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ABSTRACT

Morphological, structural and developmental features of fruits and se&@snia guianensigAubl.)

Choisy. are here presented, with the purpose to elucidate their structure and to contribute to taxo-
nomical and ecological studies of the family. The fruit is a berry and the “rind” is constituted by the
exocarp and by the subepidermal layers which constitute the mesocarp. The reddish pulp, rich in starch,
is constituted by the parenchymatic mesocarp, with branched secretory ducts and vascular bundles,
joined with the endocarp, which arises from a ventral meristem. The bitegmic, anatropous ovules,
provided by the endothelium, develop into anatropous, bitegmic and exalbuminous seeds. The red-
dish uniseriate testa shows phenolic contents. The tegmen becomes crushed resting only the uniseriate
exotegmen with undulate, thick walled and lignified cells, which contain a number of calcium ox-
alate prismatic crystals. The embryo, rich in lipids, is straight and shows foliaceous cotyledons.

Key words Clusiaceae, fruit, seedjsmia anatomy.

RESUMO

Morfologia e anatomia dos frutos e sementes em desenvolvimento\dsmia guianensis
(Aubl.) Choisy (Clusiaceae)

Estudaram-se aspectos morfoanatdmicos dos frutos e sementes, em desenvolviemoa delia-
nensis(Aubl.) Choisy, visando descrevé-los detalhadamente e, desse modo, fornecer subsidios para
futuros estudos taxonémicos e ecoldgicos do grupo. O fruto dessa espécie é uma baga, cuja “casca”
€ constituida pelo exocarpo e por camadas subepidérmicas que constituem o mesocarpo. O restante
do mesocarpo parenquimatico, com dutos secretores e feixes vasculares, e o endocarpo, derivado da
atividade de um meristema ventral, formam a polpa avermelhada e rica em amido. Os évulos sdo
anatropos, bitegumentados, com endotélio, e originam sementes também anatropas, bitegumentadas
e exalbuminosas. A testa é unisseriada, de coloracao avermelhada, com células de contetdo fendlico.
O exotégmen consta inteiramente de esclereides com paredes anticlinais onduladas, contendo cristais
prismaticos de oxalato de célcio. O restante do tégmen torna-se colapsado. O embrido reto, rico em
material lipidico, apresenta eixo hipocoétilo-radicular cilindrico e cotilédones folidceos e espessos.

Palavras-chaveClusiaceae, fruto, sementéismia, anatomia.
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INTRODUCTION near the coastland, cdk. S. M. Mouréo 1, I.
1994, flower, fruit, seedling (HRCB 17421); Forest
Vismia guianensi¢Clusiaceae — Hipericoi- Reserve of Sacavém (State Park of Bacanga), col.
deae) is a woody species, native of Tropical AmeK. S. M. Mouréo 3, 26. I. 1996, flower, fruit,
rica that occurs in Colombia, Venezuela, Guyanaeedling (HUM 3449); coK. S. M. Mouréo 4,
and in Brazil in the states of Amazonas, Para26. |. 1996, fl., fr. (HUM 3450).
Maranh&o, Bahia and Minas Gerais (Reichardt, The morphologic characters of the fruits and
1878; Ewan, 1962). It stands out for supplyingseeds were described and illustrated, starting from
wood for civil construction, deluxe joinery and 50 units of fresh material, collected from five
carpentry. A gomo-resinous, red-orange juicejndividuals. For the fruits and seeds measures
resolutive and strongly purgative, also used in th€length and diameter) was usagachymeter, and
treatment of skin diseases is obtained by incisiotthe fresh weight was obtained using a analytic scale.
of the stem bark (Pio Corréa, 1926). It was also determined the number of seeds per
Engler & Keller (1925) and Melchior (1964) fruit. For each one of the obtained variables was
used fruits and seeds characters, besides the vegelculated the arithmetic average and the deviation-
tative and floral features, in the delimitation of pattern. The nomenclature to describe the fruits
subfamilies and tribes of Clusiaceae. However, thand seeds patterns was based in Radédorall.
shortage of detailed ontogenetic studies of fruit§1974). The fruit type description was based in
and seeds have generated doubts about the rel@pjut (1994).
tionship and the position of the species in these Samples of material to morphological and
subfamilies and tribes (Mourao, 1997). anatomical studies were fixed in F.A.A. 50%
With the same family Clusiaceae, Dionello (Johansen, 1940). The conservation of that ma-
& Basta (1980), Basta & Basta (1984) and Saddterial was made in Ethanol 70% (Jensen, 1962).
(1988) studied the morphology and anatomy ofThe anatomical description was made starting from
seeds oKielmeyeraMart. species (Kielmeye- the analysis of semi-permanent and permanent
roideae). The morphology, anatomy and ontogenglides made with transversal and longitudinal sec-
of Platonia insignisMart. (Moronobeoideae) and tions of the developing pericarp and seeds.
Mammea american&. (Calophylloideae) fruits The slides, the specific tests and the illus-
and seeds were studied in details by Mourdo &rations were made in agreement with methodology
Beltrati (1995a, b) and Mourédo (1997), respec-described by Mourédo & Beltrati (1995a). It was
tively. However, in Hypericoideae were not foundalso used in the preparation of permanent slides,
studies of this nature so far. vegetable material embedded in glycol methacrylate
In view of the exposed, and with the purposeaccording to the technique described by Gerrits
to give continuity to the study of the fruits and seed$1991).
of Clusiaceae, in the present work, morphological These slides were stained with Toluidine Blue
and anatomical data of the development of the fruit® (O'Brienet al, 1965) and mounted in Permount.
and seeds dfismia guianensigAubl.) Choisy are The terminology adopted to define the pericarp

presented and discussed. layers is in agreement with Roth (1977) and the
nomenclature used in the seeds description was
MATERIAL AND METHODS that defined for Corner (1976) and modified by

Schmid (1986).
The botanical material used in the present

work consisted of floral buds, flowers and fruits RESULTS
in different stages o¥ismia guianensigAubl.)
Choisy (Figs. 1-3). Fruit development
Vismia guianensishas a superior, penta-
Studied material carpellary and pentalocular ovary. The ovules are
Vismia guianensig¢Aubl.) Choisy:Brazil,  arranged in axile placentatigfigs. 5-7). The outer

S&o Luis, Maranhdo, 2°32'S and 44°17'W, Foresind inner epidermis is uniseriate, showed cubic
Reserve of Sacavém (State Park of Bacanga) aratlls covered by thin cuticle.

Rev. Brasil. Biol., 6(1): 147-158



MORPHO-ANATOMY OF FRUITS AND SEEDS OF. guianensis 149

Figs. 1-4 —Vismiaguianensisl — Floral buds, flowers and fruits in developmeat— Immature fruits.3 — Immature
fruits (to the left) and mature fruits (to the righd)— Mature seeds in rapheal (above), lateral (to the middle) and anti-
rapheal view (below).

In the outer epidermis was also observed thearp, derived from the ovary outer epidermis, scat-
presence of scattered stomata. The ovarian mestered lenticels occasionally appear, originated by
phyll is composed by fundamental parenchyma, wittithe activity of a phellogen that produces suberised
few intercellular spaces, where a number of branchedells in out direction.
secretory ducts occur (Fig. 14). These ducts can ~ The mesocarp, which derives from the ova-
also be observed in the septs (Figs. 6, 7). rian mesophyll, stays parenchymatic (Fig. 15). The

In the ovary of floral bud is observed format- secretory ducts increase in diameter and become
ting ducts in the mesophyll and in the sept.branched. The secreted substance is rich in phenolic
Apparently, these ducts form schizogenously andontent and lipids substances. In the endocarp,
develop schizolisigenously (Figs. 18-21). In thewhich derives from the inner epidermis that de-
young fruit (Fig. 8), the structure of the ovary isfines the locule and from the ovary subepidermal
basically maintained (Figs. 9, 10) and the celluladayers, an evident region of periclinals divisions
divisions occur in all directions, prevailing the can be observed, constituting a ventral meristem
periclinals in the subepidermal layers. In the exo{Fig. 15).
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Figs. 5-13 —Vismiaguianensis— General aspect, medium longitudinal and transversal sections, respectively, of the fruit
development5-7 — Flower in anthesis and ovai8-10 —Young fruit shortly after fertilization (0,6 cm x 0,6 cndjl-13 —

Immature fruit (0,9 cm x 0,9 cm). (ec — endocarp; eg — stigma; ex — exocarp; if — immature fruit; lo — locule; mp — meso-
carp; oe — outer epidermis; om — ovarian mesophyll; ov — ovule; pt — petal; sd — secretory duct; se-seed; vb —vascular bundle;
sp — sepal; yf — young fruit.)

A parenchymatic tissue (Figs. 16, 17) thatstructure is basically the same of the ovary and
grows for among the seeds will arise from theof the young fruit (Figs. 12, 13). However, in the
meristem. endocarp, the complete differentiation of the

Most of the ovules will be developed in seedsparenchymatic tissue, that grows of desuniform
(Figs. 9, 10, 12, 13), and the immature fruit (Fig.way for among the seeds can be observed (Fig.
2, 3, 11) acquires red coloration. The pericarpl7).
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Figs. 14-17 —Vismia guianensis Detail of the the pericarp development in cross sectibr—Ovary at the time of fertilization.

15 —Young fruit shortly after fertilization16 — Immature fruit (0.9 cm x 0.9 cmL7 — Mature fruit (1.0 cm x 1.0 cm).

(ec — endocarp; ex — exocarp; ie — inner epidermis; lo — locule; mp — mesocarp; oe — outer epidermis; om — ovarian me-
sophyll; ov — ovule; sd — secretory duct; se — seed; vm — ventral meristem.)

TheVismia guianensifuit is an oblong berry loration afterthe maturation. It shows fleshy and
that, in the maturation, when still in plant (Fig. mucilaginous pulp, with red coloration and
3), has green coloration, passing to a brown cosweetened scent.
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Figs. 18-21 —Vismiaguianensis- Secretory ducts in successive phases of differentiation (A t@8420 —Cross-sec-
tion of the floral bud ovarian mesophy#l1 — Cross-section of the young fruit mesocarp.

The fruit measures 1.17 + 0.17 cm of length The “rind” of the mature fruit is formed by
per 1.23 + 0.12 cm of diameter, weighs 1.11 + 0.3@he exocarp, derived from the outer epidermis of
g (weighed with fresh matter) and shows 177.64 the ovary, and for several subepidermal layers
50.72 seeds per fruit. which constitute the mesocarp, derived from the
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ovarian mesophyll (Figs. 14-17). The mesocarmot very developed and shows two cells layers and
and endocarp remaining arise the red, translucetihe inner integument shows six to seven layers.
pulp, which is rich in starch. In this phase, in the The outer epidermis of the outer integument
secreted material by the ducts, is not observed thehows large cells, approximately cubic, with phenolic
presence of phenolic contents. However, lipidscontents. The innermost layer of the inner integument

substances can still be observed. shows cells radially elongate, constituting the en-
dothelium. The external, medium (among the two
Seed development integuments) and the intern cuticle (between the

The ovules are anatropous, bitegmic and teinternal integument and the nucellus) can be
nuinucelate (Figs. 22-26). The outer integument ibserved.

Figs. 22-24 —\ismiaguianensis- Ovule.22 — Longitudinal section of the young ovu8-24 —Cross sections and longitudinal

section of the fully developed ovules, respectively. (cr — chalazal region; ed — endostome; el — endothelium; es — embryo
sac; et — exostome; fu — funicle; ii — inner integument; mc — micropyle chamber; mm — megaspore mother cell; my — mi-

cropyle; nu — nucellus; oi — outer integument; om — ovarian mesophyll; rt — rapheal vascular trace.)
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The micropyle channel is formed by the en- In V. guianensishe exocarp derives from the
dostome and by the exostome, being these aperturegary outer epidermis. This feature has also been
non coincident (zig-zag micropyle). described irPlatonia insignis(Moronobeoideae)

The embryo sac is longitudinally elongated;by Mourdo & Beltrati (1995a). IMammea ame-

a provascular strand goes through the funicle, arriricana, however, the exocarp originates from the
ving until the chalaza. The seed structure in theuter epidermis and from the first subepidermical
young fruit is basically the same of the ovule. Anlayer of the ovarian mesophyll, that originates the
increase in the size of the cells of the two inteperiderm (Mourdo, 1997).

guments and the beginning of differentiation of From the histogenetical point of view, Garcin
a cells layer with sinuous anticlinals walls in theapudRoth (1977) recognizes endocarp types which
outer epidermis of the tegmen can be observedriginate directly from the existing parenchyma
(Figs. 27, 28). In the immature seed is observedand endocarp formations which develop from a
besides a beginning of collapse of the tegmen cellspecial meristem. This special meristem may origi-
the increase in the undulation and in the thickeningnate exclusively from the inner epidermis, from
of the cells walls of the outer epidermis of thissubepidermal layers only, or from a mixture of both.
integument. It is observed, also in this phase, somRoth (1977) designated this special meristem of
endosperm layers, among the embryo already wellentral or adaxial meristem, which adds new cell
developed and the tegmen constituted by largéayers to the pericap, can be located either in the
parenchymatic cells with thin walls (Figs. 29, 30).inner epidermis or in subepidermal layers. This

The mature seeds are red, ellipsoids in shapeeristem has been received this denomination due
elongated, and more or less angular (Fig. 4). Théo the entire carpel symmetry.
hillun is rounded, the micropyle is obscure and In the fruit development df. guianensigs
a vascular bundle transverses the raphe, extendirig Mammea americanéMourdo, 1997), the growth
until the chalaza. The seed measures 2.38 + 0.1&nd the fruit final form ol. guianensisre due
mm length per 0.68 + 0.04 mm diameter. to the cellular divisions that occur in all directions

The seed is anatropous and exalbumynousand, also, to the activity of a ventral meristem that
The whitish-yellow embryo is straight and showsarises the endocarp.

a longer and cylindrical hipocotyl-radicle axis, with In a recent fruit classification purposed by
two plano-convex cotyledons (Figs. 33-35). It's Barrosoet al. (1999) the fruit oiVismiaspecies
also rich in lipid material. is included in the “bactide — campomanesoideo”

In the mature seed the outer epidermis of theype. This fruit type according to these authors
testa consists of large, cubic cells, with brownpresents a fleshy pericarp and its central cavity
content, due to the presence of the phenolic coris occupied by an uniform pulp tissue where the
tents. The other layers of the testa become crusheldcules can still be distinguished, containing each
The outer epidermis of the tegmen is entirely consusually few seeds. However, in the fruit \éf
tituted of sclereids which contains a number ofguianensighe activity of a ventral meristem arises
prismatic crystals of calcium oxalate (Figs. 31, 32)a parenchymatic tissue that grows among the seeds
Its lignified anticlinals walls have sinuous aspectand in this case, it would assemble more with those
in superficial view. The other layers of the tegmendefined by the authors as “bacéide — bacidio” type,
become crushed (Fig. 33). Some endospermiwhere the locules are not evident in the mature
layers can still be observed between the embry#ruit.
and the tegmen, increasing in number in direction The anatomical characteristics of Meguia-

to the chalazal end. nensispericarp (Hypericoideae — Vismeae) resem-
bles those described by Green (1884) for two
DISCUSSION species oHypericum(Hypericoideae — Hyperi-
ceae).

The occurrence of secretory structures as The ovule structure o¥. guianensisre-
ducts in the pericarp &fismia guianensigias also  sembles that dflypericum patulunandH. myso-
described in another species of the Clusiaceamnse described by Rao (1957) and those of all
family (Corner, 1976; Mourao & Beltrati, 1995a; the species of Hypericaceae described by Corner
Mouréo, 1997). (1976).
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Figs. 25-32 —Vismia guianensis Longitudinal and cross sections of the developing seed-coat, respe&b2.—Ovule.
27-28 —Young seed29-30 —Immature seed31-32 —Mature seed. (eb — embryo; el — endothelium; ii — inner integu-
ment; oi — outer integument; pc — prismatic crystals; sf — sclereid layer in differentiation; sl — sclereid layer; sm frandospe
tg — tegmen; ts — testa.)

The presence of the endothelium in the ovule In Hypericoideae, Crété (1936), Rao (1957)
of V. guianensisvas also mentioned by Rao (1957) and Corner (1976) mentioned the occurrence of
in Hypericum patulumand H. mysorenseby  epidermal cells in the testa with brown tannic con-
Corner (1976) irClusia (Clusioideae — Clusieae) tent and lignified exotegmen. However, according
and by Mourédo & Beltrati (1995a) iRlatonia  to Rao (1957), irH. patulum(Hypericeae) the
insignis endotesta would be the sclerotic layer.
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Figs. 33-35 —Vismiaguianensis- Mature seed33 — Longitudinal section showing tegmen outer epidermis constituted
entirely by sclereids and the embry#-35 —Cross-sections showing the thick, plano-convex cotyledons and hipocotyl —
radicle axis. (sl — sclereid layer; ct — cotyledon; eb — embryo; hr — hipocotyl-radicle axis; pl — plumule.)

In V. guianensisvas observed that the exo- Hypericaceae, also occurs in the tribe Clusieae
tegmen is lignified, unlike mentioned by Corner (Clusiaceae — Clusioideae), in Elatinaceae and
(1976) that studied a not identified species ofGeraniaceae.

Vismia. In the embryo classification purpose by Bran-

Corner (1976) affirmed that the characteristicdza (1908) and Guillaumin (1910) to Guttiferae
layer of thick-walled stellate in the exotegmen ofand Hypericaceae species, the embry¥. gfuia-
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nensisresembles those species of HypericaceaBNGLER, A. & KELLER, R., 1925, Guttiferae, pp. 154-237
o . . . . . . st . 1 i
and it is similar to the found in the tribe Clusieae — (21" vol.). In: A. Engler & K. Prantl,Die naturlichen

. . PflanzenfamilienVerlag Wilhelm Engelmann, Leipzig,
Guttiferae (embryo of the type I). According to o oq. 9 g P2

Martin (51'946) ?mbryo .ClaSSIflcatlon’ the embryo EWAN, J., 1962, Synopsis of the south american species of
of V. guianensisoccupies more than half of the  vismia (Gutiiferae).Bull. of the Unit. States Nat. Mus.
seminal cavity. It is axial, spatulate and transverse- 35: 293-373.
oblong. o . GREEN, J. R., 1884, On the organs of secretion in the
The occurrence of lipids substances in seeds Hypericaceaelourn. of the Linn. Soc. of Londd{): 451-

of species of the family Clusiaceae is widely regis- 464
tered in the literature (Brandza, 1908; Earle &GUILLAUMIN, A., 1910, Létude des germinations
Jones, 1962; Vaughan, 1970; Basta & Basta, 1984; appliquée a la classification des genres et a la phylogénie
Benteset al, 1986/87; Adeyeye, 1991; Mouré&o des groupesRev. Gén. de_ B?tZZ: 449-468.
& Beltrati, 1995b). In the present study it was GERRITS, P. O., 199The application of glycol methacrylate

e . . in histotechnology; some fundamental principlBgpart-
verified that the main reservation substance that

i th b ol aui iss of livid ment of Anatomy and Embriology, Gréningen, Netherlands.
rsin mbr . lanensi IpI . . . -
g;?t:r: the e yo guianensiss ot lipids JENSEN, W. A., 1962Botanical histochemistry: principles

and pratice.W. H. Feeman, San Francisco, 408p.
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