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RADIAL VESSELS AND SERIES OF PERFORATED RAY CELLS IN ANNONACEAE 

by 

Paulo Cesar Botosso* and Aracely Vidal Gomes** 

Summary 
During research on the wood anatomy of the 

Annonaceae from Santa Catarina State, Brazil, 
radial vessels and/or series of perforated ray 
cells were observed in the following species: 
Annona glabra L., Annona cacans Warm. var. 
glabriuscula R.E. Fries, Duguetia lanceolata St. 
Hil., Guatteria australis St. Hil., Rollinia emar
ginata Schlecht., and Rollinia exalbida (VeIl.) 
Mart. 

During research on the wood anatomy of the 
Annonaceae from Santa Catarina State, Brazil 
(Botosso, in prep.), special features were ob
served in rays of some of the species studied: 
the occurrence of radial vessels, as short radial
ly oriented connections between two axial ves
sel segments, and the presence of series of per
forated ray cells. 

No previous reports of the presence of these 
features in this family have been found in the 
literature. 

The first observations about the existence of 
radial vessels were made by Van Vliet (1976, 
1979) in Combretaceae, in Combretum, Quis
qualis, Calopyxis, Guiera, Thiloa, and Calycop
teris. The radial vessel pattern found in Anno
naceae differs greatly from that observed in 
Combretaceae by Van Vliet. 

In the following species of Annonaceae, ra
dial vessels and/or perforated ray cells were 
observed: Annona glabra L., Annona cacans 
Warm. var. glabriuscula R.E. Fries, Duguetia 
lanceolata st. Hil., Guatteria australis St. Hil., 
Rollinia emarginata Schlecht., and Rollinia ex
alb ida (Veil.) Mart. (Table 1). Up to now, these 
special features were not found in samples of 
Rollinia sericea R.E. Fries, Rollinia silvatica 
R.E. Fries, Porcelia macrocarpa (Warm.) R.E. 
Fries and Xylopia brasiliensis Spr. 

In xylem of Annonaceae, rays can vary wide
ly in type and size; they are usually homogene
ous to slightly heterogeneous. Uniseriate rays 

are less frequent than multiseriate ones. These 
latter are predominantly composed of procum
bent cells of small diameter and with margins 
usually of one row of larger procumbent or 
square to slightly vertically elongated cells. On 
the genus level, multiseriate rays show consid
erable variation in width, height and cell size. 

Radial vessels were only observed in multi
seriate rays. They were generally found to link 
two radially displaced axial vessel segments by 
means of simple perforations in the tangential, 
horizontal or radial wall of terminal cells. 

The number of radial vessel elements ob
served varied from one, in Duguetia lanceolata 
and Rollinia exalbida, to 2-5 cells in Guatteria 
australis, Annona glabra and Annona cacans 
var. glabriuscula. They are usually arranged in 
descending levels; the upper level cell is con
nected with an axial vessel or vessel segment 
which is closer to the pith; the distal lower 
level cell connects itself with another lower, 
more peripheral axial vessel segment. 

A cross section of Annona glabra (Fig. 1) 
shows a short radial vessel linking two axial ves
sel segments, placed in opposite sides of a ray. 
Pits in lateral walls of radial vessel elements are 
usually bordered, rounded, similar to, though 
smaller than the intervascular pits in axial ves
sels. Some vessel elements, both radial and 
axial, show larger, elongated, scalariform-Iike 
pits. 

In tangential sections of Annona glabra, the 
simple perforation may be seen in the tangen
tial wall of the ray cell (Figs. 2, 3). Radial vas
cular elements may show perforations in tan
gential walls (Figs. 4, 6), in radial walls (Fig. 5) 
or in slightly oblique horizontal walls (Figs. 
6, 7). In Annona cacans var. glabriuscula ra
dial vessels follow the same pattern as those 
described for Annona glabra. 

In Guatteria australis, radial vessels are com
posed of up to 5 cells linked to each other by 
simple perforations in the horizontal walls 
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Fig. 1- 7. Anllona glabra L. - I: Cross section. Short radial vessel (r) connecting :2 axial vessel seg
ments (A, a) on opposite sides of the ray ; x 140. - 2 & 3: Tangential sections. Two biseriate rays 
with a radial vessel element with a simple perforation (arrow) in the tangential wall: 2: x 140; 3: x 
280. - 4: Radial section . Radial vessel (r) composed of 2 vessel elements in one level , connected 
with 2 axial vessel segments (A, a) through perforations in the tangential wall; x 140. - 5: Radial 
section . Short radial vessel (r) composed of :2 vessel elements in two descending levels. The upper 
radial vessel element is linked to an inner axial vessel segment (A) and to the lower radial vessel ele
ment through simple perforations in oblique horizontal walls (arrows). The lower radial vessel ele
ment is connected with another more peripheral axial vessel segment (a) through a simple perfora
tion (arrow) in the radial wall. Note the scalariform-like pits (S) in the inner axial vessel segment (A): 
x 140. - 6: Radial section. Radial vessel (r) composed of radial vessel elements in descending 
levels , linked through perforations in tangential or slightly oblique horizontal walls (arrows). Note 
scalariform-like pits (S) : x 140. - 7: Tangential section. Multiseriate ray with 2 radial vessel ele
ments (r), connected by a simple perforation in the horizontal wall (arrow): x 140. 
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Table I. - Species of Annonaceae from Santa Catarina State, Brazil, where radial vessels and/or 
series of perforated ray cells were observed. 

Species Provenance Collectors Number Radial vessels Perforated ray cells 
of 

samples 

Annona glabra Tijucas Reis& 4 2-5 radial vessel 
Botosso 264* elements 

Annona cacans 
var. glabriuscula Canelinha Reis s.n. 2-5 radial vessel 

elements 

Duguetia lanceolata Canelinha Reis& I vascular 2-7 cells in one or 
Botosso 263* element more rows 

Guatteria australis Brusque Reis 259* 2-5 radial vessel 
elements 

Rollinia emarginata Florianopolis Reis& 3 1-3 cells in one row 
Botosso 261 * 

Rollinia exalbida Florianopolis Reis& 2 I vascular 
Botosso 262* element 

* Herbarium vouchers of the species of Annonaceae studied are deposited in the Barbosa Rodrigues 
Herbarium (HBR), in Hajai, and in the Herbarium of Federal University of Santa Catarina, in 
Florianopolis (FLOR), Santa Catarina State. 
Wood samples are deposited in the wood collection of the Forestry Engineering Course of the 
Federal University of Parana (UFPr), in Curitiba, Parana State. 

(Figs. 8-11). Pits in lateral walls are bordered, 
rounded to elliptic, and slightly larger than 
those of the axial vessels. 

Duguetia lanceolata and Rollinia exalbida 
samples showed the shortest radial vascular 
connections, with only one radially elongated 
vascular element joining together two axial ves
sel segments. A radial section of Duguetia lan
ceolata (Fig. 13) shows one radial vascular ele
ment extremity connected with an axial vessel 
through a perforation in the horizontal wall 
and the other extremity connected with another 
axial vessel element through a perforation in 
the oblique, tangential cell wall. 

In Rollinia exalbida (Fig. 12), the radial vas
cular element shows two perforations on the 
opposite radial walls, one on each extremity of 
the cell, where it links together with the two 
axial vessel segments. The radial vascular ele
ment, though perforated on both radial walls, 
is not similar to a 'perforated ray cell', because 
it is radially elongated and the two perforations 
do not coincide. 

Perforated ray cells have been reported as 
normally occurring in several families. Chalk 
and Chattaway (1933) and Carlquist (1960) re-

fer to these cells as 'perforated ray cells'. Mc
Lean and Richardson (1973) use the term 'vas
cular ray cell' for the same structure. In these 
cells perforations were always found in radial 
walls, connecting the ray cell with· two axial 
vessel segments on opposite sides of a ray. The 
perforated ray cell functions as a true vessel 
element and it is like a deviation of the axial 
vessel, which crosses the ray in a tangential di
rection and continues vertically on the other 
side. 

Perforated ray cells were observed in sec
tions of Duguetia lanceolata and Rollinia emar
ginala. In Duguetia lanceolala they occurred in 
multiseriate rays, in one row of 2 to 7 perfora
ted ray cells (Figs. 14-16) or in more than one 
row, composing the tangential connection be
tween two axial vessel segments. In Rollinia 
emarginala (Figs. 17-21), perforated ray cells 
were found both in uni- and multiseriate parts 
of rays, with I to 3 perforated cells. 

The characteristics manifested in these radial 
vascular elements in Annonaceae, such as posi
tion, length and shape of the cells, indicate 
without any doubt their origin from cambial 
ray cell initials. 
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The occurrence of these short radial vessels, 
developing always as a connection between two 
axial vessel segments, and the occurrence of 
rows of perforated ray cells, suggests that this 
pattern may be typical for Annonaceae. In 
view of its world-wide distribution, only a thor
ough study of the species of the family could 
prove this assertion. Another important aspect 
in this research would be the ontogenetic study 
of these species, to obtain some information 
about the differentiation of radial vessels and 
perforated ray cells from cambial initials. A 
more detailed research of the wood anatomy of 
Annonaceae is being carried on and will be dis
cussed in a future paper. 
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Fig. 8-11. Guatteria australis St. Hi!. - 8: Radial section, showing radial vessel (r), composed of 
radial vessel elements in descending levels and joined together by perforations in horizontal walls. 
The first formed radial vessel element is linked with a continuous axial vessel (V), whereas the distal 
lower radial vessel element is connected with a seemingly terminal axial vessel segment (a); x 85. -
9: Radial section. showing radial vessel (r) linked to an axial vessel segment (A) and composed of 5 
descending vessel elements, with perforations in horizontal walls. Note perforation in radial wall of 
central vessel element (arrow), probably connecting it with another axial vessel segment; x 85. -
10: Radial section, showing part of an axial vessel segment (A) and two radial vessel elements (r) 
connected by a simple perforation in the horizontal wall (arrow); x 140. - II: Tangential section. 
showing three radial vessel elements in descending levels,joined together by perforations in horizontal 
walls; x 85. - Fig. I~. Rollinia exalbida (Vel!.) Mart. Radial section, showing a radial vascular ele
ment connected, through simple perforations, with two radially displaced axial vessel segments; x 85. 
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Fig. 13-16. Duguetia lanceolata St. Hil. - 13: Radial section, showing a radial vascular element 
linked to an upper axial vessel segment through a perforation in the tangential wall and connected 
also with another lower, more peripheral axial vessel segment through a perforation in the horizon
tal wall ; x 190. - 14 & 15 : Tangential sections, showing multiseriate rays with perforated ray cells 
in one row. Note in Fig. 14 the displacement of the axial vessel 'traversing' the multiseriate ray. 
Note in Fig. 15 the simple perforations connecting the perforated ray cells; x 190. - 16 : Tangen
tial section of multiseriate ray with perforated ray cells in more than one row; x 190. 
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Fig. 17- 21. Rollinia emarginata Schlecht. _ . 17 & 18: Two serial cross sections, showing one ray 
with two perforated ray cells (arrows) connecting two axial vessel segments on opposite sides of the 
ray; x 190. - 19: Radial section, showing a perforated ray cell with a simple perforation in the 
radial wall: x 190. - 20: Tangential section of muItiseriate ray with one row of three perforated 
ray cells connecting two axial vessel segments on opposite sides of the ray; x 190. - 21 ·: Tangential 
section of muItiseriate ray with one perforated ray cell linking two axial vessel segments; x 190. 

Downloaded from Brill.com05/19/2023 07:30:07PM
via free access


	RADIAL VESSELS AND SERIES OF PERFORATED RAY CELLS IN ANNONACEAE
	Summary
	Acknowledgement
	References


