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WOOD ANATOMY OF JACARANDA (BIGNONIACEAE):
SYSTEMATIC RELATIONSHIPS IN SECTIONS MONOLOBOS AND
DILOBOS AS SUGGESTED BY TWIG AND STEM WOOD RAYS
by
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SUMMARY

This report provides a generic description of the stem wood anatomy of
15 species of Jacaranda from sections Monolobos and Dilobos. In Monolobos (excluding J. copaia), the rays are homocellular and exclusively
uniseriate, occasionally with a small biseriate portion. In Dilobos, the
rays are heterocellular and 2-3(-4) cells wide. To verify the differences
in ray structure, 27 species of twig specimens were examined and compared with stem specimens of the same section. The wood anatomy corroborates morphological evidence that suggests partitioning of Jacaranda
into two distinct sections and supports the hypothesis that section Dilobos
is primitive. The wood anatomy of Jacaranda copaia is distinct from
that of other species in the genus. The vessels are larger in diameter and
fewer per square millimetre, the vessel elements and fibres are longer,
and the number of cells per parenchyma strand is higher. In addition, the
rays are fewer per millimetre, taller, and homocellular to slightly heterocellular, with one irregular row of square cells, 2-3(-4) cells wide.
Jacaranda copaia seems to be intermediate between sections Monolobos
and Dilobos.
Key words: Bignoniaceae, Jacaranda, section Monolobos, section
Dilobos, wood anatomy, rays.
INTRODUCTION

Jacaranda Jussieu is a neotropical genus in the family Bignoniaceae with 49 species.
Distinctive characteristics of Jacaranda include a staminode that is longer than the
stamens, 3-colpate pollen, and a chromosome number of 18. Jacaranda comprises
shrubs, subshrubs, and medium to large trees with bipinnate leaves. The inflorescence
is a few- to many-flowered terminal or axillary panicle or (rarely) a raceme; the corolla
is blue or blue-purple to magenta, rarely white. Taxonomically the genus is divided
1) The Forest Products Laboratory is maintained in cooperation with the University of Wisconsin. This article was written and prepared by U.S. Government employees on official time,
and it is therefore in the public domain and not subject to copyright.
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into two sections, Monolobos and Dilobos, based on 1- and 2-thecate anthers, respectively. Monolobos has 18 species and is found primarily in the Antilles, Central America,
and western South America. Dilobos has 31 species and is found primarily in subAmazonian Brazil and the adjacent Parank Valley (Gentry 1992).
Jacaranda has not been subjected to comprehensive systematic wood anatomical
study. Most studies have focused on the commercially important J. copaia (Brazier &
Franklin 1961; Fedalto et al. 1989; Kribs 1968; Mainieri et al. 1983; Mainieri & Chimelo
1989; Record & Mell 1924). Record and Hess (1940) briefly described the wood structure of J. copaia and J. rhombifolia (= J. obtusifolia subsp. rhombifolia). Panizza (1967)
described the root, stem, flower, fruits, and seed anatomy of J. caroba, but only briefly
described the secondary xylem. Morawetz (1982) described the wood of J. oxyphylla,
J. montana, and J. copaia. More recently, Gasson and Dobbins (1991) tabulated the
anatomical features of nine Jacaranda species in a comparative wood anatomy study
of trees and lianas in Bignoniaceae. Mohiuddin (1995) studied the wood anatomy of
Jacaranda acutifolia.2
Based on a recent study of the wood anatomy of the tribe Tecomeae, Dos Santos
and Miller (1992) found a distinct difference in ray structure between the two sections
of Jucaranda. At the time of the study, only J. puberula (four specimens) of the section
Dilobos was available. To determine if there were any consistent wood anatomical
differences between Monolobos and Dilobos, we expanded our study to include additional species.
MATERIAL AND METHODS

Forty-eight stem wood specimens representing 15 of the 49 species of Jacaranda were
examined (Appendix 1). Acronyms for wood collections follow Stern (1988). Of the
48 specimens, 36 (10 species) were in Monolobos and 12 (5 species) in Dilobos. Most
stem wood specimens were greater than 40 mm in diameter; the four exceptions are
listed in Appendix 1.
Although the 48 stem wood specimens of Jacaranda were from several major xylaria
and were fairly representative of the species in section Monolobos, we did not have
enough specimens of section Dilobos to support differences that occur primarily in ray
structure. As a consequence, we decided to examine the ray structure of twig wood
from herbarium sheets located at the Missouri Botanical Garden, selecting species in
both Monolobos and Dilobos sections. Fifty-four specimens of twig wood were examined (Appendix 2), representing 5 species (13 specimens) of section Monolobos and
22 species (41 specimens) of section Dilobos. In total, we examined 102 specimens,
representing 12 of 18 species in Monolobos and 24 of 31 species in Dilobos.
Standard techniques were used to prepare permanent microscope slides of stem
wood specimens. For twigs, only radial and tangential sections were made. Stem speci2) According to Gentry (1992), J. acutifolia is endemic to Peru and closely related to J. mimosifolia, which is native to Bolivia and Argentina and also widely cultivated. Therefore, we
assume that specimens originally labelled J. acutifolia and not native to Peru are, in fact,
J. mimosifolia.
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mens were macerated using Jeffrey’s solution. Twenty-five randomly selected cells
were measured for vessel element and fibre length, vessel diameter, and ray height
using a sonic digitizer (Quirk 1981). The IAWA list of microscopic features (IAWA
Committee 1989) was used for terminology and methodology. The anatomical descriptions generally follow Pernia and Miller (1991).
RESULTS

All features in the IAWA list (IAWA Committee 1989) were examined; those features
not specifically mentioned were absent or did not apply. Only stem wood features are
described in the following text and in Table 1. The values for vessels/mm2, vessel
diameter, vessel element length, fibre length, ray height, and rays/mm are ranges of
means. Values for intervessel pit size and ray width are most frequent ranges.
Macroscopic features
Heartwood whitish to grey, not fluorescent. Sapwood colour not distinct from heartwood. Water and ethanol extracts not fluorescent; extracts colourless to a shade of
brown. Burning splinter test full ash, white to grey. Basic specific gravity low (less
than 0.40) to medium (0.40-0.74).
Microscopic features
Growth rings generally indistinct to somewhat distinct (delimited by marginal bands);
diffuse-porous (Fig. 1-4). Vessels in short radial multiples and commonly in radial
multiples of 4 or more; 55-136 µm in diameter (Fig. 2-4), in J. copaia 159-261 µm
(Fig. 1); 236-508 µm in element length, in J. copaia 424-703 µm; 7-41 per mm 2, in
J. morii 63-64 per mm2 and J. copaia 3-7 per mm2 (Fig. 1). Perforation plates simple. Intervessel pits alternate, circular, nonvestured; 8-10 µm in diameter, in J. puberula
10-12(-14) µm. Vessel-ray pitting with distinct borders, similar to intervessel pits in
size and shape. Fibres nonseptate; thin- to thick-walled; pits simple to minutely bordered; 638-l193 µm in length, in J. copaia 816-1308 µm. Rays homocellular in section Monolobos (Fig. 5); in J. copaia homocellular to slightly heterocellular with one
irregular row of square cells (Fig. 13); in section Dilobos heterocellular with one to
several marginal rows of upright or square cells and heterocellular with procumbent,
square, and upright cells mixed (Fig. 9). Rays 8-22 per mm, in J. copaia 5-7 per mm.
Rays exclusively uniseriate or with only a small portion biseriate in section Monolobos (Fig. 6); 2-3, occasionally 4 cells wide in section Dilobos (Fig. 10) and J. copaia
(Fig. 14). Ray height 177-442 µm, in J. copaia 315 -733 µm. Storied structure absent.
Paratracheal parenchyma aliform to confluent, forming irregular bands; when aliform,
mostly of the winged type. Banded parenchyma in seemingly marginal bands or in
narrow lines; mostly one cell wide (Fig. 1-4). Axial parenchyma mostly 4 cells per
parenchyma strand, 6-12 cells in J. copaia. Typical prismatic crystals absent; very
small calcium oxalate crystals of different shapes in ray cells of several species of
Monolobos; small crystals in axial parenchyma cells of J. brasiliana; crystals absent in
species of Dilobos.
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DISCUSSION

Anatomically, Jacaranda has a suite of features that delimit the genus. All species are
diffuse porous with a similar vessel and axial parenchyma arrangement. The vessel
elements have simple perforation plates and lack tyloses; the intervessel and vesselray pits are similar in size, shape, and arrangement. The fibres are nonseptate and thinto thick-walled, with pits simple to minutely bordered. Axial parenchyma is typically
aliform (winged type) to confluent, forming irregular bands, and apotracheal banded
parenchyma is in seemingly marginal bands of one cell wide. Rays and other elements
are not storied. Differences among species are mostly confined to rays.
Both in earlier work (Dos Santos & Miller 1992) and the study reported here, we
observed a distinct difference in ray structure between sections Monolobos and Dilobos, and differences between J. copaia and other species of Jacaranda (see Table 1).
Since J. copaia is distinct, it is discussed separately from the other species in sections
Monolobos and Dilobos.
Jacaranda copaia
Jacaranda copaia is distinct from the other species in the genus (Table 1). The
vessels are larger in diameter and fewer per square millimetre (Fig. l), the vessel elements and fibres are longer, and the number of cells per parachyma strand is higher. In
addition, the rays are fewer per millimetre, taller, homocellular to slightly heterocellular with one irregular row of square cells, and 2-3(-4) cells wide (Fig. 13 & 14).
Our description of J. copaia coincides with descriptions by Record and Mel1 (1924),
Record and Hess (1940), Brazier and Franklin (1961), Kribs (1968), Morawetz (1982),
Mainieri et al. (1983), Fedalto et al. (1989), Mainieri and Chimelo (1989), and Gasson
and Dobbins (1991). Record and Hess (1940) stated that their description is for both
J. copaia and J. rhombifolia (= J. obtusifolia subsp. rhombifolia), and they did not
mention any differences between the two species. On handwritten notes from the
SJRw wood collection files that we attribute to Robert Hess, one specimen (SJRw
27207) is labeled J. filicifolia (= J. rhombifolia = J. obtusifolia subsp. rhombifolia) and
accompanies notes that describe J. copaia. Although Record and Hess (1940) did not
identify the specimens used for their description, it is very likely that their description
of J. rhombifolia was based on SJRw 27207. We examined the unvouchered wood specimen SJRw 27207, which was determined by S. J. Record and collected by L. Junker in
Surinam in 1929, and we conclude that SJRw 27207 is J. copaia.

Fig. 1-4. Transverse sections of stem wood showing vessel distribution and size, and winged
aliform to confluent parenchyma. - 1: Jacaranda copaia, MADw 37924 ( Monolobos) . 2: J. puberula, SJRw 23445 (Dilobos); note faint delimitation of growth ring. - 3: J. caucana,
SJRw 33762 (Monolobos ); note marginal bands of parenchyma. - 4: J. obtusifolia, SJRw 53817
(Monolobus ); note marginal bands of parenchyma. - Scale bar = 500 µm for Fig. 1-4.
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Stem wood differences between sections Monolobos and Dilobos
In section Monolobos, the rays are homocellular and predominantly uniseriate with
a occasional biseriate portion (Fig. 5 & 6). In section Dilobos, the rays are distinctly
heterocellular and 2-3(-4) cells wide (Fig. 9 & 10). Morawetz (1982) did not specifically comment on the wood anatomical differences in sections of Jacaranda, but he
did remark that J. oxyphylla, J. montana, and J. copaia can be separated on the basis of
their wood anatomical features. He mentioned that rays are heterocellular and 1-3(-4)
cells wide in J. oxyphylla (section Dilobos), heterocellular and 1-2 cells wide in
J. montana (Dilobos), and homocellular and 2-3 cells wide in J. copaia. In general,
Morawetz’s descriptions agree with our descriptions for section Dilobos and J. copaia.
Gasson and Dobbins (1991) also did not mention sections in Jacaranda, but they
presented data for nine species: two species in Dilobos and seven in Monolobos. The
descriptions of all seven species in Monolobos and J. micrantha in Dilobos agree with
our findings. However, our results do not agree with Gasson and Dobbins’ data for
J. glabra, which were based on one specimen originally labelled as J. longiflora (Uw
19329). The three specimens of J. glabra that we examined were collected with herbarium material, and A. Gentry (the late taxonomist of Bignoniaceae) examined the
herbarium material for BWCw 28670 and USw 15495 and confirmed the material to
be J. glabra. We also examined Uw 19329 (collected by Krukoff 1390) and an additional specimen also labelled J. longiflora, USw 9063 (collected by Krukoff 1503),
and both samples appeared to be J. copaia. To further verify our identification, we
consulted Gentry’s database collection and found that he had examined the herbarium
material for Krukoff 1503 and determined it to be J. copaia subsp. spectuabilis. In conclusion, since both Krukoff’s collections were apparently misidentified initially, we
assume that Uw19329, included in Gasson and Dobbins’ (1991) study as J. glabra, is
indeed J. copaia.
Record and Hess (1940) described J. copaia and J. rhombifolia (= J. obtusifolia
subsp. rhombifolia), but they listed J. caeralea (section Monolobos), J. caroba (section Dilobos), and J. copaia in their dichotomous key. In their key, the rays of J. caerulea

Fig. 5-8. Stem and twig wood of section Monolobos. - 5: J. mimosifolia, USw 8299, radial
section of stem showing homocellular rays. - 6: J. mimosifolia, USw 8299, tangential section of
stem showing uniseriate rays. - 7: J. praetermissa, Anderson et al. 36677, radial section of twig
showing homocellular rays. - 8: J. praetermissa, Anderson et al. 36677, tangential section of
twig showing uniseriate rays. - Scale bar = 150 µm for Fig. 5-8.
Fig. 9-12. Stem and twig wood of section Dilobos. - 9: J. glabra, Uw 26265, radial section of
stem showing heterocellular rays with several rows of upright cells. - 10: J. glabra, Uw 26265,
tangential section of stem showing multiseriate rays (2-3 cells wide) with long uniseriate
extensions and interconnected rays. Uniseriate portions often as wide as multiseriate ones. 11: J. glabra, Foster 9382, radial section of twig showing heterocellular rays with several rows
of upright cells. - 12: J. glabra, Foster 9382, tangential section of twig showing multiseriate
rays with uniseriate extensions and interconnected rays. - Scale bar = 150 µm for Fig. 9-12.
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are mostly uniseriate and homocellular, and those of J. caroba are 3-4 cells wide and
heterocellular. Based on Hess’s notes from the SJRw wood collection files, there are
three wood types within Jacaranda: Type 1, based on several specimens of J. copaia
and the misidentified SJRw 27207; Type 2, based on J. acutifolia, J. arborea, J. caerulea, J. mimosifolia, J. sagraeana (= J. caerulea), and two specimens of J. rhombifolia
(= J. obtusifolia subsp. rhombifolia); and Type 3, based on J. caroba and J. semiserrata
(= J. puberula). Hess noted that species in Types 1 and 2 are in Monolobos and species
in Type 3 are in Dilobos and that the rays are the most distinguishing feature among the
different wood types. Rays in Type 1 are “mostly 2-3(-4) cells wide and homogeneous, occasionally with irregular marginal cells,” in Type 2 “uniseriate and homogeneous,” and in Type 3 “1-3 cells wide and distinctly heterogeneous.” Although Hess’s
notes were not published, they support our findings.
In his description of the cultivated J. acutifolia (see footnote 1) from Bangladesh,
Mohiuddin (1995) reported the rays as 1-3(-4) cells wide and ‘heterogeneous’ (mostly
Kribs types II and III). Based on Mohiuddin’s photographs and description, we suggest that his single sample is not J. acutifolia (J. mimosifolia), but rather a species of
Jacaranda in section Dilobos.
Twig wood differences between sections Monolobos and Dilobos
It is well documented in the literature that ray structure changes with cambial age
(e.g., Kribs 1935; Barghoorn 1940, 1941a, 1941b; Chattaway 1951; Carlquist 1962,
1988). As already mentioned, we compared the ray structure of twig specimens from
herbarium sheets with ray structure from stem wood specimens. The largest diameter
for twig specimens was 12 mm. We found no significant difference in ray structure
from pith to bark. For the stem specimens, we studied the outermost part of the stem
whenever possible. We found little or no variation in ray structure between twig and
stem wood specimens.
As in stem wood, rays in twigs of section Monolobos are almost exclusively uniseriate, occasionally with only a small biseriate portion (Fig. 8), and are primarily
composed of typical procumbent cells (Fig. 7). Also as in stem wood, rays in twigs of
section Dilobos are predominantly 2-3 cells wide, occasionally uniseriate (Fig. 12),
distinctly heterocellular (Fig. 11), and often interconnected (Carlquist 1988). In both
twig and stem wood of Dilobos, the uniseriate portion of rays is often as wide as the
multiseriate portion (Fig. 10 & 12).

Fig. 13-16. Stem and twig wood of Jacaranda copaia, SJRw 35952. - 13: Radial section of
stem showing homocellular to slightly heterocellular rays. - 14: Tangential section of stem
showing multiseriate rays (2-3 cells wide). - 15: Radial section of twig showing heterocellular
rays with one to several rows of more or less upright or square cells and very weakly procumbent central cells. - 16: Tangential section of twig showing uniseriate and biseriate rays with
long uniseriate extensions and interconnected rays. - Scale bar = 150 µm for Fig. 13-16.
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Jacaranda copaia shows some additional anatomical differences between twig and
stem wood. The rays in twig specimens are more distinctly heterocellular, with one to
a few rows of upright and/or square cells (Fig. 15). The cells are also frequently mixed
throughout the rays. Rays are 1-2(-3) cells wide (Fig. 16).
Nineteen twig specimens representing six species were selected to compare twig
and stem wood of the same species. One twig specimen of J. copaia (SJRw 35952) represented the same collection as the stem specimen. Comparing twig and stem woods
of SJRw 35952, we found few anatomical differences in ray structure. Likewise, no
significant differences were found between twig and stem ray structure from different
collections of the same species. Because there are no significant differences in ray
structure between twig and stem from the same collection or from the same species but
different collections, we conclude that the ray structure from the twig specimens without a stem collection represents the ray structure of the mature sample.
CONCLUSIONS

Our data support the morphological classification of Jacaranda into sections Monolobos
and Dilobos. Anatomically, J. copaia is distinct from the other species of Jacaranda.
Gentry (personal communication) suggested that J. copaia is morphologically an isolated species within the genus. The wood structure of Monolobos and Dilobos seems
to reflect phylogenetic trends within the genus, supporting Gentry’s position that Dilobos
is presumably more primitive than Monolobos. Trends in ray evolution suggest an
advanced position for Monolobos, which has almost exclusively uniseriate and homocellular rays, and a primitive position for Dilobos, which has wider and heterocellular
rays. Jacaranda copaia seems to occupy an intermediate position between the two
sections.
Our study of twig and stem wood specimens showed that ray structure in Jacaranda
does not undergo much ontogenetic change from primary to secondary xylem. The
paedomorphosis theory states that “in particular woods, features of the primary xylem
are ontogenetically protracted into the secondary xylem” (Carlquist 1988: 292). Thus,
with regard to rays, Jacaranda seems to be a paedomorphic wood.
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APPENDIX 1 - Stem wood material
Section Monolobos

Section Dilobos
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APPENDIX 2 - Twig wood examined for ray structure
Section Monolobos

Section Dilobos
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