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ABSTRACT

Six 40-year-old red alders (Alnus rubra Bong.) were harvested from a mixed stand of A. rubra and
big-leaf maple (Acer macrophyllum Pursh) in the Oregon Coast Range to evaluate variation in their
wood characteristics at two heights. Because the trees had a slight lean (4 to 14°), we sampled along
a diametric strip from the lower to upper side of the lean. For a disk from breast height and one from
an upper height (5.8 to 6.1 m), we sampled 12-14 designated growth rings on both sides of the pith.
For each sample we determined fiber length, vessel diameter, tissue proportion (proportion of a cross
section occupied by fibers, vessels, rays, or axial parenchyma), and specific gravity. The variation of
these properties between the two heights, between the lower and upper sides of the lean, and along
the radius was analyzed among and within trees.

Variations between the two heights and between the lower and upper sides of the lean were minor
or not significant for all measured characteristics. In the radial direction, fiber length and vessel
diameter increased rapidly during the first 8 t0 12 years (from 0.8 to 1.2 mm and 47 to 60 pm,
respectively) and then leveled off. From pith to bark, there was no significant change in ray proportion,
a small increase in the vessel proportion (from 23 to 28%), and a small decrease in the fiber proportion
(from 63 to 57%). Specific gravity was constant radially and with height but varied significantly among
trees (from 0.45 to 0.51 for tree means). These results suggest that the wood characteristics of A.
rubra are quite uniform within individual trees with the exception of fiber length and vessel diameter,
which increase radially in the first several growth rings.

Keywords:  Fiber, vessel, ray, specific gravity, radial variation, wood quality.

INTRODUCTION

Red alder (Alnus rubra Bong.) is a common
hardwood species of the Pacific Northwest of
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the United States, whose usage has recently
increased greatly. This upsurge in usage of A.
rubra for forest products is due to its avail-
ability and low cost at a time when the supply
of softwoods has been restricted and softwood
costs have increased. The hardwood harvest in
Oregon and Washington increased by 2%
from 1987 to 1991, and more than 76% of the
1991 hardwood harvest was A. rubra (Raettig
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1994; Ahrens 1994). The diffuse-porous wood
is used extensively for pallets, furniture, cab-
inetry, turned products, plywood, and pulp. Its
light color allows it to be stained to resemble
a variety of other woods. Given the tree’s
abundance and its wood’s value (Atterbury
1978), it is surprising that so little is known
about its variability from tree to tree and with-
in a bole. This study was designed to find the
patterns of variation in anatomy and specific
gravity within and between trees to show
whether there are distinct juvenile/mature
wood zones as defined by different character-
istics.

Most studies on within-plant variation in
wood quality focus on radial variation (Zobel
and van Buijtenen 1989), and these studies,
predominantly in softwoods, usually divide
the wood into juvenile- and mature-wood
zones. Juvenile wood, the inner portion of the
tree stem, is characterized by a progressive
change in cell features and wood properties
(Panshin and de Zeeuw 1980). It is understood
that the terms are convenient labels for zones
of wood that actually change gradually, not in
a stepwise fashion as the labels would suggest.
Because of juvenile wood’s poor characteris-
tics (e.g., high longitudinal shrinkage, low
strength) for many applications, juvenile wood
has been studied extensively (Bendtsen 1978;
Thomas 1984; Bendtsen and Senft 1986; Jack-
son and Megraw 1986; Krahmer 1986; Ma-
loney 1986).

The research that has been reported on with-
in-plant variability in Alnus has concerned its
wood density. Parker et al. (1978) reported in-
consistent trends in wood density from pith to
bark in A. rubra. Harrington and DeBell
(1980) found that A. rubra lacked a low den-
sity, juvenile core. Lowell and Krahmer
(1993) reported that although radial position
affected longitudinal shrinkage, a slight lean
had no effect on wood density in A. rubra.
Hernandez and Restrepo (1995) found differ-
ences between populations of a Central and
South American alder, A. acuminata: some
populations had constant, but other popula-

tions had increasing, specific gravity fiom pith
to bark.

The location of the juvenile/maturs wood
boundary depends on the property investigat-
ed (e.g., Peszlen 1994 for Populus spp.). Be-
cause within-bole properties other than specif-
ic gravity have not been reported for A. rubra,
it is possible that the patterns of radizl varia-
tion of anatomical properties are cifferent
from those of specific gravity. Moreover, dif-
ferent properties are important for different
end-uses of the wood. Therefore, the variation
of each property needs to be investigated. The
patterns of property variation with height vary
by species, and so are currently hard to pre-
dict.

The objectives of this study were to deter-
mine the extent of variation in the anatomical
properties of A, rubra wood among anc within
trees and to quantify the radial variation of
these properties at two heights. These results
should be useful to users of Pacific Northwest
hardwoods, and also provide clues about the
biology of a widespread, yet under-studied,
native hardwood.

MATERIALS AND METHODS
Materials

We randomly selected six 40-year-old trees
with similar diameters at breast height (30 to
36 cm) from a mixed stand of Alnus rubra and
big-leaf maple (Acer macrophyllum Pursh) in
the McDonald-Dunn Forest of Oregon State
University, Oregon (123°19'30"'W, 44°38’
30''N, 200 m elevation). The trees hacl fairly
vertical stems and lacked large scars in the
lower bole (0 to 6 m). We recorded their lean
angle from vertical and marked its diection
on each disk. The lean angles of the lower
boles were 5°, 5°, 2°, 5°, 5° and 14° fcr trees
1 to 6, respectively, and the trees averaged
20.8 m in height (18.3 to 23.8 m). A 2'5-cm-
thick disk was cut at each of two hzights:
breast height (1.3 m) and an upper height (5.8
to 6.1 m), which was close to but below the
first fork or large branch.
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tree; (B) a diametric strip was removed from the lower side to the upper side of the lean; (C) samples from designatzd
growth rings were removed from the diametric strip in order to determine specific gravity and anatomical propertics.

Two subsamples (blocks) were removed from each sample.

Sample preparation

Less than 24 hours after harvest, a 2.5-cm-
wide slab was cut along a diameter of each
disk from the lower to the upper side of the
lean in the tree (Fig. 1). Slabs were kiln-dried
and then stored in a room with an equilibrium
moisture content of 12%.

Each dried slab was divided at the pith into
a lower and an upper side. Then a series of
radial samples were sawed from both sides of
each disk. The cuts were centered on growth
rings 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 23, 26,
30, and 34 at breast height and 2, 4, 6, 8, 10,
12, 14, 16, 18, 20, 25, and 30 at the upper
height. Ring number from the pith is hereafter
referred to as cambial age. We avoided aggre-
gate rays during sample preparation because
of their nonuniform distribution (Noskowiak
1978). Samples were 0.51 cm (0.20 in.) in the
radial direction, 0.64 cm (0.25 in.) in the tan-
gential direction, and 8.26 cm (3.25 in.) along
the grain.

Measurements

The specific gravity of each sample was cal-
culated from oven-dry weight and volume of
the sample at 12% moisture content. Each
sample was subsampled into two blocks, and
parts of each of those blocks were maceratzd
and sectioned transversely and radially. Av-
erage fiber length and vessel diameter were
obtained by measuring 40 individual fibers
and vessels from each block, giving 80 mea-
surements/sample (and because there were two
radii/designated growth ring, 160 measure-
ments/designated growth ring). The number
80 was derived from a published estimate of
variance in fiber lengths in red alder (Bergman
1949). We softened the dried blocks in wazer,
then sectioned them (20 pm thick) in “he
transverse and radial planes. The transverse
sections were stained in aqueous safranin He-
fore mounting, but the radial sections were 10t
stained.

To determine fiber length, we macerated



Gartner et al.—VARIATION IN ANATOMY OF RED ALDER 13

several match-sized sticks/block by boiling
them in water for 15 min and then heating
them at 85°C for 20 min in a solution of 20
ml 20% nitric acid and 0.5 g sodium chloride.
The acid was replaced by water and the fibers
were boiled for 10 min more. The water was
exchanged several times to remove excess
acid; then the fibers were stained in aqueous
safranin overnight. Temporary slides of the
macerated fibers were made with glycerin as
the mounting medium.

We used an image-analysis system for an-
atomical measurements. The images of the mi-
croscope slides were captured through a CCD
video camera attached to a stereo-microscope
(for fiber lengths) or a compound microscope
(for other measurements). Images were pro-
cessed and analyzed with the public-domain
software program NIH Image (Rasband 1992).
In this procedure, one first digitizes the micro-
scope image, digitizes a stage micrometer at
the same magnification (to get a pixel/um con-
version), then calibrates the screen.

Anatomical characteristics were determined
on digitized images of the macerated wood
(fiber lengths) or transverse sections (vessel
diameters) using the image analysis system
described above. For fiber lengths, we used a
mouse to designate each end of the fiber, in-
suring that only entire fibers were measured.
Measurements on the transverse sections were
made in the tangential direction.

The proportion of tissue in different cell
types was estimated for two sections (almost
duplicates of one another) from each block (so
four sections/sample) of about 10-45 mm?
each, depending on ring width. Vessels were
distinguished from fibers and axial parenchy-
ma by defining 620 pm? as the smallest vessel
lumen area, based on preliminary measure-
ments. The axial parenchyma cells of each
cross section, and then the vessels, were
“painted” on the computer screen by the com-
puter operator, and their area relative to the
whole section was then assessed by the pro-
gram. Ray proportion was measured by the
same method, but on radial sections. The fiber
proportion was obtained by subtracting pro-

portional areas of vessel, ray, and axial paren-
chyma from unity (100%).

Analysis of variance

An analysis of variance (ANOVA) ‘was per-
formed to evaluate the variation in wood prop-
erties among trees (tree effect), between the
two heights (height effect), and between the
lower and upper dides of the lean (lean effect),
with an SAS general linear model (SA.S Insti-
tute 1988). In order to control for the differ-
ential effect of cambial age between the two
heights, we used samples from twelve cambial
ages at each height: 2, 4, 6, 8, 10, 12, 14, 16,
18, 20, and 30 at both heights, and in addition,
26 at breast height and 25 at the upper height.

Regression analysis

We used regression analyses to describe the
radial profiles of each wood property as a
function of cambial age at each height. If pre-
liminary analyses' showed that the tre: effect
and its interaction with age and the variable
were not signiﬁcz}nt (P < 0.05), regressions
were based on pooled data from the six trees.
Otherwise, regressions were calculated sepa-
rately for each tree.

We used simple! linear regressions wlien the
relationship betwéen a wood property and
cambial age followed a linear pattern. We used
a piecewise lineaﬁ regression (also called a
segmented regression; Neter et al. 198<) to fit
together two or more linear regressions to de-
tect demarcation ages between juvenile and
mature wood (Bendtsen and Senft 1986;
Quanci 1988; Abdel-Gadir and Krahmer
1993). For a two-segmented piecewise linear
regression, we used the formula Y = B, + B,X
for the juvenile wood segment, and Y = (B,
+ B,) + (B, + B3)X for the mature wocd seg-
ment. A regression was run independently for
a range of demarcation ages for each feature
(fiber length, vessjﬁ diameter, the three tissue
proportions, specific gravity); then the regres-
sion function with the strongest determination
coefficient (or minimum mean squared error)
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TABLE 1.

Mean characteristic values of six Alnus rubra trees at two heights and for the two sides of the lean. Axial

parenchyma represented 1-5% of the volume, and is not shown in the table.

Vessel Fiber Vessel Ray

Side of Sample size Ring width Fiber length diameter  proportion proportion proportion Specific

Height the lean {mm) (mm) (pum) (%) (%) (%) gravity
Upper height Both 144 3.1 1.1 57 61 24 13 0.48
Breast height Both 144 33 1.1 61 59 27 14 0.46
Both Lower side 144 32 1.1 58 60 25 14 0.47
Upper side 144 34 1.1 60 60 25 14 0.47

Upper height Lower side 72 3.0 1.1 56 61 23 13 0.48
Upper side 72 32 1.1 58 61 24 13 0.48

Breast height Lower side 72 32 1.1 60 59 27 14 0.46
Upper side 72 34 1.1 62 59 28 14 0.46

Tree mean 288 32 1.1 59 60 26 14 0.47

was selected to define the demarcation be-
tween juvenile and mature wood.

RESULTS
Analysis of variance (ANOVA)

The mean values of wood properties from
each height and each side of the lean are
shown in Table 1. The results of the analysis
of variance for each wood property are shown
in Table 2. Axial parenchyma proportion is not
reported here because it represented a small
proportion of the volume (<5% for individual
measurements, generally 0.5-1.8%) and
showed no significant trends.

Differences between trees.—Vessel diame-
ter and specific gravity varied significantly
among trees, but there were no other signifi-
cant variations among trees (Table 2). Mean
vessel diameter varied from 43 to 71 pm
among the six trees and mean specific gravity
varied from 0.45 to 0.51 among trees (mean

of both heights, both sides of disks, and all
growth rings at each height). Based on the
least significant difference (Steel and Torrie
1980), the trees were classified into three ho-
mogeneous categories of vessel diameter: (/)
trees 4 and 6 had the smallest vessel diameter;
(B) trees 1, 2, and 3 had the largest; and ()
tree 5 had a vessel diameter between (A) and
(B). By the same method, the trees were clas-
sified into four homogeneous categories for
specific gravity: (A) tree 2 had specific gravity
of 0.45; (B) trees 1, 3, and 4 had specific grav-
ity between 0.46 to 0.47; (C) tree 5 had sge-
cific gravity of 0.48; and (D) tree 6 had sge-
cific gravity of 0.51.

Effects of height and lean.—The only sig-
nificant differences between the two heights
were vessel diameter and vessel proportion
(Table 2, Figs. 2 and 3). Specific gravity was
slightly higher at the upper than lower height
at P = 0.06 (Table 2, Fig. 4). There were no

TABLE 2.  Analysis of variance (P-values) of wood characteristics within and between Alnus rubra trees as a function
of height in the tree (upper vs. breast height), the upper vs. the lower side of the lean, and the interaction of the tvo.

DF is degrees of freedom.

Source of variance DF Ring width

Fiber Vessel Ray Specific

Fiber length Vessel diameter proportion proportion proportion gravity
Tree 5 0.57 0.15 0.001** 0.51 0.14 0.64 0.009**
Height (tree) 1 0.23 0.11 0.04* 0.13 0.025* 0.22 0.06
Lean (tree) 1 0.20 0.16 0.15 0.53 0.55 0.95 0.41
Height X lean (tree) 5 0.97 0.24 0.94 0.62 0.75 0.36 0.64
*P < 0.05. ——

** P <001
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FiG. 2. Vessel diameter (X * s.e., n = 6 trees) as a

function of cambial age at breast height (1.3 m) and the
upper height (5.6 to 6.1 m) in Alnus rubra trees (n = 6).
Data from the lower and upper sides of each disk are
pooled, so each value/tree represents 160 measurements,

significant differences between the lower and
upper sides of the lean, nor were there any
significant interactions between height and
lean for any of the measured characteristics
(Table 2).

Analysis of radial profiles

Preliminary analyses (Lei 1995) indicated
that the data for each height from the six trees
should be pooled for the regression analyses
for most properties except vessel diameter and
specific gravity. The radial profiles of vessel
diameter and specific gravity were analyzed
separately for each tree.

Fiber length.—Fiber length increased mark-
edly with cambial age at both heights, and fi-
bers at breast height were initially longer than
those at the upper height (Fig. 5). The demar-
cation age between juvenile and mature wood
was 10 years at breast height and 8 years at
the upper height (Table 3).

Vessel diameter.—The mean vessel diame-
ter at both heights increased with increasing
cambial age, and the initial vessel diameter at
breast height was larger than at the upper
height (Fig. 2). Because the large variation in
vessel diameter among trees prevented us
from pooling the data from the six trees for

50+
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40‘1
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Vessel }/§

Tissue Praportion (%)
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0 L T T n) T
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FiG. 3. Fiber, vessel, and ray proportion (£ * s.e, n
= 6 trees) as a function of cambial age at breas: (1.3 m)
height and the upper height (5.6 to 6.1 m) in Alnus rubra
trees. Data from the lower and upper sides of each disk
are pooled, so each value/tree represents 8 measurements.
Proportion of axial parenchyma is not shown, but it was
always <5%.

the regression analysis, a piecewise linear re-
gression analysis was conducted for each tree
for each height separately. The regress:on re-
sults show that vessel diameter at breast height
had a demarcation age of 8 to 12 yecrs de-
pending on the tree (Table 4). At the upper
height, the demarcation age for vessel diame-
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function of cambial age at breast height (1.3 m) and an
upper height (5.6 to 6.1 m). Data from the lower and upper
sides of each disk are pooled, so each value/tree represents
two measurements.

ter was 12 years for tree 1, 8 years for trees 2
and 5, and could not be determined for the
other trees.

Tissue proportions.—At breast height, the
fiber proportion decreased, increased, then de-
creased again with increasing cambial age
(Fig. 3), giving demarcation points at 8 and 16
years (Table 5). At the upper height, fiber pro-
portion generally decreased with cambial age;
a simple linear model fit the data.

1.4

@ s
# L3 ---O--- Breast height
0.6 —e— Upper height
0.4 T T T T T T
0 B) 10 15 20 25 30 35
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Fic. 5. Fiber length (X = s.e., n = 6 trees) as a func-

tion of cambial age at breast height (1.3 m) and at the
upper height (5.8 to 6.1 m) in Alnus rubra trees. Data
from the lower and upper sides of each disk are pooled,
so each value/tree represents 160 measurements.

TABLE 3. Piecewise regression analyses, at two heights,
of fiber length vs. cambial age of Alnus rubra. X' is thz
best-fit demarcation age that fits both the juvenile (Y -
Bo + B;X) and the mature wood segment (Y = (By + f3;)
+ (B; + B3)X). MSE is the mean squared error (P I
0.01).

Fiber length
Regression -
parameter Breast height Upper height
Bo 0.806 0.636
Bi 0.0298 0.0480
B2 0.2726 0.3411
B3 —0.0255 -0.0374
X' 10 8
R? 0.73 0.75
MSE 0.0011 0.0078

Vessel proportion also followed a three-seg -
ment radial trend (Fig. 2), but the trend was
the reverse of that for fiber proportion. Piece-
wise regression analysis showed the same de-
marcation points for vessel proportion at
breast height as for fiber proportion at breast
height: 8 and 16 years (Table 5). At the upper
height, a simple linear regression fit the daia
(Table 5). Ray proportion changed little at ei-
ther height and varied from 13 to 16% with
cambial age (Fig. 3). Axial parenchyma pro-
portion showed no significant radial trends ard
had a relatively low value (generally <29,
data not shown).

Specific gravity.—Specific gravity did not
vary significantly with cambial age (Fig. 4).

DISCUSSION
Variation among trees

The degree of variation among trees was not
the same for different wood characteristics.
Vessel diameter and specific gravity varied
considerably among trees, whereas fiber
length and fiber, vessel, and ray proportion
varied little among trees.

The inter-tree variation in vessel diameter
was probably due to genetic factors. It does
not seem to be associated with growth rate be-
cause there is no significant difference in
growth-ring width among trees (data not
shown). A large variation in specific gravity
among trees is not uncommon for diffuse-ro-



Gartner et al—VARIATION IN ANATOMY OF RED ALDER 17

TABLE 4. Linear piecewise regression analyses for vessel diameter of Alnus rubra trees at two heights. X' is the
demarcation age that fits both the juvenile wood segment (Y = By + B;X) and the mature wood segment (Y = (B, +
B2) + (B; + B3)X). A dash signifies that the two-piece regression was inappropriate. MSE is the mean squared error

(P < 0.01).
Breast height Upper height

Parameter Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Tree 6 Tree 1 Tree 2 Tree 3 Tree 4 Tree 5 Tree 6
Bo 43.75 56.55 48.2 45.12  38.33 18.2 43.21 537 — — 38.0 —
Bi 1.79 2.25 1.55 1.98 3.875 3.73 1.93 317 — — 333 —
B2 16.86 11.8 7.16 8.97 2478 18.07 22.98 104 — — 19.21  —
B3 -141 —1.88 -099 -121 -3.60 -3.23 —1.86 -27 - — =30 —
X' 10 10 12 10 8 8 12 8 —_ — 8 —
R? 0.91 0.84 0.84 0.76 0.78 0.88 0.96 083 — — 091 —
MSE 6.50 7.35 10.7 19.2 15.29 9.10 3.18 797 — — 533 —

rous species and is also probably due to ge-
netics. Large tree-to-tree variations in a variety
of properties have also been reported for Alnus
rubra (DeBell and Wilson 1978; Harrington
and DeBell 1980), Populus spp. (Valentine
1962; Peszlen 1994), Eucalyptus spp. (Taylor
1973), and Platanus occidentalis (Land and
Lee 1981). The between-tree variability in
wood properties may make genetic selection
for desirable characteristics possible.

Height effect

Vessel diameter was larger at breast height
than at the upper height. Vessel proportion in
the juvenile wood zone was larger at breast
height than upper height (Fig. 3). The within-
tree variation of these vessel diameters and

TABLE 5.

vessel proportions may not have a significant
effect on the use of wood, but may have a
large influence on water transport to the
crown.

For most diffuse-porous species, specific
gravity does not change with height (Olkonen
et al. 1972), but some diffuse-porous :pecies
have higher values higher on the bole than at
breast height (Fukazawa 1984). In this study,
slightly higher fiber proportion but lower ves-
sel proportion at the upper height may explain
the trend toward higher specific gravity at the
upper height.

We found only minor variations in wood
properties with height. This was the most
common pattern in hardwoods accorcing to
the synthesis by Zobel and van Buijtenen

Linear piecewise regression analyses of fiber and vessel proportion versus cambial age in Alnus rubra. The

regression model is a three-segment function® at breast height and a simple linear function®* at the upper height.

Breast height (n = 167)

Upper height (n = 144)

Fiber proportion Vessel proportion

Fiber proportion Vessel proportio 1

Parameter (%) (%) (%) (%)
Bo 63.23 20.141 63.96 20.53
B -0.771 0.975 -0.229 0.221
B2 —8.350 9.419 — —
Bs 11.848 —-11.805 —_ —
By 1.070 —1.248 — —
Bs —-0.6716 0.654 — —
X' 8 8 —_ —
X" 16 16 — —
R2 0.23 0.21 0.15 0.18
MSE 12.78 16.59 17.06 13.21

*When age = X', Y = B+ B X; when X" = age > X'.Y = (Bp + B2) + (B)+ Bs) X: when age > X" Y = (Bo+ B2+ B3) + B+ Bs + Bs) X.

Y = B+ B)X.
— Not applicable to simple linear functions.
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(1989). Although variations in some wood
properties between the two heights were sta-
tistically significant, these variations can be ig-
nored because they are relatively small com-
pared to the variation among trees and in the
radial direction. Breast height sampling should
be adequate to predict upper-height values, es-
pecially when samples are taken from mature
wood.

Lean effect

In agreement with Leney et al. (1978), we
found no tension wood in the sample trees (as
judged by the absence of gelatinous fibers on
the upper side of the lean). In agreement with
Lowell and Krahmer (1993), we also found no
effect of lean on specific gravity in this spe-
cies. Wilson and Gartner (1996) looked for the
presence of tension wood in the upper side of
leaning A. rubra stems. At stem angles of O to
9° from the vertical, none of the seven samples
had tension wood; at angles of 9 to 26°, four
of the 18 samples had tension wood; and at
angles greater than 26°, all five of the samples
had tension wood. Furthermore, only about
10% of trees in natural stands leaned enough
to have tension wood. Only one tree (tree 6)
in the current experiment had a lean greater
than 5° (14°); thus it is not surprising that no
tension wood was found in the current study.

Radial variation

The patterns of radial variation are not the
same for all wood characteristics. The radial
pattern of variation for fiber length shows a
marked transition from juvenile to mature
wood at both heights. A similar conclusion
was drawn in studies of other hardwoods
(Dinwoodie 1961; Bendtsen 1978; Bendtsen
and Senft 1986; Zobel and van Buijtenen
1989; Peszlen 1994).

The increase in vessel diameter with cam-
bial age reported here agrees with many stud-
ies of hardwoods (Fukazawa and Ohtani 1982;
McKimm and Ilic 1987; Butterfield et al.
1993; Peszlen 1994). Based on these and other
studies on fiber length and vessel diameter, it

appears that fiber length and vessel diameter
arc the two anatomical features that show a
juvenile-mature pattern of variation in most
hardwoods. In this study, the boundary be-
tween juvenile and mature wood as defined by
fiber length and vessel diameter was roughly
10 years of cambial age.

According to the radial profiles of tissue
proportion, however, no definite pattern of ra-
dial variation or juvenile/mature wood zcne
could be defined in A. rubra. Why fiber and
vessel proportions in A. rubra followed a
three-segment radial variation was not under-
stood.

Alnus rubra showed tree-to-tree differences
in specific gravity, but within a tree the wood
was quite uniform. This uniformity across the
radius and with height suggests that the wcod
should not be affected by differences in size
and age that exist in a typical log load, and it
should prove advantageous for use in com-
posites, pulp, and solid-wood products. More-
over, extreme differences in radial growth rate
(ranging from 2.0 to 9.3 mm/year) did not af-
fect specific gravity in 7-year-old A. rubra
(Lei et al., in press). These data taken together
suggest that stand management of A. rubra to
increase growth rate will not produce an un-
desirable, low-density, juvenile core. The ju-
venile wood had, on average, a modulus of
elasticity about 7.5% lower and a modulus of
rupture 5% lower than the mature wood (both
tested in bending at 12% moisture content);
this suggests only modest differences in rae-
chanical properties between different zones of
the wood (Lei 1995). In contrast, however, see
Evans (1996), who found larger differences in
modulus of elasticity for green specimens
from the same trees.

CONCLUSIONS

The magnitude of variation in wood prop-
erties within Alnus rubra trees is very little,
and probably negligible for most wood uses.
There was no significant variation as a func-
tion of natural lean in this study, and the only
significant variation with height was in vessel
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diameter and vessel proportion. Radial varia-
tion was small, although it was significant for
fiber length, vessel diameter, and proportions
of fiber and vessel. The age of demarcation
between juvenile and mature wood is either 8
or 12 years as defined by fiber length or vessel
diameter, respectively.

There was significant variation in several
characteristics between trees (specific gravity,
vessel diameter), although the magnitudes of
these differences were not large. Nonetheless,
to better understand wood quality and its vari-
ation in A. rubra, we need more information
on different populaticns as well as information
on this species growing in a range of silvicul-
tural conditions.
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