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ABSTRACT
The Cyperaceae species are present in different ecosystems and constitute the herbaceous extract. Of
the approximately 5,500 species of the family; a third has Kranz anatomy, representing an important
characteristic of the taxonomy and phylogeny of the group. In Cyperus laxus L. (non-Kranz) and Fimbristylis
dichotoma Vahl (Kranz), development begins with germination that is marked by the emergence of the
coleoptiles, followed by the primary root, which is ephemeral. The rhizome originates from the mesocotyl
and it promotes the vascular connection between the roots, leaves and scapes. The continuity of the tissues
is evidenced by the presence of an endodermis and pericycle in all vegetative organs. Leaves and scapes
differ between the two species by the arrangement of mesophyll cells, which is regular in Cyperus laxus
(non-Kranz) and arranged radially in Fimbristylis dichotoma (Kranz). Also differ in the number of bundles
sheaths: two in Cyperus laxus (non-Kranz) and three in Fimbristylis dichotoma (Kranz). The outer bundle
sheath in both species constitutes the endodermis, and the inner sheath in Cyperus laxus and the middle and

inner sheaths in Fimbristylis dichotoma constitute the pericycle.

Key words: pericycle, endodermis, Casparian strips, seedling.

INTRODUCTION

Cyperaceae is one of the 10 largest Angiosperm
families and it is the second family of the Poales
order (Govaerts et al. 2007). This family is cosmo-
politan (i.e., occurring in diverse ecosystems) and
located mainly in open areas (Goetghebeur 1998) and
disturbed environments (Bryson and Carter 2008).
The family consists of approximately 5,500 species
(Govaerts et al. 2007), and ca. 1,500 of these have
Kranz anatomy (Bruhl and Wilson 2007), which is
represented by a set of structural modifications that
are related to C4 photosynthesis (Sage 2004).

Correspondence to: Shirley Martins
E-mail: shirley botany@yahoo.com.br

Cyperus laxus L. (non-Kranz) and Fimbristylis
dichotoma Vahl (Kranz) are present in tropical and
subtropical regions, mainly at the edges of forests
and in open areas of different ecosystems (Alves
et al. 2009). They are also considerate weed plants
that are common in disturbed areas (Bryson and
Carter 2008).

The anatomical studies of Cyperaceae usually
have emphasized taxonomy (Govindarajalu 1974,
Metcalfe 1971, Naczi 2009, Hefler and Longhi-
Wagner 2010), and studies on anatomical deve-
lopment have been restricted to a few species that are
of economic importance, such as Cyperus rotundus
(Wills and Briscoe 1970), Cyperus esculentus (Wills
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et al. 1980, Gifford and Bayer 1995) and Cyperus
papyrus (Menezes et al. 2005). In general, studies on
anatomical development are restricted to a description
of only one organ, such as the roots in Cyperus
giganteus (Rodrigues and Estelita 2004); rhizomes
in Cyperus esculentus (Bendixen 1973), Cyperus
giganteus (Rodrigues and Estelita 2002) and Scleria
(Lima and Menezes 2009); and leaves in Cyperus
eragrostis (Soros and Dengler 1996) and Cyperus
giganteus (Rodrigues and Estelita 2003).

In studies of development, only Menezes et
al. (2005) and Lima and Menezes (2009) refer to
the continuity of the tissues, which is marked by
the presence of the endodermis and pericycle in
all vegetative organs (Menezes et al. 2005). The
endodermis and pericycle are structures that are
often related to roots (Esau 1965); however, there
are a few reports of these structures being present
in other organs, such as the stem and leaf (Lersten
1997, Menezes et al. 2005).

For Cyperaceae, studies on anatomical
Kranz

species are important to determine the origin and

development in the and non-Kranz
distribution of the tissues in the plant as a whole.
Thus, the developmental anatomy of Cyperus laxus
(non-Kranz) and Fimbristylis dichotoma (Kranz)
was studied to describe the origins of and verify
the tissue continuity in different vegetative organs.

MATERIALS AND METHODS

Cyperus laxus L. (S. Martins 413, 417; P.A. Braga
14) and Fimbristylis dichotoma Vahl (S. Martins
414, 420; V.L. Scatena 343, 341) were collected in
their natural habitat, disturbed areas in southeastern
Brazil. Fimbristylis dichotoma 1is dominant in
open areas, and Cyperus laxus is dominant in
shaded areas. Voucher materials were deposited
at the Herbarium of the Department of Botany,
Universidade Estadual Paulista (HRCB).

For the anatomical study, individuals at
different stages of development were collected,
fixed in FAA 50 (Johansen 1940) and stored in 70%
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ethanol. Mature achenes were allowed to germinate
on filter paper that had been humidified with distilled
water at [30°C] in a B.O.D incubator. Monitoring
was performed daily to observe the germination
and the post-seminal stages of development.

Embryos and portions of young and mature
vegetative organs (root, rhizome, leaf and scape)
were dehydrated in an ethyl series and then they
were embedded in historesin (Leica Historesin
Embedding Kit, Nussloch, Germany) (Feder and
O’Brien 1968). Paradermic sections of embryos
and longitudinal and transverse sections of young
and mature vegetative organs were performed on
a rotary microtome. The sections were stained
with periodic acid-Shiff’s reagent (PAS reaction)
and toluidine blue (Feder and O’Brien 1968) and
mounted in Entellan (Merck, Darmstadt, Germany).
Transverse sections of the medial region of all
mature vegetative organs were also made, stained
with basic fuchsin and Astra blue (Roeser 1972)
and mounted in glycerin jelly.

Images were obtained using a Leica DFC
290 digital camera (Leica Microsystems Ltd.,
Heerbrugg, Germany) coupled to a Leica DMLB
(Leica Wetzlar,
Germany), and the Leica IM50 image manager

microscope Microsystems,
v. 5.0 software was used for analysis (Leica
Microsystems, Wetzlar, Germany).

RESULTS

Cyperus laxus (non-Kranz) (Fig. 1A) and
Fimbristylis dichotoma (Kranz) (Fig. 1B) are
herbaceous, perennial and have rhizomes. The
fruit is an achene (Fig. 1C), and the seed contains
a differentiated embryo with coleoptiles (co) facing
the micropyle and the radicle (ra) in a lateral
position (Fig. 1D). Germination occurs within
one to three days after the achene is imbibitioned,
and the first structure to emerge is the coleoptiles,
followed by emergence of the primary root (pr)
(Fig. 1E-G). The coleoptile is green and tubular,
involving the eophylls (eo) (Fig. 1G, H). In seedling
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development, the primary root degenerates, and the
adventitious roots (ar) originate from the pericycle
in the mesocotyl (Fig. 1I). In the seedling stage,
vascular connection among the mesocotyl, roots

e
'a’
T A

and leaves occurs (Fig. 1I). The mesocotyl then
develops into the rhizome (Fig. 1J), and in the young
stage present Casparian strips in the endodermal
cell walls (arrows in Fig. 1K).

Fig. 1 - Morphological and anatomical aspects of Cyperaceae species: Cyperus
laxus L. and Fimbristylis dichotoma Vahl. A. Cyperus laxus, habit; B-C. Fimbristylis
dichotoma; B. Habit; C. Achene; D. Cyperus laxus, general view of the embryo in
paradermic section; E-H. Morphology and anatomy of the post-seminal stages of
development in Cyperus laxus (E, G, H) and Fimbristylis dichotoma (F); I-K. Cyperus
laxus; 1. General view of the mesocotyl; J. General view of young rhizome showing
the radial cells originating from the precursor cells of the endodermis; K. Detail of
the young rhizome showing Casparian strips in the endodermal cells (arrows). ar =
adventitious root; co = coleptile; en = endodermis; eo = eophyll; pr = primary root; ra =
radicle. Bars =2 cm (A, B); 1 cm (C, E, G); 100 um (F, H, I, J); 50 um (D, K).

A mature rhizome possesses a vascular plexus
that originates from the pericycle and promotes
vascular connection with the roots (Fig. 2A). In this
same region, the connection between the rhizome
and the leaves and scapes occurs through the
procambial strands and ground meristem tissues
(Fig. 2A-C). The endodermis (en) and pericycle
(pe) of the adventitious root is continuous with

that of the rhizome (Fig. 2D-E). Detail of the tissue
connections between the rhizome and the root is
showed in Fig. 2E. In the young root, the precursor
cells of the endodermis divide periclinally and
give rise to derivative cells of the endodermis that
form radial rows on the internal cortex and part
of the medial cortex (Fig. 2F). In the young root,
Casparian strips are present in the endodermal
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cells (arrows in Fig. 2G). In the mature root,
the endodermis has thick-walled cells (Fig. 2H),
and the pericycle has slightly thick-walled cells
(Fig. 2H). During root differentiation, occurs the

formation of aerenchyma schizo-lisygenous in the
median cortex; first by the separation of the cell
walls (arrowheads in Fig. 2F) and after by cell
lyses of the cell walls (arrows in Fig. 2H).

Fig. 2 - Anatomical aspects of transverse and longitudinal sections of rhizome and roots of

Cyperaceae species: Cyperus laxus L. and Fimbristylis dichotoma Vahl. A. Fimbristylis dichotoma,

longitudinal section of the mature rhizome showing root, leaf primordia and scape in protrusion;

B. Cyperus laxus, transverse section of the mature rhizome; C-E. Fimbristylis dichotoma, mature

rhizome; C. Longitudinal section showing leaf primordia; D. Transverse section showing roots

protrusion; E. Detail of roots protrusion; F. Cyperus laxus, general view of the young root showing
the separation of the cell walls (arrows); G-H. Fimbristylis dichotoma, roots; G. Detail of the root
showing Casparian strips in the endodermal cells (arrows); H. General view of the mature root

showing lyse of the cell walls (arrows) and endodermis and pericycle with thick-walled cells. en =
endodermis; If = leaf; pe = pericycle; rt = root; sc = scape. Bars = 200 um (A, B); 100 um (C, D);

50 um (E, F, H); 20 um (G).

In the apical meristem region of the rhizome,
leaves and scapes are formed (Fig. 2A-C). In this
region, the continuity between the ground meristem
and the procambial strands of the rhizome and
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the leaves and scapes is observed (Fig. 2A-C).
In the young leaf of Cyperus laxus (non-Kranz),
the mesophyll cells differentiate from the ground
meristem, and the vascular bundles differentiate from
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the procambium (Fig. 3A-C). The mature leaf presents
mesophyll cells that are distributed in a regular way
(Fig. 3B-C), and the vascular bundles are collateral
and surrounded by two sheaths (Fig. 3B-C). The outer
bundle sheath (endodermis - en) originates from the

innermost layer of the ground meristem and possesses
thin-walled cells in the mature leaf (Fig. 3A-C). The
inner bundle sheath (pericycle - pe) is derived from
the outermost layer of the procambium and possesses
thick-walled cells at maturity (Fig. 3A-C).

Fig. 3 - Anatomical aspects of transverse sections of leaves and
scapes of Cyperaceae species: Cyperus laxus L. and Fimbristylis
dichotoma Vahl. A-C. Cyperus laxus. A. Detail of the young leaf
in the midrib region; B-C. Detail of the mature leaf; B. Midrib;
C. Mesophyll; D-E. Fimbristylis dichotoma; D. Young leaf;
E. Mature leaf; F-G. Cyperus laxus; F. General view of the young
scape; G. Detail of the mature scape; H-1. Fimbristylis dichotoma;
H. General view of the young scape; I. Detail of the mature scape.
en = endodermis; pe = pericycle. Bars: 100 um (F); 50 pm (A,

B, C, H); 20 ym (D, E, G, I).
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Fimbristylis dichotoma has Kranz anatomy of
the fimbristyloid subtype, with vascular bundles that
are surrounded by three sheaths. In the young leaf,
the mesophyll precursor cells divide successively and
after elongating their walls, the cells distribute radially
around the vascular bundles (Fig. 3D-E). The outer
bundle sheath (endodermis - en) originates from the
innermost layer of the ground meristem and presents
thin-walled cells at maturity (Fig. 3D-E). The middle
sheath contains thick-walled cells, and thin-walled
cells with chloroplasts constitute the inner sheath;
both of these cell types are derived from the procam-
bium and constitute the pericycle (pe) (Fig. 3D, E).

In the rhizome, the apical meristem also forms
the scapes. In Cyperus laxus, the scape is triangular
(Fig. 3F) with mesophyll cells that are distributed
inaregular way on the periphery of the organ (Fig.
3G). The vascular bundles distribute randomly in
the medullar parenchyma and are surrounded by
two sheaths; the outer sheath is the endodermis
(en) and the inner sheath is the pericycle (pe)
(Fig. 3F-G). In Fimbristylis dichotoma, the scape
is elliptical and possesses vascular bundles that
distribute cylindrically around the organ periphery
(Fig. 3H). The vascular bundles are surrounded
by the mesophyll cells that are distributed radially
and three sheaths; the outer sheath constitutes the
endodermis (en), and the middle and inner sheaths
constitute the pericycle (pe) (Fig. 31).

DISCUSSION

Cyperus laxus (non-Kranz) and (Kranz) have
similarities in their first stages of development
and in the anatomical structures of their roots
and rhizomes. These species differ only in the
anatomical structures of their leaves and scapes,
and these differences reflect the photosynthetic
types Cz and Cy, respectively, which form structure
non-Kranz and Kranz.

As it was observed for the germination of
the two species studied, the emergence of the
coleoptiles before the primary root is common
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in other Cyperaceae species (Goetghebeur 1998,
Tillich 2007). In the two species from this study, the
adventitious roots originated from the pericycle in
the rhizome, an occurrence that has been described
to other Cyperaceae species (Leite et al. 2009,
Lima and Menezes 2009) and monocotyledons
(Menezes et al. 2005, Cattai and Menezes 2010).
The study of the presence of the pericycle in other
organs, not including the root, has often been
neglected (Menezes et al. 2005). However, it has
been reported that in the root, the pericycle forms
lateral roots (Dubrovsky et al. 2011), and in the
stem, the adventitious roots originate from the
pericycle (Menezes et al. 2005, Sorin et al. 2005).
In addition to forming adventitious roots,
the pericycle in the rhizome of Cyperus laxus and
Fimbristylis dichotoma, as in other monocotyledons,
originates vascular plexus, promoting the vascular
connection between the roots and rhizome (Simao
and Scatena 2001, Alonso and Moraes-Dallaqua
2004, Menezes et al. 2005, Lima and Menezes
2009). For the species in this study, during the
formation of adventitious roots, we observed that
there was continuity between the root and rhizome
of the vascular tissues and of the endodermis and
pericycle. This formation has also been described
in other Cyperaceae (Wills et al. 1980, Menezes et
al. 2005) and monocotyledons, such as Agavaceae,
Commelinaceae,

Alismataceae, Eriocaulaceae,

Heliconiaceae, Velloziaceae, Rapateceac and
Zingiberaceae (Van Fleet 1942, Simdo and Scatena
2001, Alonso and Moraes-Dallaqua 2004, Menezes
et al. 2005, Cattai and Menezes 2010), reinforcing
the presence of tissue continuity in vegetative organs.

In the adventitious roots of Cyperus laxus
and Fimbristylis dichotoma, the cells of the inner
cortex and part of the median cortex originate
from the division of the precursor cells of the
endodermis, which are termed endodermal
initial cells by Menezes et al. (2005), and
their derivatives. The meristematic role of the

endodermis, which contributes to the formation
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of part of the root cortex, was demonstrated in
other Cyperaceae and monocotyledons and was
termed ‘“proendodermis” by Van Fleet (1961)
and “endodermis with meristematic activity”
by Menezes et al. (2005). Therefore, the results
presented here confirm the meristematic activity
of the endodermis in cortex formation.

The successive divisions of the precursor cells
of the endodermis and their derivatives promote
the radial disposition of the cortical cells, as was
observed in roots of the species in this study, in
other monocotyledons (Williams 1947, Rodrigues
and Estelita 2004, Menezes et al. 2005). This radial
arrangement favors aerenchyma formation in roots
(Seago et al. 2005), corroborating what has been
described in the species studied here and in other
Cyperaceae and monocotyledons (Rodrigues and
Estelita 2004, Menezes et al. 2005, Seago et al.
2005, Leite et al. 2009).

The endodermal cells in the studied species
present Casparian strips when meristematic activity
ceased, and after the cell-walls became thickened, as
was described in other species of monocotyledons
(Menezes et al. 2005, Leite et al. 2009, Lima and
Menezes 2009). Casparian strips in the endodermis
cells of young rhizomes of Cyperus laxus and
Fimbristylis dichotoma were also observed, as well
as, in other Cyperaceae and monocotyledons (Eiten
1969, Bendixen 1973, Govindarajalu 1974, Wills
et al. 1980, Rodrigues and Estelita 2002, Alonso
and Moraes-Dallaqua 2004, Menezes et al. 2005,
Lima and Menezes 2009). Some authors consider
the occurrence of endodermis in rhizomes as the
innermost layer of the cortex, even without finding
the Casparian strips (Will et al. 1980, Simao and
Scatena 2001, Menezes et al. 2005). However, others
authors employ other terms for the endodermis that
is present in stems, such as “endodermoid sheath”
(Tomlinson 1969, Metcalfe 1971, Gifford and Bayer
1995) and “‘starch sheath” (Esau 1965).

In the leaves of the species that have been
studied,

the endodermis corresponds to the

vascular bundle sheath that originates from the
ground meristem, as is seen in other Cyperaceae
(Martins and Scatena 2011) and families of
monocotyledons, such as Velloziaceae (Menezes et
al. 2005), Heliconiaceae (Simao and Scatena 2001),
Cannaceae (Alonso and Moraes-Dallaqua 2004) and
Bromeliaceae (Proenca and Sajo 2008). In leaves,
as well as in stems, the occurrence of endodermis
is generally related to Casparian strips (Priestley
and Radcliffe 1924, Dickison and Weitzman 1996,
Lersten 1997), leading to the use of other terms,
such as “parenchymatous sheath” or “endodermoid
sheath”, instead of endodermis (Esau 1965).

The pericycle, like the endodermis, is conti-
nuous in all vegetative organs that have a primary
structure. The pericycle in the leaves of the species
that have been studied here has a procambial origin,
and this origin is located inner to the endodermis.
There is a consensus that the pericycle is present in
roots; however, there are a few reports that suggest
it is also present in stems and leaves (Altamura et
al. 1998, Menezes et al. 2005, Leite et al. 2009).
However, in accordance with the results presented
here and those of other authors (Van Fleet 1961,
Menezes et al. 2005), the endodermis and the
pericycle are continuous in the vegetative organs.

The occurrence of suberin in the cell walls of
the leaf vascular bundle sheath (mestome) in several
monocotyledons was linked to Casparian strips that
were present in the endodermis cells of the roots
and subterranean stem, and therefore, were treated
as endodermis (Menezes et al. 2005), endodermoid
sheath (Brown 1975) and sheath like endodermis
(Vecchia et al. 1999). However, in Cyperaceae
and Poaceae species, it was demonstrated that
this bundle sheath called mestome (Dengler et al.
1985, Soros and Dengler 2001) or outer pericycle
(Martins and Scatena 2011), originates from the
procambium, so, it cannot be named endodermis
because it originates from the ground meristem.

The leaves and scapes of the species in this
study differ structurally because of the presence of
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Kranz anatomy in Fimbristylis dichotoma and the
absence of this kind of anatomy in Cyperus laxus.
In Cyperaceae, this difference is caused by the
arrangement of mesophyll cells around the vascular
bundles and by the occurrence of chloroplasts in
the inner bundle sheath cells (Soros and Dengler
2001). In Fimbristylis dichotoma, as well as in
other Cyperaceae, Kranz anatomy also occurs
in the scape (Estelita-Teixeira and Handro 1987,
Rodrigues and Estelita 2003), which imparts to the
plant a greater photosynthetic efficiency.
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RESUMO

As espécies de Cyperaceae estdo presentes em diferentes
ecossistemas e constituem o extrato herbaceo. Das
aproximadamente 5,500 espécies da familia, um terco
possui anatomia Kranz, representando uma importante
caracteristica da taxonomia e filogenia do grupo. Em
Cyperus laxus L. (ndo Kranz) e Fimbristylis dichotoma
Vahl (Kranz), o desenvolvimento comega com a
germinacdo que ¢ marcada pela emergéncia do coledptilo,
seguido da raiz primaria, que é efémera. O rizoma se
origina do mesocotilo e promove a conexao vascular
entre raizes, folhas e escapos. A continuidade dos tecidos
¢ evidenciada pela presenca de endoderme e periciclo em
todos os oOrgdos vegetativos. Folhas e escapos diferem
entre as duas espécies estudadas no arranjo das células do
mesofilo, que ¢ regular em Cyperus laxus (ndo Kranz)
e dispostas radialmente em Fimbristylis dichotoma
(Kranz). Também diferem no nimero de bainhas

vasculares: duas em Cyperus laxus (ndo Kranz) e trés
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em Fimbristylis dichotoma (Kranz). A bainha externa
em ambas as espécies constitui a endoderme, ¢ a bainha
interna em Cyperus laxus ¢ a mediana e a interna em

Fimbristylis dichotoma constituem o periciclo.

Palavras-chave: periciclo, endoderme, estrias de

Caspary, plantula.
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