j& descritas para outras espécies de
Stanhopeinae, como Gongora bufonia Lindl., Stanhopea grandiflora Lindl., Stanhopea
graveolens Lindley, Stanhopea oculata (G. Lodd.) Lindl., Stanhopea wardii G. Lodd. ex
Lindl., Sievekingia Rchb.f. e Cirrhaea Lindl. (Stern et al. 1987; Curry et al. 1991; Anton
et al. 2012; Pansarin et al. 2014; Adachi et al. 2015; Casique et al. 2018), os quais se
caracterizam por apresentar osmoforos epidérmicos glabros.

Os nectarios sdo glandulas especializadas do tecido vegetal que secretam néctar,
sendo 0s principais componentes, 0s monossacarideos, dissacarideos, proteinas,
aminoacidos, agua e outros compostos (Fahn 1979; Elias 1983; Endress 1994). Podem
ocorrer em diversas familias de Angiospermas, de Gimnospermas e em certas espécies de
samambaias (Endress 1994; Pacini et al. 2003). A principal fungdo relacionada aos
nectarios € a de atracdo de visitantes, tanto de polinizadores (nectarios nupciais), como de
defensores (nectarios extranupciais), como as formigas (Nicolson & Pacini 2007; Heil 2011).
Estudos recentes demonstraram também que o nectario possui a funcdo de defesa contra
invasdo microbiana, devido a presenca de proteinas no néctar (Park & Thornburg 2009;
Harper et al. 2010; Zhou et al. 2016).

Os nectarios extraflorais de Coryanthes macrantha foram observados nas bracteas e
esses sao comumente associados a defesa da planta, pois atraem predadores invertebrados,
geralmente formigas, cuja presenca e atividade podem reduzir a herbivoria (Heil & McKey
2003; Bronstein et al. 2006; Gerlach 2011).

Os nectarios podem variar quanto a localizacdo e morfologia, mas apresentam
caracteristicas anatbmicas semelhantes (Tolke et al. 2019). Consistem em uma epiderme
nectarifera, com ou sem tricomas e estdmatos envolvidos na secrecdo, composta de um

parénquima nectarifero e um parénquima subnectarifero (Fahn 1988; Nepi 2007;
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Escalante-Pérez & Heil 2012). Os nectarios podem ainda estar conectados ao floema, ao
xilema, aos dois ou ndo ter conexao vascular direta (Fahn 1988). O néctar da bractea e da
sépala de Coryanthes macrantha é exsudado através de estdbmatos. Os estdbmatos
envolvidos na secrecdo de néctar algumas vezes sdo citados na literatura como
“nectarostbmatos” (Smets & Cresens 1988) e quando o néctar & exsudado por
nectarestbmatos, estes podem permanecer permanentemente abertos (Heil 2011).

Em Orchidaceae a exsudacdo de néctar por nectarestbmatos € comum em
Maxillaria anceps Ames & C. Schweinf. (Davies et al. 2005), em Disa P.J. Bergius.
(Johnson et al. 1998, 2013; Hobbhahn et al. 2013) e em espécies de Cohniella (Kettler et
al. 2019). Quanto a anélise ultraestrutural do parénquima nectarifero das bracteas de
Coryanthes macrantha, estas apresentaram caracteristicas teciduais semelhantes as de
outras espécies de orquideas, como por exemplo, um citoplasma denso, numerosas
mitocdndrias, dictiossomos, numerosas vesiculas e reticulo endoplasmatico rugoso, cujas
organelas foram relacionadas ao processo de sintese do néctar em orquideas (Figueiredo
& Pais 1992; Stpiczynska & Matusiewicz 2001; Davies et al. 2005; Melo et al. 2010;
Swiczkowska & Kowalkowska 2015), bem como, em outras plantas (Gaffal et al. 1998;
Vassilyev 2010; Nepi 2007; Tolke et al. 2019).

O nectario da bractea de Coryanthes macrantha foi coletado no momento de sua
atividade secretora. Dessa forma, em MET foi possivel observar que as células do
parénquima nectarifero apresentaram um vacuolo altamente desenvolvido. Enquanto a
secrecdo do néctar esta ocorrendo, o volume do vacuolo das células do parénquima
nectarifero tende a aumentar (Nepi 2007), o citoplasma é denso e rico em ribossomos e
mitocbndrias, o reticulo endoplasmatico rugoso € altamente desenvolvido, os

dictiossomos sdo ativos em funcdo de numerosas vesiculas de origem desta organela. Os
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plastidios, as vezes contém gréos de amido (Escalante-Pérez & Heil 2012; Tolke et al.
2019). Na maioria dos nectérios j& descritos, durante a fase secretora h4 um elevado
consumo da reserva energética fornecida pelos grédos de amido ao nectéario (Nepi 2007;
Pacini & Nepi 2007; Stpiczynska et al. 2005; Paiva & Machado 2008; Heil 2011). E com
o decorrer do processo secretor essa reserva tende a diminuir (Escalante-Pérez & Heil
2012). Possivelmente, por este motivo ndo foram observados grédos de amido, nestas
células do parénquima nectarifero da bractea de Coryanthes macrantha.

Os espacos intercelulares maiores que estdo proximos das camaras
subestomaticas, talvez seja uma adaptacdo anatémica que facilita o transporte do néctar
pelo apoplasto de maneira mais eficiente (Nepi 2007; Leitdo et al. 2014). Quanto ao modo
de secrecdo do nectério das bréacteas de Coryanthes macrantha podemos caracteriza-la
como granulécrina, onde o pre-néctar é transportado em vesiculas que se movem
possivelmente através de via simplastica, secretados via exocitose, e via apoplastica
(Vassilyev 2010; Heil 2011; Abedini et al. 2013; Tolke et al. 2019).

Os nectarios florais e extraflorais presentes nas bracteas e sépalas mencionados
para Coryanthes macrantha (Gerlach 2011), sdo aqui confirmados e detalhados
anatomicamente pela primeira vez para este género.

Foram observados também, idioblastos contendo rafides observadas nas bracteas
e sépalas de Coryanthes macrantha, caracteristica esta, comum em folhas de espécies de
Stanhopeinae (Stern 2014). Os idioblastos sdo comuns também em tépalas de outras
espécies de orquideas (Stpiczynska et al. 2003; Kowalkowska & Margonska 2009;
Kowalkowska et al. 2014), frequentemente acompanhados por células secretoras como
nectarios, glandulas de resina e elai6foros (Stpiczynska et al. 2011; Davies & Stpiczynska

2012; Casique et al. 2018; Davies & Stpiczynska 2019), cuja funcédo é associada a defesa
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contra herbivoros (Prychid & Rudall 1999). Adicionalmente, estes cristais de calcio
podem estar apenas sendo armazenados, pois estdo em excesso no citosol (Paiva &

Machado 2008).

Composicdo quimica da secrecdo dos osmoforos do Labelo (Hipoquilio)

O perfume das flores das Orchidaceae é produzido e exsudado pelos osmdéforos
ou glandulas odoriferas (Vogel 1990; Silva 1992; Adachi et al. 2015). Os aromas florais
estdo intimamente envolvidos na atracdo de seus polinizadores, as abelhas Euglossini
(Dressler 1993; Hetherington-Rauth & Ramirez 2015). Com base nas analises
histoquimicas e quimicas realizadas neste estudo, o exsudato do labelo (hipoquilio) de
Coryanthes macrantha pode ser caracterizado como um Oleo misto, marcado
principalmente pela presenca de terpendides, os quais sdo caracteristicos de osmoforos e
de compostos derivados de &cidos graxos de alto peso molecular. Pode-se inferir que estes
6leos auxiliam no "escorregar" da abelha para dentro do epiquilho, mas tal informacéo
deve ser melhor investigada para a confirmacdo desta hipétese.

Uma variedade de compostos de aromas florais € amplamente conhecida (Endress
1994). E podem ter duas classifica¢cbes: componentes de cheiros agradaveis, tais como
os ésteres metilicos de acidos graxos, mono e sesquiterpenos (alifaticos e ciclicos),
diterpenos, compostos com anéis de benzeno e fenilpropanos; e, por outro lado,
componentes de cheiros desagradaveis como os hidrocarbonetos, acidos graxos e volateis
nitrogenados (amonia, indol, cadaverina, putrescina) (Vogel 1983).

Os aromas das flores em espécies de Stanhopeinae sdo compostos por
monoterpenos, sequiterpenos e seus derivados, como ésteres, éters, indol, lactonas,

epoxidos e aldeidos, frequentemente na forma de aromaticos (Gerlach 2009).
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Em espécies de Stanhopea, 0s compostos monoterpenos (a-pineno, B-pineno,
sabineno, mirceno, limoneno, eucaliptol (1,8-cineol) e ocimenes (Whitten & Williams
1992; Gerlach 2010) sdo comumente encontrados. Em um estudo recente para Stanhopea
grandiflora foram identificados também os compostos como hexanal, limoneno, nonanal,
eugenol e octadeca - (3Z, 13Z) - acetato de di-1-ilo, estes podem ser 0s responsaveis pela
atracdo de polinizadores (Casique et al. 2018). Comparada com outros géneros de
Stanhopeinae, as fragrancias florais de Stanhopea s&o menos especializadas quanto os
compostos quimicos (Gerlach 2009).

As espécies de Coryanthes apresentam aromas diferentes e as analises
fitoquimicas vem ajudando os taxonomistas a delimitar as espécies, que na natureza sdo
polinizadas pela mesma abelha Euglossini, apesar das variacfes de cores ou morfologia
de suas flores (Gerlach 2011).

Em estudos fitoquimicos anteriores, os componentes volateis presentes nas flores
de Coryanthes macrantha foram identificados, além dos alcaldides, sete quimiotipos, um
éster, ipsdienol/miristeno B, 2-N-metilaminobenzaldeido, undecatrieno, 1,8-cineol,
acimeno, e sesquiterpeno (Gerlach & Schill’s 1993). Dentre estes, 0 composto 2-N-
metilaminobenzaldeido é considerado raro no reino vegetal (Gerlach 2009). Na anélise
fitogquimica deste estudo, este composto raro nao foi observado, possivelmente por conta
do ambiente ao qual foi coletado e observado.

Em conclusdo, as flores de Coryanthes macrantha apresentam estruturas
secretoras de lipidios e néctar, ou seja, os osmoforos e os nectarios florais e extraflorais,
sendo os nectarios aqui detalhados anatomicamente pela primeira vez. Dada a diversidade

dessas estrututras existentes, acredita-se que é importante analisarmos outras espécies de
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Coryanthes, bem como, outras Stanhopeinae e Orchidaceae, a fim de acrescentar com

outros dados anatdmicos que nos permitam entender a evolucao floral da familia.
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Table 1. Analysis of the floral fragrance of Coryanthes macrantha (Pa - 175) (%).

Figures
Figure 1. Habit and morphology of Coryanthes species. A. Habit and pendant
inflorescence of Coryanthes macrantha. B. Morphology of Coryanthes macrantha. C.
Bracteole of Coryanthes macrantha, nectaries (arrow). D—E. Floral bud of Coryanthes
macrantha. D. Ant foraging next of nectaries (arrow). E. Nectaries in veins of floral bud
(arrow). F. Sepal of Coryanthes macrantha, in detail the exudate of the nectaries (arrow).
G. Presence of bees Euglossini in the hipochile of the labellum. H. Stunned bees next to
the hipochile. 1. Bee inside of the epichile. J. Bee finding the exit of the lower region of
the epichile. K. Bee coming out of the epichile and removing the pollinator from the base

of the column. Scale bars: 2 cm (A, B, D, G-J); 1 cm (C, K); 5 mm (E, F).

Figure 2. Foraging of visitors in Coryanthes macrantha (Hook.) Hook. (A—C) Ant Azteca
sp., in sepals and bracts before and after anthesis (B) Flower in anthesis (C - steps 1-5): 1
and 2 - Landing of the bee Euglossini Eulaema sp., On the lip (hypochile). The detail
shows the bee entering the excavated hypochile and collecting the oil; 3 and 4 - The bee
inside the epichile and its exit from the side; 5 - Polinarian being taken over the scutellum

of the bee. Scale bars: 2 cm.

Figure 3. Bracteole of Coryanthes macrantha. A. Cross-section of bracteole,

nectariferous stomata (arrow). B. Cristaliferous idioblasts in the mesophyll (*). C.
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Nectariferous stomata. D. Nectariferous stomata on the bracteole surface (SEM). E-H.
Trichomes digitiform (colleter) on the adaxial surface (F-G) Trichomes digitiform
(colleter) (SEM). fab: abaxial surface. fad: adaxial surface. Scale bars: 130 um (D); 100

pm (A); 50 um (B); 20 pm (E-G); 10 um (C, H).

Figure 4. Sepal of Coryanthes macrantha. A. Cross-section of sepal, nectariferous
stomata (arrow). B. Evident secretion of nectar (arrow), nectar in the sub-stomatal air
space. C. Mesophyll, nectariferous parenchyma, and subnectary parenchyma. D. Fungal
colonization which has grown on the nectar (stomata). E. Collateral vascular bundle. F—
G. Digitiform trichome in the adaxial surface. Scale bars: 100 um (A); 50 um (E); 40 um

(F); 20 um (C-G); 10 um (B, D).

Figure 5. The labellum of Coryanthes macrantha. A. Cross-section of the labellum
(hypochile). B. Detail of the epidermal cell with the format of the squama. C. The
epidermis and your cells with the format of the squama (SEM). D. Papillary cells of
epidermis on the abaxial surface (SEM). E-F. Papillary cells of different sizes. G.
Collateral vascular bundle. H. Cross-section of the labellum (epichile). 1. The adaxial face
of epichile and collateral vascular bundle in the parenchyma. J. The abaxial face of
epichile. fab: abaxial face. fad: adaxial face. Scale bars: 500 pum (A); 200 um (H); 100

pum (G); 60 pum (D); 50 um (B, 1-J); 20 um (C, E-F).

Figure 6. Morphology of pleuridias in Coryanthes macrantha. A. Secretion drip in the

epichile. B. Longitudinal section of pleuridia. C. Cross-section of pleuridia. D. Papillary
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cells and parenchyma of pleuridia (SEM). Scale bars: 2 cm (A); 200 um (D); 100 um (B—

C).

Figure 7. Histochemical analysis of Coryanthes macrantha of the median regions of
bracts and sepals (cross-section). A—B. Bracteole. C-D. Sepal. A-C. Fehling reagent. B—
D. Staining with Xylidine revealed the presence of protein bodies in the nectaries. Scale

bars: 10 um (A-D).

Figure 8. Histochemical analysis of the abaxial and adaxial surface of the (hypochile)
labellum of Coryanthes macrantha (cross-section). A-B. Staining with Sudan Il in the
papillose cells notes the presence of lipid bodies. C-D. The distribution of starch grains
(Lugol reagent) in the secretory papillos cells and subsecretory parenchyma. E-F.
Essential oils presence by (NADI reagent). Scale bars: 50 um (A); 20 um (B); 10 um (C-

F).

Figure 9. Histochemical analysis of cross-section of the abaxial and adaxial surfaces of
the labellum (hypochile) of the Coryanthes macrantha. A-B. Fresh material of labellum
with Neutral red in UV light. C-D. Staining bodies with fatty acids (copper
acetate/rubeanic acid) in the papillose cells. E-F. Bodies of neutral lipids (Nile blue

sulfate). Scale bars: 50 um (A-B, E); 20 um (C); 10 um (D, F).

Figure 10. Analysis using Transmission Electron Microscopy (TEM) of nectaries in the
bracts of Coryanthes macrantha. A. Nectarostomata in the abaxial face of the bracts, note
the presence of eukaryotic microorganisms in the sub-stomatal chamber. B.

Microorganism in the secretion of nectar. C. Cells of nectary parenchyma with, evident
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vacuole, numerous vesicles, mitochondria, and large intercellular spaces. D. Rough
endoplasmic reticula and dictyosomes have also been observed in these cells of the
nectary parenchyma. E—F. Cells of subnectary parenchyma containing huge vacuolated,
numerous vesicles, mitochondria, rough endoplasmic reticula, plastids, and dictyosomes.
F. Detail of eukaryotic microorganisms in the intercellular spaces. F. Plasmodesmata
(arrow) have also been observed in these cells of the subnectary parenchyma. Scale bars:

5um (A, C); 2 um (B, F); 1 um (D); 0,5 pm (E).
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Tabela 1

RI Composto Classe quimica %
1360  Eugenol Acido carboxilico 0.13
1407 methyl-eugenol Acido carboxilico 0.88
1422  para-Anisyl acetate Acido carboxilico 10.6
2097 Methyl linoleate Acido Graxo 0.34
1376 n-Undecanol Alcool graxo 0.53
798 n-Hexanal Aldeido 29.45
1104 Nonanal Aldeido 2.07
1295 Deca-(2E,42Z)-dienal Aldeido 1.23
1317 Deca-(2E,4E)-dienal Aldeido 6.33
1256 para-Anisaldehyde Benzaldeido 3.07
1345 Dihydroisojasmone Cetona 0.16
1600  1-[2-(Isobutyryloxy)-1- Ester 0.66

methylethyl]-2,2-

dimethylpropyl 2-

methylpropanoate
1437 Methyl undecanoate Ester de acido graxo 0.4
1002 2-pentyl-Furan Furano 5.66
1471 B-Acoradiene Hidrocarboneto 0.19
1640 a-Acorenol Hidrocarboneto 0.56
2099 n-Heneicosane Hidrocarboneto aciclico 0.17
2311 n-Tricosane Hidrocarboneto aciclico 0.52
2401 n-Tetracosane Hidrocarboneto aciclico 0.09
1291 Safrole Hidrocarboneto 0.31

aromatico

1418 cis-o-Bergamotene Hidrocarboneto ciclico 0.23
1439 trans-a-Bergamotene Hidrocarboneto ciclico 2.65
1392 7-epi- Sesquithujene Terpeno 2.5
1446 (Z2)-p-Farnesene Terpeno 10.83
1455 Geranyl acetone Terpeno 0.12
1459 (E)-p-Farnesene Terpeno 1.01
1482 y-Curcumene Terpeno 1.63
1485 a-Curcumene Terpeno 0.75
1490 (E)-p-lonone Terpeno 1.16
1508 (E,E)-a-Farnesene Terpeno 0.31
1511 B-Bisabolene Terpeno 0.64
1515 B-Curcumene Terpeno 3.13

124



1520
1527
1547
1584
1612
1676
1689

(2)-y-Bisabolene
B-Sesquiphellandrene
cis-Sesquisabinene hydrate
trans-Sesquisabinene hydrate
B-Atlantol

epi-p-Bisabolol

a-Bisabolol

Terpeno
Terpeno
Terpeno
Terpeno
Terpeno
Terpeno
Terpeno

0.15
0.4
1.2
2.2

0.32

2.32

0.17
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Figura 1

126



Figura 2
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Figura 3
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Figura 4
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Figura 5
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Figura 6
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Figura7
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Figura 8
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Figura 9
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Figura 10

135



CONSIDERACOES FINAIS

Diante dos resultados alcancados através das analises anatdmicas e histoquimicas
notou-se que:

- As flores de espécies de Stanhopeinae podem apresentar osmaéforos, nectarios
florais e extraflorais e possivelmente, elai6éforos. Sendo que os osmoforos ainda séo o0s
que estdo diretamente envolvidos na atracdo e producao dos 6leos volateis como formas
de recompensa aos seus polinizadores, as abelhas macho de Euglossini.

- A composicdo quimica diferenciada em Gongora minax e Coryanthes
macrantha nos possibilita inferir que estas espécies pode estar sintetizando um 6leo mais
fixo na tentativa de alcancar outro possivel polinizador ou simplesmente facilitar a queda
da abelha na coluna de G. minax e no epiquilho da C. macrantha, regiGes onde estdo
localizados os polinarios.

Comprovou-se também que outras espécies de Stanhopeinae oferecem o néctar
para formigas como recompensa, concretizando com o referido inseto uma relagao
simbidtica de protecdo, principalmente dos seus 6rgdos reprodutivos, contra possiveis
herbivoros.

Salientamos que, os dados anatbmicos apresentados neste estudo mostram como
é relevante pesquisar as Stanhopeinae, dadas as dificuldades em coleta-las na Amazonia
Brasileira e de cultiva-las sem a presenca das formigas. E como outros estudos futuros,
de cunho anatémico, histoquimico e fitoquimico, com outras espécies da subtribo, trara

uma melhor compreensdo dessas e de outras possiveis estruturas secretoras.

Neste estudo também apresentamos como perspectivas futuras:

- O tratamento dos dados preliminares sobre a presenga de coléteres (tricomas) na
regido das bractéolas e ovarios que também foram observados nos géneros Gongora,
Coryanthes, Braemia Jenny e Paphinia Lindl.

- Analises anatdmicas dos nectarios florais e extraflorais em espécies de Paphinia
e Braemia.

- E andlises detalhadas a respeito da estrutura anatémica e composi¢do quimica

do exsudato das Pleuridias de Coryanthes macrantha também estdo em andamento.
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ANEXOS

Anexo |

Secdes sem tratamento (Branco) e Controles negativos das espécies de Gongora.

A — Branco do Labelo (hipoquilio) da Gongora pleiochroma; B — Branco do labelo de G.
jauariensis; C-D — Branco do labelo de G minax; E-G — Teste negativo do Sudan Il nos
labelos e sépalas de G. pleiochroma ap6s tratamento na solucdo extratora de lipidios; H
— Teste do Sudan Il no labelo de G. minax apds tratamento na solucdo extratora de
lipidios; | — Teste negatido do reagente de Nadi no labelo e sépalas de G. jauariensis apds
tratamento na solucdo extratora de lipidios; J — Teste negativo do reagente de Nadi no
labelo de G. minax apos tratamento na solugdo extratora de lipidios; K — Teste negativo
do vermelho neutro sob fluorescéncia no labelo e sépalas de G. pleiochroma ap6s
tratamento na solucdo extratora de lipidios; L — Teste negativo do vermelho neutro sob
fuorescéncia no labelo de G. minax; M — Teste negativo do acetato de cobre/acido
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rubeénico no labelo de G. jauariensis; N — Teste negativo do acetato de cobre/ acido
rubeénico no labelo de G. minax; O-P — Imagem representante do teste negativo do
Xylidine Ponceau nas bractéas de G. minax ap0s tratamento com solucdo de anidrido
acético 10% em piridina por 6 horas.

Anexo |1

Tabela dos testes histoquimicos realizados em Coryanthes macrantha.

Tratamentos Compostos Referéncias Resultado
Marcados Bractea Sépala Labelo
Observado sob luz visivel
Reagente de Aclcares
Fehling Redutores Sass 1951 + + *
Grdos de Johansen
Lugol Amido 1940 + + +
Johansen
Sudan 111 Lipideos 1940 - - +
Ganter &
Acetato de Cobre / Jolles, 1969,
Acido Rubeanico  Acidos Graxos 1970 * * +
Sulfato Azul do
Nilo Acidos Graxos Caim 1947 * * +
Oleos
essenciais e David &
NADI reagente resinas Carde 1964 * * +
Xylidine Ponceau  Proteinas Vidal 1970 + + +
Cloreto Férrico Compostos Johansen
10% Fenolicos 1940 - - -
Mucilagens
Acidas e
Azul de Alcido Pectinas Pearse 1985 - - -
Mucilagens
Vermelho de Acidas e Gregory &
Ruténio Pectinas Baas 1989 - - -
Observado sob luz UV
Kirk-Junior
Vermelho Neutro  Lipideos 1970 * * +

(+) reacdo positiva; ( - ) reacdo negativa; ( * ) ndo aplicado
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Anexo 111

SecOes sem tratamento e controles negativos dos testes realizados no labelo (hipoquilio)
e brécteas de Coryanthes macrantha.

A-B — Branco do labelo (hipoquilio); C — Branco da bractea; D — Teste negativo do Sudan
Il no labelo ap6s tratamento na solucdo extratora de lipidios; E — Teste negativo do
Sulfato Azul do Nilo no labelo apds tratamento na solucao extratora de lipidios.
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Continuacao dos testes controles realizados em Coryanthes macrantha.

A — Teste negativo do acetato de cobre/acido rubeénico no labelo apos tratamento na
silucdo extratora; B — Teste negativo do reagente de NADI no labelo apds tratamento na
silucdo extratora; C — Teste negativo do Xylidine Ponceae da bractea apds tratamento
com solucéo de anidrido acético 10% em piridina por 8 horas.
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Anexo IV

Imagem complementar da realizacdo do teste Sudan black no labelo (hipoquilio) de
Gongora minax e no labelo (hipoquilio) de Coryanthes macrantha, o material foi fixado
em Tetroxido de Osmio. (A) G. minax e (B) C. macrantha.
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