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Abstract

Temporary lakes are common in the semi-arid region of the State of Bahia and form water mirrors in the rainy season.
In this period, various vegetal species appear having different life forms adapted to the seasonality conditions of the
rainfall regime. This work surveyed the adaptive anatomical structures of some emergent and amphibious monocot
species occurring in these lakes. We studied the anatomy of roots, rhizomes, leaves and scapes of Cyperus odoratus,
Oxycaryum cubense, Pycreus macrostachyos (Cyperaceae) — amphibious species; and of Echinodorus grandiflorus
(Alismataceae), Eichhornia paniculata (Pontederiaceae) and Habenaria repens (Orchidaceae) — emergent species.
The anatomical features of the dermal, fundamental and vascular systems confirming the tendency of the adaptive
convergence of these plants to temporary lacustrine the environment include: single layered epidermal cells with a
thin cuticle layer in the aerial organs; the presence of air canals in all the organs; few or no supporting tissues; and
less numerous conducting elements and thinner cell walls in the xylem. The reduction of the supporting tissues, the
number of stomata, which can even be absent, and the number of conducting elements and the degree of cell wall
lignification in the xylem of the emergent species is more accentuated than that of the amphibious species. The pattern
of distribution of aerenchyma in the roots of the studied species was considered important to distinguish between
amphibious and emergent life forms.
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Variacao estrutural entre espécies anfibias e emergentes de
monocotiledoneas de lagoas do semiarido da Bahia, Brasil

Resumo

As lagoas tempordarias sdo comuns no semidrido baiano, apresentando espelhos de dgua no periodo chuvoso. Nesse
periodo, surgem vdrias espécies vegetais com diferentes formas de vida, adaptadas as condicdes de sazonalidade do
regime pluviométrico. Este trabalho objetivou levantar estruturas anatdmicas adaptativas de algumas espécies de
monocotiledoneas anfibias e emergentes que ocorrem nessas lagoas. Para tanto, estudou-se anatomia de raiz, rizoma,
folha e escapo de Cyperus odoratus, Oxycaryum cubense e Pycreus macrostachyos (Cyperaceae) — anfibias, e de
Echinodorus grandiflorus (Alismataceae), Eichhornia paniculata (Pontederiaceae) e Habenaria repens (Orchidaceae)
— emergentes. Caracteristicas anatomicas dos sistemas dérmico, fundamental e vascular — presenca de uma camada
de células epidérmicas, com cuticula fina nos 6rgios aéreos; presenca de lacunas de ar em todos os 6rgdos; baixa
quantidade ou auséncia de tecidos de sustenta¢@o; redugdo de elementos xileméticos e do espessamento das paredes de
suas células — confirmam uma tendéncia a convergéncia adaptativa dessas plantas ao ambiente lacustre temporario. As
espécies emergentes, quando comparadas com as espécies anfibias, apresentam essas caracteristicas mais acentuadas,
como redugdo no sistema de sustentacio; redugdo na frequéncia e até auséncia de estdmatos, e reducao do nimero
de elementos condutores do xilema e do grau de lignificag¢@o das paredes de suas células. O padrdo de distribuicdo de
aerénquima nas raizes das espécies estudadas foi considerado importante para distinguir a forma de vida anfibia da
forma emergente.

Palavras-chave: anatomia, monocotiledoneas, 6rgios vegetativos, lagoas temporarias.
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1. Introduction

The Brazilian semi-arid region occupies about
900.000 km? and it coincides with the areas of the caatinga
vegetation (Eiten and Goodland, 1979; Queiroz et al.,
2006). According to these authors, its climate presents an
average annual precipitation of 800 mm, irregular rains,
which form temporary lakes in many Northeastern states.

Such lakes are characterized by the fact they are full
in the wet season and empty during the dry spell. Their
quantity of water depends on both their stocking capacity
and the rainfall regime. This feature can be decisive for
the establishment of aquatic macrophytes with different
life forms, which prefer humidity within an environmental
profile (Maltchik et al., 1999; Pivari et al., 2008).

Floristic surveys of aquatic macrophytes found in
temporary lakes from the semi-arid region of Bahia
showed that the most representative group is the monocots,
especially Cyperaceae and Poaceae (Bezerra and Franca,
1999; Franca et al., 2003). These lakes are natural aquatic
ecosystems and a survey of the anatomical structures of
their plants may reveal adaptations to different life forms.
Environmental variations contribute to structural changes
in the vegetative organs of the aquatic (Wells and Pigliucci,
2000; Burnet et al., 2007) or terrestrial (Moreira and Isaias,
2008) species presenting phenotypic plasticity.

The structural adaptations of the amphibious species
of aquatic Cyperaceae from the temporary lakes of the
semi-arid region of the State of Bahia include air canals in
their vegetative organs, mainly in their roots; a hypoderm;
areduced number of xylem elements; and slightly lignified
cell walls in their tissues (Leite et al., 2009).

Given the importance of anatomical studies on
macrophyte species for this semi-arid region, this work
surveyed the anatomical structures considered as adaptations
in some monocot species, taking into account both the
emergent (plants are rooted on the bottom of the water
and extend to its surface) and amphibious (plants with
ability to photosynthesize and grow in terrestrial, as well
as aquatic environments) life forms.

2. Material and Methods

Specimens of Cyperus odoratus L., Oxycaryum cubense
(Poep. & Kunth) Lye, and Pycreus macrostachyos (Lam.)
Raynal (Cyperaceae) - amphibious species - and of
Echinodorus grandiflorus (Cham. & Schltdl.) Micheli
(Alismataceae), Eichhornia paniculata (Spreng.) Solms
Laubach (Pontederiaceae) and Habenaria repens Nutt.
(Orchidaceae) - emergent species - were collected in five
temporarily full lakes from the Northeastern semi-arid
region of Bahia.

Anatomical analyses were carried out on parts of
the vegetative organs of adult plants fixed in FAA 70
(formalin, 70% ethyl alcohol and glacial acetic acid) for
48 hours and preserved in 70% ethylic alcohol (Johansen,
1940). The vouchers of the specimens (Cyperus odoratus:
Leite et al. 477; Leite 486; Leite and Franca 495; Leite &
Franca 519. Oxycaryum cubense: Leite et al. 475; Leite
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and Franca 522; Leite and Franca 523; Leite and Franca
524; Leite and Franga 525. Pycreus macrostachyos:
Leite 486A; Leite 487A; Leite and Franca 496; Leite
and Franga 500. Echinodorus grandiflorus: Leite et al.
480; Leite 528; Leite and Franca 495; Leite and Franca
517. Eichhornia paniculata: Leite et al. 482; Leite and
Franga 485; Leite and Franca 498; Leite and Franca 518.
Habenaria repens: Leite et al. 476; Leite and Franca 483;
Leite 487; Leite and Lessa 507) were deposited in the
Herbarium of the State University of Feira of Santana
(HUEES), Brazil.

Apical, median and basal regions of roots, rhizomes,
leaves and scapes of at least three different individuals
of each species were cut. Cross sections were prepared
by hand with a blade, colored with safranin and Astra
blue (modified from Bukatsch, 1972 apud Kraus and
Arduim, 1997) and mounted on semi-permanent slides
with glycerin jelly.

Some parts of the vegetative organs were dehydrated in
a graded ethanol series and embedded in Leica Historesin®
(Feder and O’Brien, 1968). Sections (10 um) were cut on
a rotary microtome, stained with toluidine blue (Feder and
O’Brien, 1968) and then mounted on permanent slides in
Entellan synthetic resin (Merck®).

3. Results

In the macrophytes studied, Cyperus odoratus,
Oxycaryum cubense, Pycreus macrostachyos and
Echinodorus grandiflorus, Eichhornia paniculata,
Habenaria repens, respectively amphibious and emergent
species, aeration occurs along the whole plant body. It is
determined by the presence of air canals in all the vegetative
organs (Figures 1-11,14,18-19,21).

The epidermis of roots, rhizomes, leaves and scapes
is single layered in all species, cells with thin walls
(Figures 4-14,18-19) or slightly thickened walls and a
thin cuticle (Figures 4,6,8). The leaves of the amphibious
species Cyperus odoratus, Oxycaryum cubense (Figure 4)
and Pycreus macrostachyos and of the emergent species
Habenaria repens (Figures 5) are hypostomatic, whereas
those of Echinodorus grandiforus and Eichhornia paniculata
(Figure 6) are amphistomatic. Cuticles (Ct), which were
slightly thickened in the leaf and scape of the amphibious
species Cyperus odoratus, Pycreus macrostachyos and
Oxycaryum cubense (Figure 4), were only found in the
aerial organs.

Air canals are wider in roots than in rhizomes and are
located in the cortical region (Figures 1-2,10-11,18-19). In
the cortex of the root, air canals of the amphibious species
are arranged in parallel to the surface of the organ, as in
Cyperus odoratus and Pycreus macrostachyus (Figures 1,10
respectively), however it is transversal to the surface of the
organ in the emergent species, as in Echinodorus grandiflorus
and Eichhornia paniculata (Figures 2,11 respectively). In
the leaves, the air canals (Ac) occupy the central region
of the mesophyll (Figure 4). They are wide in most
species, albeit smaller in Habenaria repens (Figure 5)
and Eichhornia paniculata (Figure 6).
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Figures 1-9. Photomicrographs of cross sections of monocot vegetative organs — Median region of roots, rhizomes,
leaves and scapes of amphibious and emergent species: 1-2) General aspect of adult roots. 1) Cyperus odoratus.
2) Echinodorus grandiflorus. 3) Cyperus odoratus. — Rhizome. 4-6) Leaves of Oxycaryum cubense, Habenaria repens.
and Eichhornia paniculata. 4) Oxycaryum cubense — Detail of air canal. 5) Habenaria repens. — Detail of stoma.
6) Eichhornia paniculata — Detail of stoma. 7-9) General aspect of the scape. 7) Pycreus macrostachyos — Detail of fiber
bundles and pericyclic fibers. 8) Habenaria repens. — Detail of pericycle. 9) Eichhornia paniculata — Detail of pericycle.
(Ac = air canals, Ct = cuticle, Ec = external cortex, En = endodermis, Ep = epidermis, Es = stoma, Ex = exodermis, Fb = fiber
bundles, Hy = hypoderm, Mx = metaxylem, Pe = pericycle, Pf = pericyclic fibers).

Braz. J. Biol., 2012, vol. 72, no. 1, p. 163-169 165



Leite, KRB., Franca, F. and Scatena, VL.

100 um

v‘v 8
e

o9
o

Figures 10-21. Photomicrographs of cross sections of monocot vegetative organs — Median region of roots and rhizomes of
amphibious and emergent species: 10-11) General aspect of adultroots. 10) Pycreus macrostachyos. 11) Eichhornia paniculata.
12-14) Detail of exodermis. 12) FEichhornia paniculata.13) Cyperus odoratus. 14) Echinodorus grandiflorus.
15-17) Root endodermis. 15) Habenaria repens. 16) Pycreus macrostachyos. 17) Cyperus odoratus L. 18-20) Rhizome.
Echinodorus grandiflorus.18)General view. 19) Detail of epidermis.20-21) Detail of endodermis. 20) Echinodorus grandiflorus.
21) Habenaria repens. (Ac = air canals, Cs = Casparian strip, Dme = derivatives of meristematic endodermis, Ec = external
cortex, En = endodermis, Ep = epidermis, Ex = exodermis, Fb = fiber bundles, Mx = metaxylem, Pf = pericyclic fibers).
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The roots (Figures 1-2,10-11) and rhizomes
(Figures 3,18-19) of all studied species presented
differentiated cortex and their exodermis (Ex) is formed by a
single layer of cells with thickened walls (Figure 1-2, 10-14).
The thickening of the external cortex cell walls can be
homogeneous as in Pycreus macrostachyos (Figure 10 —
amphibious species), or more intensive in the first cell layer
of the external cortex as in Cyperus odoratus (Figure 13 —
amphibious species), or the internal wall of the exodermal
cells can be thinner than the outer periclinal one, as in
Eichornnia paniculata and Echinodorus grandiflorus
(Figures 11-12,14 — emergent species). In the root cortex
(Figures 16-17) and the rhizomes (Figures 20-21), the
derivatives cells of the meristematic endodermis (En) present
either slightly thickened walls, as in Pycreus macrosctachyos
and Cyperus odoratus (amphibious), or more thickened
walls, as in Echinodorus grandiflorus and Habenaria repens
(emergent species). No wall thickenings were found in the
endodermis cells of the roots of Habenaria repens, which
present Casparian strips (Figure 15).

All the vegetative organs of the studied species present
a low occurrence or absence of supporting tissues. When
present, they only occur in such aerial organs as the leaves
and scapes of the amphibious species in the form of bundles
of sclerenchymatous extravascular fibers (Figure 7) or of
vascular pericyclic fibers involving completely the vascular
bundles, as in Oxycaryum cubense (Figure 4); they can also
form bands of sclerenchymatous pericyclic fibers limiting
the vascular cylinder as in the scapes of the emergent
species Habenaria repens and Eichhornia paniculata
(Figures 8-9). The leaves of Habenaria repens were the
only ones that presented no supporting tissue (Figure 5).

All the organs of the studied species, subterranean or
aerial, present less conducting elements in their xylem
than in their phloem (Figures 5,8,20-21).

4. Discussion

In the Brazilian Northeastern semi-arid region, the
survival of the aquatic macrophytes from temporary lakes,
as is the case of the ones studied here, depends on their
tolerance to the excess and lack of water. This tolerance is
reflected in adaptations to the aquatic, although temporary,
environment as a response manifested by the anatomical,
morphological and phenological structures, among others
(Wells and Pigliucci, 2000).

Such anatomical features as single layered epidermis
and thin cuticle, the presence of air canals, the reduction
of supporting tissues and of xylem cells in the plants here
studied, regardless of their amphibious or emergent life
form, function as adaptations of these species to flood.

The occupation of a one environmental profile by
different species of aquatic macrophytes occur by anatomical
divergence between their different life forms and anatomical
convergence to adapt to the aquatic environment. The
disposition of the air canals in the roots of both emergent
and amphibious species was considered the most important
feature to differentiate the life forms studied in this work.

Braz. J. Biol., 2012, vol. 72, no. 1, p. 163-169

Although the latter occur in the same area, they are
exposed to the same biotic and abiotic factors, and exhibit
anatomical convergence, the air canals present in all the
vegetative organs are more evident in the emergent species.
As observed by Jung et al. (2008), these canals facilitate
oxygen conduction to the whole plant body and are
considered crucial to the adaptative success of these plants.

Among the existing life forms, emergent and amphibious
ones might be the most resistant to water stress since they
suffer the seasonality of wet and dry spells, as the species
studied here. This resistance may be related to the formation
of aerenchyma, an anatomical structure frequent in these
species, according to Lewitt (1980) who concluded that
lack of oxygen is the main factor inducing the formation
of air canals in the roots.

In the aerial organs of the studied species, the formation
of air canals may also be linked to the production of oxygen
through photosynthesis, as pointed out by Sculthorpe (1967).
According to this author, all the gas produced through
photosynthesis that is not transported to the subterranean
organs accumulates in the intracellular spaces of the aerial
organs, favoring their distension.

The presence of only one layer of epidermal cells with
a thin layer of cuticle in the aerial organs of the studied
species corroborates Sculthorpe (1967) and Matias et al.
(2008), who studied other aquatic macrophytes. For them,
the presence of a layer of epidermal cells, with an either
thin or thick cuticle, will depend on the environmental
condition to which plants are submitted.

The number of external cortex cell layers in the roots
and rhizomes of the studied species was higher than
that of other amphibious species of Cyperaceae, such
as Cyperus giganteus (Rodrigues and Estelita, 2003),
and of Scrophulariaceae, such as Bacopa salzmanii and
Bacopa monnierioides (Bona and Morretes, 2003) but in
agreement with Pita and Menezes (2002), the exodermis is
single and it is the limitary of external cortex, not having
an exodermis plurisseriate. Hypoxia is responsible for the
exodermis cell wall thickening (Enstone and Peterson,
2005), common in aquatic plants (Hose et al., 2001).

In most of the aquatic macrophytes studied here, the
inner cortex of the roots is derivatives from the meristematic
endodermis (Lima and Menezes, 2008; Menezes et al.,
2005) and is constituted by various layers of cells with
a thickened wall which agree with Williams (1947) and
Van Fleet (1961) instead of Sculthorpe (1967), Mauseth
(1988) and Seago et al. (2000) who cited that roots and
rizomes of aquatic macrophytes living in places subjected
to water stress present a strengthened endodermis, usually
with more than one cell layer, which was also observed
in the species of Cyperaceae from temporary lakes by
Leite et al. (2009).

The reduction of the supporting tissues in the different
organs of the studied species is common in plants occurring
in an environment of lentic water. When compared to those
of terrestrial species, such tissues are extremely reduced
because these plants do not need any mechanical force to
support themselves (Sculthorpe,1967). It is believed that
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the greater quantity of supporting tissues in specimens
of Cyperaceae is due to the group genetic information.
Whereas Echinodorus grandiflorus, Eichhornia paniculata
and Habenaria repens, which belong to distinct taxonomic
groups, present a reduction of their supporting tissues as
an adaptative response.

When compared to other terrestrial species of the same
genus, the reduction of the studied species vascular tissue
is related to less numerous conducting elements and thinner
cell walls in the xylem, which is an adaptation to aquatic
environments (Sculthorpe, 1967; Bristow, 1975; Mauseth,
1988; Bona and Morretes, 2003). Monocots usually have
a reduced, poorly lignified vascular system, which leads
to the degeneration of some xylem conducting elements
without affecting the transportation function (Bristow, 1975).

The anatomical features that confirm the tendency
of the adaptive convergence of these plants to temporary
lacustrine environments include: single layered epidermal
cells with a thin cuticle layer; the presence of air canals in
all the organs; a decrease of supporting tissues; a reduction
of the number of conducting elements and of the cell wall
thickness in the xylem. When compared to the amphibious
species, such anatomical features as the reduction of the
supporting system, the decrease in number or absence
of stomata, less numerous conducting elements and less
lignified cells in the xylem were more significant in the
emergent species.
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