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RESUMEN

Macfadyena unguis-cati es unalianaque produce frutos similares alegumbres, con
doscarpelosy semillasaadas. Ladiversidad en el tipo de capsulay los pocosestudiosen las
semillas de Bignoniaceae motivaron la ejecucion de este trabajo. Se analizaron lasfloresy
frutosen distintasfasesdedesarrollo, seglinlastécnicasusua esde anatomiavegetal . El fruto
es una capsula con dehiscencia septifraga asociada con dehiscencia septicida. En preantesis
seformaun meristemaen laregion mediadel mesofilodel ovario. Lasemillaseoriginadeun
6vulo anétropo, unitegumentado, tenuinucelado y endotelial . Lasemillamaduraesexotestal
y presentapoco endospermay un embrion recto.

Palabrasclave: Bignoniaceae, desarrollo, fruto, liana, Macfadyena, semilla
ABSTRACT

Macfadyena unguis-cati isaspeciesof lianathat produces pod-likefruitsconsisting of
two carpels and bearing winged seeds. This study was motivated by the diversity of capsule
typesand thefew seed studies conducted in Bignoniaceae. Flowersand fruitsin different de-
velopment stages were structurally analyzed, following standard plant anatomical techni-
ques. Thefruitisacapsulewith septifragal dehiscence associated with asepticidal dehiscen-
ce. During pre-anthesis, ameristem isformed in the middle region of the ovary mesophyll.
Theseed originatesfrom an anatropous, unitegmic, tenuinucel lateand endothelial ovule. The
mature seed isexotestal and presentslittle endosperm and astraight embryo.

K ey wor ds: Bignoniaceae, development, fruit, liana, Macfadyena, seed
INTRODUCTION

In Bignoniaceage, fruit characterscan helpintribal and genericidentification
(Barroso et al. 1999). In fact, akey for the identification of Brazilian and exotic
Bignoniaceae genera, based on their fruitsis available (Barroso et al. 1999).
However, classifying plants on the basis of their fruits and without agood unders-
tanding of their ontogeny can lead to erroneous assessments of homology and
classification. For example, classifying Lauraceae fruits as drupes or Fabaceae
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(Leguminosag) fruits as indehiscent follicles represent some of those mistakes
(Souza 2003; Souzaet al. 2003).

Species of Bignoniaceae generally present capsular fruits with variable
structure and dehiscence type (Barroso et al. 1999). Fruits of Tabebuia ochracea
(Cham.) Standl. and T. chrysotricha (Mart. ex DC.) Standl. have been erroneously
considered as siliquas because of the presence of a seminiferous column and two
valves at the time of dehiscence. However, Costa (2003) and Souza et al. (2005)
demonstrated that these fruits actually represent loculicidal capsules.

Asfar as seeds of Bignoniaceae are concerned studies have focused mainly
on their ontogeny. According to Corner (1976), Bignoniaceae seeds originate from
anatropous or hemianatropous, unitegmic and tenuinucellate ovules. In addition,
they vary in size, frequently possess membranous or corky wings, and are exotes-
tal and exalbuminous. Additional studieson the seedsof Bignoniaceaetaxaaretho-
seof Alves(1975) on Jacaranda brasiliana (Lam.) Pers., Beltrati & Picollo (1979)
on Digtictella mansoana (Bureau) Urb., Mehra& Kulkarni (1985) on severa spe-
cies of Bignoniaceae, Souza (1993a) on Tabebuia caraiba (Mart.) Bureau, Costa
(2003) on Tabebuia ochracea and Souzaet al. (2005) on Tabebuia chrysotricha.

Thereis an ongoing debate in the literature regarding the fruits of Macfad-
yena DC. While Sandwith & Hunt (1974) consider their fruits as septicidal cap-
sules, Barroso et al. (1999) consider them as septifragal capsules.

Themain goal of the present study isto contribute for the understanding of
fruits and seeds of Macfadyena DC. (Bignoniaceae), through detailed morpholo-
gical studies of the devel oping pericarp and seeds of Macfadyena unguis-cati (L.)
A.H.Gentry.

MATERIAL AND METHODS

Two specimens of reproductive materials of Macfadyena unguis-cati (L.)
A.H.Gentry were collected at the Universidade Estadual de Maringa (UEM), in
Brazil (state of Parand). Voucher materialswere deposited at the UEM Herbarium,
collection number: R.C. Oliveira 10646.

Thematerialswerefixed in FAA 50% and later transferred into al cohol 70%,
following the protocol of Johansen (1940). Materials of different developmental
stages of ovary, flowers and fruits were embedded in paraffin and sectioned (cross
and longitudinal sections) in a rotation microtome also following the technique
described by Johansen (1940). Sections were stained in astra blue and safranin
(Kraus & Arduin 1997). Developing fruits were analyzed in freehand sections
stained using the same techniques.

Mature fruits were macerated according to Jeffrey’s Method (Johansen
1940). Specific microchemical tests were done for lipid substances (Sudan I11)
(Rawlins & Takahashi 1952), starch (iodine-potassium iodide test) and lignin
(phloroglucin test) (Berlyn & Miksche 1976).

Illustrations were prepared using an optical microscope (Wild M20) equip-
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ped with areflex camera. Photographsweretaken withthedigital cameraand sub-
sequently prepared using the software Image Pro-Plus, version 4.0 (Media Cyber-
tecnics). All samples were prepared on the same micrometric scale.

RESULTS
Fruit morphology and anatomy

1. Flower

The fruit originates from the bisexual flower, with 5 fused green sepals, 5
fused yellow petals (Fig. 1a, b), an ovary with 2 fused carpels and 2 locules, and
axile placentation. The base of the ovary is completely surrounded by a nectary
(Fig. 1b), which consists of an epidermis, secretory parenchymaand only phloem,
as conductive tissue (Fig. 2d). The ovary has an uniseriate outer epidermis (Fig.
2b), with cuboid or tabular cellsand stalked scales. The mesophyll isparenchyma-
tous. In pre-anthesis, the middle portion of the mesophyl| differentiatesin ameris-
tem, whose cells undergo cellular divisions on several planes, forming a tissue
composed of small and thin-walled cells (Fig. 2b). The inner epidermisis unise-
riate (Fig. 2b), glabrous and with tangentially elongated cells. The ovary septum
is composed of a glabrous epidermis with single-layer prismatic cells and
parenchymatous tissue.

Ovary vascularization, that staysin thefruit (Fig. 2¢), consistsof dorsal, ven-
tral/marginal and lateral bundles. The bundles are collateral, except the lateral one
(located in each carpel closest to the septum), which isamphicribra (Fig. 2c).

2. Fruit Development

Very early infruit development, the coralla, stamens, style and stigmaunder-
go abscission. Thecalyx remains(Fig. 1c, €), and in the phase of earlier maturation,
driesand is shed. Thefruit grows considerably, taking on the aspect of avery long
green pod (Fig. 1e).

In the young fruit the exocarp is very similar to the outer epidermis of the
ovary (Fig. 2d). The mesocarp originates from the ovary mesophyll and is formed
by parenchyma and middle tissue with small polyhedral cells (Fig. 2d). The inner
mesocarpic parenchyma possesses wider cells than the outer tissue and tangen-
tially elongated subendocarpic cells (Fig. 3b). The endocarp or inner epidermis
remains glabrous (Fig. 2d) and its cells also undergo tangentia elongation (Fig.
3b). Abscission tissueisobserved in either dorsal carpellary region (Fig. 2c, 3b). In
the septum, the epidermis (from prismatic cellsin the ovary) assumes an irregular
aspect (Fig. 3a, b). The number of lateral vascular bundles of the pericarp and sep-
tum increases considerably.

The exocarp is epidermal, and the trichomes disappear in the immature
fruit (Fig. 2d, 3b). The mesocarp presents four regions. 1) An outer parenchyma-
tousregion (Fig. 2d), with cells that vary in size and shape, which contain chlo-
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Fig. 1. Flower and fruit of Macfadyena unguis-cati. a. External flower morphology. b.
Longitudinal section of flower showing stamens, ovary and nectary. c, d, e. Fruits
at different stages of development. ca = calix; co = corolla;, ne = nectary; ov =
ovary. Scale=1cm (a b, d, €), 0,5 cm (c).
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roplasts; 2) A middle region (Fig. 2d, 3d), that consists of one to four layers of
thin-walled, fibrous cells; 3) An inner parenchymatous region (Fig. 2d, 3b, d),
that has large cells where small lateral bundles occur; and 4) A subendocarpic
region (Fig. 3b) with one or two layers of elongated, thick-walled cells. The
endocarp (Fig. 2d, 3b, d) presents elongated cellsand athin cell wall. The septum
is composed of an epidermis and parenchyma with vascular bundles of variable
size (Fig. 3a). At thejunction of the septum and carpel wall (Fig. 3a), weak tissue
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Fig. 2. Structure of Macfadyena unguis-cati. a. Nectary. b. Ovary. c, d. Young fruits. ab =
amphicribral bundle; db = dorsal vascular bundle; en = endocarp; ex = exocarp;
ie = inner epidermis; mm = middle mesophyll/mesocarp; oe = outer epidermis;
ph = phloem; sd = young seed; se = septum. Scale = 50 um (a, b, ¢), 100 um (c).

3. Maturefruit

Fruit isadry capsule, with the pericarp opening by two longitudinal splits
and isolating a persistent septum.

The peridermic exocarp (Fig. 4a, 53) hasfew phellem layers, phellogen and
uniseriate phelloderm. The outer mesocarp (Fig. 4a, 5a) is collenchymatous and
has sclereids. The middle mesocarp (Fig. 44, 5a) is sclerenchymatous and compo-
sed of thick-walled, and lignified, pitted fibers. The inner mesocarp (Fig. 4a, 5a)
is collenchymatous and parenchymatous, with elongated or isodiametric cells of
variable size; it may present cells with bipyramidal, laminar or irregular crystals.
The subendocarpic mesocarp (Fig. 5a) consists of two to four layers of elongated
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Fig. 3. Fruit and seed structure of Macfadyena unguis-cati. a. Septum of young fruit. b.
Young fruit. ¢, d. Young seeds. ab = lateral amphicribral bundle; et = endothelium;
hy = hypostase; mm = middle mesocarp; se = septum; wf = wing in formation.
Scale =50 um (a, d), 100 um (b), 20 um (c).

cellsarranged longitudinally, transversally or obliquely in the fruit. The subendo-
carpic mesocarp possesses either thin-walled cells or macrosclereids of thick, lig-
nified and pitted cell walls. The endocarp (Fig. 4a, 5a) has fiber-like cells with
thickened and non-lignified walls. Endocarpic cells may be arranged longitudi-
nally, transversally or obliquely in the pericarp.

The epidermis and subepidermis of the septum (1-3 layers) (Fig. 4a, 59) is
constituted by sclereids of variable shapes. Most of the septum (Fig. 4a, 5a) isfor-
med by parenchymawith thin-walled cells of variable sizes and shapes. The cells
have bipyramidal, laminate and short raphide crystals. There are collateral vascu-
lar bundles (Fig. 4a), accompanied by fibersin the phloem margin, located at the
central region of the septum. The septum presents a constriction in the contact
zone with thewall of the fruit. Here thereis avery fragile parenchymathat facili-
tates the breaking of the septum when the fruit opens up.

Each carpel isvascularized by several collateral bundles: one dorsal, many
laterals and one ventral (Fig. 4a). The vascular supply of the seed is derived from
the ventral bundle, which occurs in the septum. In the fruit wall, in the region of
the septum, thereisalarge amphicribral bundlie (Fig. 4a). All of the carpel bundles
have cambium and secondary xylem and phloem.



Morphology and anatomy ... 7

ed

¥\ xt

i, eb

— mt

Fig. 4. Diagramsin crossand longitudinal sections of Macfadyena unguis-catis. a. Matu-
re fruit; b. Seed. ab = lateral amphicribal vascular bundle; db = dorsal vascular
bundle; eb = embryo; ed = endosperm; en = endocarp; ex = exocarp; im = inner
mesocarp; |b = lateral vascular bundle; mm = middle mesocarp; mt = mesotesta;
om = outer mesocarp; sd = seed; se = septum; xt = exotesta. Scale=1 mm.
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Fig. 5. Cross-sections of Macfadyena unguis-cati. a. Details of the mature pericarp. b.
Septum. c. Testa. en = endocarp; ep = epidermis; et = endotesta; ex = exocarp; im
= inner mesocarp; mm = middle mesocarp; mt = mesotesta; om = outer mesocarp;
sm = subendocarpic mesocarp; xt = exotesta. Scale = 100 um (&, b), 30 um (c).
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Seed mor phology and anatomy

1. Ovule

Theovule (Fig. 2b) isanatropous, unitegmic, tenuinucellate and has a short
funiculus. It presentsendothelium, hypostase and avascul ar supply without post-
chalazal branches. In the placentary region, the inner ovary epidermal cells are
cylindrical, slightly papillate and have alarge nucleus.

2. Developing seed

In the young seed (Fig. 3c, d), the only integument is formed by the outer
epidermis of cuboid or tabular cells. The mesophyll is parenchymatous with few
cell layers varying in size and shape. The inner epidermisis composed of small
andtabular cells. The endothelium iscomposed of shortly prismatic cellsthat have
relatively dense cytoplasm. The hypostase cells stand out for being thick-walled
and having more intense coloration. In the embryo sac, the zygote and the degene-
rate synergid are observed. The vascular supply isasin the ovule.

The seed wing originates from epidermal cells that occur in the chalazal
region. These cells undergo gradual elongation, and could undergo anticlinal and
periclinal cellular divisions. Thewing also devel opslessintensely in the micropy-
lar region of the seed (Fig. 3d).

Theimmature seed has aseminiferous nucleus and awing. The nucleustes-
ta consists of the outer epidermis which is composed of elongated and narrow
cells, and parenchymatous mesophyll. The number of strata in the nucleus
mesophy!| decreases gradually towardsthewing. Oneto three strata of elongated
cellsform the wing in the hyaline portion.

3. Mature seed

The mature seed is aate (Fig. 6a, b) with a well-developed and straight
embryo (Fig. 6c).

The seed isexotestal. The mechanical layer isformed by the epidermis (exo-
testa) (Fig. 4b, 5¢) and subepidermis in the lateral region, and only by the epider-
mistowardsthewing margin. Themechanical layer iscomposed of macrosclereids
and fibers with thick, lignified and pitted walls. The mesotesta (Fig. 4b, 5c) is
parenchymatous and constituted by thin-walled cells of variable size and shape.
The endotesta or inner epidermis has thin-walled cells (Fig. 5¢). The small endos-
perm (Fig. 4b, 6d) haslittle starch and acopiousoily reservein the cells. The embr-
Y0 possesses cotyledons (Fig. 6e) with uniseriate epidermis and parenchymatic
mesophyll with oily reserve.

Thewing (Fig. 6f) in the hyaline zone has two layers or is only constituted
by the epidermis, with thick-walled and non-lignified cells. Eventualy, a third
layer occurs in the wing of cells similar to the epidermal ones. Alternatively, a
third layer represented by fibers can also occur.
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Fig. 6. Mature seed structure of Macfadyena unguis-cati. a, b. Seeds. c. Embryo. d, e, f.
Details of endosperm, cotyledon and wing in longitudinal sections, respectively.
ab = abaxia epidermis; ad = adaxia epidermis; pl = plumule; ra = radicle; sn =
seminiferous nucleus; wi = wing. Scale = 6 mm (a, b), 3 mm (c), 20 pm (d), 50
Hm (€), 30 pm (f).
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DISCUSSION

Placentation in Macfadyena unguis-cati generally referred to as axile, is
here considered an intermediate condition between axile and parietal placenta-
tion, basing on the observations by Costa (2003) and on the similarity of the pla-
centation of Macfadyena unguis-cati with that observed in Tabebuia Gomes ex
DC. species (Costa 2003; Souzaet al. 2005).

Macfadyena unguis-cati has afloral nectary that remains for sometimein
the young fruit. There are countless recordings of floral nectaries that remain
later in the fruit. They can be designated as postfloral or postnuptial nectaries
(Schmid 1988), especially in Bignoniaceae (Elias 1983). Postfloral nectary
secretion in the young fruit was not encountered in Macfadyena unguis-cati.
However, fruit nectariesin Bignoniaceae are known to have secretion with func-
tion in the anti-herbivore mechanism (Costa 2003).

The endocarp or inner mesocarp of many Leguminosae and Rutacese fruits
can originate from an adaxial or ventral meristem (Souza 1984, 1993b; Souzaet al.
2003). Different from the fruit of Leguminosae and Rutaceae, a middle meristem
inthe carpel that originates a sclerenchymatous middle mesocarp isformed in the
capsules of Macfadyena unguis-cati and Tabebuia.

There are diverging opinions regarding the capsule type that occurs of
Macfadyena. According to Sandwith & Hunt (1974), the capsules are septicidal
and according to Barroso et al. (1999) they are septifragal. However, according
to Hertel’s classification (1959), fruits of Macfadyena unguis-cati fruit do not
seem to fit either of these two types. In the septicidal capsule, the septum splits
long-radialy into two lamellas. In the septifragal capsule, the septum is divided
into two portions, an internal one (close to the columella) and an external (close
tothefruit wall). Hertel (1959) considers septifragal dehiscence araretype, only
found in some Ericaceae. Septifragal dehiscence usually takes place together
with loculicidal or septicidal dehiscence. In the case of Macfadyena unguis-cati,
septifragal dehiscence seemsto be associated with a septicidal dehiscence.

The ovule and the young seed of Macfadyena unguis-cati presents an endo-
thelium. This characteristic iscommon in familiesthat show unitegmic and tenui-
nucellate ovules (Kapil & Tiwari 1978). There seems to be no doubt that the
endotheliumisanutritivelayer whose chief functionisto serveasan intermediary
for the transport of food material s from the integument to the embryo sac (Mahes-
hwari 1971). On the other hand, in the mature seed of Tabebuia chrysotricha the
endothelium seemsto have a different function, i.e. to protect the embryo (Souza
et al. 2005).

In this study, a structural characterization of the seed ontogenesis of Mac-
fadyena unguis-cati allowed to record most of the seed characters previously
described for the Bignoniaceae (Corner 1976). However, the seeds of Macfayena
unguis-cati present little endosperm and, sometimes more than two cell layersin
the hyaline wing.



12 Souza, Oliveiray Muneratto

ACKNOWLEDGMENTS

Wethank Drs. Olavo A. Guimaraes and Armando Carlos Cervi of the Uni-
versidade Federal do Paranafor the identification of studied species. We thank
CNPg (Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico, Bra-
zil) for funding this research.

BIBLIOGRAPHY

Alves, J.L.H. 1975. Anatomia do desenvolvimento de Jacaranda brasiliana
(Lm.) Pers., Bignoniaceae. Tese de doutorado. Universidade de S&o
Paulo. S&o Paulo. Brasil.

Barroso, G.M., M.P. Morim, A.L. Peixoto & C.L.F. Ichaso. 1999. Frutos e
sementes. Morfologia aplicada a sistemética de dicotileddneas. Edi-
torada Universidade Federal deVicosa, Vigosa.

Beltrati, C.M. & A.L.G. Picollo. 1979. Consideraciones sobre la semilla, la ger-
minacion y la plantula de Distictella mansoana (Bur.) Urb. Phyton
37: 85-96.

Berlyn, G.P. & J.P. Miksche. 1976. Botanical microtechnique and citochemistry.
The lowa State University Press, Ames.

Corner, E.J.H. 1976. The seeds of dicotyledons. Cambridge University Press,
Cambridge.

Costa, M.E. 2003. Morfoanatomia e desenvolvimento do fruto, semente e plan-
tulade Tabebuia ochracea (Chamisso) Standley (Bignoniaceae). Tese
de doutorado. Universidade Estadual Paulista. Rio Claro.

Elias, T.S. 1983. Extrafloral nectaries: their structure and distribution. In: The
biology of nectarines (Bentley, B. & T.S. Elias, eds.), pp. 174-203.
Columbia University Press, New York.

Hertel, R.J.G. 1959. Contribui¢des para afitologiatedrica. I1. Alguns conceitos
na carpologia. Humanitas 4: 1-43.

Johansen, D.A. 1940. Plant microtechnique. McGraw-Hill Book Company, New
York.

Kapil, R.N. & S.C. Tiwari. 1978. The integumentary tapetum. Bot. Rev. 44: 457-
490.

Kraus, J.E. & M. Arduin. 1997. Manual basico de métodos em morfologia vege-
tal. Editora Universidade Rural, S&o Paulo.

Maheshwari, P. 1971. An introduction to the embryology of angiosperms.
McGraw-Hill Publishing Company, New Delhi.

Mehra, K.R. & A.R. Kulkarni. 1985. Embryological studies in Bignoniaceae.
Phytomor phology 35: 239-251.

Rawlins, T.E. & W.N. Takahashi. 1952. Technics of plant histochemistry and
virology. The National Press, Millbrae.

Sandwith, N.Y. & D.R. Hunt. 1974. Bignoniéceas. In: Flora llustrada Catarinen-



Morphology and anatomy ... 13

se(Reitz, R., ed.), pp. 109-112. Herbario Barbosa Rodrigues, Itajai.

Schmid, R. 1988. Reproductive versus extra-reproductive nectaries — historical
perspective and terminological recommendations. Bot. Rev. 54: 179-
232.

Souza, A.G.V. 1993a. Morfologia, desenvolvimento e anatomia de Tabebuia
caraiba (Mart.) Bur. — Bignoniaceae. Tese de doutorado. Universida-
de de S&o Paulo. S&o Paulo.

Souza, L.A. 1984. Anatomia do desenvolvimento do pericarpo de Lonchocarpus
muehlbergianus Hassler (L eguminosae — Faboideag). Rev. Unimar 6:
5-19.

Souza, L.A. 1993b. Morfo-anatomia do desenvolvimento do fruto de Acacia
paniculata Willd. (Leguminosae). Arg. Biol. Tecnol. 36: 851-871.

Souza, L.A. 2003. Morfol ogia e anatomia vegetal (célula, tecidos, érgaose plan-
tula). Editora Universidade Estadual de Ponta Grossa, Ponta Grossa.

Souza, L.A., M.C. lwazaki & |.S. Moscheta. 2005. Morphology of the pericarp
and seed of Tabebuia chrysotricha (Mart. ex DC.) Standl. (Bignonia-
ceae). Braz. Arch. Biol. Technol. 48: 407-418.

Souza, L.A., K.SM. Mouréo, |.S. Moscheta & S.M. Rosa. 2003. Morfologia e
anatomiadaflor de Pilocarpus pennatifolius Lem. (Rutaceae). Revis-
ta Brasil. Bot. 26: 175-184.






