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ABSTRACT

(Rhizome and root anatomy of 14 speciesof Bromeliaceae) Theanatomy of rhizomesand roots of 14 species
of Bromeliaceaethat occur inthe cerrado biomewere studied with theaim of pointing out particular anatomical
features of the family and possible adaptations related to the environment. All the rhizomes are similar
although some have root regions growing inside the cortex. In some species the vascular cylinder of the
rhizomeisclearly limited from the cortex. Therootsare also very similar, although the coating tissue differsin
rootsgrowing insidethe rhizome or externally to it and the cortex has a variabl e organization according to the
region. The studied species present anatomical features that are associated to water absorption and storage,
showing that they are adapted to the cerrado environment.

K ey wor ds: bromeliads, Pitcairnioideae, Bromelioideae, Tillands oidese, water capture, water retention, ‘ cerrado’.

Resumo

(Anatomia de raizes e rizomas de 14 espécies de Bromeliaceae) Com o objetivo de reconhecer caracteres
particulares de Bromeliaceae e indicar possiveis formas de adaptacéo ao ambiente, foi estudada aanatomia
dosrizomas eraizes de 14 espécies de Bromeliaceae que ocorrem no cerrado. Osrizomas apresentam estrutura
basi ca semel hante, embora alguns del es possuam porcées radi cul ares crescendo no interior de seu cortex. De
acordo com aespécie considerada, os rizomas podem apresentar um cilindro vascular de delimitagdo maisou
menos nitida. As raizes também possuem estrutura bésica semelhante, apesar do tecido de revestimento
variar de acordo com aporgao analisada (dentro do rizomaou externa). Além disso, asraizes apresentam uma
regido cortical de organizagado variada, de acordo com aregido do 6rgéo, e um cilindro vascular. Muitos dos
caracteres anatdmi cos observados estéo associados amecani smos de captacao e retencao hidrica, mostrando
gue as espécies estudadas estdo adaptadas ao ambiente de cerrado.

Palavr as-chave: bromélias, Pitcairnioideae, Bromelioideae, Tillandsi oideae, capturade &gua, retencao hidrica,
cerrado.

I NTRODUCTION

Bromeliaceae is included in the order
Poales (APG 11 2003) and comprises 56
genera and around 3000 species (Luther
2002) that, except for Pitcairnia feliciana

Bromeliaceae hastraditionally been divided
in three subfamilies: Pitcairnioideae,
Tillandsi oideae and Bromelioideae (Smith &
Downs 1974, 1977, 1979; Dahlgren et al.
1985), although recent phylogenetic

(A. Chev.) Harms & Mildbr. from the West
Africa, occupy various habitats in the
tropical and subtropical regions of the New
World (Pittendrigh 1948).

The plants are mostly herbaceous with
a reduced stem from where leaves,
inflorescences and lateral shoots originate.

analyses do not confirm the monophyly of
Pitcairnioideae (Crayn et al. 2000; Horres
et al. 2000). The subfamilies are separated
according to the growth habit, the fruit and
seed morphology and the ovary position
(Smith & Downs 1974, 1977, 1979).
Bromelioideae are generally terrestrial and
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epiphytic and their leaf sheaths are usually
wide and imbricate forming tanks where the
water and minerals accumulate to be
absorbed by scal es and by the adventitious
roots growing there (Benzing & Burt 1970,
Benzing 2000). In the terrestrial species
without tanks, as some Bromelia and
Ananas, the roots absorb water and
nutrients directly from the soil (Benzing et
al. 1976). Most Tillandsioideae are
epiphytes and have areduced or absent root
system and specialized scales covering the
leaves; in these plants called “ atmospheric
or extreme” the scales help in the hydric
and nutritional balance; the roots, when
present, are mainly involved in fixation
(Benzing & Burt 1970; Benzing 1973).
Pitcairnioideae are usually terrestrial and
rupicolous and grow in mesic and xeric
habitats; they present awell developed root
system for fixation and water and nutrient
absorption. Theleaf scalesin thissubfamily
are less developed and have little or no
water absorption function (Pittendrigh 1948,
Benzing & Burt 1970, Benzing et al. 1976).

The rhizomes of Bromeliaceae are not
well known although Billings (1904) had
described the rhizome of Tillandsia usneoides
L. and Krauss (1948) had carefully studied the
morphology and the anatomy of the rhizome
of Ananas comosus (L.) Merr. Later, Segecin
and Scatena (2004) described the rhizomes of
some Tillandsia and interpreted them as a
possible adaptation to the epiphytic habit.

The stems of monocot do not present
acambium but many species possesalateral
apical meristem that determines the shape
of the plant. This meristem, called primary
thickening meristem, is responsible for
thickening of the stem and for the formation
of the adventitious roots and of the vascular
connection among the stem, roots and
leaves. In some monocot genera, a
secondary thickening meristem is also
present, which contributes to the formation
of the stem body (Rudall 1991).

Proenca, S L. & Sgjo, M. G.

Asfor therhizomes, studies on the root
anatomy of Bromeliaceae are rare. Krauss
(1949), Pita& Menezes (2002) and Segecin
& Scatena (2004) related the rhizome
anatomy of the species they studied to the
growth habit of the plants and/or to the
environment where they grow.

The present study describes the
morpho-anatomy of the rhizomes and roots
of epiphytic and terrestrial bromeliadsfrom
the cerrado of Sdo Paulo State, with the
aim of pointing out particular features of
the Bromeliaceae as well as possible
adaptive features found in the cerrado
vegetation.

MATERIAL AND METHODS

The material was collected in areas of
cerrado in Sdo Paulo State, Brazil and
identified by the first author. Vouchers are
deposited at the Rioclarense Herbarium
(HRCB) of the State University of Sao Paulo
(Table 1).

For the anatomical study at least two
representatives of each species were used.
Roots and rhizomes were fixed in FAA 50
(Johansen 1940) for 48h and later preserved
in ethanol 50%. Cross sections were made
by free hand in the apical and median
regions of both organs. The sections were
stained with Safranin and Astra blue
(Bukatsch 1972 modified by Kraus & Arduin
1997) and mounted in glycerin gelatin Kaiser
(1880). For Tillandsia usneoides only the
stem was studied since this species does not
present roots when adult.

Sections of fresh material were used
to test the presence/absence of phenolic
compounds (Johansen 1940), starch
(Johansen 1940), lignin (Sass 1951), lipids
(Gerlach 1984) and to determinethe crystals
chemical nature (Chamberlain 1932).

The photomicrographs were taken using
an Olympus BX40 photomicroscope and a
Leica MZ12 stereomicroscope.
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Table 1 — List of studied species
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Subfamilies/Species Lifeforms Place of collect Voucher
BROMELIOIDEAE
Acanthostachys strobilacea Epiphyte Reserva Biolégica S. L. Proenga201
(Baker) L.B.Sm. de Moji-Guagu
Aechmea bromdliifolia (Rudge) Baker Epiphyte Area de Protegio S. L. Proenga 212
Ambiental de Corumbatai
Ananas ananasoides (Baker) L.B.Sm.  Terrestrial Estacdo Experimental S. L. Proenca 192
de Itirapina
Billbergia distachia (Vell.) Mez Epiphyte Reserva Biolégica S. L. Proenga 208
de Moji-Guagu
Billbergia porteana Brongn. Epiphyte Reserva Biologica S. L. Proenca 198
de Moji-Guagu
Bromelia balansae Mez Terrestrial Estacdo Experimental S. L. Proenca 197
de Itirapina
PITCAIRNIOIDEAE
Dyckia tuberosa (Vell.) Beer Terrestrial Universidade de S. L. Proenga 213
S80 Paulo (USP), Pirassununga
TILLANDSIOIDEAE
Tillandsia loliacea Mart. Epiphyte Area de Protegio S. L. Proenga 202
ex Schult. & Schuilt. f. Ambiental de Corumbatai
Tillandsia pohliana Mez Epiphyte Reserva Biologica S. L. Proenca 186
de Moji-GuaguPratania S. L. Proenca216
Tillandsia recurvata (L.) L. Epiphyte Estagdo Experimenta de S. L. Proencal94
ItirapinaReserva Bioldgica S. L. Proenga 209
de Moji-GuaguPratania S. L. Proenca 215
Tillandsia tenuifolia L. Epiphyte Reserva Biologica S. L. Proenga 210
de Moji-Guagu
Tillandsia tricholepis Baker Epiphyte Estacdo Experimenta de S. L. Proenca 195
ItirapinaArea de Protec&o S. L. Proenga 204
Ambiental de Corumbatai
Tillandsia usneoides (L.) L. Epiphyte Estacéo Experimenta de Itirgpina S. L. Proenca 193
Vriesea sp. Epiphyte Estacdo Experimentd de Itirgpina S. L. Proenga 217
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REsuLTS
Rhizome

Most of the studied speciesare epiphytic,
except for the terrestrial Ananas
ananassoides, Dyckia tuberosa and Bromelia
balansae. The rhizomes are vertically or
horizontally positioned with their apical portion
pointing upward. In the median and basal
regionsof all rhizomes, axillary buds develop
and originate new rhizomesthat, in the case of
Bromelia balansae, arefairly long and covered
by reduced, scde-likeleaves. In Acanthostachys
strobilacea, the rhizome supports few green
leavesand its base presentsreduced cataphylls
as those found in the stolons of Bromelia
balansae.

Independently of their morphology, all
rhizomes are anatomically very similar in
structure and present three regions: a coat,
consisting of the epidermis and/or a stratified
layer of cork (Figs. 1a, c-f), acortex (Figs. 1a,
b, f; 2a-c) and avascular cylinder (Figs. 1a, b,
f; 2a-c). Starch grains (Figs. 1la; 2b) and
idioblastsof calcium oxalateraphides (Figs. 1a,
b; 2c) are common in the cortex and in the
vascular cylinder. In Billbergia porteana,
Bromelia balansae and D. tuberosa, mucilage
canalsare also observed in the rhizome cortex
(Figs. 1f, 2a).

When present, the epidermis is one-
layered and its cells, often with silica bodies,
vary in size and shape (Figs. 1a, c, d). The
epidermal cellshavethinwallsintherhizomes
of most Tillandsioideae (Tillandsia recurvata
(Fig. 1a), T. usneoides, T. tricholepis, T.
loliacea and Wriesea sp.) and thick, lignified
wallsintherhizomesof the Tillandsioideae T.
tenuifolia (Fig. 1c) and in the Bromelioideae
Aechmea bromeliifolia (Fig. 1d). In the latter
species there is also a stratified cork layer
internal to the epidermis. Inthe Bromelioideae
Acanthostachys strobilacea, and in the
Tillandsioideae T. pohliana, the rhizome is
covered with various layers of sclerified cells
and with an internal stratified cork. In the
rhizome of the other Bromelioideae (Billbergia
distachia (Fig. 1€), B. porteana (Fig. 1f),
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Ananas ananassoides and Bromelia
balansae) and in the Pitcairnioideae D.
tuberosa, the coating tissueisastratified cork.

The cortex, formed by rounded
parenchymatous cells of variable sizes,
presentsleaf traces(Figs. 1a, b, f; 2a-c) axillary
buds and besides idioblasts with calcium
oxalate raphides (Figs. 1a, b; 2c¢). The
endodermis is recognized by the position of
its parenchymatous cells (Figs. 1a; 2a, b),
although in Aechmea bromeliifolia there is
no a visible delimitation between the cortex
and thevascular region (Fig. 2c). Therhizome
of al Tillandsia (Fig. 1b) (except T. usneoides)
and of the Pitcairnioideae D. tuberosa show
many intracortical roots that originate from
the pericycle. In these roots the endodermisis
one-layered and its cells possess anticlinal
thickened walls, in D. tuberosa, and al the
wallsthickened, in Tillandsia. Figure 1b show
intracortical roots in different developmental
stages.

Collateral bundles randomly distributed
form the vascular system; these bundles can
be partially or completely surrounded by
sclerified cells (Figs. 1a, b, f; 2a-c). In most
of Tillandsioideae (T. recurvata (Fig. 1a),
T. tricholepis, T. usneoides and VWriesea sp.),
the cortex is separated from the vascul ar region
by a ring of pericycle fibers that include
many vascular bundles; thisringisinterrupted
only by theleaf traces (Fig. 1a). Thecollateral
bundles of the center of the cylinder are
surrounded by few sclerified cells (Fig. 1a).
In the other Tillandsioideae (T. tenuifolia
(Fig. 1b), T. loliacea and T. pohliana), the
limit between the cortex and the vascular
cylinder isrecognized only by the proximity of
the peripheral bundles (Fig. 1b). In these
species, the collateral bundles of the center
of the cylinder are surrounded by sclerified
cells(Fig. 1b).

Asinmost Tillandsioideae (Fig. 1a), the
rhizome of most Bromelioideae (Figs. 1f; 2a,
b) and that of the Pitcairnioideae D. tuberosa
present aring of pericyclic cells separating the
cortical region from the vascular one. In these
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Figure 1—Cross sections at the median region of therhizomes. a. Tillandsia recurvata, with asingle layer epidermis
and an endoderm (en) surrounding the pericycle fibers limiting the vascular region; note starch grains (arrows) and
leaf traces (It) in the cortex. b, c. T. tenuifolia. b. show intracortical roots and peripheral bundles close together on
thelimit of the central cylinder; note the leaf traces (It). c. show alignified epidermis and a stratified inner cork.
d. Aechmea bromeliifolia, withalignified epidermisand astratified inner cork (sc). e. Billbergia distachia, with awidely
stratified cork. f. B. porteana, with stratified cork plus mucilage canal (mc) and leaf trace (It) in the cortex; note the
pericyclefiberslimiting the vascular region. Asterisks of the figuresaand b show idioblasts of raphideswithout content.
(co = cortex) Bars=30um (fig. ¢); 70um (fig. a, d, €); 200um (fig. b); 770um (fig. f).
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Figure 2 —Cross sections at the median region of the rhizomes. a. Bromelia balansae, with mucilage canals (mc) and | eaf
trace (If) in the cortex and a parenchymatous endoderm (en); note the pericycle fiberslimiting the vascular cylinder (vc).
b. Billbergia distachia, with a parenchymatous endoderm (en); note the leaf gap (asterisk) and starch grains (arrow).
c¢. Aechmea bromeliifolia, lacking avisiblelimit between the cortex (co) and the vascular cylinder (vc); the arrow show
anidioblast with raphides. (vc = vascular cylinder) Bars= 70um (fig. b); 200um (fig. a, ).
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casestoo, thering isonly discontinuousin the
regionswheretheleaf traces crossthe cylinder
(Figs. 1a; 2a, b). However, in oppositionto the
rhizomes of Tillandsioideae, the vascular
bundles adjacent to the pericycle are smaller
than those of the central region (Figs. 1f; 2a,
b) and are surrounded by sclerified cells
particularly at the phloem end (Figs. 1f; 2a, b).
The rhizome of the Bromelioideae
Aechmea bromeliifolia does not have a clear
boundary between the vascular region and the
cortex (Fig. 2c); herethe vascular bundlesare
scattered throughout the central region and
thereareleaf tracesin the cortical portion (Fig.
2c¢). However, as in the other representatives
of thissubfamily, the collatera vascular bundles
of therhizomeare also surrounded by sclerified
cells, especially at the phloem end (Fig. 2¢).

Root

The intracortical roots, observed in the
rhizomes of most Tillandsia (Tillandsioideag)
and in the Pitcairnioideae Dyckia tuberosa,
originate from the pericycle at the apex of
the stem. They and run through the cortex
basipetally, parallel to the rhizome surface,
emerging at the base to fix the plant to the
substrate.

In the rhizomes of Bromelioideae, the
roots originate from the pericycle at the stem
base and grow perpendicularly to the axis.
Some roots reach the substrate and fix the
plants, while others, still young, nest between
the leaf sheaths, where water and nutrients
are retained and can be absorbed.

The coating tissue is a multilayered
rhizodermis (Figs. 3a-d; 4a-d; 5a, b, d; 6¢)
except on the intracortical portions that are
covered with one layer of rhizodermal cells
(Fig. 6b). The cells of the multilayered
rhizodermisvary in shape and have thin walls
close to the root apex (Figs. 3a-d) and
thickened wallsin distal regions (Figs. 4a, d;
5a). The outer layer of this tissue bears
unicellular hairs on the root apex (Figs. 3c, d)
and on all the extension of the roots of
Bromelia balansae (Fig. 4a), Aechmea
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bromeliifolia (Fig. 4b), Ananas ananassoides
(Fig. 4d), Acanthostachys strobilacea,
Billbergia distachia and D. tuberosa. Under
this coat, all the roots show a cortical region
and a vascular cylinder (Figs. 3a, b, d; 4b-d;
5a, b, d; 6c).

In the apical and regions, the cortex is
parenchymatous (Figs. 3a, b) and its inner
layers, close to the endodermis, are arranged
in a stratified way (Figs. 3a, b, d; 6a). The
endodermis is recognized by the Casparian
strips (Figs. 3a, b).

In the sub-apical region, the one or two-
layered exodermis is formed by cells of
thickened suberized and/or lignified walls
(Figs. 3c, d); the passage cells have only
primary walls (Fig. 3c). The inner layers of
the parenchymatous cortex are larger than the
outers and separated by small intracellular
spaces (Figs. 3a, b; 6a) that become wider
in the distal regions of the root (Figs. 4b-d;
5a-d; 6b, ).

From the sub-apical region on thereisa
centripetal sclerification on the cell walls of
the outer cortex (Figs. 4b, d; 5b; 6b), which, in
some cases, extends until the median cortical
portion (Figs. 4c; 5d; 6¢). Theendodermiscell
wallsare anticlinally thickened in the roots of
the Pitcairnioideae D. tuberosa (Fig. 5¢) and
of all Bromelioideae (Figs. 4c, d) but Bromelia
balansae with endodermal cell walls
anticlinaly and inner periclinally thickened
(Figs. 53, d). In the Tillandsioideae roots, all
the endodermis cell wallsarethickened (Figs.
5b; 6a-). Idioblastsof calcium oxa ateraphides
occur both in the multilayered rhizodermis
(Figs. 4a; 5a) and in the root cortex.

Thecentral cylinder isdelimited by aone-
layered pericycleformed by thin-walled cells.
Thexylemispolyarch (Figs. 3a, b; 4b-d; 53, b;
6a) and the root medulla is usually
parenchymatous close to the apex (Figs. 3a,
d) becoming distally lignified (Figs. 4b, c; 5d;
6a-c). The lateral roots have the same
anatomical organization, but with fewer cell
layersin the cortex and fewer vascul ar tissues
inthe central cylinder (Fig. 5d).
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Figure 3 — Cross sections of roots. a, b. apex with velamen (ve), parenchymatous cortex (co) and endoderm (en)
with Casparian strips in its cells (arrow). a. Billbergia distachia. b. Tillandsia tenuifolia. c, d. sub-apical region
showing epivelamen with unicellular hairs and 1-2 layered exodermis of cellswith suberized and/or lignified walls.
c. Dyckia tuberosa. d. Bromelia balansae, the arrow indicates the exodermis. (pc = passage cell). Bars = 30pum (fig.
a, b, c); 200pm (fig. d).
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Figure4—Cross sections at the median region of theroots. a. Bromelia balansae, with unicellular hairs on the epivelamen
and idioblasts of raphides (asterisks) onthevelamen layers; notethelignified cells on the outer cortex (co) and ontheinner
velamen. b. Aechmea bromeliifolia, with unicellular hairs on the epivelamen; note the centripetal sclerification of the outer
cortex cells (arrow) and the wide intracellular spaces in the inner cortex. c. Billbergia distachia, with the cortex almost
completely sclerified and the endoderm cells (en) with thickened anticlinal walls (arrow). d. Ananas ananassoides, with
thick walled cellson theinner velamen (arrows) and endoderm cellswith thickened anticlinal walls(en). Bars=30um (fig.

¢); 70um (fig. a, b, d).
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Figure 5 — Cross sections at the median region of the roots. a. Bromelia balansae, show idioblasts of raphides without
content (asterisks) onthe velamen that hasthick walled cellsonitsinner layers; the outer cortex issclerified and theinner
cortex present wideintercellular spaces; the endoderm cells have thickened anticlinal and inner periclinal walls (en).
b. Vriesea sp., showing the velamen (ve), the centripetal sclerification of the outer cortex cells (arrow) and the endoderm
cells with thickened anticlinal and periclina walls (en). c. Dyckia tuberosa, showing the cortex almost completely
sclerified and the endoderm cellswith thickened anticlinal walls (arrow). d. Bromelia balansae, lateral root with the same
organization as the principal roots but with asmall diameter. Bars = 30um (fig. ¢); 70um (fig. a, b, d).
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Figure 6 — Cross sections of the Tillandsia tenuifolia roots. a. intracortical portion near of the root apex with the one-
layered epidermis (arrow), the outer cortex of thick walled cells and the inner cortex with stratified enlarged cells.
b. intracortical portion at the median root region showing the one-layered epidermis (arrow), the centripetal sclerification
of theouter cortex and thewideintercellular spaceson theinner cortex; the endoderm cellsarethick walled (en) at thisroot
region. c. aerial portion with avelamen (ve). Bars=70um (fig. a, b, ¢).
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Discussion

The coating tissue of the rhizomes is
multilayered and its cells present suberized
walls, indl Bromdlioideae, someTillands oideae
(T. pohliana and T. tenuifolia) and in the
Pitcairnioideae D. tuberosa. Tomlinson (1969)
called thistissue periderm but no phellogen was
observed in the rhizomes studied here. So we
prefer to call the coating tissue stratified cork
that, according to Fahn (1985), originatesfrom
some groups of cortical parenchymatouscells
that divide periclinally forming many layers of
cellswith suberized walls.

All rhizomes have a cortex and a central
cylinder that, in most species, is limited by a
ring of lignified cellsinterpreted, in the present
work, asthe pericycle. In some rhizomes, the
limit of the central cylinder presents vascular
networks interrupted by the leaf gaps and
associated to the adventitious roots, as
described for Ananas comosus (L.) Merr.
(Krauss 1948). In A. comosus, the vascular
network originates from a meristem that
Mangin (1882 apud Krauss 1948) called a
dictiogen layer and Diggle & DeMason (1983)
named a primary thickening meristem, and
which, according to Menezes et al. (2005),
corresponds to the pericycle. The structural
similarity between the rhizomesof A. comosus
and those of the Bromeliaceae studied here
indicatesthat the primary thickening meristem
isactivein the stems of thisfamily, producing
variable degrees of peripheral vascular
networks, depending on the species.
According to Rudall (1991), the primary
thickening meristemisaplesiomorphy for the
monocotyledons, occurring in reduced stems
of different families within this group. Asin
other monocotyledons (DeMason 1979, 1980;
Martin & Tucker 1985; Rudall 1991; Scatena
& Menezes 1995; Sgjo & Rudall 1999), the
rhizomes of the Bromeliaceae do not show
any secondary growth, whichis characterized
by theformation of radially organized vascular
bundles separated by parenchymatous rays,
and an increase of parenchymatous cells in
the cortex.

Proenca, S L. & Sgjo, M. G.

Inside the cortex there are intracortical
rootsin therhizomesof Tillandsi oideae (except
for Tillandsia usneoides and Vriesea sp.) and
of D. tuberosa (Pitcairnioideae), as described
by Pita & Menezes (2002) and by Segecin &
Scatena (2004) for others representatives of
the same family. The intracortical roots
observed here do not present a multilayered
rhizodermis, as reported for others Tillandsia
(Segecin & Scatena, 2004) and contrary to
described for Dyckia and Encholirium (Pita
& Menezes2002). Here, theintracortical roots
are covered by one layer of rhizodermis that
become sclerifiedin distal regionsof theorgan.

In both terrestrial and epiphytic species,
the extracortical part of the roots is covered
by a multilayered rhizodermis. This
multilayered rhizodermis is morphologically
similar to the velamen hat covers the roots of
epiphytic and terrestrial speciesof Araceaeand
Orchidaceae (Dycus & Knudson 1957,
Benzing et al. 1982, Fahn 1985 and Mauseth
1988) and may function likeit. InAraceaeand
Orchidaceae, the velamen offers mechanical
protection and acts as a sponge, allowing the
root to retain a temporary reservoir of water
and minerals (Benzing et al. 1982). In
Bromeliaceae, the occurrence of amultilayered
rhizodermis (named velamen by the authors)
was also reported for rupicolous species of
Dyckia and Encholirium (see Pita &
Menezes 2002) and for epiphytic species of
Tillandsia (Segecin & Scatena 2004).

Internally to themultilayered rhizodermis,
there is a one-layered exodermis formed by
thick-walled cells, as described for other
Bromeliaceae roots (Pita & Menezes 2002,
Segecin & Scatena 2004). As in other roots
(see Sanford & Andalawo 1973, Pita &
Menezes2002), someexodermiscellshaveonly
primary walls(passage cells) allowing thewater
solution to move from the multilayered
rhizodermis to the cortex (Dycus & Knudson
1957). According to Tomlinson (1969) and
Dycus & Knudson (1957), the velamen-
exodermis set of some epiphytic species offers
amechanical protection, reducesthewater loss
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from the root cortex, and absorbs and stores
water and minerals (Benzing et al. 1982). In
the roots studied here, the multilayered
rhizodermis-exodermis set could act like the
velamen-exodermis set protecting the organ and
absorbing/retaining the water and solutes.
However, only detailed physiological and
ecologica studiescould confirmthishypothes's.

The outer cortex of theroot isformed by
cellsof sclerifiedwalsand, in somecases, these
sclerification reaches the cell walls of the
median cortex. These multilayered tissue
formed by sclerified cells probably helps to
hinder the water evaporation from the inner
root cortex, as suggested by Krauss (1949) for
A. comosusroots. Collenchymatous cellswere
reported for the median cortex of the roots of
Dyckia and of Encholirium (Pita & Menezes
2002); however, none of the observed roots
presented this supporting tissue.

The layers of the inner root cortex,
adjacent to theendodermis, are stratified close
totheroot apex, indicating that theinner cortex
originatesfrom ameristematic endodermis, as
demonstrated by Alonso et al. (2004) and by
Menezes et al. (2005) for other
monocotyledons.

Onthematureregion, theroot endodermis
is formed by thick-walled cells in
Tillandsioideae and by cells with thickened
anticlinal walls in Pitcairnioideae and most
Bromelioideae (except for Bromelia balansae
with U thickenings).

Themedullais parenchymatousin theroot
apex but itscell wallsbecomethick and lignified
inthedistal regionsincluding intheintracortical
parts. Such sclerification probably increases
the support for the epiphytic rhizomes as
proposed by Meyer (1940 apud Tomlinson
1969).

The sclerified exodermis and medulla
observed here may offer support for the roots
during itsgrowth within the stem, as proposed
by Krauss (1949) for A. comosus. Such
sclerified tissues can also increase the
resistance of the roots against water 10ss,
avoiding cellular collapse.
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Crystals of calcium oxalate are common
in the rhizomes and roots studied here, as
reported for other Bromeliaceae (Krauss 1948,
Tomlinson 1969, Segecin & Scatena 2004).
Such crystals, whose function would be to
neutralizethe oxalic acid produced inthe plants
(Brighigna et al. 1984), may either represent
formsof reserve of calcium and of oxalic acid,
reintroduced in the metabolism when
necessary (Sunell & Healey 1979), or deposits
of metabolic wastes that would otherwise be
toxic to the cell or tissue (Prychid & Rudall,
1999). According to Mauseth (1988), Finley
(1999) and Prychid & Rudall (1999), the
calcium oxalate raphides makethe plantslittle
palatableto herbivores. Within Poales, raphides
of calcium oxaate occur in Eriocaulaceae,
Joinvilleaceae, Sparganiaceae and Typhaceae
(Dahgren et al. 1985), suggesting that this
feature is a plesiomorphy for the order.
Although the presence/absence of crystalsis
of taxonomic value for some plant groups
(Prychid & Rudall 1999), the raphides of
calcium oxalate are not a good feature for
grouping/separating the Bromeliaceae, since
they occur in ageneralized way.

Silica bodies are frequent inside the
epidermal cells of the rhizomes. Considering
that these bodiesarelow palatability, they have
been associated to the plant resistance against
infestation of fungi and insectsattacks (Balasta
et al. 1989). Silica bodies are also found in
other Poales, as Poaceae, Cyperaceae,
Thurniaceae, Rapateaceae, Centrolepidaceae,
Ecdei ocoleaceae and Joinvilleaceae (Prychid
et al. 2004), indicating that this feature is a
plesiomorphy for the order. In Bromeliaceae,
the silica bodies are always spherical and
restricted to the epidermiscells, corroborating
the supposition of Prychid et al. (2004) for
whomtheformand localization of thesecrystals
can have asystematic potential for somegroups
of monaocotyledons.

Some structural features of the roots and
rhizomes could act in the maintenance of the
hydric balance allowing the plant to explore
extreme habitats, such as rock surfaces and
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ephiphytic habitats. The occurrence of these
features may also be related to the cerrado
environment (wherethe studied species occur)
wherethedry seasonisup to 6 months (Ribeiro
& Walter 1998) and the maximum vapour
pressure deficits is similar in both rainy and
dry season (Meinzer et al. 1999).
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