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Unusual perforation plates in Bathysa nicholsonii K. Schum.
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ABSTRACT - (Unusual perforation plates in Bathysa nicholsonii K. Schum.). The Rubiaceae have almost exclusively
simple perforation plates. However, the present study has detected a variation in the form of the perforation plates in
Balhysa nicholsonii, from atypical simple, with reniform aspect, including the typical circular and multiples forms to ones
resembling an operculum. Such atypical forms may be present in both the extremities of the vessel element or injust one of
them. The multiple perforation plates occur when the extremity of the vessel element contacts a perforated ray cell.
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RESUMO - (Placas de perfura9ao incomuns em Bathysa nicholsonii K. Schum.). Para Rubiaceae menciona-se a ocorren
cia quase que exclusivamente de placas de perfura9ao do tipo simples. No entanto, este trabalho relata uma varia9ao na
forma das placas de perfura9ao presentes em Balhysa nicholsonii, desde atipicas simples, com aspecto reniforme, passan
do a circulares e multiplas tipicas, ate formas muito semelhantes a lllll operculo. Essas formas atipicas da placa de perfu
ra9ao simples podem estar presentes em ambas as extremidades do elemento de vaso ou em apenas uma delas. As placas de
perfura9ao multiplas ocorrem quando a extremidade do elemento de vaso esta em contato com uma celula perfurada de raio.
Palavras-chave: anatomia de madeira, Rubiaceae, placa de perfura9ao, celula perfurada de raio

Introduction

The wood anatomy of the Rubiaceae was subject
ofa series of investigations (Koek-Noorman 1969a, b,
1970, 1972, 1976, 1980; Koek-Noorman & Hogeweg
1974; Hogeweg & Koek-Noorman 1975; Robbrecht,
1988; Ceccantini & Angyalossy-Alfonso 2000; Jansen
et al. 2002). The genus Bathysa C. Presl comprises
12 neotropical species (Anderson 1992), seven
occurring in Brazil: B. aus/ralis (A.St.-Hi!.) Hook. f,
B. cuspida/a (A.St.-Hil.) Hook. f, B. gymnocarpa
K. Schum., B. mendoncaei K. Schum.,
B. nicholsonii K. Schum, B. s/ipulata (VeIl.) C. Presl
and B. sylvestrae Germano-Filho & M. Gomes
(Germano Filho 1998).

Since the distribution of the species of Bathysa
in Brazil is almost restricted to the Atlantic rain forest
domain, most of them are in danger of extinction due
to the impact of the antropic action (Germano Filho
1998). In agreement with the IUCN (1995)
B. nicholsonii is considered rare, due to its restricted
and fragmentary populations (Germano Filho 1998).

The species also occurs in the State of Minas
Gerais, at Serra do Cip6 (Giulietti et al. 1987), the
extreme southern part of Chapada Diamantina,
beyond the main distributions of Atlantic rain forest.
From where Luchi (1990) studied anatomical features

of Ba/hysa nicholsonii for the first time.
Many authors agree that perforation plates in

Rubiaceae are simple. However Meylan & Butterfield
(1975) observed in some species of Coprosma, the
presence of simple to reticulate combination of plates
and simple to scalariform combination plates. In
Can/hium barbatum, Rudall (1982) observed simple
perforations sUlTounded by a ring of pits, although
reticulate or scalariform perforation plates also
occurred, and Ohtani (1984) reported simple to
scalariform combination perforation plates in
Lasian/hus japonica, and simple to multiple
combination perforation plates in Damnacan/hus
indicus.

This paper reports the occurrence ofa previously
unknown perforation plate type that has not been cited
in literature, and gives a short report on wood
anatomical characters of Bathysa nicholsonii.

Material and methods

Wood samples were obtained from adult plants
ofBathysa nicholsonii from a gallery forest at 1200 m
altitude, at Serra do Cip6, in the Municipality of
Santana do Riacho, Minas Gerais State, Brazil, at
19°12'S and 43°30'W. One voucher (SPF42470) is
deposited at the Herbario do Departamento de
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Botanica of the Instituto de Biociencias da
Universidade de Sao Paulo, and the other (SP2881 09)
at the Instituto de Botanica of the Secretaria do Meio
Ambiente do Estado de Sao Paulo, where the wood
samples (SPw 700 and SPw 1699) remain deposited
in the wood collection.

The samples were obtained from the stem at
breast height, with 5.5 and 3.5 m tall and of 9.5 and
3.0 em in diameter, respectively. Histological sections,
with thickness varying from 15 to 20 ).lm, were
prepared according to usual teclmiques (Johansen 1940,
Sass 195 I), stained with safranin or fast green and
mounted in permanent slides with "Permount"
synthetic medium. From the histological sections, 1580
perforated plates were analyzed. The macerate tissue
was prepared with modified Franklin's solution (Berlyn
& Miksche 1976) and stained with safranin. An
Olympus BX-50 photomicroscope with Nomarski
interference contrast was used for some photographs.
For scanning electron microscopy (SEM) samples of
wood were taken in radial section and coated with
gold.

Results

Anatomical description of Bathysa nicholsonii K.
Schum.

Vessels arranged in a diffuse-porous pattern
(figure I), solitary (54%), multiples of 2 (41%),

multiples of 3-4 (5%), angular in outline, tangential
diameter ofvessel lumina (39-)72(-99) ).lm, (22-)31(-41)
vessels per square mm, (760-) 1120(-1570) ).lm vessel
element length, tails present (100%), simple, vestigial
and multiple perforation plates (figure 4), intervessel
pits alternate, polygonal to circular, (3-)4(-5) ).lm in
diameter, vestured, vessel-ray pits with (5-)9(-15) ).lm
in diameter, circular to elongated with coalescent
apeltures. Axial parenchyma absent (figure I). Rays
uniseriate (34%), multiseriate 2-4 cells wide (32%),
5-10 cells wide (34%) (figure 2), variable height
(0.18-)0.89(-1.79) mm, fused rays (1.97-)3.23
(-5.57) mm, (5-)9(-13) rays per millimeter,
heterocellular with 2-13 marginal rows ofupright and!
or square cells (figure 3), compartmented rays by fibres
(4%), sheath cells (figure 2 arrow). Perforated ray
cells isolated with multiple perforated plates and
bordered pits similar to the intervessel pits (figure 14,
15). Fibres (25-)34(-46) ).lm diameter, with bordered
pit (2.4 ).lm on average), thick-walled (7-) IO(-20) ).lm
(87%), septate (figure 2 arrowhead), length
(0.66-) 1.64(-2.19) mm. Pith fleck present (figure 3).

Perforation plates

A great variation was observed in the perforation
plates as compared to the type of simple perforation
occurring in most of the vessel elements. Such
variation ranges from a form atypical simple, with
reniform aspect, to multiple forms (figure 4). Among

Figures 1-3. Wood sections of Balhysa nicholsonii. I. Transverse section, parenchyma absent. 2. Tangential section, uniseriate and
multiseriate rays, sheath cells (arrow), septate fibre (arrowhead). 3. Radial section, heterocellular rays and pith fleck (arrow). Scale bars

= 100 ~m.
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Figure 4. Vessel elements of Balhysa nicholsonii, showing variation on perforated plates.

the observed plate types, there is one with two great
simple reniform plates, where the concavities are
disposed one in front of the other (1.3%) (figure 5).

Another type presents a structure, most of the
times circular, centrally positioned in the area of the
perforation plate, and linked to its border by means of
a stalk of variable size (7.6%) (figures 6,8-11). This
type is easily identified in morphologically reminding
an operculum in the opening of the plate, not
occupying, however, the whole perforation area.

Another type, reniform, possibly just represents
a vestigial stage ofthe structure previously mentioned
(6.3%) (figures 7, 12).

The multiple type, formed by the presence of
several simple plates (circular or elongate) of reduced
size (14.6%) (figure 13), can be observed in the
extremities ofvessel elements, as well as in perforated
ray cells (figures 14, 15).

The atypical forms may be present in both
extremities of the vessel element or in only one of
them (figure 4).

Discussion

Koek- oor-man (1977) differentiates two types
ofsecondaly xylem in rubiaceous wood: I) xylem with
fibre-tracheids, axial parenchyma apotracheal, vessels

mainly solitary and narrow rays with long uniseriate
margins; II) xylem with septate libriform fibres, axial
parenchyma absent or scanty paratracheal, vessels in
short radial multiples (2-4 or more) and solitary, rays
wider, with few rows of upright/square ray cells. The

Figures 5-7. Macerated tissue in Nomarski interference contrast.
5. Two simple reniform plates, with the concavities one in front
of the other. 6. Perforated plate with like-operculum structure. 7.
Vestigial reniform perforated plate. Scale bars = 50 11m.
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wood of B. nicho/sonii is type II. Based on this
characteristic, Jansen et al. (2002) suggested the
exclusion of Bathysa from Rondeletideae,
characterized by wood type I.

The absence of axial parenchyma in
B. nicho/sonii was mentioned by Metcalfe & Chalk
(1950), who pointed out that in the Rubiaceae the
parenchyma absence happens in those species with
septate fibers, as observed in this work.

The tendencies of special ization of the
perforation plates in dicotyledons woods were
observed by Frost ( 1930a, b). According to those

Figures 8-12. Radials sections ofBathysa nicholsonii in scanning
electron micrograph. 8. Two perforated plates with like
operculum structure (arrows) and one vestigial reniform plate.
9-1 I. Perforated plate with like-operculum structure; observe
the wide to narrow operculum joining with the rim. 12. Two
simple perforated plates and two vestigial reniform perforated
plates (arrows). Scales bars: figures 8 and 12 = 50 /lm; figures
9-11 = 10 /lm.
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Figures 13-15. Macerated tissue of Bathysa nicholsonii. 13. Two
vessel elements with multiple perforated plate. 14-15. Perforated
ray cells with multiple perforated plates. Scales bars: figures 13
and 15 = 50 /lm, figure 14 = 30 /lm.

tendencies, the simple perforation plates were
developed from the scalariform perforation plates
by gradual losses of bars. In B. nicho/sonii it is
possible to find a similar pattem ofperforation plates
when observing the sequence exhibited in figures
5-7. Here, the type with two great simple reniform
plates, disposed face to face (figure 5), would be a
primitive stage and the one reminding an operculum
(figure 6) together with the vestigial type (figure 7)
would be an intermediary, previous to the final
simple perforation plate stage.

In B. meridiona/is, Ceccantini & Angyalossy
Alfonso (2000) found two or even three perforation
plates in perforated ray cells, and although they found
mostly one (96%) or rarely two perforation (4%) on
each end of vessel elements, the authors suggested
that they are the most frequent connection with
perforated ray cells, since the occurrence of the latter
is also small. In B. nicho/sonii, the frequency of
vessel element with multiple perforated plates is 14.6%,
and the occurrence of the perforated ray cells is
visually very common, and should be nearly the same.

Rudall (1982) had already suggested that, in
Canthium barbatum most of the irregular types of
perforation plates occur where a vessel passes through
a ray. Tn B. nicho/sonii the multiple type ofperforation
plates formed by some simple plates suggests they



are related with the perforated ray cells since the first
occur in the end of vessel elements and in perforated
ray cells.

In B. nicholsonii 30% of perforated plates are
unusual. The multiple perforated plates, related to
perforated ray cells, present the largest occurrence
(figure 13). The most primitive type is also the most
rare (figure 5), and those considered intermediary
forms are practically equal in occurrence (figures 6,
7). The presence of perforated plates resembling an
operculum (figure 6) is recorded here for the first time
in literature.

Literature cited

Anderson, L. 1992. A provisional checklist of eotropical
Rubiaceae. Scripta Botanica Belgica I: 1-199.

Berlyn, G.P. & Miksche, J.P. 1976. Botanical
microtechnique and cytochemistry. The Iowa University

Press, Iowa, 326 p.

Ceccantini, G.C.T. & Angyalossy-Alfonso, V. 2000.
Perforated ray cells in Bathysa meridiona/is
(Rubiaceae).IAWAJoumaI21: 77-82.

Frost, F.H. 1930a. Specialization in secondary xylem of
dicotyledons. I. Origin of vessel. Botanical Gazette
89: 67-94.

Frost, F.H. 1930b. Specialization in secondary xylem of
dicotyledons. II. Evolution of end wall of vessel
segment. Botanical Gazette 90: 198-212.

Germano Filho, P. 1998. Estudos taxonomicos do genero
Bathysa C. Presl (Rubiaceae, Rondeletieae) no Brasil.
Rodriguesia 50: 49-75.

Giulietti, A.M., Menezes, N.L., Pirani, J.R., Meguro, M.
& Wanderley, M.G.L. 1987. Flora da Serra do Cip6,
Minas Gerais: Caracteriza<;:ao e lista das especies.
Boletim de Botanica, Universidade de Sao Paulo 9:
1-151.

Hogeweg, P. & Koek-Noorman, J. 1975. Wood anatomical
classification using interative character weighting. Acta
Botanica eerlandica 24: 269-283.

mc (International Union for Conservation ofNature and
atural Resources) 1995. IUCN Red List Categories.,

IUC , Gland, 21 p.

Jansen, S., Robbrecht, E., Beeckman, H. & Smets, E. 2002.
A survey of systematic wood anatomy of Rubiaceae.
IAWAJournaI23: 1-67.

Johansen, D.A. 1940. Plant microtechnique. McGraw Hill,
New York, 528 p.

A.E. Luehi: Perforation plate in Balh)'sa nicholsonii 125

Koek- oorman, J. \969a . A contribution to the wood
anatomy of South American (chiefly Suriname)
Rubiaceae. I . Acta Botanica Neerlandica 18: 108-123.

Koek-Noorman, J. 1969b. A contribution to the wood
anatomy of South American (chiefly Suriname)
Rubiaceae. II. Acta Botanica eerlandica 18: 377-395.

Koek-Noorman, J. 1910. A contribution to the wood
anatomy of the Cinchoneae, Coptosopelteae and

aucleeae (Rubiaceae). Acta Botanica eerlandica
19: 154-164.

Koek-Noorman, J. 1972. The wood anatomy ofGardinieae,
Ixoreae and Mussaendeae (Rubiaceae). Acta Botanica

eerlandica 21: 301-320.

Koek- oorman, J. 1976. Juvenile characters in the wood
of certain Rubiaceae with special reference to Rubia
fruticosa Ail. IAWA Bulletin 3: 38-42.

Koek- oorman, J. 1977. Systematische Holzanatomie
einiger Rubiaceen. Berichete der Deutschlands
Botanisches Gesselschaft 90: 183-190.

Koek-Noorman, J. 1980. Wood anatomy and classification
of Henrique::ia Spruce, P/atycarpum Humb. et Bonpl.
and G/easonia StandI. Acta Botanica Neerlandica
29: 117-126.

Koek- oorman, J. & Hogeweg, P. 1974. The wood anatomy
of Vanguerieae, Cinchoneae, Condamineae and
Rondeletieae (Rubiaceae). Acta Botanica eerlandica
23: 627-653.

Luchi, A.E. 1990. Estudo anatomico do lenho em especies
de mata ciliar da Serra do Cip6 (MG). Disserta<;:ao de
Mestrado, Universidade de Sao Paulo, Sao Paulo, 137 p.

Metcalfe, C.R. & Chalk, L. 1950. Anatomy of the
Dicotyledons, Clarendon Press., Oxford, v.1 and 2,
1500 p.

Meylan, B.A. & Butterfield, B.G. 1975. Occurrence of
simple, multiple, and combination perforation plates in
vessels of New Zealand woods. ew Zealand Journal
of Botany 13: 1-18.

Ohtani, J. 1984. SEM observations on perforation plates
in some Rubiaceae (Abstract). IAWA Bulletin new
series 5: 166.

Robbrecht, E. 1988. Tropical woody Rubiaceae.
Characteristic features and progressions. Contributions
to a new subfami1ial classification. Opera Botanica
Belgica I: 1-272.

Rudal, E. 1982. An unusual type of perforation plate in
Canlhiul11 barbalwl1 (Rubiaceae). IAWA Bulletin new
series 3: 127-129.

Sass, J.E. 1951. Botanical Microtechnique. The Iowa State
College, Iowa, 228 p.






