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Abstract

Besides their ecological importance, epiphytic species of Orchidaceae play economic and social roles
through their commercialization and some are at great risk of extinction. The objectives of this study were to
characterize the leaf and root anatomy of fourteen epiphytic Orchidaceae species, which occur in indigenous
territory in the Parque Estadual da Serra do Tabuleiro (P.E.S.T.), Santa Catarina, Brazil and to identify adaptive
anatomical characteristics related to the epiphytic habit. The species are commercialized by the Guarani and
were collected during interviews and guided tours with Guarani in the indigenous territory. The results reveal
the species have many morphoanatomical structures that are useful during water shortages resulting from the
epiphytic habit. Notable characteristics are related to reserving water (i.e., pseudobulbs and a hypodermis with
water-storage cells) and resistance to desiccation in the leaf (i.e., conspicuous cuticle, suprastomatic chamber
and extraxylary and pericyclic fibers) and root (i.e., tilosomes and/or exodermal thickening and cortex cells
with phi thickenings or sclereids). Descriptions and the identification of adaptive characteristics of epiphytic
plant species are useful for conservation and cultivation studies, especially for plants commercially used by
the Guarani Indians.
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Resumo

Além de sua importancia ecoldgica, espécies epifitas de Orchidaceae desempenham papéis econdmicos e
sociais através de sua comercializag@o e algumas estdo em grande risco de extingao. O objetivo deste estudo
foi caracterizar a anatomia foliar e radicular de quatorze espécies epifitas de Orchidaceae, que ocorrem em
territério indigena no Parque Estadual da Serra do Tabuleiro (PEST), Santa Catarina, Brasil e identificar
caracteristicas anatomicas adaptativas relacionadas ao habito epifitico. As espécies sao comercializadas pelos
Guarani e foram coletadas durante entrevistas e visitas guiadas com os Guarani no territorio indigena. Os
resultados revelam que as espécies possuem muitas estruturas morfoanatomicas tteis durante a escassez de
agua resultante do habito epifitico. Caracteristicas notaveis estdo relacionadas a reserva de agua (pseudobulbos
¢ hipoderme com células de armazenamento de agua) e resisténcia a dessecagio na folha (cuticula conspicua,
cAmara suprasomatica e fibras extraxilares e periciclicas) e raiz (i.e., tilossomas e / ou espessamento exodérmico
e células do cortex com espessamentos phi ou esclereides). Descrigdes e identificagdo de caracteristicas
adaptativas de espécies de plantas epifitas sdo tteis para estudos de conservagio e cultivo, especialmente
para plantas utilizadas comercialmente pelos indios Guarani.

Palavras-chave: hipoderme, folha, pseudobulbo, raiz, tricoma, velame.
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Introduction

The family Orchidaceae is the second
largest angiosperm family, in number of species,
and includes 736 genera in five subfamilies
(Chase et al. 2015). The most derived and richest
subfamily is Epidendroideae, which includes
approximately 650 genera and 18,000 species
(Dressler 2005; Siqueira et al. 2014). Orchidaceae
are herbaceous, sometimes mycoheterotrophic, and
can be epiphytic (73% of the species in the family),
hemiepiphytic, terrestrial or rupicolous (Koch et
al. 2014). In addition, among epiphytic plants,
Orchidaceae dominate in number and diversity
of species (Kersten 2010) in all ecosystems
worldwide, especially in neotropical regions
(Dressler 2005; Chase et al. 2015). These species
play an important ecological role because they can
quickly catch and reintegrate energy and matter
into an ecosystem (Nadkarni 1984) that creates,
through the accumulation of organic material, a
rich source of nutrients available to above-ground
fauna (Nadkarni 1984; Balachandar et al. 2019).

Epiphytic vascular plants are mainly found
in tropical and subtropical forests on tree trunks
and branches (Benzing 2008). Since their roots
are not in contact with the soil, water is the
main limiting factor for their survival, growth
and distribution (Zotz & Hietz 2001). For this
reason, these plants have developed different
morphoanatomical adaptations in their leaves,
stems and roots to deal with water deficit (Benzing
2008). In epiphytic Orchidaceae species, some
adaptations have been reported, such as velamen
that absorbs water, provides mechanical protection
and reduces perspiration, presence of water-
storage parenchyma in the pseudobulbs or in
the leaves, and occurrence of Crassulacean Acid
Metabolism (CAM) (Pridgeon et al. 1983; Benzing
1986; Bonates 1993; Oliveira & Sajo 2001;
Piazza et al. 2015). In addition, many anatomical
characteristics vary among species, representing
different strategies of epiphytic survival that can
be used in taxonomic studies. Oliveira-Pires et al.
(2003) analyzed species of Prosthechea Hook. and
Encyclia Knowles & Westc. noted differences and
identified unusual characteristics that are not found
in other epiphytic species (e.g., flavonoid crystals
in the roots, fiber strands in the subepidermal layer
and thickness of the leaf cuticle), which they used
to distinguish the studied genera.

Many species of orchids have been widely
used by traditional communities as ornamental
plants such species of the genus Arachnis (Foge et
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al. 2019), food such Vanilla planifolia (Bhatnagar
et al. 2017) and, especially, as phytotherapeutic
medicines such Rhynchostylis retusa (Hinsley et al.
2018) by indigenous peoples of India. Some species
such as Cyrtorchis arcuata, Diaphananthe millarii,
Diaphananthe xanthopollinia used by traditional
communities in South Africa also have bioactive
compounds that can be studied for the production
of medicines (Ng & Hew 2000; Chinsamy et al.
2011; Bhatnagar et al. 2017).

In Brazil, orchids are present on the
indigenous culture, such as in Guarani traditional
histories, and also as a source of income through
the commercialization of orchid species by
Guarani indigenous people in the southern part
of the country (Stehmann et al. 2009; Siqueira
et al. 2014; Blanco 2017). In the urban centers
of south Brazil, Guarani groups acquire part of
their income commercializing handicrafts and
living plants, mostly orchids. However, because
some commercially important orchid species
are threatened with extinction, the search for
adequate management techniques is intensifying
(Swarts & Dixon 2009). Successfully managing
nurseries is severely limited by the lack of general
comprehension regarding orchids’ anatomical
adaptation mechanisms to the environment, thus
making it harder to optimize orchid’s survival at
nurseries (Duarte & Gandolfi 2017). In Monte
Camardes, the sale of orchids is also an important
source of income for indigenous groups, and for
this reason these groups have sought strategies
for the conservation of species (Foge et al. 2019).

Serra do Tabuleiro State Park is a fully
protected Brazilian conservation unit. The
mainland area of the park encompasses part of the
Florianopolis, Palhoga, Santo Amaro da Imperatriz,
Aguas Mornas, Sdo Bonifacio, Sdo Martinho,
Imarui and Paulo Lopes municipalities (about
1% of the state), has different plant formations
of the Atlantic Forest biome and harbors great
biological diversity (Blanco 2017). The flora of
Santa Catarina State is considered the best known
in Brazil, mainly because of the publications “Flora
[lustrada Catarinense,” which is still ongoing, and
“Inventario Floristico Florestal de Santa Catarina”
(Hassemer ef al. 2015). In this region there are
threatened or vulnerable species of Orchidaceae,
such as from the genus Cattleya (Blanco 2017).
In Santa Catarina State occur 121 genera and 560
accepted orchids species and 12 of them endemic
(Siqueira et al. 2014). Among these species,
according to the criteria of the International Union
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for Conservation of Nature, 24 species fall within
the vulnerable category, seven are endangered
and four are critically endangered (Siqueira et al.
2014). Anatomical studies of Orchidaceae species
in the state are very scarce, Warmling (2013) and
Avi & Rodrigues (2019) who worked with leaf and
ramicaule of Pleurothallidinae species to taxonomy.
Thus, the objectives of the present study
were to describe and compare the leaf and root
anatomy of epiphytic Orchidaceae species that
are commercially used by the Guarani in areas of
Serra do Tabuleiro State Park, in order to better
understand the adaptive capacity of these species
in relation to the environment where they grow.

Material and Methods
Study site

The orchids were collected in December
2015 and January 2016, in the Mbya-Guarani
Morro dos Cavalos Indigenous Territory (or Itaty,
in the Guarani language), in the municipality of
Palhoga, Santa Catarina state, Brazil (27°48.060°S,
48°39.204’W) (Fig. la-b). The indigenous
territory is located in remnants of Atlantic Forest,
together with Serra do Tabuleiro State Park,
where ombrophilous forest is the predominant
vegetation (Bertho 2005). According to the Kdppen
classification, coastal Santa Catarina State is
subtropical with a hot summer (Cfa). The region
has an average temperature of the coldest month
below 18 °C, average temperature of the hottest
month above 22 °C, infrequent frosts, a tendency
for rainfall to be concentrated during the summer,
and no defined dry season (Pandolfo ef al. 2002).
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Data collection

All species included in this study are used as
important economic resources for Guarani, with no
other reported uses besides for commercialization.
It is possible that other uses of orchids for the
Guarani have been kept undisclosed, to protect
their own knowledge. The orchids species were
selected based on interviews and guided tours with
Guarani who collect them to commercialize at the
Florianopolis downtown. For this, the following
was needed: authorization from the community, in
accordance with a FICF (Free and Informed Consent
Form), authorization from the ethics committee
at the Federal University of Santa Catarina,
authorization from FUNAI (Fundagdo Nacional
do ndio), and registration in SISBIO (Sistema de
Autorizagdo ¢ Informagdo em Biodiversidade).
During the guided tours, the indigenous collectors
recognized plants in the natural environment and,
when possible, collected at least three individuals
of each species. The specimens collected were
without flowers, so they were brought to the
Botany Department at UFSC and maintained in
the orchidarium until the appearance of flowers.
When specimens were with flowers they were
sent to specialists for identification (Tab. 1), and
vouchers were deposited in the herbaria FLOR and
Instituto Federal de Educacdo, Ciéncia e Tecnologia
do Amazonas (EAFM).

Anatomical analyses

For the anatomical analyses, regions of
adult adventitious aerial roots 2 to 3 cm from the
rhizome) and leaves from the third to the fifth node

Floriangpolis

Raulo Lopes

Figure 1 — a-b. Location of the study area — a. state of Santa Catarina; b. detail of the municipality of Palhoga,
where the Mbya-Guarani Morro dos Cavalos Indigenous Territory is located, in the Parque Estadual da Serra do

Tabuleiro (P.E.S.T.).
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Table 1 — Epiphytic species of Orchidaceae Epidendroideae subfamily occurring in indigenous territory in the Parque
Estadual da Serra do Tabuleiro (P.E.S.T.), Santa Catarina, Brazil.

Tribe Species Collector Voucher

Cymbidieae Bifrenaria inodora Lindl. 09 Blanco FLORO0061577
Gongora bufonia Lindl. 24 Blanco FLORO0061569
Heterotaxis brasiliensis (Brieger & llg) F. Barros. 29 Blanco EAFM16705
Huntleya meleagris Lindl. 27 Blanco FLORO0061572
Miltonia flavescens (Lindl.) Lindl. 13 Blanco EAFM16702
Miltonia spectabilis (Lindl.) Lindl. 42 Blanco FLORO0061568
Xylobium variegatum (Ruiz & Pav.) Garay & Dunst. 21 Blanco FLOR0061570

Epidendreae Cattleya intermedia Grah. 06 Blanco EAFM16708
Cattleya tigrina A. Rich. 05 Blanco EAFM16707
Encyclia patens Hook. 10 Blanco FLORO0061569
Epidendrum ramosum Jacq. 04 Blanco EAFM16710
Epidendrum rigidum Jacq. 02 Blanco EAFM16711
Epidendrum vesicatum Lindl. 01 Blanco FLORO0061566
Octomeria grandiflora Lindl. 17 Blanco FLORO0061571

(middle third of the midrib) were fixed in FAA 70,
(Johansen 1940) in a vacuum for 24h and stocked
in 70 % ethyl alcohol. After that the samples were
pre-infiltrated in a solution of polyethylene glycol
1,500 U.S.P. (PEG) and 70 % ethyl alcohol at the
proportion of 1:1 (v:v), in a dryer at 56 °C for 12
hours, and then infiltrated with pure PEG solution
for 20 hours and embedded in PEG (Piazza et al.
2015). The blocks were sectioned (45 pm thick)
using a rotary microtome (Leica RM 2235) with a
steel blade. The sections were stained with 1% astra
blue and 1% safranin and sealed with glycerinated
gelatin (Kraus & Arduin 1997).

Results
Leaf

In all, 14 species were analyzed, seven
belong to the tribe Cymbidieae and seven belong
to tribe Epidendreae (Tab. 1). A pseudobulb was
present in all species of Cymbidieae, except in
Huntleya meleagris, and was absent in the species
of Epidendreae, except Encyclia patens (Tab. 2).
In all the species, the leaves are hypostomatic
with stomata at the same level as the epidermal
cells (Fig. 2a-c). The species Bifrenaria inodora,

Gongora bufonia, Heterotaxis brasiliensis, Miltonia
sp., Xylobium variegatum, Cattleya spp. and E.
patens have a conspicuous stomatal crest that forms
a suprastomatic chamber (Fig. 2c). Trichomes
in depression were observed on both epidermis
surfaces in B. inodora, G. bufonia, H. brasiliensis
and E. patens (Fig. 2d-e; Tab. 2). The epidermis is
unistratified, with square to rectangular (Fig. 2f)
to round cells (Fig. 2a,d) that tend to be papillate,
as in E. patens (Fig. 2c). The cuticle varies in
thickness, is conspicuous in most species of both
tribes (Tab. 2), such as Cattleya tigrina (Fig. 2f)
and H. brasiliensis (Fig. 2g-h), and inconspicuous
in G. bufonia, H. meleagris and X. variegatum of
tribe Cymbidieae (Tab. 2) and E. patens (Fig. 2b-d;
Tab. 2) of tribe Epidendreae.

The mesophyll is homogeneous in all studied
species, with lobed or isodiametric chlorenchyma
cells and few intercellular spaces (Figs. 2a,c,d,g;
3a-f). An adaxial hypodermis, mainly in the midrib,
with water-storage parenchyma, is observed in most
species (Fig. 2a,d,g,i; Tab. 2), except in B. inodora,
G. bufonia, and X. variegatum of tribe Cymbidiecae
and Epidendrum vesicatum of Epidendreae (Fig.
3d-e; Tab. 2). The water-storage parenchyma is
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Table 2 — Morpho-anatomical characteristics of epiphytic species of Orchidaceae Epidendroideae subfamily occurring
in indigenous territory in the Parque Estadual da Serra do Tabuleiro (P.E.S.T.), Santa Catarina, Brazil. 1 = present;
0 = absent.
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Pseudo-bulb

Leaf
Hypoestomatic 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Suprastomatic chamber 1 1 1.0 1 1 1 1 1 1.0 0 0 O
Trichome ! 1 1 0 0 O O O O I O O 0 O
Conspicuous cuticle 1 0 1 0 1 1 0 1 1 0 1 1 1 1
Inconspicuous cuticle o 1 o0 1 0 O 1 O O 1 0 0 0 O
Homogenous mesophyll 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Water-storage parenchyma in the midrib o o 1t 1 1 1 o0 1 1 1 1 1 0 O
Water-storage parenchyma along the leaf blade o o 1 o o0 o0 O O O 0 0 0 0 1
Extraxylary fiber 1 1 1.0 1 1 1 O O I O O 1 O
Sclerified cells completely surround the bundles 1 1 0 0 0 0 1 1 1 1.0 0 O 1
Sclerified cells partially surround the bundles o o 1t 1 1 1 0 O O O 1 1 1 O
Prominent midrib ¢! 1.0 1 0 0 1 O O O O O O O
Midrib with one vascular bundle 1 1 1 1 1 1 0 1 11 1 1 1 1
Midrib with three vascular bundles o o 0 0 0 0 1 O O 0 0O 0 O0 O
Root
Velamen with up to 4 layers o o 1 o 1 0 0 1 1 0 0 0 1 1
Velamen with more than 4 layers 1 1 0 1.0 1 1 o0 O 1 1 1 0 O
Tilosomes 1 1 1 1 0 1 1 1 1 1.1 1 1 O
Thin exodermis 1 1 1 1 1 1 1 1 1 1 1 1 1 0
Thickened exordermis o o 0 0 o o o0 o o0 0o O 0 o0 1
Thickened phi in cortical cells 1 1 0o 0 06 06 1 0 O 1 O 0O 0 O
Eclereids in the cortical o o o0 1 1 0 1 O O O O O 0 1
Mycorrhiza o o 1 o0 1 0 0 O O O 0 o0 0 1
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multiseriate and comprises elongated cells (Fig. 2i). In C. tigrina, the hypodermis has cells with
2a,d,g,i) and without any type of thickenings. In thick, ‘n’ shaped thickening walls on both surfaces
Octomeria grandiflora it is very conspicuous and of'the epidermis (Fig. 2f). Extraxylary fiber strands
accounts for more than 80% of'the leaf volume (Fig. in the mesophyll are common in the Cymbidieae

Figure 2 —a-i. Transverse sections of the leaf of Orchidaceae epiphytic species —a-b. Huntleya meleagris —a. general

structure; b. detail of the stomata at the same level as the other epidermal cells; c-e. Encyclia patens — c. detail of
abaxial surface showing evident stomatal crest (arrowhead); d. mesophyll homogeneous with fibers extraxylary strands
distributed randomly and vascular bundles near the adaxial surface; e. detail showing trichome; f. Cattleya tigrina
— detail of the adaxial surface showing conspicuous cuticle and hypodermis with inverted “n” thickened wall cells
(arrow); g-h. Heterotaxis brasiliensis — g. midrib with conspicuous water-storage parenchyma and a vascular bundle;
h. detail showing epidermis of abaxial surface with conspicuous cuticle (empty arrow); i. Octomeria grandiflora
— showing water-storage parenchyma occupying more than 80% of the leaf volume. Ab = abaxial epidermis; Ad
= adaxial epidermis; C = cuticle (only on 2f); C = chlorenchyma; Ef = extraxylary fibers; Hp = hypodermis; Ph =
phloem; Sc = sclerified cells; St = stomata; T = trichome; Vb = vascular bundle; X = xylem; Ws = water-storage
cells. Scale: a-d, f-g = 100 um; e, h =50 um.
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Figure 3 — a-f. Transverse sections of the leaf of Orchidaceae epiphytic species — a. Octomeria grandiflora —

chlorenchyma with two series of vascular bundles near the abaxial surface are observed; b. Gongora bufonia —
homogeneous mesophyll and fibers extraxylary strands are observed near the abaxial surface; c-d. Xylobium variegatum
— c¢. mesophyll with fibers extraxylary strands in two series, close to both surfaces; d. prominent midrib with three
vascular bundles immersed in parenchyma cells that are surrounded by a sclerenchyma sheath; e. Gongora bufonia
— prominent midrib with a central vascular bundle; f. Epidendrum vesicatum — midrib not prominent with a vascular
bundle. Ab = abaxial epidermis; P = parenchyma; Ad = adaxial epidermis; C = chlorenchyma; Ef = extraxylary fiber;
Ph = phloem; V = vascular bundle; Sc = sclerenchyma; T = trichome; X = xylem; Ws = water-storag clles. Scale:
a-d =100 pm.
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species studied here, except in H. meleagris (Tab.
2). However, in Epidendreae, only E. patens and
E. vesicatum have extraxylary fiber strands (Tab.
2). The fiber strands can occur in three forms: near
the abaxial surface, in a single series (Fig. 3b), as
observed in B. inodora, G. bufonia, H. brasiliensis,
Miltonia flavescens, Miltonia spectabilis and E.
vesicatum; near the epidermis of both surfaces,
in two series, as in X. variegatum (Fig. 3c-d); or
randomly distributed throughout the mesophyll, as
in E. patens (Fig. 2d).

The vascular system comprises collateral
vascular bundles of different sizes, occurring
in a series in the mesophyll (Figs. 2a,d,g; 3b),
except in O. grandiflora that has two series of
vascular bundles (Figs. 2i; 3a). Sclerified cells,
possibly pericyclic fibers, completely surround
the bundles in B. inodora, G. bufonia (Fig. 3b),
X variegatum (Fig. 3c), Cattleya intermedia, C.
tigrina, E. patens and O. grandiflora (Fig. 3a), or
partially surround the bundles in H. brasiliensis
(Fig. 2g), H. meleagris (Fig. 2a), M. flavescens,
M. spectabilis, Epidendrum ramosum, Epidendrum
rigidum and E. vesicatum. The midrib of some
species of Cymbidieae is prominent (Tab. 2) and
may contain one collateral vascular bundle, as in
B. inodora, G. bufonia (Fig. 3e) and H. meleagris,
or three vascular bundles, as in X. variegatum
(Fig. 3d), which are immersed in parenchyma cells
that are surrounded by a sclerenchyma sheath. In
the remaining Cymbidieae species and all of the
Epidendreae species analyzed, the midrib is not
prominent and has one vascular collateral bundle
that can be partially surrounded by a sheath of
sclerified cells (Figs. 2a,g; 3f; Tab. 2).

Root

All the species studied have velamen that
usually consists of elongated cells with reticulated
thickenings without clear differentiation between
epi and endovelamen (Fig. 4a-b,d-e) except in O.
grandiflora (Fig. 4c) that have the endovelamen
with a layer and the epivelamen with two and
three layers of cells. In H. brasiliensis and M.
flavecens (of tribe Cymbidieae) and C. intermedia,
C. tigrina, E. vesicatum and O. grandiflora (of tribe
Epidendreae), the velamen has up to four layers of
cells (Fig. 4c,e; Tab. 2); in the remaining species
there are more than four layers (Fig. 4a-b,d; Tab.
2). Root hairs were observed only in X. variegatum
(Fig. 4a). Tilosomes occur in all species [Fig.
4a-b,d(arrow)] except in M. flavescens and O.
grandiflora (Fig. 4c.e).

Blanco GD, Hanazaki N & Rodrigues AC

In the cortex, in all the species the exodermis
is uniseriate with thin walls, except for O-shaped
thickening in O. grandiflora (Fig. 4c; Tab. 2).
Passage cells in the exodermis are common and
can be observed in Miltonia spp., X. variegatum,
Epidendrum spp. and O. grandiflora (Fig. 4a,c.e).
The cortical parenchyma of the species studied
have various layers of rounded cells, it is possible
to observed cells with phi thickenings in B. inodora,
G. bufonia and X. variegatum (Cymbidieae) (Fig.
4a-b,d; Tab. 2) and E. patens (Epidendreac), and
isolated sclereids can be seen in H. meleagris, M.
flavescens (Fig. 4e) and X. variegatum (Fig. 4a).
Mycorrhizae were observed in O. grandiflora
(Fig. 4c; Tab. 2) and H. brasiliensis, M. flavescens
(Fig. 4e). The endodermis cells have thin or
slightly thickened U-shaped or O-shaped walls
with passage cells (Figs. 4a-f). The vascular
cylinder of all studied species is polyarchy, with
uniseriate pericycle of thick cells. Sclerified cells
occur around the vascular elements and the pith is
parenchymal except in. O. grandiflora (Fig. 4c),
M. flavescens (Fig. 4e), M. spectabilis e G. bufonia.

Discussion

All of the species analyzed have hypostomatic
leaves with stomates at the same level as the
epidermal cells, characteristics common in
Orchidaceae species (Yukawa & Stern 2002;
Zanenga-Godoy & Costa 2003; Silva et al. 2006).
Some species have a suprastomatic chamber
formed by conspicuous stomatal crests, which has
been cited for epiphytic Orchidaceae species (Stern
2014) and is considered an adaptive characteristic
that saves water (Oliveira & Sajo 1999).

Foliar trichomes of Orchidaceae species
can be glandular or non-glandular, unicellular or
multicellular and superficial or sunken; the most
common type is sunken with up to five cells, with
or without a glandular apex (Stern 2014). In the
present study, we observed trichomes in depression
in four species; however, it was not possible to
determine if the trichomes were glandular or
non-glandular. According to Stern (2014), during
development the trichome becomes sunken due to
anticlinal divisions in the protoderm and eventual
rupturing of the apical cell wall, resulting in a
depression on the surface that is covered by an
opaque brown residue. In addition, in Orchidaceae
these trichomes do not function as significant
absorption agents and can secrete mucilage that
might help the lamina unfold (Pridgeon et al.
1983).
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Figure 4 — a-f. Transverse sections of the root of Orchidaceae epiphyte species —a. Xylobium variegatum —root hairs,
velamen more than 4 layers, passage cells in the exodermis and cortex with sclerenchyma cells; b. Gongora bufonia
— velamen with more than four layers and cortical cells with phi thickening; c¢. Octomeria grandiflora — velamen
with three layers, thickened exodermis, cortical parenchyma with mycorrhizae; d. Bifrenaria inodora — tilosome
and cortical cells with phi thickening are observed; e. Miltonia flavescens — cortical parenchyma with mycorrhizae
and endodermis with passage cells; f. Bifrenaria inodora — polyartic vascular system and parenchymal pith. Pc =
passage cells; Cx = cortex; Ed = endodermis; Ex = exodermis; My = mycorrhizae; Mx = metaxylema; P = pith; Pe =
pericycle; Ph = phloem; Px = protoxylem; Rh = root hairs; Sc = sclereids; V = velamen; X = xylem. Phi thickening
(arrow head); tilosomes (arrow). Scale: a-f= 100 pm.
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Variation in cuticle thickness in Orchidaceae
species has been observed by other authors, such
as Oliveira & Sajo (1999), Helbsing et al. (2000),
Riederer & Schreiber (2001), Oliveira & Sajo
(2001) and Zanenga-Godoy & Costa (2003) that
associate cuticle thickness to the environment and
exposure to sun, where a thicker cuticle is related
to more solar radiation. Other authors have used
cuticle thickness as a characteristic to distinguish
species (Rosso 1966; Oliveira Pires et al. 2003).
In this study we observed that most species have a
conspicuous cuticle, which is a character related to
resistance to desiccation, as classified by Oliveria
& Sajo (1999).

A pseudobulb is common in epiphytic species
of Orchidaceae (Stern 2014), is an important organ
that stores water, carbohydrates and minerals (Ng
& Hew 2000), and contributes to the survival
capacity of these plants (Esau 1977; Pridgeon et al.
1983; Benzing 1986; Loeschen et al. 1993; Silva
et al. 2006). Similarly, a hypodermis with water-
storage parenchyma is common in these species
(Pridgeon et al. 1983; Oliveira & Sajo 1999;
Dettke & Milaneze-Gutierre 2008; Costa 2014;
Ayensu & Williams 1972). In the present study,
most of the species only have a hypodermis in the
region of the midrib, except for O. grandiflora
whose hypodermis is very conspicuous and occurs
throughout the leaf blade, abaxially, and occupies
more than 80% of the leaf volume. In C. tigrina, a
hypodermis with thickened cell walls was observed
on both leaf surfaces. The same was observed in
other species of Cattleya by Costa (2014) and
Carneiro et al. (2017), which might mean this is a
taxonomic characteristic of the genus. According
to Stern (2014), in species of Orchidaceae, the
composition of the hypodermis is parenchyma and/
or sclerenchyma that occur as either continuous
or interrupted layers. The parenchymatous layers
store water and the sclerenchyma fibers provide
mechanical support.

Extraxylary fiber strands observed in the
mesophyll in some of the species analyzed are
common in Orchidaceae epiphytes and normally
are associated with silica bodies (stegmata)
(Oliveira & Sajo 1999); however, in the present
study stegmata were not observed. These cells
create mechanical resistance during dehydration
that is comparable to coriaceous leaves (Oliveira
& Sajo 1999; Dettke & Milaneze-Gutierre 2008;
Silva et al. 2010). All the species analyzed
have sclerified cells that completely or partially

Blanco GD, Hanazaki N & Rodrigues AC

surround the bundles. These cells are cited by
Oliveira & Sajo (1999) as pericyclic fibers and,
like extraxylary fibers, are common in epiphytic
Orchidaceae species.

All of the species studied have multiseriate
velamen. Velamen is an important tissue in
Orchidaceae species that is related to epiphytism
(Benzing 2008) and absorbs water and minerals,
reduces transpiration rates, incidence of light
and loss of water in the cortex, and increases
mechanical protection (Pridgeon et al. 1983;
Benzing 1986; Joca et al. 2017). The number
of velamen layers can have diagnostic value in
Orchidaceae; although, Orchidaceae species can
exhibit high phenotypic plasticity for this character
(Sanford & Adanlawo 1973; Pita & Menezes 2002;
Silva & Milaneze-Gutierra 2004; Mayer et al. 2008;
Joca et al. 2017). Here, the only species with clear
differentiation between epi- and endovelame was
O. grandiflora, the other species the distinction
between epi- and endovelamen are not as clear.
Agreement with Porembski & Barthlott (1988)
O. grandiflora has the Pleurothallis type and the
other species the Cymbidium type velamen is the
type that we think more similar.

Most of the species here analyzed have
tilosomes. These are thickenings from the walls of
cells of the innermost velamen cell layer adjacent to
thin-walled passage cells of the exodermis in roots
of many epiphytic orchids (Pridgeon et al. 1983;
Silva et al. 2010; Stern 2014; Kedrovski & Sajo
2019). It is believed that tilosomes are associated
with the epiphytic habit of Orchidaceae species and
involved in the absorption of water, increasing the
contact surface of the inner part of the velamen with
the atmosphere, as well as preventing water loss
via the passage cells in the exodermis, since their
composition is mostly lignin, a highly hydrophobic
phenolic compound (Pridgeon et al. 1983; Benzing
1986, 2008; Silva et al. 2010). Kedrovski &
Sajo (2019) suggest that tilosomes in Anathallis
sclerophylla (Lindl.) have two functional phases: in
young tissues they increase the symplast connection
and thus improve outside-inside transport and in
mature tissues they direct solutes to passage cells.
According to Pridgeon et al. (1983) seven broad
morphological types are recognized which can
characterize specific orchid subtribes. Species
Cymbidium type velamen show a webbed or
meshed tilosomes structure (Pridgeon et al. 1983).

The main functions of the root exodermis are
to control the passage of nutrients and prevent the
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loss of water in the cortex (Benzing 2008; Silva
& Milaneze-Gutierre 2004). In all of the species
studied, except O. grandiflora, the exodermis
has thin walls with visible passage cells. In
Orchidaceae, wall thickness in the exodermis varies
(Benzing 1986; Silva et al. 2010). The species with
thin exodermis walls had tilosomes, corroborating
what was observed by Benzing (2008).

Some of the analyzed species have root
cortical cells with phi thickenings and/or sclereids.
The phi thickenings are lignified and form wide
bands that are sometimes ramified and generally
form a continuous sheath in the center of the cortical
region of the roots (Oliveira Pires et al. 2003). Phi
thickenings have already been cited for other
Orchidaceae species (Oliveira Pires et al. 2003;
Moreira & Isaias 2008; Idris & Collings 2015), as
well as other families, such as Geraniaceae (Haas
et al. 1976), Rosaceae (Weerdenburg & Peterson
1983) and Brassicaceae (Fernandez-Garcia et al.
2009), and gymnosperm species (Gerrath et al.
2005). According to Idris & Collings (2015), the
function of phi thickenings in orchid species is still
poorly understood and could be associated with
water stress, keeping plant tissue from collapsing
when under pressure from a lack of water, pathogen
attacks and providing mechanical protection;
although, some works have shown that they are not
very effective against water loss (Zanenga-Godoy
& Costa 2003; Piazza et al. 2015; Joca et al. 2017).

The endodermis is a highly specialized, single
layer of cells that comprises the innermost layer
of the cortex that surrounds the stele (Beck 2005)
and is an important apoplastic barrier that prevents
water and ion loss and protects the vascular cylinder
against pathogens through Casparian band and
wall thickening (Muthukumar & Kowsalya 2017).
Studies have shown that environmental factors such
as drought tend to promote cell wall augmentation
of the endodermis and reduce or eliminate passage
cells (Peterson & Enstone 1996). Here the species
analyzed were mostly thin or slightly thickened
wall endodermis with evident passage cells,
showing low resistance to desiccation. Moreover,
all species have thick walled and sclerenchymatous
cells around vascular elements and pith parenchyma
except four of them, which have slightly sclerified
pith cells. The thickening of cells is a common
feature of plant roots growing in arid regions to
cope up with desiccation and to avoid cell collapse,
in aerial roots, they appear to provide mechanical
strength to the root (Muthukumar & Kowsalya
2017).
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A common characteristic in epiphytic
Orchidaceae is the presence of fungal hyphae, which
are involved in forming mycorrhizae (Cevallos
et al. 2017; Joca et al. 2017). Mycorrhizae in
epiphytic Orchidaceae species have been described
in other works (Cevallos et al. 2017) and are the
result of a mutualistic symbiotic relationship where
the fungus helps absorb organic and inorganic
nutrients (Boldrini et al. 2010; Cevallos et al.
2017). Recent studies have shown the importance
of the presence of fungi to the survival of epiphytic
species, mainly in relation to seed development
and germination of orchids (Gongalves et al. 2014;
Marillac et al. 2014).

As discussed, the Orchidaceae species
analyzed in the present study exhibit different
morphoanatomical adaptations that are used to
save water due to their epiphytic habit. These
characteristics can occur in different parts of the
root, stem and leaf. Among the adaptive characters
highlighted in this work, we can distinguish
those related to storing water and those related
to resistance to desiccation (Oliveira & Sajo
1999). In the first case, we cite the presence of
pseudobulbs and a hypodermis with water-storage
cells. In the second case, we note the conspicuous
cuticle, suprastomatic chamber and extraxylary and
pericyclic fibers in the leaves, and tilosomes and/
or exodermal thickenings and cortex cells with phi
thickenings or sclereids in the root.

All of the species studied have pseudobulbs
or leaves with a hypodermis with water-storage
cells, except E. vesicatum that lacks characters
related to water storage. For the characteristics
related to resistance to desiccation, most of the
species analyzed have four to six attributes, accept
H. meleagris and E. ramosun that have only three
and E. rigidum that has only two; these species
do not have pseudobulbs, only a hypodermis with
water-storage cells in the midrib of the leaf. Our
results suggest that E. vesicatum, H. meleagris, E.
ramosun and E. rigidum are less tolerant to hydric
stress compared to the other species analyzed. By
learning more about the adaptive characteristics of
the species studied here, we can learn more about
how to conserve them and more efficient cultivation
strategies.
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