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ABSTRACT

Aspects related to the nature of stem thickening in monocotyledons have been the subject of many studies. Primary
thickening has been attributed to the Primary Thickening Meristem (PTM). According to most authors, it gives rise,
besides the adventitious roots, to the vascular tissues and part of the cortex. In other words, it has centripetal and
centrifugal activity. For some authors, however, it gives rise only to the vascular system, and for others, only to part
of the cortex. However, this work demonstrated that PTM corresponds to the pericycle in the meristematic phase or
to the pericycle associated with the endodermis, also with meristematic activity. It was observed that the pericycle
was responsible for the formation of the vascular system of the rhizome and of the adventitious roots; the
endodermis gave rise to cell layers with radial disposition which comprised the inner portion of the stem cortex, and
which corresponded to the region known as the derivatives of the meristematic endodermis (DME). A continuity was
also demonstrated between the tissues of the stem and root in species of Scleria Berg. (Cyperaceae).
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INTRODUCTION Briscoe (1970), Metcalfe (1971), Bendixen (1973),
Wills et al (1980) and Gifford and Bayer (1995).
The main type of underground stem found inWithin the family, the rhizome presents
Cyperaceae is the rhizome (Metcalfe, 1971)morphological variations, and a thickened axis
although in some species, such &yperus may occur with reduced internodes and sympodial
rotundus and C. esculentys the stem system growth.
consists of branches which combine to form a truéspects related to the nature of stem thickening in
underground network (Wills and Briscoe, 1970;monocotyledons have been the subject of many
Gifford and Bayer, 1995). According to Holm studies. Primary thickening has been attributed
(1929), due to the difficulty of applying a termover the last fifty years (Rudall, 1991) to the
which is appropriate for the various undergroundrimary  Thickening Meristem (PTM) and
structures found in Cyperaceae, the term rhizomgecondary thickening, to the Secondary
is used for nearly all the underground stems. Thickening Meristem (STM).
Anatomical aspects of the rhizome which arelhe function of promoting the formation of
characteristic of some species of the Cyperaceaelventitious roots is also attributed to the PTM
family have been summarized by Wills andand STM (Cheadle, 1937; Krauss, 1948; Rudall,
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1991; Gifford and Bayer, 1995; Sajo and RudallPaula Prata. These ar&. bracteata Cav. (M.
1999). Other authors working with Cyperaceailves et al 2120) S. distand?oir (M. Alves et al
have demonstrated that the adventitious root8174),S. latifolia Swartz (M. Alves et a123),S.
derives from the endodermis (Wilkt. al., 1980) leptostachya Kunth (M. Alves et .aR163), S.
or from the pericycle (Bendixen, 1973; Menezes emicrocarpa Nees. (M. Alves et.#144), S. scabra
al., 2005). Willd (M. Alves et al 2181) andS. secans
In a recent work, Menezes et.al2005) (L.)Urb. (A.P. Prata et alLl165).
demonstrated that the meristem known as the PTor morpho-anatomical analysis, fixed material
could either be the pericycle itself in thewas used to obtain cross-sections in a rotary
meristematic phase, or the pericycle in thenicrotome, by immersing the material in paraffin
meristematic phase associated with théJohansen, 1940) and polyethyleneglycol 1500
endodermis, which also has meristematic activity(Gerlach, 1984). Transversal and longitudinal
For these authors, the entire vascular systesections were made on mature rhizomes, as well as
derives from the pericycle, as well as, naturallystem apexes. Subsequently, the sections were
from those elements formed by the procambiunstained in the following dyes: a mixture of Astra
On the other hand, although the entire cortex maglue and Safranin in 50% ethanol (Bukatsch,
be directly formed by the fundamental meristem i1972); crystal violet in 50% ethanol and orange G
may also be formed partly from endodermalin clove oil (Purvis et al., 1964) and Safranin and
initials all which, in turn, derives from the fast green (Berlyn and Miksche, 1976). For
fundamental meristem. permanent and semi-permanent mountings,
The aim of this work was to demonstrate that irsynthetic Canada balsam and 50% glycerin were
Scleriaspecies the rhizome was the stem which, inised, respectively.
primary growth, presented an atactostelidcor cytochemical tests, the sections were
structure, and also to verify and confirm thesubmitted to the reagents Sudan IV (Jensen, 1962)
proposal which explained the primary growth infor observation of the cutin, suberin and lipid
thickness in Cyperaceae, based on theubstances; Ilugol (Langeron, 1949) for
meristematic activity of the pericycle or of theidentification of starch granules; iron chloride and
pericycle and the endodermis with meristematicron sulphate and formalin (Johansen, 1940) for
activity. characterization of phenolic substances; and
iodinated zinc chloride (Jensen, 1962) for cellulose
and lignified walls and for starch grains.
MATERIALS AND METHODS Photomicrographs were obtained using an
Olympus-Vanox microscope.
The seven species 8tleria Berg. analyzed in the
present study were collected in the Serra do Cipé
region, in the State of Minas Gerais. Part of th&RESULTS
material was separated for herborization,
according to the wusual techniques for theVorphologically, rhizome varied in the different
preparation of exsicates, which have beespecies studied from horizontal and articulated
deposited in the Herbarium of the University offorms (Fig. 1), as irBcleria bracteataS. secans
Sao Paulo (SPF) and in the Instituto de Botanic&. scabra andS. latifolia, to horizontal, but
de Séo Paulo (SP). Another part of the materialongated (Fig. 2), as irS. microcarpa, S.
was fixed in Allen-Bouin fixative (Berlyn and leptostachya ands. distans In all species, the
Miksche, 1976) and maintained in ethanol 70branching system of this origin was of the
G.L. (Jensen, 1962) prior to morpho-anatomicatympodial type. The rhizome internodes were
and microchemical analysis. short, varying in number, and cataphylls were
The species were identified by specialists in théound in the nodes protecting the apical (Figs. 3, 5
family Cyperaceae, Marccus V. S. Alves and Anand 6) and lateral buds.
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Figures 1 and 2- Scleria bracteata and Scleria leptostachyig. 1. General view of the
articulated rhizome of. bracteataFig. 2. General view of the elongated
rhizome ofS. leptostachyalb = apical bud; Sc = scape; Lb = lateral bud; Ar
= adventitious root.

The promeristematic region - * (Figs. 3, 5 and 6pundles, either of procambial or pericyclic origin,
showed a tunica-corpus organization (fig. 6), witrhad only the metaxylem and metaphloem from the
a layer of tunica and two or three layers of corpusprimary xylem (Fig. 12).

In the apical meristems, procambium strands wera a region of the rhizome furter away from the
observed in the inner region, and also surroundingpex, the cross-section showed the epidermis (Fig.
the vascular cylinder (Figs. 3 and 5), adjacent td4), the cortex (Figs. 8, 13 and 20) and the
the endodermal inicial. The pericycle in thevascular bundles comprising an atactostele,
meristematic phase (Figs. 3-5 and 7) was arrangelistributed randomly in the fundamental tissue
as a continuation of the procambium (Figs. 3, 4Figs. 8 and 20). When present (Figs. 13, 14 and
and 5). The procambium gave rise to leaf trace®0), the epidermis appeared to comprise a layer of
and stem bundles (Figs. 8, 10-12), while theells, which could become detached in the most
pericycle only gave rise to stem bundles (Figs. 7differentiated region of the rhizome remaining
9). Only the leaf traces, all of procambial origin,simply as subepidermic fibers, as shown in Figure
presented protoxylem and protophloem, as well &&.

metaxylem and metaphloem (Fig. 11). The stem
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Figures 3 to 6 - Scleria latifolia Fig. 3 - General view of the stem apex, showing the
promeristematic region (*) protected by cataphylls (Ca), procambium strands (Pc), and also showing
the derivatives of the meristematic endodermis (DME), and the procambium adjacent to the DME
(hollow arrow); tip of the arrow indicates endodermal initials positieig. 4 — Detail of the
pericycle in the meristematic phase (hollow arrow) and of the pericycle giving rise to the vascular
system (filled arrow); tip of the arrow indicates endodermal initials posik@n.5 —S. distans
General view of the stem apex, showing the cataphylls, procambium strands, the meristematic
region of the pericycle (hollow arrow) and the bundle-forming pericyclic region (filled arFogy).

6 —S.leptostachyaDetail of the meristematic apex, showing the promeristematic region (*) and the
cells which form the tunic (Tu) and the corpus (Cr). Cx = cortex; I= idioblasts with phenolic
substances.

The cortex in the specieScleria bracteata,S. intermediate region, with a high number of

latifolia, S. secansS. microcarpaand S. scabra idioblasts containing phenolic substances, and an
appeared to be formed by three distinct regions: axternal region, with few of these idioblasts

internal region, which was more translucid, an(Fig.8).
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The inner cortex of these species was the result parenchymatous (Fig. 15), becoming thickened in
the meristematic activity of the endodermisthe rhizome base, comprising a lignified inner
comprising the region formed by the derivatives ofortex corresponded to the DME (Figs. 16, 20 and
the meristematic endodermis (DME) (Figs. 3, 4, 721). In S. distansand S. leptostachya, the inner
9, 15, 16, 20-22). In the parenchyma of thecortex was formed exclusively by the uniseriate
vascular cylinder, idioblasts were detectedendodermis (Figs. 17-19). B. bracteatgFig. 9),
containing phenolic substances (Fig. 4). the endodermis gave rise to only two layers of
In the cross-section, it was observed that the celtortex cells.

that comprised the DME, next to the apex, were

Figures 7 to 12 -Scleria bracteataFig. 7 —In the region next to the apex, detail showing the
pericyclic region (Pg), the new pericyclic bundles (Pb) and the local of the suberin lamella (Sl), in
the endodermic contact wall; endodermal initial (arrd%ig. 8 —General view of the cross-section

of the rhizome showing subepidermic fibers (arrow), the cortex (Cx) and, in the central cylinder, a
stem bundle (Sb) and a leaf trace (IEig. 9 —Detail of the pericyclic bundle-forming region, a
new bundle (arrow), and the pericyclic bundlegy. 10 — Detail of the central region of the
vascular cylinder, containing a stem bundle and a leaf trace, both of procambialFiggirl —S.
secansDetail of a leaf tracekig. 12 —S. secandetail of a stem bundle. En= endodermis; Mf =
metaphloem; Mx = metaxylem; Px = protoxylem.

Braz. Arch. Biol. Technol. v.52 n.6: pp. 1473-1483, Nov/R669



1478 Lima, V. F. G. A. P. and Menezes, N. L.

In longitudinal sections of rhizomes (Figs. 22-25) It was observed that the region where the leaf trace
the formation of lateral roots was observed, anémerges was preceded by an invagination of the
their respective peripheral plexus (Fig. 22). Theendodermis (Figs. 18 and 19) or of the endodermis
emergence of a lateral root showed a perfe@nd its derivatives (Figs. 20, 21, 22) to the interior
continuity between the corresponding tissues abf the vascular cylinder. In Figures 20 and 21, the
the root DME and of the stem DME (Figs. 23 andeaf trace was still in the interior of the cylinder,
24) or between the endodermis of the root and aflready surrounded by the endodermis and its
the stem (Fig. 25). derivatives.

Figures 13 to 19 -Scleria latifolia Fig. 13 —General view of the peripheral region, noting the
cortical fibers (Cf).Fig. 14 —Detail of the epidermis (Ep) and cortical fibers (Gfjg. 15 —
Detail of the derivatives of the meristematic endodermis (DME), the pericyclic region (Pg) and
the pericyclic bundles (Pb); the tip of the arrow indicates the endodelfigis.16 —S.
microcarpa Detail of the pericyclic region, endodermis (En) and DME completely lignifieds.
Fig. 17 to 19 -S. distansFig. 17— Detail of the uniseriated endodermis, without meristematic
activity, and the pericyclic regioifrig. 18 —Exit of a leaf trace (Lt) and the invagination of the
endodermis inside the vascular cylinder. Fig. 1®af gap (Lg) left by the exit of a trace and the
endodermic boardering the gap.

Braz. Arch. Biol. Technol. v.52 n.6: pp. 1473-1483, Nov/R669



Morpho-Anatomical Analysis of the Rhizome in SpecieSdEriaBerg. 1479

Figures 20 and 21 -Scleria microcarpaFig. 20 — General view the rhizome, showing a leaf trace
(arrow) surrounded by the DME (derivatives of the meristematic endodermis) in the interior of the
vascular cylinder; the tip of the arrow shows the leaf gap and the invagination of DEM inside the
vascular cylinder. Fig. 21 — Detail showing the DME completely lignified of the rhizome and,
indicated by arrow, the leaf trace. Fig. 22 - General view of the rhizor8e sfcanshowing the
organization of the peripheral plexus (Pp) towards the adventitious root (arrow). Fig. 23 — The
same root indicated in Fig. 22. Fig. 24 — Exit of an adventitious root in the rhizoghdadifolia,
showing the continuity between the DME of the rhizome and the root. Fig. 25 — Detail of the exit
of an adventitious root &. distanshowing the continuity between the uniseriated endodermis of
the rhizome and the root. En = endodermis; Pg = pericyclic region.
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DISCUSSION with meristematic activity, forming the inner
cortex of the rhizome, was uniquely demonstrated
The rhizome is an organ of resistance and storad®yy Menezes et al. (2005).
of nutrients, in addition of being the principal Many authors did not state categorically that the
means by which a single plant can cover widendodermis was the innermost layer of the cortex,
areas and continue to spread itself indefinitely dupreferring to call it the “endodermoid sheath”
to its continual growth (Holtum, 1955). Font Quer(Plowman, 1906), “the endodermoid layer”
(1979) defines the rhizome as an undergrountMetcalfe, 1971; Kukkonen, 1967) or the
stem with cataphylls that is capable of producingendodermal cells” (Govindarajalu, 1966; Gifford
roots. Also according to this author, in temperat@nd Bayer, 1995). This fact, in general, occurs due
climates or regions with a marked dry season, th®@ the absence of Casparian strips. However,
rhizome protects the plant from unfavorableRodrigues and Estelita (2002) and Menezes et al.
environmental factors. (2005) observed the presence of Casparian strips
As seen above, in the species studied, the rhizonie the endodermis of stems belonging to different
was horizontal and articulated in Scleria bracteataCyperaceae.
S. latifolia, S. secansind S. scabraor horizontal Internally to the endodermis is the pericycle,
and elongated in the other species. Both types #fhich is the layer that generates the vascular
rhizome had sympodial growth, as described biissues, as has been emphatically stated by
Holtum (1955). Menezes et al(2005). Next to the stem apex, a
In relation to the shoot apex of the rhizomepericycle is distinguished from the endodermis,
according to Santos and Silva (1997), thealso in meristematic phase, by a discrete
monocotyledons often presented a one-layereittickening of suberin on the the periclinal walls of
tunica while the region of the corpus comprisedhe endodermal cells, as already demonstrated by
various cellular strata, which exhibited divisions aWilliams (1947) and detected by Melo-de-Pinna
all levels. InScleria,a cellular layer consisting of and Menezes (2003) in the roots of Richterago.
the tunic and two or three cellular strataln all the longitudinal sections, the procambium
comprising the corpus were also observed in tharrangement adjacent to the endodermis was
promeristematic region. observed in the apex, making difficult to state
The rhizome covering consisted of a uniseriatewhether the tissue was the procambium or already
epidermis, the cells of which were eliminated inthe pericycle in the meristematic phase. Only
more advanced stages of development of thistudies using molecular markers can determine the
organ and replaced by the cells with thickenedfue nature of these cells. The same difficulty has
lignified walls of the external cortex. The samebeen emphasized by Esau (1965), Fahn (1990) and
could be observed in relation to the otheother authors, who claimed that the tissue of the
Cyperaceae, such asCyperus giganteus vascular bundle, between the primary xylem and
(Rodrigues and Estelita, 2002). phloem in dicotyledons, was no longer the
Besides the fibrous strands of the external corteprocambium, but became the cambium. It is not
the high number of cells with phenolic substanceknown that exactly when one finishes and the
certainly represent protection against herbivoregither starts. In any case, it could be shown here
These substances protect the organ againiétat in species ofScleria, the origin of the
microorganisms and herbivores, such as tanningericycle was procambial.
which reduce the digestibility of the vegetal tissue$n these plants, the vascular system was organized
(Howe and Westley, 1988). as an atactostele, as defined by Brebner (1902),
In Scleria distansandS. leptostachyahe internal and corroborated by Ogura (1972) and Gifford and
cortex corresponded to the uniseriate endodermisoster (1989). In the endodermis and surrounded
while in the other species, it corresponded to they the pericycle, the vascular bundles are
endodermis and its derivatives. The occurrence ¢iindomly arranged. In the region of the vascular
the endodermis in the rhizome of Cyperaceae haylinder, it is observed that the bundles are
already been mentioned by various authors (Eitegoncentric, and that besides being of procambial
1969; Wills and Briscoe, 1970; Bendixen, 1973prigin, they are also of pericyclic origin. The
Govindarajalu, 1974; Wills et al., 1980; Gifford bundles of procambial origin were of two types, as
and Bayer, 1995; Rodrigues and Estelita, 2002Zjemonstrated by Menezes (1971) in Velloziaceae:
Menezes et al.2005). However, the endodermisbundles which presented protoxylem/protophloem

Braz. Arch. Biol. Technol. v.52 n.6: pp. 1473-1483, Nov/R669



Morpho-Anatomical Analysis of the Rhizome in SpecieSderiaBerg. 1481

and metaxylem/metaphloem and bundles uniquelwith a translucid appearance, known as the “clear
formed of metaxylem/metaphloem. The formerzone”. Menezes et a2005) clearly demonstrated
consist of leaf traces, while the latter are sterthat this translucid zone corresponded to the
bundles. Zimmermann and Tomlinson (1969) alsderivatives of the endodermis with meristematic
highlighted in Arecaceae only leaf traces withactivity in the rhizome, and that it sclerified,
protoxylem/protophloem. All bundles of pericyclic subsequently, as seen in Scleria.

origin consisted solely of metaxylem/metaphloemRodrigues and Estelita (2002), corroborating the
and all were, therefore, stem bundles, as shown ligea of the existence of the PTM, forwed that it
Menezeg1971). emerged in later states of differentiation and
Schach (1852apud Mangin, 1882), stated that in consisted of layers of cells positioned laterally,
all vascular plants dividing cells were foundclose to the base of the leaf primordia, which
between the medulla and the cortex. Halivided periclinally. The authors observed that in
denominated these cells the “cambial circle” oCyperus giganteuPTM was located externally to
“thickening ring”. Also, according to this author, the procambium strands and its cells divided in
when this activity remained, as observed in théoth directions: the centrifugal activity gave rise to
stem ofPandanusand Dracaena, it could acquire the radial branches of the parenchyma and the
considerable thickening, with the formation of acentripetal activity to the amphivasal vascular
lateral meristem (such as a cambium). Menezes btindles. Menezes et gR005) contradicted this
al. (2005) accepted that Schach’s “cambial circle’'and mentioned that a single meristem could not
was the pericycle associated with the endodermferm both the cortex and vascular cylinder.
with meristematic activity in the rhizome, and thatAccording to them, the endodermis and pericycle,
the “thickening ring” corresponded to theboth in meristematic phase, simulated single
thickened derivatives of the meristematicmeristem, a fact that has misled many authors.
endodermis (DME). In Cyperus papyrus In Scleria bracteata, S. latifolia, S. secars.
Cephalostemon riedelianusand Lagenocarpus microcarpaand S. Scabra, the same region can be
rigidus, these authors demonstratbdt the layers identified and differentiated into meristematic
of the DME became thickened, as there was ncells, which comprise the innermost region of the
secondary growth in these plants, while Rodriguesortex. This zone derives from the endodermis
and Estelita (2002), working withCyperus which, just as observed by Menezes et al. (2005),
giganteus accepted secondary growth inside theindergoes various divisions before differentiating,
lignified layer. giving rise to derivatives that will comprise the
The primary thickening in monocotyledons wasnner cortex of the rhizome.

due to the presence of a primary thickenindt could be emphasized here that based on the
meristem (PTM), according to the terminologyobservation of the longitudinal sections of the apex
proposed by Ball (1941). This type of thickening,of the rhizome of the species &cleria, the
however, had already been mentioned by Peterseonntinuity of the endodermis and its derivatives in
(1892 apud Ball, 1941) and Schoute (19Gfud all vegetative organs has been clearly
Ball, 1941). Subsequently, various other authorglemonstrated, as claimed by Menezes et al.
including DeMason (1979), Stevenson and Fishgi2005). Also, according to these authors, the same
(1980), DeMason (1983), Diggle and DeMasortype of division of the endodermic initial cells
(1983), DeMason and Wilson (1985), Rudallcould also be observed in other monocotyledons,
(1991) and Gifford and Bayer (1995), haveas demonstrated in the leaves BEhinodorus
referred to PTM as a factor responsible fopaniculatus(Menezes et al2005), where the cells
primary thickening in monocotyledons. Theseresulting from the meristematic activity of the
ideas were completely rebuffed by Menezes et akndodermis formed part of the mesophyll, as also
(2005), who demonstrated that the thickeningeen in the leaf traces of Cyperus papyrus
occurred through the activity of the pericycle orThe invagination of the endodermis to the interior
the pericycle and the endodermis. of the vascular cylinder, in the region where the
On the other hand, Krauss (1948), Rudall (1991gaf trace emerges from the vascular cylinder
and Sajo and Rudall (1999) accepted a translucidward the cortex is an important aspect. This
zone as being the PTM, and which, in older stems&vagination enables the trace to emerge totally
became lignified. Fisher (1978) described thisurrounded by the endodermis, as seeB8dleria
layer in Musa as consisting of vacuolated cellsdistansand in the case &. microcarpa. Besides
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the endodermis, the lignified derivatives of theCheadle, V. I. (1937), Secondary growth by means of

endodermis are also observed inside the vasculathickening ring in certain monocotyledorot. Gaz,
cylinder. 98, 535-555.

DeMason, D.A. (1979), Function and development of
the primary thickening meristem in the
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. . relationship between the primary thickening meristem
Aspectos relacionados a natureza do espessamentgny secondary thickening meristemvincca whipley
em caules de monocotiledoneas tém sido objeto dergyr. |. Histology of the mature vegetative stekm.

estudo de muitos pesquisadores. O espessament@ Bot, 70 (8), 1195-1204.

primario vem sendo atribuido ao meristema d€iten, L. T. (1969), The vegetative anatomy of
espessamento primario (MEP). Segundo a maioriaEleocharis interstincta(Vahl) Roem and Schult.
dos autores origina, além das raizes adventicias, oé\rgs. Bot. Est. S. Pauld, 187-228.

tecidos vasculares e parte do cértex. Para alguR§au, K. (1965)Plant Anatomy2nd ed. Wiley, New

autores, no entanto, origina apenas o sistema k- 767 p. ill. "
A. (1990),Plant Anatomy.4" ed. Pergamon

. hn,
vascular e para outros, apenas parte do corteF)f’]‘DreSS’ Oxford.

Entretanto, demonstra-se nest_e_ trabalho, que Fisher, J. B. (1978), Leaf-opposed buddvinsa their
MEP  corresponde ao periciclo em fase gevelopment and a comparisomith allied
endoderme, também com atividade meristematicgont Quer, P. (1979),Diccionario de Botanica.
Verificou-se que o periciclo é responsavel pela Editorial Labor S. A. 1244 p.
formacdo do sistema vascular do rizoma e pel@erlz_;\ch, D. (1984)Botanische MikrotechnikGeorg
formagdo das raizes adventicias; a endodermelhieme, Stuttgart. 311p.
origina fileiras radiais de células que constituem &ifford, E. M. and Foster, A. S. (198%orphology
porcdo interna do cértex caulinar e que a”g gvoll\‘ljt'onYOkag‘;gma.r" Plants¥. H. Freeman
correspondem & regido denominada derivadas g,a?‘n 0, INeW YOrk. 525 p. 17

. .. ifford, E. M. and Bayer, D. E. (1995), Developmental
endoderme meristemética (DEM). Demonstra-se

L . anatomy ofCyperus esculentugyellow nutsedge).
também, a continuidade entre os tecidos do caule g, 5 P?/am S(l:/iI.O156(5) 622-629? ge)

da raiz nas espécies 8eleria Berg. (Cyperaceae). Govindarajalu, E. (1966), The systematic anatomy of
South Indian CyperaceaBulbostylisKunth. Bot. J.
Linn. Soc,59(379), 289-304.
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