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ABSTRACT

This study analyzed the morphology and anatomfiee€ordia trichotomgVell.) Arrab. ex I. M. Johnst diaspore.
The objectives were: the structural analysis of¢hlyx and corolla that persisted in the ripe fraitd acted in the
anemocoric dispersion process; the vascularizatbthe gynoecium for better understanding of thepeklocule
number of the ovary; nectary structure; and the tan@ical analysis of the developmental pericarp aeed for
better definition of the fruit type. The resultowied that the perianth had aerenchyma and the oveay 2- 4-
locule forming endothelium and false septum. Thie Was drupoid nuculanium and the seed was exaltest
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INTRODUCTION however, classified it as drupoid with anemocoric
dispersion.The ovary is considered as 2-carpellate
The Cordia trichotoma (Vell.) Arrab. ex I. M. with the 4-locules and 4-ovules, only one
Johnst (louro or louro-pardo) is a tree 20-30eveloping in the seed (Taroda and Gibbs, 1986).
meters tall, deciduous pioneer, heliophyteHowever, the structural observations of the flower
selective xerophyte that occurs in more open anshowed that the locule number could vary along
secondary semi-deciduous pluvial forest. Its wood¢he ovary, from two to four, staying with four
is used for making the luxury furniture, for thelocules in the mature fruit.
ornamental covering etc. (Lorenzi, 1992). Inin spite of the economical and ecological
Brazil, this species occurs from the Amazonagmportance and difficulties of understanding of the
State to Rio Grande do Sul State. It is also presenttogenetic process of the fruit 6f trichotoma
in the south of Bolivia, in Paraguai and north ofthe literature doesn't show structural studies about
Argentina (Smith, 1970). the diaspore in the development of this species.
The diaspore of this species is constituted by th&hus, the aim of this work was to: 1) the structural
fruit totally contained by the corolla tube andanalysis of the calyx and corolla that persisted in
calyx, topped by the enlarged persistent base of tiiee ripe fruit and acted in the anemocoric
style (Smith, 1970). The fruit is drupaceousdispersion process; 2) the vascularization of the
(Taroda and Gibbs, 1986). Barroso et al. (1999gynoecium for better understanding of the
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carpel/locule number of the ovary; and 3) theThe respective micrometric scales were prepared
anatomical analysis of the developmental pericarm the same optical conditions as the drawings.
and seed for better definition of the fruit type.

RESULTSAND DISCUSSION
MATERIALSAND METHODS

Flower morphology
The pre-anthesis and post-anthesis flowers anthe C. trichotoma flower (Fig. 1A) was
fruits in different development phases weredichlamydeous, heterochlamydeous,
collected from twoC. trichotomaspecimens. The actinomorphic and hypogynous. The green
studied material was deposited in the Herbarium afynsepalous calyx and white sympetalous corolla
the State University of Maringd (HUMXordia stayed during the whole development of the fruit
trichotoma (Vell.) Arrab. ex I. M. JohnstEstado until its mature phase, when they acquired the
do Parana Maringa, Brasil, Janunzzi 10143, 09-4-brown color. The fruit with the perianth (Fig. 1 B)
2003. constituted the diaspore that presented the
Semi-permanent slides with the cross- andnemocoric dispersion.
longitudinal sections of the material (done
freehand) using safranin and astra blue were mad€alyx and cor olla anatomy
The sections of the material fixed in FAA 50 andThe calyx had a uniseriate abaxial face epidermis,
embedded in the paraffin wax were also obtainedith cuticle, periclinal thick-walled cells (Fig. 3
using the microtome techniques (Johansen, 194@)), multicellular stalked star-shaped tector
and were stained using Ehrlich hematoxylin andrichomes (Fig. 2 A, B), glandular trichomes with
safranin (Johansen, 1940), in accordance with thgicellular pedicel and unicellular apex, and
simplified method of Dnyansagar (1958). Thestomatal complexes (Fig. 2 C). The adaxial face
microchemical tests were carried out for the lipidepidermis (Fig. 3 A) was also uniseriate and
(Sudan 1V), starch (IKI) and lignin (phloroglucinol possessed cuticle, tabular elongate cells,
and sulfuric acid) (Johansen, 1940; Berlyn andnicellular tector trichomes of round extremity
Miksche, 1976). (Fig. 2 D) and multicellular pointed tector
The morphological description of the developingtrichomes of small size (Figs. 2 F, 3 A). In the
fruits and seeds was based on Corner (1976), Rothesophyll, there was little collenchyma under the
(1977) and Barroso et al. (1999). The drawingsibaxial face epidermis, parenchyma with cells
were made using an optical microscope and more or less isodiametric, discontinuous middle
stereomicroscope, equipped with a lucid camera. strip of fibres, and spongy parenchyma with

elongated cells (Figs. 2 F, 3 A).

Figure 1 - Cordia trichotoma flower (A) and mature fruit (B) in longitudinal at#on.
Abbreviations: ca: calyx; co: corolla; ne: nectasy; ovary; st: stamen. (Bar: 4mm).
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Figure 2 - Perianth structure o€ordia trichotoma A, B: trichomes of calyx abaxial face
epidermis; C: stomata of the calyx abaxial facelepnis; D, E: trichomes of calyx
adaxial face epidermis; F: diagram of calyx in sresction; G: diagram of corolla in
cross-section. Abbreviations: pc: parenchyma afidrathyma; sc: sclerenchyma; sp:
spongy parenchyma; vb: vascular bundle. (Barsharites and stomata: [5®;
diagrams: 1mm).

The collateral vascular bundles occurred next talthough Mauseth (1988) suggested thatsepals
the fibres strip (Figs. 2 F, 3 A). The corolla (Fig. 3were extremely flexible evolutionarily. The petals
B) presented glabrous epidermis of similarof this species seemed better adapted to the
structure in both the faces, with the cuticle andtructural description of Esau (1959), Mauseth
cuboid or elongate cells in the cross-section. (1988), Fahn (1990) and Souza et al. (2001, 2004).
The mesophyll was homogeneous and was
constituted of spongy parenchyma (Fig. 3 B). Théericarp structurein development
vascular bundles were collateral and were dispos&synoecium structure
in the middle area of the mesophyll (Figs. 2 G, ’he gynoecium vascularization of theC.
B). trichotomawas made by a vascular tissue cylinder,
The calyx seemed to have a double function in therganized around the parenchymatous pith in the
process of anemocoric dispersion®frichotoma  flower pedicel (Fig. 4 A). In the receptacle, the
The abaxial face epidermis with thick-walled cellsvascular tissues formed the two traces of semilunar
and the mesophyll schlerenchyma of the sepals haaitline, one for each carpel (Fig. 4 B, C). In
a protecting function and the mesophyllthe base (Fig. 4 D) and along the ovary (Fig. 4
aerenchyma located under the epidermic adaxi@ F G, H), each trace was organized in the
face was auxiliary in the wind dispersion of the,ascylar bundles of each carpel, which
diaspore The petals with larger superficial area anﬁ’]cluded one dorsal vascular bundle, several
aerenchymatous mesophyll acted only in th(fateral vascular bundles and three marginal or
anemocoric dispersion of the diaspore. .

ventral vascular bundles. In this style, only two

The C. trichotoma sepals seemed to differ in the A
general structure of the calyx presented by Esaypscular bundles and the central transmitting tissue

(1959), Fahn (1990) and Souza et al. (2001), Fig. 4 1) occurred.
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Figure 3 - Details of perianth structure @@ordia trichotomain cross-sections. A: calyx; B:
corolla. Abbreviations: ab: abaxial epidermis; adaxial epidermis; sc: sclerenchyma;
sp: spongy parenchyma. (Barsub).

In the base of the ovary, there was just one loculdescribed as 4-locules (Taroda and Gibbs, 1986).
with the developed placenta that moved forward tblowever, the ovary cross-sections o€.

the central region of the ovary (Fig. 4 D, E, F, G)trichotoma showed that it was only 2-locules in
constituting a false septum in the ovarian apicahe base and 4-locules in the apical region, which
portion (Figs. 4 H, 5 A). In consequence, the ovaryas due to the formation of a false septum of
presented 4-locules (Figs. 4 H, 5 A). From thelacentary origin. Th€. trichotomaovary (Fig. 5
floral pedicel and for the whole gynoecium, highA, C) had uniseriate and glabrous outer or dorsal
number of secretory cells was observed (Fig. 4 Agpidermis. The epidermis was covered with a
B, C, D, E, F, G, H, I). TheCordia ovary was cuticle and it didn't possess stomata.

Figure 4 - Diagrams of gynoecium vascularization and necsamycture of Cordia trichotoma. A:
floral pedicel in cross-section; B, C: floral retagle in cross-sections; D, E, F, G, H:
ovary in cross-sections; I: style in cross-sectidndetail of nectary in longitudinal
section. Abbreviations: db-dorsal vascular buntefalse septum; Ib: lateral vascular
bundle; mb: marginal vascular bundle; ne: nectary; ovule; se: secretory cells; tt:
transmitting tissue; vt: vascular tissue. (Baraggams: 0.5mm; detail: fn).
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The epidermic cells were cuboid with thickened brachysclereid and macrosclereid close to the
outer periclinal cell-walls. The inner or ventralendocarp (Fig. 5 D). The vascularization of the
epidermis was covered with thin cuticle, wasmature pericarp (Fig. 5 B) was similar the one of
glabrous and had tabular cells. The ovarthe ovary.

mesophyll wagparenchymatous with thangular, The Cordia fruit is considered as a drupe (Smith,
isodiametric and little elongate cells. The nectaryl970; Taroda and Gibbs, 1986). However, being
occurred in the base of the ovary and fruitaken into account the terminology of Barroso et
involving them partially (Fig. 1 A, B). It was al. (1999), the fruit ofC. trichotoma can be
formed by a uniseriate epidermis and nectariferoudassified as a drupoid type nuculanium. For Souza

tissue with the secretory cells (Fig. 4 J). (2006) and Barroso et al. (1999) the fruit drupoid
with only one pyrene (endocarp), with central
Pericarp structure space not divided, drupe is denominated. In

The outer or dorsal ovary epidermis &. another way, if the pyrene is loculate or if there are
trichotoma suffered little alteration in the two or more free pyrenes (Fig. 5 B), the drupoid is
differentiation of the exocarp. In the differentiatedcalled nuculanium.

exocarp (Fig. 5 B, D), the cell-walls were thick,Roth (1977) did not make a distinction between
besides the anticlinal cell-walls, and the cuticlehe drupe and nuculanium. According to him, the
came rugose. The inner or ventral epidermisclassical” type of drupe developed from a single
suffered deep modification to form the endocarpcarpel or, at least, from a carpel favored in its
having their cells strongly sclerefied and lignifiedgrowth, producing the single seed, whereas the
(Fig. 5 D). The differentiation of the ovary remaining carpels of the ovary became reduced.
mesophyll in mesocarp also showed significanMaybe, for that reason, some authors classified the
alterations. In the mature mesocarp, these wef@. trichotoma fruit as a drupe, being taken into
narrow collenchymatous cell-layer under theaccount that the mature fruit (Fig. 7 A) had a
exocarp, multiseriate parenchyma, and one or twiertile carpel, a seed and an aborted carpel.

strata of lignified and abundantly pitted

Figure 5 - Ovary and fruit structure dfordia trichotomain cross-sections. A, C: diagram and
detail of the ovary; B, D: diagram and detail ofetliruit. Abbreviations: cm:
collenchymatic mesocarp; em: endocarp and innerocaeg; en: endocarp; ex:
exocarp; ie: inner epidermis; oe: outer epideripés;parenchyma; sm: sclerenchymatic
mesocarp; tt: transmitting tissue; vb: vasculardben(Bars: diagrams:0.5mm; details:

50um).
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Seed structure in development layer whose main function was to serve as the
The seed ofC. trichotomaoriginated from the intermediary for the transport of the food materials
suspended, unitegmic, tenuinucellate ovule (Fig. om the integument to the embryo sac.

A). In the analysis of the ovule, the size of thdn the young seed @&. trichotoma a short funicle
antipodes (Fig. 6 A, C) persisted for some time inwas noticed, from which the vascular bundle
the seed in development (Fig. 6 Ehe only ovule penetrated that exhibited the prechalazal and
integument ofC. trichotomawas multiseriate (Fig. postchalazal branches (Fig. 6 F). The immature
6 B, D) and presented endothelium (Fig. 6 A, Ckoat-seed still presented the endothelium well
that was formed by the basal epidermic cells of thdeveloped and the outer epidermis possessed thin-
inner integument that had dense cytoplasm. walled columnar cells (Fig. 6 E).The mature seed
The presence of endothelium in the ovulepossessed straight embryo with plicate cotyledons
integument ofC. trichotomawas not referred to by (Fig. 7 A) and oily endosperm (Fig. 7 D). The
Corner (1976), although the author registered it focotyledons had asymmetrical heterogeneous
another genus of the family Boraginaceae. Thenesophyll (Fig. 7 E). The seed was exotestal with
endothelium occurs mainly in families that showouter epidermis (Fig. 7 B) of the coat-seed with
unitegmic, tenuinucellate ovules (Kapil andreticulate thickened cell-walls (Fig. 7 C). One or
Tiwari, 1978; Dahlgren, 1991). Souza (1988)two cell layers of the coat-seed mesophyll
analyzing the seed of Lonchocarpus presented similar cell-walls to the one of the outer
muehlbergianusHassl., and Maheshwari (1971) epidermis (Fig. 7 B).

suggested that the endothelium was a nutritive

Figure 6 - Ovule and young seed structureGirdia trichotoma A, B: ovule diagrams in cross-
and longitudinal section; C, D: ovule details oé tgures A and B; E, F: detail and
diagram of the young seed in longitudinal sectidbbreviations: ac: antipodal cells;
cc: central cell; ed: endothelium; in: integument; nucellus; pb: procambial bundle;
sy: synergid; te: testa; vb: vascular bundle. (Ba@§um, 5qum, 2qum, 3Qum, 4Qum,
200um, respectively).
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Figure 7 - Mature fruit and seed structure @brdia trichotomain longitudinal sections. A: fruit
diagram; B: endocarp and testa in detail; C: tesliawith reticulate thickened cell-walls;
D: detail of the endosperm; E: detail of cotyled@dbbreviations: eb: embryo; en:
endocarp; ep: endosperm; ne: nectary; pe: peritarpesta. (Bars: 1mm, gth, 2qum,
15um, 5Qum, respectively).
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