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ABSTRACT

  Anatomical comparison of 3 North American species with commercial name of redcedar was executed
to provide taxonomic information for prevention of confusion and establishment of sound business trans-
action in the wood market. Eastern redcedar (Juniperus virginiana) and southern redcedar (Juniperus silici-
cola) could not be separated on the basis of microstructure and ultrastructure of wood. Western redcedar
(Thuja plicata), however, appeared to be obviously separated from eastern and southern redcedar in a num-
ber of microscopic and ultramicroscopic features. Useful features for separating these two groups were in-
tercellular spaces in transverse surface, latewood width, radial intertracheid pitting, warty layer and pits 
with torus extensions in tracheids, ray composition, nodular end walls in ray parenchyma cells, and 
cross-field pitting.

  Keywords : eastern redcedar (juniperus virginiana), southern redcedar (juniperus silicicola), western red-
cedar (thuja plicata), Cupressaceae, wood anatomy, microstructure, ultrastructure.

1. INTRODUCTION

  Some species are commonly called redcedar, 
and these include trees of the genera Juniperus 
and Thuja. Despite their common names, east-
ern redcedar (Juniperus virginiana), southern 
redcedar (Juniperus silicicola), and western red-
cedar (Thuja plicata) of Cupressaceae are not 
true cedars (Cedrus) (Porter, 2004; Walker, 

2005). Names in common usage are often mis-
leading because they allude to some prominent 
characteristic of the tree or wood. Redcedar is 
one example. Woods of Juniperus and Thuja 
have fragrant or cedar-like odor, and their heart-
woods are dull red, rose-red to purplish, reddish 
brown or dull brown (Panshin and de Zeeuw 
1980).
  Eastern redcedar is native to the eastern half 
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of the United States, from Maine west to New 
York, Quebec, Ontario, Michigan, South Dakota, 
North Dakota south to Nebraska and Texas east 
through Florida and Georgia, and the heartwood 
is red to deep reddish brown and wood has a 
fine, uniform texture and a straight grain. 
Southern redcedar is native to the Coastal Plain 
of the eastern United States, mostly near the 
coast, from northeast North Carolina south to 
central Florida and west to southeast Texas, and 
the heartwood is a dull red and the wood is 
straight grained, light weight, soft, and weak. 
And western redcedar grows in the Pacific 
Northwest and along the Pacific coast to Alaska 
and its lumber is principally produced in 
Washington, followed by Oregon, Idaho, and 
Montana. The heartwood of western redcedar is 
reddish or pinkish brown to dull brown and the 
wood is generally straight grained, a rather 
coarse but uniform texture (Alden, 1977).
  Macroscopically, Panshin and de Zeeuw 
(1980) noticed fine-textured wood in eastern 
redcedar and medium- to coarse-textured wood 
in western redcedar could be used for separat-
ing the former from the latter, but eastern and 
southern redcedar could not be separated on the 
basis of wood structure. Hoadley (1990), on the 
other hand, described microscopic separation 
could be more positive because of cupressoid 
cross-field pitting and nodular end wall in ray 
parenchyma cell in eastern redcedar but taxo-
dioid cross-field pitting and smooth end wall in 
ray parenchyma cell in western redcedar.
  Eastern redcedar trees currently available usu-
ally yield timber of small dimensions that are 
filled with numerous knots because large trees 
are no longer available for quantities of lumber. 
The most important species is western redcedar 
because it is still readily available at moderate 
to low prices (Schniewind, 1989; Flynn and 
Holder, 2001). Because the species itself as well 
as various factors like the availability and qual-

ity has a big influence on the wood price, the 
identification of the different species of red-
cedar is important to prevent confusion and to 
establish the sound business transaction in the 
market. In this relation, this study examines and 
describes their microscopic features for identi-
fication in detail through light and scanning 
electron microscopy.

2. MATERIALS and METHODS
　

  Redcedar wood samples (Table 1) were ob-
tained from the H. P. Brown Memorial Wood 
Collection of the Faculty of Construction 
Management and Wood Products Engineering, 
College of Environmental Science and Forestry, 
State University of New York, Syracuse, NY 
13210, U.S.A.
  Small cubes of about 10 mm per side were 
prepared and softened in water in an autoclave. 
For light microscopy, transverse, radial, and 
tangential sections 25 to 30 µm thick were cut 
with a sliding microtome, followed by staining 
with safranin O and dehydration in an ethanol 
and xylene series. Finally, permanent slides 
were prepared with Permount mounting media 
in accordance with general laboratory techni-
ques (Japan Wood Research Society, 1985; 
Eom and Butterfield, 1997). For photography, a 
Spot-RT digital camera was used with a Nikon 
Optiphot light microscope. For scanning elec-
tron microscopy, clean cut and split surfaces for 
observation were made in the radial surface of 
the above-softened small cubes. After removal 
of unwanted wood, the specimens were 
oven-dried at 100°C, glued to specimen stubs 
with conductive carbon paint, sputter-coated 
with gold-palladium to a thickness of 30 nm us-
ing a Denton Desk II Cold Sputter Unit (Exley 
et al., 1974, 1977; Eom and Butterfield, 1997), 
and photographed in a JSM-5800LV Scanning 
Microscope, JEOL, at 15 to 20 kV. And heights 
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Table 1. Redcedar wood samples used in present study

Commercial name Sample No1 Species Origin

Eastern redcedar 8126 Juniperus virginiana L. Campbell Co., Tennessee, U.S.A.
Eastern redcedar 8220 Juniperus virginiana L. Winn Parish, Los Angeles, U.S.A.
Eastern redcedar 8435 Juniperus virginiana L. Austin, Texas, U.S.A.
Eastern redcedar 8644 Juniperus virginiana L. Rougemont, North Carolina, U.S.A.

Southern redcedar 8070 Juniperus silicicola 
(Small) Bailey

Brooksville, Florida, U.S.A.

Western redcedar 8193 Thuja plicata
Donn ex D. Don

Latah, Idaho, U.S.A.

Western redcedar 8202 Thuja plicata
Donn ex D. Don

La Grande, Washington, U.S.A.

Western redcedar 8511, 8801 Thuja plicata
Donn ex D. Don

Vancouver, British Columbia, Canada

1 H. P. Brown Memorial Wood Collection accession number.

of 100 randomly selected uniseriate rays were 
measured.
  The anatomical description followed IAWA 
list of microscopic features for softwood identi-
fication (IAWA Committee, 2004).

3. RESULTS

  Detailed microscopic and ultramicroscopic 
characteristics of redcedar woods are as follows.
  1. Eastern redcedar (Juniperus virginiana)

and southern redcedar (Juniperus silicicola)
  Growth ring boundaries distinct; transition 
from earlywood to latewood gradual to more or 
less abrupt; intercellular spaces throughout the 
wood in transverse surface present; latewood 
generally 10 cells or less (Fig. 1-2 & 5). 
Tracheid pitting in radial walls mostly uniseriate 
including the occasional presence of locally bi-
seriate pits; tangential pitting present in the last 
few rows; relatively large warts present; crassu-
lae present; trabeculae occasionally present; to-
rus extensions present; pits with notched bor-
ders present (Fig. 8, 10-12, 18 & 19). Axial pa-

renchyma with dark extraneous contents diffuse 
or tangentially zonate (2∼3 cells); transverse 
end walls irregularly thickened to nodular or 
sporadically smooth (Fig. 1, 2 & 19). Horizontal 
walls of ray parenchyma cells smooth; vertical 
end walls irregularly thickened to nodular or 
sporadically smooth; indentures present or poor-
ly developed to absent (Fig. 25-27). Ray width 
exclusively uniseriate including the very spora-
dic occurrence of partially biseriate rays; homo-
cellular composed solely of ray parenchyma 
cells; ray height 1 to 17 cells (average 4.7 cells) 
in eastern redcedar and 1 to 15 cells (average 
4.1 cells) in western redcedar (Fig. 18). 
Cross-field pitting cupressoid; 1∼3 per 
cross-field (Fig. 29). These two wood species 
appear not to be separated on the basis of wood 
microstructure and ultrastructure.
　2. Western redcedar (Thuja plicata)
  Growth ring boundaries distinct; transition 
from earlywood to latewood more or less abrupt 
to abrupt; intercellular spaces in transverse sur-
face absent; latewood generally 10 cells or more 
(Fig. 3-4 & 6). Tracheid pitting in radial walls 
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Fig. 1-4. Transition from earlywood to latewood more or less abrupt (1 & 4) to abrupt (3) or gradual (2), 
and parenchyma diffuse and tangentially zonate (1 & 2), predominantly diffuse (3) or wanting in 
some growth rings (4). – 1: southern redcedar. – 2: eastern redcedar. – 3 & 4: western redcedar. 
– 1-4: transverse surface; light micrograph. – Scale bars = 200 µm in 1-4.

uniseriate to biseriate; tangential pitting present 
in the last few rows; minute warts rarely present 
to absent; crassulae present; trabeculae occa-
sionally present; pits with notched borders pres-
ent; lumina and pits covered with extraneous 
contents more or less present; crystalline depos-
its of unknown nature very rarely present (Fig. 
9 & 13-17). Axial parenchyma with dark extra-
neous contents very variable in distribution: dif-
fuse or tangentially zonate (up to 2 cells) com-
mon, marginal in few instances or very sporadic 
to absent in some growth rings; transverse end 
walls irregularly thickened to nodular or spor-

adically smooth (Fig. 3-4, 7 & 20-22). Ray tra-
cheids rarely present (Fig. 22-24). Horizontal 
walls and vertical end walls of ray parenchyma 
cells smooth; indentures present or poorly de-
veloped to absent; dark extraneous contents 
rather common (Fig. 23 & 28). Ray width ex-
clusively uniseriate including the very sporadic 
occurrence of partially biseriate rays; homo-
cellular composed solely of ray parenchyma 
cells common; homocellular composed solely of 
ray tracheids very rare; heterocellular composed 
of ray parenchyma cells and ray tracheids rather 
rare; ray height 1 to 18 cells (average 4.8 cells) 
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Fig. 5 & 6. Intercellular spaces. – 5: present in eastern redcedar. – 6: absent in western redcedar. – Fig. 
7. Axial parenchyma marginal (arrow) and diffuse in western redcedar. – 5-7: transverse surface. 
– 5: scanning electron micrograph; 6 & 7: light micrograph. – Scale bars = 40 µm in 5; 50 µm 
in 6; 100 µm in 7.

Table 2. Diagnostic features for the separation of redcedar woods

Anatomical feature Eastern and southern redcedar Western redcedar

Intercellular spaces
Latewood width
Tracheid pitting in radial walls
Warty layer
Torus extensions
Ray tracheids
Heterocellular ray
Nodular end walls in ray parenchyma cells
Cross-field pitting

Present
10 cells or less

1 row
Conspicuous

Present
Absent
Absent
Present

Cupressoid

Absent
10 cells or more

1∼2 rows
Inconspicuous

Absent
Present
Present
Absent

Taxodioid

(Fig. 22-24). Cross-field pitting taxodioid; 1∼5 
per cross-field (Fig. 30).

　4. DISCUSSION

  The wood that called commercially redcedar 
is produced from two distinct genera, i.e. 
eastern and southern redcedar from Juniperus 
virginiana and Juniperus silicicola and western 
redcedar from Thuja plicata.
  A number of differences between these two 
anatomical groups are obvious (Table 2). 

Eastern and southern redcedar were indis-
tinguishable but western redcedar could be sep-
arated from eastern and southern redcedar on 
the basis of anatomical structure, like the ob-
servations by Panshin and de Zeeuw (1980) and 
Hoadley (1990). And Alden (1977) described 
that southern redcedar was placed botanically as 
a variety of eastern redcedar by some authors.
  When viewed in transverse surface, inter-
cellular spaces in conjunction with more or less 
circular tracheids are regularly observed in nor-
mal woods of eastern and southern redcedar as 
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Fig. 8 & 12. Tracheid pitting uniseriate and tracheid pits with characteristic torus extensions (arrowhead) in east-
ern redcedar. – Fig. 9. Tracheid pitting uniseriate to biseriate and some tracheid pits with notched 
borders on outer wall (arrowhead) in western redcedar. – Fig. 10 & 11. Warty layer in eastern 
redcedar. – Fig. 13 & 14. Minute warts (arrow) and pits and lumina covered with extraneous con-
tents (arrowhead) in tracheids of western redcedar. – Fig. 15. Trabeculae traversing tracheid lumina 
in radial direction in western redcedar. – 8-15: radial surface. – 8-10: light micrograph; 11-15: scan-
ning electron micrograph. – Scale bars = 30 µm in 8-10; 10 µm in 11; 5 µm in 12 & 13; 20 µm 
in 14 & 15.
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Fig. 16 & 17. Crystalline deposits in tracheids of western redcedar. – Fig. 18. Axial parenchyma cells with 
dark extraneous contents, tangential intertracheid pitting, and rays exclusively uniseriate in eastern 
redcedar. – Fig. 19-21. End walls of axial parenchyma cells nodular (N), irregularly thickened (I) 
or smooth (S). – 19: southern redcedar. –20 & 21: western redcedar. – Fig. 22-24. Axial paren-
chyma marginal (arrow) (22), ray parenchyma cells with dark extraneous contents (23), and rays het-
erocellular consisting of ray parenchyma cells and ray tracheids (22 & 23) or homocellular consisting 
exclusively of ray tracheids (24) in western redcedar. – RP: ray parenchyma cell; RT: ray tracheid. 
– 16: transverse surface; 17 & 22-24: radial surface; 18-21: tangential surface. – 16-18 & 22-24: 
light micrograph; 19-21: scanning electron micrograph. – Scale bars = 50 µm in 16, 18 & 22-24; 
30 µm in 17; 10 µm in 19-21.
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Fig. 25-28. End walls of ray parenchyma cells nodular (N), irregularly thickened (I) or smooth (S), and in-
dentures (arrow) present (25 & 26) or poorly developed to absent (26-28). – 25: eastern redcedar. 
– 26 & 27: southern redcedar. – 28: western redcedar. – Fig. 29 & 30. Cross-field pitting. – 
29: cupressoid in eastern redcedar. – 30: taxodioid in western redcedar. – 25-30: radial surface; 
scanning electron micrograph. – Scale bars = 5 µm in 25-28 &30; 10 µm in 29.

opposed to their absence in that of western red-
cedar (Fig. 5 & 6). Such intercellular spaces in 
transverse surface were reported to be recog-
nized by their characteristic diamond shape with 
four slightly concave sides in Juniperus commu-

nis, Juniperus virginiana, and Calocedrus for-
mosana of Cupressaceae (IAWA Committee, 
2004). And latewood width is generally 10 cells 
or less in eastern and southern redcedar but 10 
cells or more in western redcedar, and thus the 



Anatomical Comparison of North American Eastern, Southern, and Western Redcedar Wood

－ 17 －

formers appear to have relatively narrower late-
wood width than the latter (Fig. 1-4).
  Bordered pits of tracheids in the radial walls 
are predominantly uniseriate in eastern and 
southern redcedar but uniseriate to biseriate in 
western redcedar (Fig. 8 & 9) but those in tan-
gential walls are confined the last few rows in 
eastern, southern, and western redcedar like the 
description of Panshin and de Zeeuw (1980). 
And the tangential intertracheid pitting was in-
dicated to be of no consequence in separating 
woods by species or genus by Core et al. 
(1979).
  Warts are commonly present and easily de-
tected by light microscopy in the tracheids of 
eastern and southern redcedar but are sporadi-
cally present or absent and identified only by 
scanning electron microscopy in those of west-
ern redcedar. Thus, warty layer in the tracheids 
appears to be more conspicuous in eastern and 
southern redcedar than in western redcedar (Fig. 
10-11, 13 & 19). The warts were reported as 
distinct in Juniperus and rare or distinct in 
Thuja of Cupressaceae (Liese, 1965), and as 
coarse enough to be detected by light micro-
scopy in Actinostrobus pyramidalis and species 
of Callitris (IAWA Committee, 2004).
  Crassulae in the radial walls of tracheids and 
trabeculae traversing tracheid lumina in radial 
direction (Fig. 15) are found in all redcedar 
woods. These features were of no diagnostic 
value because of common presence of crassulae 
throughout the coniferous wood with the ex-
ception of Araucariaceae and occurrence of tra-
beculae in any of the gymnosperms (Panshin 
and de Zeeuw, 1980).
  Both tracheid pits with torus extensions and 
notched borders are observed in eastern and 
southern redcedar as opposed to the absence of 
pits with torus extensions and the presence of 
pits with notched borders in western redcedar 
(Fig. 8-9 & 12). Torus extensions, thickening 

bars in the pit membrane radiating from torus to 
the margo periphery, were known to present in 
Juniperus species and pits with notched borders, 
local notches in the outer border of the pit, in 
Juniperus thurifera and Thuja occidentalis of 
Cupressaceae (IAWA Committee, 2004). Also 
tracheid lumina and pits covered with organic 
extraneous contents are frequently found in 
western redcedar (Fig. 13 & 14), and this fea-
ture may be related to its high resistance against 
preservative treatment and uses for all purposes 
where natural durability are of first importance 
like exterior residential application (Alden, 
1977; Panshin and de Zeeuw, 1980; Chedgy et 
al., 2007).
  Axial parenchyma is predominantly diffuse or 
tangentially zonate in eastern, southern, and 
western redcedar, but in few instances marginal 
in the last low of latewood of western redcedar 
(Fig. 1-4 & 7). The marginal parenchyma was 
known to found in both juvenile and mature 
wood in certain species of Sequoia of 
Cupressaceae but more frequent in juvenile than 
in mature wood (Noshiro and Fujii, 1994; 
IAWA Committee, 2004). And their transverse 
end walls are irregularly thickened to nodular or 
sporadically smooth in eastern, southern, and 
western redcedar (Fig. 19 & 21). Smooth end 
walls were reported to be present in axial pa-
renchyma cells of Thuja occidentalis but nod-
ular end walls were commonly observed in 
those of Thuja standshii and many species of 
Juniperus (IAWA Committee, 2004).
  Heterocellular rays composed of ray paren-
chyma cells and ray tracheids occur in western 
redcedar as opposed to their absence in eastern 
and southern redcedar (Fig. 22 & 24), like the 
observation of rays with a more or less con-
tiguous or interrupted row of ray tracheids on 
the upper and lower margins in western red-
cedar by Panshin and de Zeeuw (1980).
  Horizontal walls of ray parenchyma cells are 



Young Geun Eom, Ohkyung Kwon, Robert B. Hanna, and Robert W. Meyer

－ 18 －

smooth in eastern, southern, and western red-
cedar, but irregularly thickened to nodular end 
walls in ray parenchyma cells occur in eastern 
and southern redcedar as opposed to their ab-
sence in western redcedar (Fig. 25-28). IAWA 
Committee (2004) noted that most coniferous 
taxa with the exception of a few genera of 
Pinaceae had smooth horizontal walls, and nod-
ular end walls could be a distinctive feature, 
though of a slightly different appearance, of 
some species of Juniperus. And indentures, de-
pressions in horizontal walls of ray cells at their 
junction with vertical end walls, are present or 
poorly developed to absent in all redcedar 
woods. According to Yatsenko-Khmelevsky 
(1954) and Core et al. (1979), indentures were 
considered of some diagnostic importance in 
Thuja plicata, Thuja occidentalis, Juniperus, 
Taxodium, and Cryptomeria japonica of 
Cupressaceae.
  Cross-field pitting is cupressoid in eastern 
and southern redcedar and taxodioid in western 
redcedar (Fig. 29 & 30), like the earlier ob-
servations (Panshin and de Zeeuw, 1980; 
Hoadley, 1990; IAWA Committee, 2004).
  Crystalline deposits are rarely observed in the 
axial tracheids of western redcedar (Fig. 16 & 
17) but are not investigated by crystallography 
in present study. Organic crystalline deposits 
were identified in the axial tracheids of Tsuga 
heterophylla, Callitris endlicheri, and Torreya 
yunnanensis, but were known to easily dis-
appear through rapid dissolution in ethanol and 
xylene during ordinary microscopic preparation 
(Krahmer et al., 1970; Ilic, 1994; Kondo et al., 
1996). IAWA Committee (2004) noted that or-
ganic crystalline deposits, though of an organic 
nature and not to be considered mineral, should 
be reported as a feature for identification and 
documented in a respective comment.
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