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WOOD ANATOMY OF TREES AND SHRUBS FROM CHINA. I. OLEACEAE 

by 

Pieter Baas and Zhang Xinying 
Rijksherbarium, P. O. Box 9514, 2300 RA Leiden, The Netherlands, and Department of Biology, 

Peking University, Beijing, People's Republic of China 

Summary 
The wood anatomy of 34 species belonging 

to nine genera of Oleaceae, native or common
ly cultivated in China, is described in detail, 
and a key to the identification of the genera is 
given. The diversity in wood structure supports 
the grouping of genera as based on a worldwide 
wood anatomical survey of the family by Esser 
and Van der Westen (1983) and Esser et al. 
(in preparation). Characters to separate these 
groups are type of imperforate tracheary ele
ments (libriform fibres or fibre-tracheids), ves
sel distribution and grouping (mainly solitary 
or mainly in multiples; in an oblique to den
dritic pattern or not), presence or absence of 
vascular tracheids, presence or absence of pa
renchyma bands (mostly marginal), and vessel 
wall sculpturing and intervessel pit size. 

Within Chionanthus s.1. (i.e., Linociera Sw. 
and Chionanthus L. s. s.) there is an abrupt and 
significant set of wood anatomical differences 
between the species previously treated in Lino
ciera (diffuse-porous, small intervessel pits, spi
ral vessel wall thickenings and vascular tracheids 
absent) and Chionanthus retusus (vessels in an 
oblique to dendritic pattern, large intervessel 
pits, spiral vessel wall thickenings and vascular 
tracheids present). In Olea a similar wood ana
tomical diversity exists, but here the differences 
are less abrupt. 

In its ecological wood anatomy, the Oleaceae 
from China largely follow general trends: the 
taxa from mesic (sub)tropical provenances tend 
to have longer vessel members, and wider and 
less frequent vessels than their relatives from 
more temperate or seasonally dry habitats; spi
ral vessel wall thickenings are largely restricted 
to the temperate species. 
Key words: Oleaceae, China, systematic wood 

anatomy, ecological wood anatomy, wood 
identification. 

Introduction 
Despite numerous earlier studies, the wood 

anatomy of the rich and diverse flora of China 
is relatively poorly known. Publications by 
Kanehira (1921), Tang (1932,1933,1935,1973), 
Yu (1948, 1952), Cheng (1958) and Ho (1985) 

are very important contributions to the knowl
edge of wood structure of Chinese trees, but 
are often restricted to a limited region, to com
mercial species and / or to lens characters only. 
In a co-operative project between the Depart
ment of Biology of Peking University (Beijing) 
and the Rijksherbarium (Leiden), it will be at
tempted to survey the wood anatomy of the 
trees and shrubs of China family by family. The 
main aims of this project are to increase our 
knowledge of the wood anatomy of an impor
tant flora, to provide possibilities for micro
scopic wood identification, to analyse the wood 
anatomical diversity for any patterns of rele
vance to systematic botany or ecological wood 
anatomy, and to provide descriptive informa
tion which may be of potential importance to 
timber technology and wood science in general. 
Although ambitious in its basic outline, limita
tions of this project are many, and are caused 
by such practical problems as obtaining suffi
cient well authenticated wood samples of the 
immense area involved and by the restricted 
availability of staff to carry out the extensive 
microtechnical and research work. At this stage 
it is impossible to cover all species comprehen
sively and to analyse infraspecific variation for 
most species studied. Yet we hope that this 
project will provide useful information for the 
aims outlined above. 

The present study deals with the Oleaceae, a 
family which has been the subject of a world
wide, generic wood anatomical survey at the 
Rijksherbarium in recent years (Baas et aI., 
1984; Esser & Van der Westen, 1983; Esser et 
aI., in preparation; Kiew & Baas, 1984). The 
reader is referred to Esser et al. (in preparation) 
for a comprehensive bibliography of earlier 
wood anatomical literature on the Oleaceae. 
Key surveys were published so far by Kohl 
(1881), Solereder (1899, 1908) and Metcalfe 
and Chalk (1950). 

The project on the wood anatomy of trees 
and shrubs from China is at present continued 
by a survey of the Celastraceae (Zhang Xinying 
& Baas, in preparation). A Chinese translation 
of these papers will also be published. 
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Matedals and Methods 
Wood samples were obtained from various 

institutional wood collections in and outside 
China. Unfortunately most of the wood sam
ples lacked information on simultaneously col
lected herbarium material. As far as possible 
this has been remedied by additional authenti
cated collections by various botanists in China 
(see Acknowledgements). Despite this we had 
in almost all cases no possibilities for an inde
pendent check of the species identification of 
flowering and fruiting materials by a taxonomist 
specialised in the Oleaceae, so that the reliabili
ty of the species names may not be very high. 
We are confident that no generic mistakes are 
included in our research materials: most woody 
genera of the Oleaceae that occur in China can 
be readily identified on the basis of their wood 
structure, and the few unauthenticated speci
mens that did not fit the generic wood anatomi
cal pattern were excluded from this study. In the 
nomenclature we largely followed Iconographia 
Cormophytorum Sinicorum (1974) and recent 
papers by Green (1958) on Osman thus, and 
Stearn (1976) on Chionanthus-Linociera. 

Air-dried samples were boiled, sectioned and 
macerated for light microscopic study in the 
usual way. Bleached and unbleached sections 
were stained in a safranin-haematoxylin mix
ture. Macerations obtained after incubation in 
a hydrogen peroxide/glacial acetic acid mixture 
were stained with astra blue. Small blocks ex
posing transverse, radial and tangential surfaces 
were prepared for scanning electron microscopy 
(SEM) according to Exley et al. (1977). 

Conventions followed for determining quanti
tative values and terminology used are explained 
in a note preceding the generic description. 

Wood an~tomical descriptions 

Explanatory notes 
In the descriptions a more or less consistent 

sequence has been adopted to secure compara
bility between genera. If within a genus the 
wood anatomical variation is small or continu
ous and overlapping between the species, a 
single generic description is given. In several 
cases a table listing selected wood anatomical 
characters for individual specimens is added to 
document the full ranges of infrageneric and 
infraspecific variation observed. 

The sequence adopted for the descriptions is 
as follows: 

I) Growth rings: presence or absence and/or 
distinctness. 

2) Porosity: diffuse-porous, semi-ring-porous, 
ring-porous and/or in a radial or oblique to 
dendritic pattern. 
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3) Vessel frequency, grouping, shape, diam
eter and vessel wall thickness. Frequency, i. e., 
number per square mm, was determined by 
counting all vessels individually (as opposed to 
counting each multiple as a single pore). Per
centage of solitary vessels was calculated as the 
proportion of solitary vessels in relation to the 
total number of vessels (cf. Wheeler, 1986). 

In woods with vascular tracheids surround
ing the vessels as in Chionanthus s.s. and Os
manthus, it is impossible to distinguish between 
narrow vessels and tracheids in cross section. In 
those instances only the distinct vessels (pores) 
were counted. The number of I square mm fields 
in which counts were made varied from 2-10, 
but at least 100 vessels were counted for each 
specimen. Tangential vessel diameter, including 
the walls, was measured in 25 vessels of each 
specimen. Maximum radial vessel diameter was 
measured in the largest vessel to give an impres
sion of the radial elongation of the usually 
oval-shaped pores. Data on inside vessel diam
eter, relevant for considerations of conductive 
efficiency, can be derived by subtracting twice 
the average vessel wall thickness from the aver
ages for total vessel diameter. 

4) Vessel member length, based on 25 mea
surements in macerations, and including tails or 
ligules if presen t. 

5) Type of perforation plate. 
6) Vessel wall pitting: type, arrangement, 

shape, size and vesturing (if present), of inter
vessel, vessel-ray and vessel-parenchyma pits. 

7) Vessel wall sculpturing (mainly spiral 
thickenings), if present. 

8) Vessel contents and/or tyloses, if present. 
9) Imperforate tracheary elements: tracheids, 

fibre-tracheids and/or libriform fibres. For the 
definition of vascular tracheids the Multilingual 
Glossary of Terms (lAWA Committee, 1964) 
was followed. Vascular tracheids, intergrading 
with very narrow vessel elements occur in a 
number of Oleaceae, and are always in a vasi
centric position. 'Typical' vasicentric tracheids 
in the definition of the IAWA Glossary (i.e., 
short, irregularly-formed tracheids bordering 
on normal vessels as for instance occur in Quer
cus) ore absent from the Oleaceae, but in Fon
tanesia the imperforate elements surrounding 
the vessels have more numerous and larger bor
dered pits than the ground tissue fibre-tracheids. 
For the separation of fibre-tracheids and libri
form fibres a strongly modified version of the 
IAWA definitions was followed. In our defini
tions, fibre-tracheids are fibres with distinctly 
bordered pits (pit borders 3 iJJTI or larger) com
mon to both radial and tangential walls,. and 
libriform fibres have simple to minutely bor
dered pits (borders less than 3 jJ.m) largely con-
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fined to the radial walls. In most woody plants, 
including the Oleaceae from China, fibres can 
unambiguously be classified as either libriform 
fibres or fibre-tracheids, using these definitions. 
For any intermediate fibre type (e.g. with mi
nutely bordered pits common to both radial 
and tangential walls) we recommend the neutral 
term 'fibre' with a precise description of pit 
size and distribution. These definitions of im
perforate tracheary elements deviate from the 
recommendations by Bailey (1936) and Carl
quist (1984,1985,1986) and follow suggestions 
by Baas (1985, 1986a). 

Fibre wall thickness is indicated according to 
ChattawilY (1932) and Van Vliet (1976). Fibre 
length is based on 25 measurements. Septation 
and spiral thickenings are only described when 
present. 

10) Axial parenchyma distribution following 
widely accepted definitions of various types of 
apotracheal and para tracheal parenchyma. The 
term marginal parenchyma is used for terminal 
or initial parenchyma bands associated with the 
growth rings. The vaguer term 'zonate bands' is 
used for parenchyma bands which seem related 
with growth periodicity but not necessarily 
with annual rings (e.g. in some tropical species). 
Parenchyma strand length was determined in 
tangential sections and incompletely macerated 
material. 

II) Ray frequency, size and type. Frequency 
was determined in tangential sections, counting 
the number of rays intersecting a horizontal 
line of I mm (25 counts per sample). Ray size 
was expressed in number of cells (width and 
height) as well as mm for maximum height. Ray 
type was classified according to Kribs (1950, 
1968). 

12) Crystals: relative size, shape and distri
bution. Many Oleaceae are characterised by mi
nute crystals (1-3 J..llll in width, variable in 
length) of the most diverse shapes, defying any 
attempt at detailed description. In those cases 
only the most common types and shapes are 
listed, with reference to SEM illustrations, also 
showing less conventional types. 

If appropriate, notes on the taxonomy and 
wood anatomical separation of species or related 
genera follow the individual descriptions. 

Chionanthus L. (incl. Linociera Sw.) (Table I) 
Chionanthus L. has become a very hetero

geneous assemblage wood anatomically since 
Stearn (1976) sank Linociera into this genus. 
The temperate C. retusus differs markedly from 
the tropical species formerly treated as Lino
ciera. Therefore two separate descriptions are 
given. 
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Chionanthus A. (Linociera) (Figs. 1-7) 
Material studied: C. hainanensis Merr. & 

Chun, Hainan: Guangdong Institute of Forest
ry, s. n. - C. macrophyllus Wall., Hainan: For
estry Institute Beijing W 12957.* - C. ramif/o
rus (Roxb.) Wall., Hainan: Forestry Institute 
Beijing W 12891; Guangdong Institute of For
estry 108620. 

Evergreen trees or large shrubs from everwet 
or seasonal tropical forests at low altitude. 

Growth rings faint to distinct. Vessels dif
fuse, 15-20/mm 2, 8-40% solitary, remainder 
in radial multiples of 2-4( -6), round to oval 
or slightly angUlar, tangential diameter 70-110 
(40-160) J.Lm, radial diameter up to 160-175 
J.Lm, walls 3-8 J.Lm thick. Vessel member length 
480-750 (230-1050) J.Lm. Perforations simple 
in oblique to horizontal end walls. Intervessel 
pits faintly to distinctly vestured, alternate, 
round to polygonal, 3-6 J.Lm in diameter, with 
round to slit-like, infrequently coalescent aper
tures. Vessel-ray and vessel-parenchyma pits sim
ilar but half-bordered. Libriform fibres 1080-
1400 (890-1970) J.Lm long, mostly medium 
thick-walled (sometimes thin-walled or thick
walled) with simple to minutely bordered pits 
mainly confined to the radial walls. Parenchy
ma scanty para tracheal to vasicentric or aliform, 
and in 1-3 (-5)-seriate zonate bands (mostly 
marginal), in strands of 4-5 (2-7) cells. Rays 
6-II/mm, 1-3 (in c. hainanensis mostly 1-2) 
cells wide, 4-10 (1-25) cells or up to 0.5 mm 
high, heterogeneous type I to III (cf. Table I). 
Crystals minute, acicular to diamond-shaped 
and rod-like or flattened, sometimes in aggre
gates, in axial and ray parenchyma cells. 
* Note. Chionanthus macrophyllus Wall. from 
Indo-Malesia has been reduced to C. ramif/or,us 
(Roxb.) Wall. by Kiew (1 979a). Since Kiew did 
not study Chinese material of the species, we 
cannot be sure whether C. macrophyllus from 
Hainan should be kept separate from C. rami
f/orus. Wood anatomically there is nothing 
against combining the two species (cf. Table I). 

Chionanthus B (Figs. 8-10) 
Material studied: C. retusus Lindl., with

out locality: SJRw 32026 (leg. Ching Wan) and 
SJRw 48335 (leg. Zhang Yingbo); Yunnan: 
Tang Yao 82. 

Deciduous trees from temperate regions. 
Growth rings distinct. Wood ring-porous, but 

many rings in SJRw 32026 with a 'false' ring 
border marked by marginal parenchyma and 
not by a change in vessel diameter; such false 
rings are infrequent in SJRw 48335 and totally 
absent from Tang Yao 82, which is from a slow
grown stem in which the rings are almost entire
ly composed of earlywood. Latewood vessels in 
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Table I. Distinguishing wood anatomical characters of Chionanthus s.l. Note large differences be
tween Chionanthus A (species formerly treated as Linociera) and Chionanthus B (= Chionanthus s. s.) . 
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Chionanthus A 

C. hainanensis + 480 3-4 1080 9 hell-III + 
C. macrophyllus + 580 4-6 1360 8 hel-II + 
C. ramiflorus 

W 12891 + 540 3-4 1400 7 hel-II + 
108620 + 750 4-5 1300 9 hel-II + 

Chionanthus B 

C. retusus 
Tang Yao 82* + 7-10 + + 10 heIII-ho 
SJRw 32026 + 280 7-9 + + 970 II heIII-ho + 
SJRw 48335 + 300 7-9 + + 870 10 heIII-ho 

* sections available only. 

Legend: + = present; - = absent; measures in J.Lm; ray frequency per mm; ray type: he = hetero-
geneous, roman numbers indicate type according to Kribs (1968); ho = homogeneous (i.e., com-
posed of procumbent cells only). 

an oblique to dendritic pattern and surrounded 
by vascular tracheids in tergrading with narrow 
vessel members. Earlywood vessels 1O-30/mm 2, 

mostly solitary, round to oval, tangential diam
eter 90-130 (40-190) J.Lm, radial diameter up 
to 270 J.Lffi; latewood vessels much more num
erous (over 100/mm2 ), mostly in multiples and 
extensive clusters, angular, tangential diameter 
25-40 (10-60) J.Lm, radial diameter up to 70 
J.Lm. Walls 2-4(-6) J.Lm thick. Vessel member 
length 280-300 (180-470) J.Lm. Perforations 
simple in oblique to almost horizontal end 
walls. Intervessel pits nonvestured, alternate, 
round to oval, rarely polygonal, 7-10 J.Lffi in 
diameter, with oval to slit-like apertures. Vessel
ray and vessel-parenchyma pits similar but half
bordered and smaller (3-6 JJ.m). Spiral thicken
ings well developed, especially in narrow vessels. 
Vascular tracheids, intergrading with narrow 
vessels, numerous in transitional and latewood, 
with spiral thickenings. Libriform fibres 870-
970 (620-1200) f.Lm long, medium- to thick
walled, occasionally very thick-walled, with 
minutely bordered pits mainly confined to the 
radial walls. Parenchyma scanty paratracheal 

and in 1-3-seriate, irregular marginal bands 
(also demarcating false growth rings), in strands 
of 2-4 cells. Rays 9-12/mm, 1-3 cells wide, 
4-12 (1-20) cells or up to 0.4 mm high, heter
ogeneous type III to homogeneous. Crystals 
only found in SJRw 32026, minute, mostly 
acicular, sometimes in aggregates, in ray cells or 
more rarely in axial parenchyma cells. 

Fontanesia Labill. (Figs. 11-14) 
Material studied: F phillyraeoides Labill. 

var. !ortunei (Carr) Koehne (syn. F !ortunei 
Carr), one specimen, cultivated at Beijing. 

Temperate, deciduous shrubs, often culti
vated. 

Growth rings distinct. Wood semi-ring-porous 
to ring-porous. Vessels 75/mm 2, c. 90% soli
tary, remainder in radial to tangential multiples 
of 2-3, oval to angular, tangential diameter 65 
(20-150) J.Lm, maximum radial diameter 170 
f.Lm, walls 1-3 f.Lm thick. Vessel member length 
240 (160-300) J.Lm in earlywood, 350 (230-
480) J.Lm in latewood. Perforations simple in 
oblique to almost horizontal end walls. Inter-
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vessel pits nonvestured, alternate to diffuse, 
round to oval, 4-7 jJ.ill in diameter, with slit
like apertures. Vessel-ray and vessel-parenchyma 
pits similar but half-bordered and somewhat 
smaller. Some of the narrow vessels with fine 
spiral thickenings. Vasicen tric tracheids, in ter
grading with fibre-tracheids of ground tissue 
present in earlywood, sometimes with fine spi
ral thickenings. Fibre-tracheids 760 (570-1 090) 
jJ.ill long, thin-walled in earlywood, medium- to 
thick-walled in latewood, with bordered pits, 
3-6 jJ.ill in diameter, numerous in radial and tan
gential walls. Parenchyma scanty apotracheally 
diffuse and very scanty paratracheal, in 2-4 
(-6)-celled strands. Rays l1/mm, 1-2(-3) 
cells wide, 8-14 (1-20) cells or up to 0.3 mm 
high, heterogeneous type III to homogeneous. 
Crystals very infrequent, usually minute, aci
cular to diamond-shaped, in some of the ray 
cells. 

Not e. The wood anatomy of this single 
specimen agrees closely with that of other spec
imens described in Esser et al. (in preparation). 

Forsythia Vahl (Figs. 15-19) 
Material studied: F. suspensa Vahl, Bei

jing: cult. s.n.; without locality: KJw 19247; 
Hung pi niu Jin: SJRw 32032. 

Temperate, deciduous shrubs. Native in NE. 
and SW. China, also cultivated. 

Growth rings distinct. Wood semi-ring-porous 
to diffuse-porous. Vessels 190-400/mm2, 80-
90% solitary, remainder in mainly oblique to 
tangential multiples of 2-3, angular in cross 
section, tangential diameter 20-30 (10-45) 
/lm, radial diameter up to 65 jJ.ill, walls 2-3 jJ.ill 

thick. Vessel member length 450-570 (200-
730) /lm. Perforations mostly simple in oblique 
end walls, occasionally scalarifonn with 5-9 
(1-16) bars (in 5-10% of the perforations; 
bars sometimes irregular, incomplete, with 
loops, or crossed). Intervessel pits nonvestured, 
alternate to diffuse, round to oval, 5-9 /lm in 
diameter, with slit-like apertures. Vessel-ray 
and vessel-parenchyma pits similar but half
bordered and smaller (3-5 jJ.ill). Spiral thicken
ings well developed. Fibre-tracheids 640-880 
(420-1370) /lm long, medium- to thick-walled, 
with bordered pits, 4-6 jJ.ill in diameter, num
erous in radial and tangential walls, with spiral 
thickenings. Parenchyma extremely scanty, dif
fuse and paratracheal, in 3-7-celled strands. 
Rays 12-16/mm, 1-2(-3) cells wide, 6-14 
(1-30) cells or up to 0.6 mm high, heterogene
ous type I to II. Crystals absent. 

Note: F. viridissima Lind!., another species 
occurring in China and studied wood anatomi
cally by Esser et al. (in preparation) is very sim
ilar to F. suspensa. 
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Fraxinus L. (Figs. 20-26; Table 2) 
Material studied: F. americana L., Xin

jang: Zhai Shihong s.n. (cult.). - F. chinensis 
Roxb. (incl. var. acuminata and var. rhyncho
phylla), Guangdong: Beijing Institute of Forest
ry W 16429 & W 16715; Sichuan: Nanjing For
estry College 211 and Sichuan Institute of F or
estry 113; Anhui: Anhui Agricultural College 
001438; Liaoming: Institute of Forestry and 
Pedology 4419; Jinlin: Nanjing Forestry Col
lege 210. - F. malacophylla Hems!., Yunnan: 
Department of Biology, Sun Yixin University 
s.n. - F. mandshurica Rupr., Hebei: Depart
ment of Biology, Peking University s. n.; Hnlin: 
Beijing Institute of Forestry W 18067. - F. re
tusa Champ., Fujian: Forestry College of Fujian 
237; Sichuan: Sichuan Institute of Forestry 
8318. - F. sogdiana Bunge, Xinjang: Zhai Shi
hong s.n. 

Temperate to subtropical, mainly deciduous 
trees. Only F. malacophylla is evergreen. 

Growth rings typically distinct; faint in F. 
malacophylla. Wood mostly ring-porous, some
times semi-ring-porous, and diffuse-porous in 
F. malacophylla. Vessels 1O-40/mm2 (10-25/ 
mm 2 in earlywood; 20-60/mm2 in latewood), 
20-80% solitary, remainder in radial to oblique 
multiples of 2-3(-5), round to oval, tangen
tial diameter 60-120 (20-290) /lm, radial diam
eter up to 330 /lm, walls 4-8 (2-13) /lm thick. 
Vessel member length 230-480 (130-640) 
/lm, usually somewhat greater in latewood than 
in earlywood. Perforations simple in horizontal 
to oblique end walls. Intervessel pits nonves
tured or vestured, alternate, round or oval to 
slightly polygonal, mostly 3-4 (2-6) /lm in 
diameter, but 5-8 J.Lffi in F. mandshurica, with 
slit-like, often coalescent apertures. Vessel-ray 
and vessel-parenchyma pits similar but half-bor
dered and slightly smaller. Thin-walled tyloses 
present in some of the specimens. Libriform fi
bres 730-1180 (450-1750) /lm long, usually 
thin- to medium thick-walled, occasionally thick
walled, with minutely bordered to almost simple 
pits mainly confined to the radial walls. Paren
chyma mainly paratracheal, vasicentric, alifonn 
to confluent and in marginal bands of varying 
thickness, often including some latewood ves
sels, rarely also apotracheally diffuse, in strands 
of 4-8 (2-11) cells, very rarely fusiform. Rays 
6-II/mm, mostly 1-4 cells wide, in some 
specimens only up to 2 cells wide, 4-25 (1-40) 
cells or up to 0.5 (0.9) mm high, mostly homo
geneous, in some specimens also heterogeneous 
type III, and heterogeneous type II to III in a 
specimen of F. retusa and in F. malacophylla 
(branch sample!). Crystals usually absent, but 
fairly large prismatic crystals present in ray cells 
of F. malacophylla; very minute crystals pres-
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Table 2. Variation in selected wood anatomical characters of Fraxinus. 
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F. americana R 230 3-4 960 1-2 ho (hellI) 
F. chinensis 

W 16429 SR 480 3-4 1100 1-2 ho 
W 16715 SR-R 310 3-4 1170 1-4 ho 
211 R 290 3-4 1100 1-4 ho (hellI) +* 
113 R 280 3-4 1090 1-4 ho + 
001438 SR-R 350 3-4 1180 1-2 ho (hellI) 
4419 R 300 3-4 1060 1-4 ho 
210 R 240 3-4 890 1-3 ho 

F. malacophylla D 330 3-4 770 1-3 hell-III + 
F. mandshurica 

Hebei s.n. R 290 5-7 1080 1-4 ho 
W 18067 R 240 5-8 970 1-4 ho 

F. retusa 
237 SR 370 2-4 1020 1-4 ho (hellI) 
8318 R 300 3-4 840 1-4 ho (hell-III) 

F. sogdiana R 220 3-6 730 1-3 ho (helll) 

* unusual crystals with rounded edges and bright, white birefringeqce. 

Legend: See Table 1; D = diffuse-porous; R = ring-porous; SR = semi-ring-porous. 

ent in ray cells of one specimen of F. chinensis; 
another specimen of this species with unusual, 
brightly birefringent crystals with rounded 
edges in some of the rays. 

Note: Although the infraspecific variation 
in Fraxinus species can be considerable (cf. 
quantitative values for F. chinensis), two species 
can be separated from the others on wood ana
tomical characters: F. malacophylla on account 
of its diffuse-porosity, and F. mandshurica on 
account,of its intervessel pit size (cf. Table 2). 

Not all variation encountered is adequately 
described or recorded in Table 2. Parenchyma 
distribution and frequency is very variable below 
the species level. Much of this variation seems re
lated to growth rate 0. e., ring width). Some sam
ples of F. chinensis with very narrow rings give 
in cross section an impression which is very dif
ferent from that of fast-growing specimens. 

Jasminum L. (Figs. 27-29) 
Material studied: J. primulinum Hems!., 

Yunnan: Yunnan Institute of Forestry s.n. 
Deciduous shrub. 
Growth rings distinct. Wood diffuse- to semi-

ring-porous. Vessels 260/mm 2, 93% solitary, 
remainder in radial to oblique pairs, oval to an
gular in cross section, tangential diameter 20 
(13- 40) J.Ull, radial diameter up to 60 jJ.m, walls 
2-3 J.Ull thick. Vessel member length 350 (210-
450) J.l.m. Perforations simple in oblique end 
walls. Intervessel pits nonvestured, alternate, 
round to oval, 4-6 J.l.m in diameter, with slit
like apertures. Vessel-ray and vessel-parenchyma 
pits similar but half-bordered and slightly smal
ler. Spiral thickenings well developed. Fibre
tracheids 550 (410-710) J.Ulllong, medium to 
thick-walled, with bordered pits of 3-5 J.l.m 
num~rous in radial and tangential walls, and 
with well-developed spiral thickenings. Paren
chyma very scanty paratracheal and apotrache
ally diffuse, in 2-4-celled strands. Rays 19/mm, 
mostly uniseriate, rarely with low biseriate por
tions, 5-9 (1-10) cells or up to 0.3 mm' high, 
heterogeneous type I to II. Crystals absent. 

Not e. The wood anatomy of J. primulinum 
is very similar to that of other erect species of 
Jasminum from outside China, described by 
Esser et al. (in preparation). 

(text continued on page 207) 
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Fig. 1-7. ChionanthusA (Linociera); 1- 4,6,7, C. ramiflorus; S.c. macrophyllus. -1-3: TS, TLS, RLS. 
4: Intervessel wall smooth to weakly vestured. - S: Ibid. with conspicuous vestures especially around 
pit apertures. - 6: Ray cell in TS with crystals of various shapes. - 7: Minutely bordered interfibre 
pits exposed in middle lamella region. - 4-7 SEM ; Bar equals IOO!Lm in figs. 1-3 ; IIJJll in 4-7. 
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Fig. 8- 10. Chionanthus B (s. s.), C. retusus, TS, TLS, RLS. - Fig. 11 - 14. Fontanesia phillyraeoi
des . - II & 12: TS, TLS. - 13 & 14: Crystals in ray cells, SEM. - Bar equals 100 J.lm in figs. 8- 12 ; 
I J.lffi in figs. 13 & 14. 

Fig. 15-19. Forsythia suspensa. - 15: TS. - 16- 19: Radial surfaces showing simple, scalariform 
and irregular perforation plates, SEM. - Fig. 20- 23. Fraxinus, TS. - 20 & 21: Two specimens of 
F. chinensis. - 22: F. mandshurica. - 23: F. maiacophylla, diffuse vessel distribution. - Bar equals 
100J.lm in figs. 15,20-23; 10J.lm in figs. 16- 19. 
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Fig. 24-26. Fraxinus. - 24: F. chinensis, RLS. - 25: F. malacophylla, large crystals in ray cells, 
SEM. - 26: F. sogdiana, tangential intervessel wall with perforation rim, part of vessel pits with 
coalescent apertures. - Figs. 27-29. Jasminum primulinu1n; 27: TS; 28: Vessel with simple perfora
tions and spiral thickenings; 29: Radial cut through fibre-tracheids with spiral thickenings and con
spicuously bordered pits, SEM. - Bar equals 100 JJ.ITl in figs. 24 & 27; 10 Jlm in figs. 25, 26,28 & 29. 

Fig. 30-35. Ligustrum. - 30-33: L. lucidum; 30-31: TS, TLS; 32: RLS with crystals in het~ 
geneous ray; 33: Vessel wall with spiral thickenings and bud-like protrusions (arrowed), SEM: - 34 
& 35: L. japonicum; 34: Vestured bordered pits in a fibre-tracheid, SEM; 35: Nonvestured, minute
ly bordered pit between two libriform fibres, SEM. - Fig. 36-38. Olea glandulifera; 36: TS; 37: 
TLS through parenchyma band; 38: RLS. - Bar equals 100 Jlm in figs. 30, 31, 36-38; 10 JJ.ITl in fig. 
32; 1 JJ.ITl in figs. 33-35. 
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Fig. 39- 46. Olea. - 39- 41: Transverse sections showing radial-oblique to dendritic vessel distribu
tion. - 39 : O. brachiata. - 40: O. dioica. - 41: 0. yuennanensis. - 42: 0. brachiata , radial surface 
showing spiral thickenings on vessel walls and simple perforation, SEM. - 43-45 : O. yuennanensis, 
SEM. - 43 : Radial surface showing narrow vessels with spiral thickenings. - 44 & 45 : Crystals of 
various shapes in ray cells. - 46 : O. dioica, nonvestured intervessel pit, SEM. - Bar equals 100 Jlm 
in figs . 39- 41 ; 10Jlm in figs. 42 & 43; I Jlm in figs . 44- 46. 
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Table 3. Variation in selected wood anatomical characters of Ligustrum. 
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L. devalayanum 290 72 20 
L. japonicum 235 57 35 
L. lucidum 

W 17000 170 55 52 
003325 220 50 40 

L. sinense 190 35 42 

Legend: See Table I. 

Ligustrum L. (Figs. 30-35; Table 3) 
Ma terial studied: L. devalayanum Hariot, 

Yunnan (alt. 2750 m): Department of Biology, 
Peking University s. n. - L. japonicum Thunb., 
Yunnan: SJRw 218.55.-L. lucidum Ait., Guang
dong: Beijing Institute of Forestry W 17000; 
Anhui: Anhui Agricultural College 003325. -
L. sinense Lour., Yunnan: KJw 192. 

Evergreen or deciduous shrubs or small trees 
from temperate regions (high montane in trop
ics). 

Growth rings distinct. Wood diffuse- to semi
ring-porous in L. devalayanum and L. japoni
cum, semi-ring-porous in other species. Vessels 
170-290/mm 2 , 30-70% solitary, remainder in 
radial, oblique or tangential multiples of 2-3 
(-6), angular in cross section, tangential diam
eter 20-50 (10-80) }.Lm, radial diameter up to 
50-120 J..UI1, walls l-2}.Lm thick. Vessel mem
ber length 350-540 (130-730) }.Lm. Perfora
tions simple in oblique end walls. Intervessel 
pits nonvestured or with minute vestures on 
the inside of the pit apertures, alternate to dif
fuse, round to oval, 7-10(-12) J..UI1 in diam
eter, with oval to slit-like apertures. Vessel-ray 
and vessel-parenchyma pits simple or with re
duced borders, 4-10 J..UI1 in diameter. Spiral 
thickenings on vessel walls with bud-like pro
trusions associated with pit apertures (Fig. 33). 
Thin-walled tyloses occasionally present. The 
ground tissue composed of fibre-tracheids 
around the vessels and libriform fibres. Fibre-
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350 620 890 17 
540 740 910 8 

560 860 1140 9 
470 630 840 12 
380 590 820 13 

tracheids 590-860 (360-1040) J..UI1long, me
dium thick-walled, with distinctly bordered 
pits of 5-7 }.Lm numerous in radial and tangen
tial walls and with spiral thickenings, nonsep
tate. Libriform fibres 820-1140 (570-1450) 
J..UI1 long, mostly medium thick-walled, with 
minutely bordered pits mainly confined to the 
radial walls, without spiral thickenings, often 
septate (rarely so in L. devalayanum). Paren
chyma extremely sparse, as isolated paratra
cheal or apotracheal strands of 2- 4 cells. Rays 
8-17/mm, 1-3(-4) cells wide, 6-16 (1-30) 
cells or up to 0.5 mm high, heterogeneous type 
II to III (rarely also I). Crystals fairly abundant 
and relatively large, rhomboidal, cubical, styloid 
or rod-like, one to few per cell, in the rays. 

Not e: The bud-like protrusions on the spi
ral thickenings of the vessel walls have been 
studied ultrastructurally in L. lucidum by Para
meswaran and Vidal Gomes (198 I). These au
thors also reported vestigial vesturing of the 
vessel pits, and referred to the fibrous elements 
around the vessels as vasicentric tracheids. The 
latter term can certainly be defended, but the 
term fibre-tracheid is preferred here, because 
the elements are similar to the ground-tissue 
elements of Syringa and Forsythia, and the pit 
borders are smaller than those of the intervessel 
pits. 

The infrageneric variation recorded in Table 3 
is probably of only very little diagnostic value 
at the species level. 
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Linociera Sw. - See Chionanthus A. 

Myxopyrum Blume - No Chinese material was 
at our disposal of this genus of climbers; its 
wood anatomy will be described by Esser et aI., 
in preparation, on the basis of Males ian material. 

Olea L. (Figs. 36-46; Table 4) 

In Olea from China three wood anatomical 
groups, A, B, and C, can be distinguished. Olea 
is here understood to include Tetrapilus Lour., 
a genus reinstated by Johnson (1957) but not 
recognised in floras of Chinese regions. Accord
ing to Kiew (1979b) Tetrapilus does not de
serve taxonomic status. The wood anatomical 
variation pattern seems to support her view, be
cause it does not coincide with Johnson's treat
ment: Group A is represented by Olea s.s., 
group B by O. hainanensis, which should be 
Tetrapilus according to Johnson; group C con
tains species of both Olea and Tetrapilus in the 
sense of Johnson. It is this taxonomic hetero
geneity of group C which pleads against the 
recognition of Tetrapilus. 

lAWA Bulletin n.s., Vol. 7 (3),1986 

Group A 
Mat e ria 1st u die d: O. europaea L., Yun

nan, cult.: Beijing Institute of Forestry W 17917. 
- O. glandulifera Desf., Himalayas, K-Jw 194. 

Trees, cultivated (0. europaea) or from mon
tane forest (0. glandulifera; ecological details 
not available). 

Growth rings faint to distinct. Vessels dif
fuse, 35-80/mm 2, mainly in radial multiples 
of 2-4( -8) in O. europaea and of 2-13 in 0. 
glandulifera, 2-8% solitary, sometimes in clus
ters, round to oval or slightly angular in cross 
section, tangential diameter 50-60 (40-110) 
!lm, radial diameter up to 120 !lm, walls 3-6 
(-8)!lm thick. Vessel member length 370-550 
(220-650) !J.ill. Perforations simple in oblique 
to horizontal end walls. Intervessel pits non
vestured or very weakly vestured(?), alternate, 
round to oval or polygonal, 3-5 (-6) J..Lm in 
diameter, with round to slit-like apertures. Ves
sel-ray and vessel-parenchyma pits similar but 
half-bordered; in O. glandulifera slightly smal
ler than the intervessel pits. Granular contents 
present in some vessels of both species; in 0. 
europaea solid amorphous contents (gum?) and 
thin-walled tyloses also present in some of the 
vessels. Libriform fibres 800-1320 (520-1710) 

Table 4. Variation in selected wood anatomical characters of Olea . 
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Group A 
O. europaea + 80 50 370 3-5 920 hell + 
O. glandulifera + 35 60 550 3-8 1320 hell-III + 

Group B 
O. hainanensis + 30 70 550 7-11 + ± 1180 hell-III + 

Group C 
O. brachiata + 40 60 500 5-9 + + ±/- 1370 hell 
O. dioica 

580 + 110 40 530 7-10 + + + 1000 hell (I) 
1047 + 100 40 500 6-10 + + + 1060 hell 

O. yuennanensis 
W 18628 + 115 40 450 6-8 + + + 830 heI-III + 
s.n. + 56 60 420 6-8 + + + 930 hell-III + 

Legend: See Table 1. 
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Ilm long, thin- to thick-walled, with simple to 
very minutely bordered pits mainly confined to 
the radial walls. Parenchyma para tracheal and 
in marginal bands: mainly scanty paratracheal 
to vasicentric and marginal bands 3-6(-10)
seriate in O. glandulifera; mainly vasicentric to 
aliform-confluent and marginal bands 1-2-seri
ate in O. europaea. Parenchyma strands of 2-4 
cells. Rays 9-10/mm, 1-3 cells wide in O. 
europaea, 1-4(-5) cells wide in O. glanduli
fera, 6-10 (1-14) cells or up to 0.3-0.5 mm 
high, heterogeneous type II (II to III in O. glan
dulifera). Crystals minute, acicular to rod-like, 
usually many per cell in the rays. 

GroupB 
Mat e ria 1st u die d: O. hainanensis Li 

[= Tetrapilus hainanensis (Li) Johnson], Hai
nan: Zu Zhonghai s.n. 

Evergreen tree of tropical rainforests, at 
medium elevation. 

Growth rings faint. Wood diffuse-porous. 
Vessels 30/mm 2 , 27% solitary, remainder in 
radial multiples of 2-3 (-4), round to oval or 
slightly angular in cross section, tangential 
diameter 65 (30-90) Ilm, radial diameter up to 
120 Ilm, walls 2-7 JJ.ffi thick. Vessel member 
length 550 (280-720) JJ.ffi. Perforations simple 
in oblique to almost horizontal end walls. In
tervessel pits nonvestured, alternate, round to 
weakly polygonal, 7-11 JJ.ffi, with slit-like, oc
casionally coalescent apertures. Vessel-ray pits 
mainly simple and confined to the cross-fields 
with upright marginal ray cells; vessel-paren
chyma pits similar to vessel-ray pits. Thin-walled 
to sclerotic tylosis present in some of the ves
sels. Vessel walls smooth or with fine spiral 
thickenings mainly confined to the tails of the 
vessel members. Librifonn fibres 1180 (830-
1380) Ilm long, mainly thin-walled, with minute
ly bordered pits mainly confined to the radial 
walls. Parenchyma scanty para tracheal to vasi
centric or even alifonn to confluent andin 1-7-
seriate, zonate (marginal?) bands, also scanty 
apotracheally diffuse. Parenchyma strands of 
3-5 cells. Rays 10/mm, 1-2(-3) cells wide, 
4-10 (1-18) cells high, heterogeneous type II. 
to III. Crystals minute, diamond-shaped, rod
like and acicular, in ray and axial parenchyma 
cells, often many per cell. 

Group C 
Material studied: O. brachiata (Lour.) 

Merr. [= Tetrapilus brachiatus Lour.], Hainan: 
Beijing Institute of Forestry W 12984. - O. 
dioica Roxb. [= Tetrapilus dioicus (Roxb.) John
son] , Guangdong: Guangdong Institute of For
estry 580 and 1047 (= Tw 42111). - O. yuenna
nensis Hand.-Mazz., Yunnan: Beijing Institute 
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of Forestry W 18628 and Menyzi County s.n. 
Evergreen trees or large shrubs in everwet to 

seasonal (sub) tropical forests, sometimes at 
high elevation. 

Growth rings distinct. Vessels in a radial
oblique to dendritic pattern, sometimes inter
grading with vascular tracheids (rarely so in O. 
brachiata), 40-120/mm 2, mostly in long radial 
to oblique multiples or clusters, 2-6% solitary, 
angular to oval in cross section, tangential diam
eter 40-60 (20-80) Ilm, radial diameter up to 
80-110 Ilm, walls 2-4 (1-5) Ilm thick. Vessel 
member length 420-530 (210-830) Ilm. Per
forations simple in oblique end walls. Interves
sel pits nonvestured or very weakly vestured, 
alternate, round to polygonal, 7-8 (5-10) Ilm 
in diameter, with slit-like, infrequently coales
cent apertures. Vessel-ray and vessel-parenchy
ma pits half-bordered to simple (the latter con
dition especially in contacts with upright ray 
cells), slightly smaller than intervessel pits, oc
casionally unilaterally compound. Spiral thick
enings well developed. Vascular tracheids rather 
infrequent, intergrading with narrow vessel 
members, very sparse in O. brachiata, with well
developed spiral thickenings. Librifonn fibres 
830-1370 (630-1670) JJ.ffi long, thin- to thick
walled, with minutely bordered pits mainly 
confined to the radial walls. Parenchyma scanty 
paratracheal (to vasicentric in O. yuennanensis) 
and in 1-2( -3)-seriate marginal bands, also 
apotracheally diffuse in O. yuennanensis, in 
strands of 2-4( - 7) cells. Rays 8-1 O/mm, 1-3 
(-4) cells wide, 6-16 (1-30) cells or up to 
0.3-0.5 mm high, mostly heterogeneous II, 
rarely intergrading with heterogeneous I o,r III. 
Crystals absent or present as minute, diamond
shaped, acicular or rod-like crystals in ray cells 
(cf. Table 4). 

Not e. As apparent from the descril?tions 
and Table 4, the three groups of Olea can readi
ly be separated on vessel wall pitting (size of in
tervessel pits and presence or absence of simple 
vessel-ray pits) and vessel distribution. 

Group C resembles Osmanthus, and to some 
extent also Chionanthus B in its wood anatomy. 
However, the amount of vascular tracheids in
tergrading with narrow vessels is lower in Olea 
C. Although O. hainanensis lacks any trace of a 
dendritic vessel pattern, this species could be 
considered as an intennediate between group C, 
with which it shares simple vessel-ray pits and 
large intervessel pits, and Olea A or Chionan
thus A (i.e., the species fonnerly treated as 
Linociera), with which it shares the diffuse ves
sel distribution. The faint spiral thickenings 
confined to some of the vessel element tails 
also constitute an intennediate character state 
in this respect. 
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Table 5. Variation in some selected wood anatomical characters of Osman thus . 
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O. choripetalus 65 45 480 
O. didymopetalus 60 40 400 
O. fragrans 

W 17589 205 30 420 
761 115 30 340 
cult. Beijing 180 20 300 
W 12681 85 25 500 
Zhejing s.n. 50 30 390 

O. marginatus 
003054 160 30 400 
770 65 40 420 
047 120 40 610 

O. matsumuranus 130 55 480 
O. yunnanensis 60 35 410 

Legend: See Table I. 

Osman thus Lour. (Figs. 47-54; Table 5) 
Mat e ria 1st u die d: O. choripetalus Chia 

(in manuscript), Hainan: Guangdong Institute 
of Forestry 108642. - O. didymopetalus Green, 
Hainan: Department of Biology, Sun Yixian 
University 573. - 0. fragrans Lour., Guangxi: 
Beijing Institute of Forestry W 17589; Guang
dong: Department of Biology, Sun Yixian Uni
versity 761; Hebei: cult., Beijing s.n.; Fujian: 
Beijing Institute of Forestry W 12681; Zhejing: 
Department of Biology Hang-Zhou University 
s.n. - O. marginatus (Champ. ex Benth.) Hems!., 
Anhui: Anhui Agricultural College 003054; 
Guangdong: Guangdong Institute of Forestry 
770 and Department of Biology Sun Yixian Uni
versity 047. - O. matsumuranus Hayata, Guang
dong: Department of Biology, Sun Yixian Uni
versity 520. - O. yunnanensis (Franch.) Green 
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6-7 1140 + (fairly big) 
9-10 930 + (minute) 

6-9 1030 + (minute) 
7-8 990 + (minute) 
6-8 900 + (minute) 
6-8 1300 + (minute) 
6-9 1020 + (minute) 

7-9 1130 + (variable in shape and size) 
7-9 1090 + (minute) 

9-11 1250 
8-10 1080 
7-9 920 + (minute) 

(= O. forrestii Rehd.), Yunnan: Department of 
Biology, Sun Yixian University 573. 

Evergreen shrubs or trees from wet to season
ally dry subtropical to temperate regions. 

Growth rings distinct. Vessels in an oblique 
to dendritic pattern and associated with vascu
lar tracheids intergrading with narrow vessels, 
50-205/mm 2, mostly in extensive clusters or 
multiples together with vascular tracheids, 2-35 
% solitary, mostly angular in cross section, tan
gential diameter 20-55 (15-90) J-lm, radial 
diameter up to 40-90 J-lm, walls 2-3 (1-4) J-lm 
thick. Vessel member length 300-610 (140-
800) J-lm. Perforations simple in oblique end 
walls. Intervessel pits nonvestured, alternate, 
mostly round to oval, sometimes also poly
gonal, mostly 6-8 J-lm, in O. didymopetalus, O. 
matsumuranus and specimen 047 of O. margi-

~ 

Fig. 47-54. Osman thus. - 47 & 48: O. fragrans. - 47: TS. - 48: TLS showing libriform ground 
tissue fibres in centre and on the left, and very narrow vessels intergrading with vascular tracheids 
on the right. - 49: O. marginatus, RLS, ray cells with minute crystals. - 50: O. fragrans, crystals in 
ray cell, SEM. - 51: O. choripetalus, crystals in upright ray cell (tangential surface, tracheary 
element with spiral thickenings in the left margin), SEM. - 52 & 53: O. marginatus. - 52: Diamond
shaped crystal in ray cell, SEM. - 53: Radial surface, narrow tracheary element and vessel with 
spiral thickenings, SEM. - 54: O. fragrans, nonvestured intervessel pits, SEM. - Bar equals 100 J-lm 
in figs. 47 & 48; 10 J-lm in figs. 49, 51 & 53; I J-lm in figs. 50, 52 & 54. 
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Fig. 55-60. Syringa oblata; 55-56: TS, TLS; 57: RLS: heterogeneous rays, elongated crystals; 58: 
Vessel wall almost smooth; very faint local thickenings near pit apertures; 59: Local thickenings more 
pronounced; 60: Thickenings almostcontinuous,SEM. - Fig. 61. S. reticulata, two vessels with perfo
ration rims below, thin-walled tyloses above, SEM. - Bar equals 100 JJ.m in 55 - 56, 10 JJ.m in 57- 61. 
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natus 8-11 J.llll in diameter, with oval to slit
like apertures. Vessel-ray and vessel-parenchyma 
pits similar but half-bordered and smaller (3-7 
J.llll), occasionally with reduced borders or even 
simple. Spiral thickenings well developed. Vas
cular tracheids, intergrading with narrow vessels 
associated with vessel clusters and multiples, 
with well-developed spiral thickenings. Libri
form fibres 900-1300 (600-1660) J.llll long, 
usually medium thick-walled, sometimes very 
thick-walled, with simple to minutely bordered 
pits mainly confined to the radial walls. Paren
chyma very scanty paratracheal and in 1-3 
(-7)-seriate marginal bands, very rarely also 
with some apotracheally diffuse strands. Strands 
of 2-4 (1-6) cells. Rays 8-14( -19)/mm, 
1-2 or 1-3(-4) cells wide, 5-10 (1-25) cells 
or up to 0.3-0.5 mm high, typically heterogene
ous II or III, more rarely also including hetero
geneous I or homogeneous rays. Crystals usually 
present, mostly minute and acicular to rod-like 
(1-6 J.llll) but sometimes also diamond-shaped, 
cubical or twinned; bigger (4-16 !lm) and fre
quently rhomboidal or cubical in O. choripeta
Ius; of intermediate size in some specimens of 
O. fragrans; usually several to many per cell, 
most common in ray cells but often also present 
in axial parenchyma. No crystals observed in 
O. matsumuranus and one specimen of O. mar
ginatus. 

Not e. Considering the infraspecific varia
tion in O. fragrans (cf. Table 5), the wood ana-
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tomical variation in quantitative and some quali
tative characters within the genus as recorded 
in Table 5 is probably of little or no diagnostic 
value for recognising species. 

Syringa L. (Figs. 55-61; Table 6) 
Mat e ria 1st u die d: S. microphylla Diels, 

Shanxi: Department of Biology, Peking Univer
sity s.n. - S. oblata Lind!', Hebei: cult. Beijing, 
Zhang Xinying s.n. a & b; Shanxi: Department 
of Biology, Peking University s. n. (alt. 1800 m). 
- S. reticulata (B!.) Hara (= S. amurensis Rupr. 
and S. pekinense Rupr. according to Pringle, 
1983), Hebei: SJRw 23065 and Beijing Insti
tu te of Forestry W 5306; Heilongjiang: Beijing 
Institute of Forestry W 13964. - S. yunnanen
sis Franch., Yunnan: Department of Biology, 
Peking University s. n. (high altitude). 

Deciduous shrubs or small trees of cool tem
perate and / or dry regions. 

Growth rings distinct. Wood diffuse-porous 
to semi-ring-porous in S. reticulata; semi-ring
porous to ring-porous in the other species. Ves
sels 150-430/mm 2 , 80-90% solitary in most 
specimens, but in some only 20-55% solitary, 
remainder in radial, oblique or tangential mul
tiples of 2-3 (-5) or in clusters, angular in 
cross section, tangential diameter 20-50 (10-
60) !lm, radial diameter up to 50-80 J.llll, walls 
1-3(-4)!lm thick. Vessel member length 290-
440 (120-630) !lm. Perforations simple in 
oblique end walls; one multiple, more or less 

Table 6. Variation in some selected wood anatomical characters of Syringa . 
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S. microphylla SR-R 360 20 300 + 750 ± hell-III + (minute) 
S. oblata 

s.n. a SR-R 300 35 290 +,± 580 hell-III + 
s.n. b SR 560 25 420 + 570 hell (I) 
Shanxi s.n. SR-R 330 35 330 + 660 hell-III (ho) + 

S. reticulata 
SJRw 23065 D 140 35 360 950 ho 
W 5306 SR 260 25 340 ± 650 helII-ho + 
W 13964 D 260 50 390 720 hell-lII-ho 

S. yunnanensis R 270 45 250 ± 440 heIII 

Legend: See Tables I and 2. 
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reticulate perforation observed in S. retieulata 
(W 13964); in other material the perforation 
of narrow vessels is sometimes irregular in out
line and with a rudimentary (?) bar-stub on one 
side. Intervessel pits nonvestured to very weak
ly vestured around the apertures, alternate, 
round to oval or polygonal, 7-8 (5-11) p.m in 
diameter, with slit-like apertures. Vessel-ray 
and vessel-parenchyma pits with much reduced 
borders to simple, smaller than intervessel pits, 
4-6 (3-8) pm in diameter. Spiral thickenings 
faint to distinct, or absent from most of the 
vessels; usually most pronounced near pit aper
tures. Thin-walled tyloses often present. Fibre
tracheids 580-900 (360-1210) p.mlong, usual
ly thick-walled (medium- to very thick-walled) 
with distinctly bordered pits of 4-5 (-7) fJID, 
numerous in radial and tangential walls. Part of 
the fibres in S. mierophylla with a reduced 
number of smaller pits and therefore tending to 
the libriform fibre type, and occasionally sep
tate. Spiral thickenings absent from S. retieula
ta, present or absent in other species. Parenchy
ma very sparse to absent, confined to some 
para tracheal or diffuse strands of 2-4 cells. 
Rays 8-12/mm, 1-3(-4) cells wide, 6-12 
(1-25) cells or up to 0.2-0.4 mm high, hetero
geneous II-III or bomogeneous. Crystals absent 
or present in ray cells as medium-sized twins, 
rods, or cubical to rhomboidal crystals in S. re
lieulata and S. oblata; crystals in S. mierophyl
la very minute and acicular to rod-like. Usually 
more than one crystal percell; inS. mierophylla 
crystalliferous cells with verv many crystals per 
cell. 

Not e: Syringa mierophylla stands out on 
account of its tendency for fibre dimorphism, 
in which this species recalls Ligustrum. The un
even nature of the spiral thickenings, which are 
most pronounced near the pit apertures in all 
Syringa species studied also seems to witness 
affinities with Ligustrum which has bud-like 
protrusions on the spiral thickenings near the 
pit apertures. The crystal complement of S. re
tieulata and S. oblata also recalls that of Ligus
trum, but in this respect S. mierophylla stands 
out with its very small crystals. 

Much of the variation recorded in Table 6 is 
probably of no diagnostic value at the species 
level in Syringa. 

Tetrapilus Lour. - See Olea s.1. 

Classification and identification of the Oleaceae 
from China 

The wood anatomical diversity pattern in 
the genera and species native to China coincides 
with the grouping of Oleaceae woods based on 
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the worldwide generic survey by Esser & Van 
der Westen (1983), Esser et al. (in preparation), 
and Baas et al. (1984). This grouping is mainly 
based on vessel distribution and type of ground 
tissue fibres, while parenchyma distribution, 
vessel grouping (mainly solitary or mainly in 
multiples), and presence or absence of vascular 
tracheids around the vessels constitute impor
tant character associations, supporting the clas
sification. In Table 7 this is summarised. As dis
cussed elsewhere (Esser et al., in preparation) 
in greater detail, the groups composed of Ligus
trum and the other genera with fibre-tracheids 
and mainly solitary vessels together probably 
constitute a natural group. For the groups with 
libriform fibres two interpretations are possible: 
I. Together they constitute a natural assemblage 

of which the subtropical to temperate repre
sentatives in Olea and Chionanthus as well as 
Osman thus have developed oblique to den
dritic vessel patterns, associated with vascu
lar tracheids, spiral vessel wall thickenings 
and fairly large intervessel pits in parallel 
evolution. This interpretation has been de
fended by Baas et al. (1984) because through
out the woody dicotyledons, woods with 
similar vessel distribution patterns associated 
with the same suite of other characters has 
evolved in many unrelated taxa from the 
temperate regions. This interpretation is in
escapable if the generic delimitation in the 
Oleaceae as based on morphological charac
ters of the reproductive organs reflects na
tural (i.e., monophyletic) groups. 

2. In the alternative interpretation, the group 
with dendritic vessel distribution is consider
ed monophyletic on account of the unlikely
hood that vessel pattern and associated char
acters arose several times independently in 
the Oleaceae. This would imply that the cur
rent generic delimitation is artificial and that 
major readjustments are necessary: the genus 
Linociera (Chionanthus A) should be rein
stated, and in Olea several species should be 
transferred to another genus. 
At this stage it is impossible for us to choose 

from the above alternatives. Taxonomists are, 
however, urged to consider both possibilities 
seriously in future revision work. For a satisfac
tory generic classification detailed study of the 
Chinese species will be crucial. Here we find 
the heterogeneity in Olea, and it is in a Chinese 
species of Syringa (S. mierophylla) that we find 
some transition in wood structure towards Li
gustrum. 

For further comments on the taxonomy of 
Chinese Oleaceae in relation to their wood 
anatomy, the reader is referred to the notes fol
lowing the descriptions. 
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Ground tissue 

Fibre-tracheids Fibre-tracheids libriform fibres 
+ libriform 

Fontanesia Fraxinus 
.B ~ 

.~ ... 
~ ~ ., = 
o 0 Forsythia Chionanthus A fi ~ ........ 

Ligustrum ".n o 0 !:l .. 
= 9-9.0 ~b 0 ., 00 lasminum Olea A 
.~ ~ .S ;;<0:: ... tt:: .... 1;/ 0 

'" is Syringa OleaB 
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.... ... 
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-0 
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E Chionanthus B 
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1!s 0'" ., ... -:;; 
~ S > ., c:>. 

g..~ OleaC !:l 0 
... <> 

;.::l'" .. » ,D ·c ;;-;: 
0-0 " '" = '" 0 ., Osmanthus ~S -0 

Zonate (marginal) 
Marginal parenchyma absent parenchyma bands 

present 

Most vessels solitary I Vessels mostly in multiples 
(with exceptions!) 

Table 1. Wood anatomical character associations in the Oleaceae from China. The main characters 
for the grouping of genera are given at the top and in the left hand column. Important, but less 
'absolute' characters associated with these are given at the bottom and in the right hand column. 

A dichotomous key to the woods of the Chi
nese Oleac;eae used in this study is given on the 
next page. In this key it has not been attempt
ed to separate individual species, because any 
minute difference (e.g. in crystal complement 
and quantitative characters) would probably 
break down if more specimens were to be 
studied. 

Ecological trends in the woods of Oleaceae in 
China 

The Oleaceae cover a wide range of habitats, 
including tropical rainforests, seasonal tropical, 
subtropical and temperate forests and xeric 
habitats. Within the tropics the Oleaceae cover 
a wide altitudinal range from lowland to sub
alpine. This diversity in climatic regimes must 
be considered in relation with phenological 
variation from evergreen to deciduous and 
from tall trees to small shrubs. 

The Chinese Oleaceae are therefore an at
tractive group to test general hypotheses on 
ecological trends in wood structure as proposed 
by Carlquist (1975,1980,1984), Carlquist and 
Hoekman (1985), Baas (1973, 1976, 1982, 
1986b), Baas et al. (1983), Baas and Carlquist 
(1985) and others. On the other hand, an anal
ysis of trends in individual characters like vessel 
frequency, vessel diameter, vessel member length, 
etc. has a number of pit falls because: 
I. The woods of the Oleaceae show three quite 

different wood structural types, and it may 
be misleading to compare single characters in 
woods with such contrasting hydraulic archi
tectures as for instance Osman thus, Fraxinus 
(ring-porous species), and Forsythia. 

2. The number of specimens studied is relative
ly small, and may be insufficient to eliminate 
'noise' variation due to sampling diversity 
(stem- or branch-wood, etc.). 
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Key to the woods of Oleaceae in China 

la. Vessels in an oblique to dendritic pattern. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
b. Vessels not in an oblique to dendritic pattern ................................... 4 

2a. Wood ring-porous; rays heterogeneous III to homogeneous ........... Chionanthus retusus 
b. Wood diffuse-porous; rays heterogeneous II to III . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 

3a. Vascular tracheids intergrading with narrow vessels common in oblique to dendritic vessel 
groups .......................................................... Osman thus 

b. Vascular tracheids intergrading with narrow vessels rare ......................... Olea C 
4a. Ground tissue at least partly composed of fibre-tracheids .......................... 5 

b. Ground tissue entirely composed of libriform fibres .............................. 8 
Sa. Ground tissue composed of fibre-tracheids only. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6 

b. Ground tissue composed of fibre-tracheids and (mostly septate) libriform fibres. . . . . . . .. 7 
6a. Rays heterogeneous I to II ................................. Jasminum and Forsythia 

b. Rays heterogeneous II to III or homogeneous .................. Fontanesia and Syringa 
7a. Libriform fibres fairly common ........................................ Ligustrum 
b. Libriform fibres very infrequent. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Syringa microphylla 

8a. Wood ring-porous to semi-ring-porous; rays mostly homogeneous (occasionally heterogeneous 
II to III) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Fraxinus 

b. Wood diffuse-porous; rays heterogeneous I to III ............................... ,. 9 
9a. Intervessel pits 7-11 Jllll ........................................ Olea hainanensis 

b. Intervessel pits 3 -6 Jllll .................................................... 10 
lOa. Average vessel member length less than 300 J.Lm . . . . . . . . . . . . . . . . .. Fraxinus malacophylla 

b. Average vessel member length more than 350 J.Lm ... Chionanthus A (Linociera) and Olea A 

3. The ecological data for most specimens were 
very limited, and ecological information often 
had to be gleaned from the floristic literature 
which is often very general in this respect. 

In view of these limitations we therefore re
frain from a detailed statistical analysis of the 
ecological trends in the wood anatomy of Chi
nese Oleaceae, but will consider each genus or 
group of comparable genera against the back
ground of the total range of variation within 
the family. A more detailed analysis based on 
many more specimens will be given in Esser 
et al. (in preparation). 

To put the data for Chinese species in per
spective frequency diagrams are given for ves
sel member length classes, vessel diameter and 
vessel frequency in Fig. 62. Vessel diameter 
and frequency are crucial parameters for the 
hydraulic conductivity of wood. The function
al significance of vessel member length remains 
obscure or at least controversial, but this char
acter has been included in the analysis because 
of its indicator value in both phylogenetic and 
ecological wood anatomy. 

In Fig. 62 separate frequency diagrams have 
been given for the Chinese material and for all 
specimens studied of Oleaceae by Esser et al. 
(in preparation) from the entire distribution 
area of the family plus the Chinese material. It 
appears that in the Chinese Oleaceae, vessel 
members belong more frequently to the very 

short categories of 200-400 J.Lm, vessels belong 
more often to very narrow classes of 20-60 
Jllll, and vessel frequency is more often in the 
high ranges over 80/mm 2 than in the Oleaceae 
as a whole. These trends are in full agreement 
with the general trends outlined below; they 
are due to the fact that in the world sample of 
OJeaceae (c. 160 specimens) the proportion of 
tropical taxa is much higher than in the Chi
nese sample where temperate and subtropical 
species predominate. 

In the diagrams for vessel diameter and vessel 
frequency, distinctly ring-porous species have 
been omitted, because average vessel diameter 
or vessel frequency are not meaningful in a 
functional sense in these woods. 

Compared with frequency distributions of 
vessel member length and vessel diameter of a 
large sample of Dicotyledons (Metcalfe & Chalk, 
1950), the OJeaceae have relatively short vessel 
members and narrow vessel members. The 
former is an indication of the high level of xy
lem specialisation; the weak tendency for ves
sels to be narrower than in woods in general is 
probably due to the inclusion of numerous 
shrubs in the studies on OJeaceae, while Met
calfe and Chalk's statistics were largely based 
on trees. 

In the following discussion of individual taxa 
only some of the general ecological trends will 
be tested, viz.: 
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- In mesic taxa, vessel member length and ves
sel diameter decrease, and vessel frequency 
increases going from tropical to temperate 
latitudes, or from lowland to high montane 
habitats. The incidence of spiral thickenings 
increases from tropical to more temperate, 
seasonal climates. 

- If mesic taxa are compared with xeric ones, 
woods from drier habitats tend to have 
shorter vessel members. Vessel diameter may 
be reduced in arid taxa, or woods of xeric 
species tend to show two vessel diameter 
classes: numerous, very narrow vessels in ad
dition to wide vessels which may exceed 
those ·of more mesic taxa in maximum diam
eter. The incidence of spiral thickenings is 
usually high in arid floras, although not ex
tremely so in desert shru bs. 

Chionanthus 
The genus Chionanthus sensu lato includes 

species from everwet to seasonal tropical forests 
and temperate to subtropical regions. The trop
ical species, all treated as Linociera in floristic 
surveys of China, are wood anatomically very 
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similar and have relatively wide, infrequent ves
sels of long member length. This is in agreement 
the mesic, tropical ecology of these species. 

Chionanthus retusus, from much cooler and 
seasonally drier regions, has a totally different 
wood structure and is thus not directly com
parable to its tropical 'allies'. Yet vessel fre
quency is much higher and the vessel members 
are much shorter than in the tropical species. 
The diameter of the earlywood vessels is com
parable or exceeds that of the diffuse-porous 
tropical species, while the numerous latewood 
vessels are much narrower. The entire syndrome 
of differences between C. retusus and tropical 
Chionanthus in vessel distribution, intervessel 
pit size and presence or absence of spiral thick
enings occurs in a large number of unrelated 
genera with a distribution including tropical 
and temperate regions (Baas et aI., 1984) and 
in this respect C. retusus can be said to follow 
a general ecological trend. 

The ring-porous nature of C. retusus is prob
ably not just an adaptation to its physical, sea
sonal environment, but also related with its 
deciduous habit. 

Vessel diameter (}..un) Vessel frequency (mm-2 ) 
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Fig. 62. Frequency distribution diagrams of average vessel member length (;.tm), vessel diameter 
(j.tm) and vessel frequency (mm- 2 ) in Oleaceae. Solid line: samples from China. Broken line: sam
ples from the entire distribution area of the family. 

Downloaded from Brill.com05/19/2023 07:32:34PM
via free access



218 

Fraxinus 
Like elsewhere in its distribution area Chi

nese Fraxinus is typically represented by de
ciduous trees of temperate to subtropical for
ests which may be seasonally dry or mesic 
throughout the year. These species are all char
acterised by ring-porous woods with relatively 
short vessel members. The variation in element 
length found among the material studied is 
quite limited, with the exception of one sample 
of F. chinensis with an average length of 480 
Jl111 (Table 2). In the absence of field data for 
this species this remains fully unexplained. It 
would be interesting to know whether in F chi
nensis ploidy levels vary, as they do in F ameri
cana (Armstrong & Funk, 1980) and are posi
tively related with vessel member length. 

Fraxinus sogdiana is the most xeric species 
of Chinese Fraxinus studied; it also has the 
lowest value for average vessel member length. 

Fraxinus malacophylla is the only evergreen 
species included in our Fraxinus material. This 
unusual condition is also reflected in its diffuse
porous instead of ring-porous wood structure. 

Olea 
The ecology of the species of Olea is diverse. 

Olea europaea, only cultivated in China, has a 
Mediterranean climate with prolonged dry sum
mers in its native habitat. The ecology of O. 
glandulifera is not precisely known, but is prob
ably more mesic than that of O. europaea (0. 
glandulifera also extends into mesic forests of 
tropical Southeast Asia). The differences in 
wood anatomical characters would be in line 
with such an ecological difference (cf. Table 4 
for values of vessel frequency, vessel diameter 
and vessel member length). Olea hainanensis, 
another diffuse-porous species, can be compared 
with the previous species and is similar in its 
quantitative vessel characters (except for pit 
diameter) to O. glandulifera. Its ecology is 
mesic, tropical. 

The remaining species constitute group C 
with radial/oblique to dendritic vessel pattern, 
vascular tracheids and usually well-developed 
spiral thickenings. Unlike other Oleaceae with 
this character syndrome, this does not seem to 
be related with a temperate or seasonally dry 
ecology (as in Osman thus, Chionanthus B, and 
several temperate Oleaceae outside China, viz. 
Nestegis, Phillyraea, Notelaea): Olea C is from 
tropical to subtropical mesic forests. In a com
parison with the above mentioned, more tem
perate genera the dendritic vessel pattern tends 
to be slightly less pronounced, but in vessel 
member length and vessel frequency there is 
little difference (cf. Tables 4 and 5). 
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More detailed ecological information on the 
species of Olea C would be necessary to evalu
ate the possibly adaptive significance of its 
wood anatomy. Olea brachiata, belonging to 
this group, grows on rocky shores in drier loca
lities than the tropical forest in Peninsular Ma
laysia (Kiew, personal communication), and 
perhaps the Chinese populations have also a 
less mesic ecology than suggested in the very 
general floristic literature available to us. 

Osman thus 
This is a genus of evergreen shrubs from 

everwet to seasonally dry subtropical to mild 
temperate regions. Its character complex of 
dendritic vessel pattern, vascular tracheids and 
well-developed spiral thickenings is shared with 
a number of other, largely temperate Oleaceae 
(see above). 

In its vessel member length Osman thus takes 
a more or less intermediate position in the fam
ily (300-610 J-Lm), but its high vessel frequency 
and relatively low vessel diameter are more in
dicative of a temperate distribution. The varia
tion in quantitative values recorded in Table 5 
is probably related to habit and sample origin 
(thick branch or main trunk) rather than to 
ecological differences between the species or 
individual trees. 

Fontanesia, Forsythia, Jasminum, Ligustrum 
and Syringa 

All the above genera are mainly composed of 
deciduous shrubs of temperate, mesic to xeric 
ecology. Where they occur in the tropics they 
are usually confined to high altitudes (above 
1500 m). Their high vessel frequency, and rela
tively low vessel diameter is in agreement with 
these rough ecological parameters, as well as 
the common presence of spiral thickenings on 
the vessel walls, and usually also on the fibre
tracheids walls. 

Vessel member length ranges from rather 
short (Fontanesia) to 'normal' (other genera), 
irrespective of whether the species are from 
relatively dry (Forsythia, for instance) or mesic 
habitats. In other words, in these genera vessel 
members are often longer than one would ex
pect in Oleaceae of a temperate ecology and 
shrub habit. This absence of any apparent eco
logical trend may be associated with a relatively 
low level of specialisation in vessel distribution 
and fibre tissue; a high percentage of solitary 
vessels and fibre-tracheids are often associated 
with longer vessel elements. Another primitive 
feature: scalariform perforations or rudiments 
thereof is also restricted to this group (Forsy
thia, Syringa). 
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Conclusions 
Wood anatomical variation in the Oleaceae 

from China provides a significant tool for wood 
identification and taxonomic classification. 
Part of the variation can be explained by con
sidering the ecological preferences of individual 
genera or species. This in turn should facilitate 
evolutionary interpretation and the detection 
of functional adaptation. These aspects are not 
typical for the Oleaceae from China, and will 
therefore be discussed in the worldwide, wood 
anatomical survey of Oleaceae (Esser et aI., in 
preparation). 
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