Wood and Bark Specific Gravity of Small-Diameter
Pine-Site Hardwoods in the South

Floyd G. Manuwiller

ABSTRACT. Ten small-diameter trees from each of the 22 species (220 trees) were sampled
from throughout the southern United States. Mean SG was determined for stem wood and bark
and the whole stem, for branch wood and bark and whole branches (to a minimum diameter of
0.05in.), and fortmewoodand bark and the whole tree. Significant differences were determined
a) among the species for each tree part measured and b) among the tree parts of each species.

The relationship between both stem-wood SG and stem-bark SG and height above ground is
plotted by species. There was a significant inverse linear relationship between green MC and
SG; with the exception of bark, the ashes contained lower percent moisture than did species of
similar SG. Comparison of stem-wood SG values with Wood Handbook values indicates that
small-diameter pinesite hardwoods are somewhat denser than larger trees of the same species

more typically measured.

As REPORTED previously (1, 2, 3, 8), per-
sonnel at the Southern Forest Experiment
Station have studied those properties of small-
diameter hardwoods deemed important to the
forest products industry. The hardwoods
studied produce a substantial fraction of the
total volume of fiber on sites capable of growing
southern pine. However, they generally have
not been utilized because they lack a market
and because of their small size and poor form.
An evaluation of their properties should aid
process engineers in devising utilization
procedures for this hardwood resource.

Specific gravity (SG) is an important
property because it is an indicator of other
properties and of fiber yield per unit volume. It
is also relatively easy to measure. The objective
of the study was to determine, for each of 22
species, mean SG values for the entire tree; i.e.,
wood plus bark, and for tree wood and bark
separately; and for the entire stem, and for stem
wood and bark separately; and for the entire
branches, and for branch wood and bark
separately. A second objective was to determine
changes in SG along the length of the stem for
each species. The 22 species investigated (Table
1) comprise nearly 90 percent of the hardwood
volume growing on sites which support, or are
capable of supporting, pine stands.

Procedure

A total of 220 trees, 10 of each species, were
cut from widely separated locations throughout
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that portion of each species range occurring ir
the 11 southern states from Virginia to Arkan
sas and eastern Texas. Sampling was restrictec
to trees between 5.5 and 6.5 inches in diameter
outside bark, at breast height. Tree age variec
from a species mean of 27 years in yellow-popla
to 59 years in black tupelo, with an overal
average of 39 years.

To sample the stem wood and bark ir
proportion to occurrence by volume, 2-inch
thick disks were removed at 48-inch intervali
along the stem. The lowest disk was taken at 2¢
inches above ground, and the stem was con
sidered to end at a point of branching abow
which a main stem could no longer be dis
tinguished. A 45-degree, pith-centered wedg:
measuring 1/2 inch along the grain wa
removed from each disk, and the wood and bar]
separated at the cambium. SG values wer
determined from ovendry (OD) weight ane
green volume, the latier determined by wate
immersion after saturation. An average SG fo
stem wood (or for stem bark) was obtained b;
adding the weights and the volumes of th
individual wedges of that stem to yield one Ol
weight and one green volume. Whole-stem S(
was found by combining all the bark and woo
weights and the volumes from stem wedges.

The author is Professor of Forestry, Iowa Stat
Univ., Ames, Iowa. This paper was prepared whileh
was with the So. Forest xpt. Sta., USDA Foree
Service, Pineville, La. This paper was received fo
publication in July 1976.
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TABLE 1. — 56 (with standard deviation in parentheses) of 6-inck hardwoods growing on pine sites.'.
Commeon Stern Stem Branch Branch Tree  Tree
Species name Code wood bark Stem  wood bark Braneh wood  bark  Tree
Acer rubrum L. Red maple BEM 406 535 500 E0T A 497 485 525 95
(014) (02T (013) (013) (034) (0TE)  LOUG) (023 (014)
Carya spp. Hickory, true Hi Bad h22 B1R BT ABT 567 Bl 516 Bl4
{051) (053 (048} (061) (058) (058) (0B1) (06Z) (049)
Celtis spp. Hackberry Ha 525 G0 b3z 551 Bl 548 BHIT 56 534
(047)  (056) (046) (048) (0480 (04 (04T) (053 (045)
Fraxinus White ash WA hB2 297 543 sl LABD 533 580 ADZ 42
amaricana L. (087 (040} (03Zy (04T (060 (04T (03T)  (040) (033)
F. pennsylvaniva  Green ash GA 561 A07 ) 586 A5D 532 560 411 585
Mursh, (0413 (045) (034 (035 (035 02T (0400 (042} (.034)
Liguidambar Sweatgum 8G And 69 438 b1 A6 442 453 73 I E
stvraciflua L. (018 (04T)  (021) (028} (038) (029 (01T (04B) 01D
Liriodendron Yellow-poplar P .85 L35 94 A6 335 89 385 -5 o
tuliptfera 1. (032} (035) (028) (036 (03 (028) (082) (031) LO2T)
Magnotlia Sweethay SB 437 440 437 A23 L350 415 A28 434 435
virginiana L. (o7 (018) {053 (039 (043 (036) (08T) (01T (.082)
Nyasa svlvatics Black tupelo BT &0 A28 400 487 433 478 500 A28 489
Maorsh, (042 (051  (040) (050 (084) (0400 (D42) {051)  (.039)
Guercus albo 1o White onk Whi R =1 543 48 AT 488 D06 64 5aT B45
(k39 (055) (035 (03 (02T L030Y (08 (061) (08B}
. roreinen Scarlet oak Sel 422 B8 820 G4a BI1 815 £23 504 620
Muenchh. O30 (064 (083 (024 (042 (021 (029 (060 (031)
. faicats Michx, Southern red sak SRO B9 A1 0T 621 B 592 B10 s JB0E
{020y (0smy (02 (026} (043 (026) (020 (038  (02D)
. falcain var. Cherrybark oak  Ch 623 522 B3 B4l 520 817 624 £12 A2z
pagodacfolia EIL (034) {052y (03  (024) (0300 LO24) (033 (048} (0E1)
Q. laurifolia Laurel nak LG it B30 580 B4 Bl B0 BEE 618 540
Michx. O30 (043 (028 (084) LO5T)  0EE) {081y (038)  (.028)
Q. marilandicd Blackjack oak HjO 38 642 630 706 S48 B2 B45 A1 A4z
Muenchh. {024y (083 (018 (088 (031) (03l)  (027) (031} {018}
@ nigra L Water oak Wal 7 B8 593 BD4 G0A GBS B8R 61& 593
(034) (052) (032 (025 (0a6)  (020) L033) (049 (03]
. rubra L. Morthern red oak NHO 605 44 Bl i o 536 583 05 636 B10
(03]  (044) (034 (034 (0500 (036)  (0G4) (43 LO03)
Q. shumardii Shumard oak Bhid BI5 B4 BET B43 S40 BE2 BET JBEE 827
Buckl, {040y (062) (042 (02T (029) {025) (038 058)  (.041)
g. stellatn Post oak FO B0 488 626 B46 438 B0 66 488 B22
Wangenh. (0a7)  (056) (086  (048)  (049) (039)  (036)  (054) {.035)
& veluting Lam.  Black oak BO i) Al B8 B8 542 624 B22 G0 Lt
G023 (044) (022 (0300 (0MZ) (020} (021} (041)  LO21)
Ulmus alata Winged elm WE £23 341 STT B10 A69 ] 622 M5 674
Michx. (0300 (030 (023 (031 (031 (014) (D2 (028 (022)
U, americana L. American elm AE 536 295 515 526 A6 AB4 535 38R B2
(020} (08X (01T)  (085)  (034) (025) (020) (03T (OI5)
'Baged on OD unextracted weight and green volume; each value is an average of 10 trees,
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A similar procedure was followed in the top:
each branch was sampled at 4B-inch intervals
down to a diameter of (.5 inch, outside bark, The
first disk was taken at 24 inches from the point
of branching. For branch material, however,
the entire disk, 1/2 inch along the grain, was
used rather than a wedge.

Mean 5G for tree wood was obtained by
combining the branch wood and stem wood
weights, and the volumes. Stem wood values
were welghted by a factor of eight since they
were taken from a 45-degree wedge rather than
fram the entire disk, The same procedure was
followed for tree bark. Finally, whole-tree SG
was determined by combining the stem and
branch wood and bark weights, and the
volumes,

Statistical comparisons were made in twao
days at the 0.05 significance level by Duncan's
multiple range test for: a) within-tree SG for
each species, and b) among-species SG by tissue
types:

I determined the aleohol-benzene extrac-
tive content of O wood and bark and
calculated regression eguations to determine
whether a linear relationship existed between
extractive content and SG. The sampling
procedure was as described except that stem
wedges and branch disks were 1 inch along the
grain. For each part (stem wood, stem bark,
branch wood, and branch bark), the samples
were combined and ground to pass a 40-mesh
sereen, Extractives were removed with a 5-hour
extraction of one volume 95 percent ethanol to
two volumes benzene, an alecohol wash, a 5-hour
extraction with 95 percent ethanol, and a water
(not hot) wash,

Results

Hardwoods growing on pine sites are
apparently somewhat denser than larger trees
of the same species more typically measured.
The Wood Handbook (15) lists wood S5G values
for 18 of the 22 species sampled. Stem-wood SG
(Table 1) of most species was 0.01 to 0.04 above
the Waod Handbook value, with the mean
difference for 18 species being 0,03, Sweetgum
averaged 0,01 below, while black oak, post oak,
white oak, American elm, and southern red oak
averaged 0.06 to 0.09 above Wood Hundbook
values, An increase of 0,03 in SG would
represent an additional 1.9 pounds of wood per
cubie foot, and a difference of 0.089 would
represent an increase of-5.6 pounds.

It is unlikely that the Wood Handbook
values were obtained by a svslematic sampling
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along the entire length of the stem. However, a
difference in sampling i1s probably not the
major reason for the higher values reported
here, Variations in 3G with height in the stem
are plotted in Figure 1 and those species
exceeding the Wood Hendbook values do so at
all heights in the stem.

Variation With Height in Stem

The stem-wood and stem-bark SG curves
plotted in Figures 1 and 2 are the average for the
10 trees of each species. However, there 18 a
great deal of variability and in many species
mmdividual trees often deviated from the
average curve. Since not all stems are the same
length, cach point is the average of 10 trees (50
in red oaks) only up to a height of 22 or 26 feet.
Above that height, the number of trees
represented decreases to a minimum of either 4
or 5 (20 in the red oaks).

Wood S tended to remain relatively
constant or to decrease with inereasing height
in the stem (Fig. 1), but the relationship varied
considerably among species, In the ring-porous
apecies S5G decreased with increasing heightin
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Figure [, — Relationship between stem-wood S0z ane
height above ground in Ginch (DBH) hardwood:
growing on southern pine sites. The red oak plot &
based on data from 90 trees; the other plots represen
data from 10 trees each.
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Figure 2. — Helatwnship between stem-bark 3G and

height ahove prownd in G-nch (DB hardwoods
prowing on southern pine sites, The red oak plot is
based on data from 90 trees: the ether plois represent
data trom 10 trees pach,

hickory, remuined constant to a helght of 50 feet
hefore inereasing in the red naks, and steadily
increased in green ash. In the diffuseporous
species, wood S0 generally was high nesr the
hase of the tree, decreased sharply to s heightof
6 feet, then remained relatively constant to s
height of about 30 feet. Above that height 50
usually increased and then decreased.

There have been some other studies that
measured the relationship between S and
height  in stem for  these species. The
relationship reported here {or yellow-poplar is
very similar to that found by Koch, Brauner,
and Kulow (73, Tavlor (14, Gilmore i4), and
Sehrocder and Phillips (115 The relatonship
nhserved for sweetgum is similar — but lower at
all heights — Lo the results obtained by hoth
Webh (14) and MeElwee, Tebias, and Gregory
{100 The carve the latter plotted for white ash
fulls between those we ohtained for while ash
und green ash.

The relationship between bark 5G and
height in the stem (Fig, 2) also varied among
specics. 3G generally increased with height in
the ashes and in black tupelo and sweetpum
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iafter an initial decrease) while in other specie:
it decreased or remained relatively constant
Koch (5) found that red maple bark density
increased to a height of 10 feet and ther
remained conslant whereas the present resulis
indicate a decrease above 6 feet. In 8- Lo S-inck
diameter at hreast height (DBH) yvellow-popla
he found that bark 5G inereazed sharply
breast height, decreased somewhat to a heigh
of 16 feet and then increased again (51 It
another stand of 14- to 16-inch trees he founc
that Bark S0 increased steadily with height (6)
The curves presenled here for the red cakis an
similar to those for 8 to 10-inch northern re
aak, searlet oak, and black oak (5} However, his
curves for 14- to 16-inch red oak rise sharply io:
height of 10 feel and then rize more slowly to:
height of 40 feet.

WithinTree Comparisons

(M the within tree comparisons possible
the fallowing seemed of interest: a) sterm wond
branch wood, by stem wood-stem-branch wood
tranch-lree wood-tree, o) stem bark-stem wood
d1 branch barl-branch wood, e) stem bark-tres
hark, and f) stem bark-branch bark

I 20 species there was no significan
difference in S0 berween stem wood and branck
wootl, The two exceptions were layrel oak anc
blackjack oak, and in both, sterm-wond 50 was
lower than that of branch wood (Table 1), Thes:
results agreed in general with those of Taylo
i13) who, in eomparing gtem and branch wooc
of seven of these species, found that in only ong
isouthern red oak) was there a statistically
sipnificant difference between the two,

Becaunse of the preponderance of wood —5:
percent of the above-stump green weight wher
species were averaged—significant difference:
among stem wond, whole stem, branch weood
whole branch, tree wood, and whole tre
oecurred in only six species, Tn post and whits
oaks and in American and winged elms, branch
503 was significantly helow that of the othe
five categories. In addition, winged elm whole
stem and whole-tree density, aversging 0.076
was significantly below that of the stem wood
Lranch wood, and ree wood, averaging G615
Lourel oak and blackjack vak were the tw
species in which branch-wood 3G excesded tha
of stem wood, by 0,042 and 0,068, respectively
In laurel oalk, branch-wood density also excerd
ed that of the wood; and in blackjack oak
bhranch wood was the densest tissue in the tree

Stem-hark 806 averaged lower than that o
stemn wood in the two white oaks samples (pos
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and white}, in the ashes; the elms, sweetgum,
hickory, and black tupelo; the difference was
smallest in black tupelo, 0.072, and largest in
winged elm, 0,282, Stem hark was significantly
denser than stem wood in hackberry (0.081),
laurel ocak (0.048), water oak (0.041), and
northern red oak (0.049). In the remaining six
red oaks, vellow-poplar, sweetbay, and red
maple, there was no significant difference
between stem wood and stem bark.
Branch-bark 8G did not differ significantly
from that of branch wood in red maple and
hackberry. In the other 20 species, branch bark
averaged significantly less, the difference
ranging from 0.033 in sweethay to 0.241 in
winged elm. In fact, in those 20 species — the 11
oaks, hickory, vellow-poplar, sweetbay, and
American elm—branch bark was lower in
density than any other category measured.
There was no significant difference
between stem bark and tree bark in any of the 22
species. This observation is to be expected
because for all species combined there were
ahout 4.8 times as much stem bark as branch
bark, based on green weight. There were

significant differences between stem bark an
branch bark, however. In the 11 oaks, yellov
poplar, sweetbay, hickory, red maple, America
elm, and hackberry, stem bark was denser, [
sweetgum, the two ashes, and winged eln
branch bark was denser, In black tupelo, ther
was no difference in density between stem bar
and branch bark.

Among-Species Comparisons

For all portions of the tree containing woo
{ie., excluding only stem bark, branch barl
and tree bark), species rankings followed
similar pattern (Table 2). Yellow-poplar wa
consistently low with 8G of 0.39 to 0.4
followed by sweetbay and sweetgum (.42 1
0.45), Intermediate in SG were two group
black tupelo and red maple (averaging 0.48 {
0.50) and American elm, hackberry, and the tw
ashes (averaging 051 to 0.58), The dense:
group (0.57 to 0.66), containing 13 of the 2
species, consisted of the oaks, winged elm, an
hickary. Of the oaks, water oak and laarel oa
were the least dense while blackjack, post, an
white oaks were the most dense. The grouping

TABLE 2. — Among-apecies comparisana of SG by tissues, using Duncan's multiple range test, B0 increases from loft to right,
and those species underseored by the same line are mot significantly different.

EL: fF % S RAM BT Ha AE GA WA LD WaD NRP SRO B0 S5c0  Ch  WE ShO B0 Wi B Wh

;:E: ME S5 YP RE WA GA BT S8 PO Hi RM WhQ SRD Ha BO Scl ChD MWal LO B0 Skl KRR
ul ——

Sten YP %8 S5 BT BM AE Ha GA WA WE LD WaD 5SRO MRO. Mi BO Sch ChQ PO ShO  Bi0  Wh

E;::l:h Y6 tB %G BT AM AE MHa GA WA KRD WaD Hi ME SRO L0 WhO. ChD Secd ShO PO BO B3

E:ait.n YF A WE SBE 56 BT PD GA WA HI RM Who SRD Wal ScO ChO LO NRD Sh} Ha B0 B
r

Beanch TP SB 56 BT AE RM GA WA WE Ha Hi PO WRD Wal 5SRO MWhO LO  Sch  Chd S0 BD BJ

:;:: Yp S5 S5 RM BT Ma A GA WA ED waD MRD SRD BO WE 5c0 ChD ShO HY BJO PO Wh

Ee: ME S5 YP AE WA GA BT S8 P} MY HRM WhD SRO Ha BO SeD Cchd LD Wal BiD B KW
s

Tree YP SB S6 BT FM AF Ha GA WA MWE L0 Wal 5RO NRD W1 B0 50 PO Ch0 ShD Bj0D W

'For species codes and specific gravities, see Table 1.
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TABLE 5 — Weaght per cubue

fout fgrven polume s of fresfily felled Sanck hardiocds growing on pine sies.

(S e Stem Srem Branch Branch
SRR - weosnich hark Stem winkd Lok Branch Tre
] Pounds per cubic foot - - - - - oo omman o oo

Hed maple 526 LA2 532 A 554 fh e e
Hickory, true fill.A 5.3 B0 562 h3H 556 557
Hackbearry LR S H LIRS hE.4 iR T X
White ash HER 1.7 Gl a1 nd_l fl.5h fl.l
Uireen ash hlG LR ST a1 n2.g al.7 0.7
Eweebgum G2 430 8.2 G4 A A 7.5 59.0
Yellow popler h22 5.0 525 R0 4480 51,4 545
Ewvee iy 54.8 ARG 4.5 hih 45 H 1.8 545
Hlpck tapals 59.4 45.4 Lt T AR W M
White pak 7.2 LAR A4 nEH 1 Ha [N
Searlet oak RhR &0.0 4.5 G1.6 LA [ il 1
Southern red cak R4.7 37.4 G259 fil.l H24 A 625
Cherrybark oak fid.5 a8.H BAs 62 T B &L B36
Laurel vk [FXR] Gl.y G Ry 572 Rl BZY
Bilackinck nnk 1304 ST hH Fifi, 1 T2 oA hd L]
Water aak (R GG B0 BLA b0 LELE L.
Nurthern red oak Hd. 628 B3.6 b - L e | f3.2
Shumard ook R 612 65,0 il 4 h.0 R1.:1 7
Fost onk GH.1 46 [ Bl & 45.1 it 8
BHlnek ook 635 an7 B, | £ a0 G100 (iR
Winged elm [T ATa ELEL [ 414 nhT A
Mmerican elm haT 4.1 6.8 M0 G149 i

presented here apply only in a general way
since groups overlap and since significant
differences oceur within groups.

Because tree bark is composed primarnly of
stern bark, apecies ranking and significant
differences are essentinlly the same for hoth,
Winged elm and sweetgum had the lowest 50
0544 and (L07) Yellow-poplar, American elm,
the pahes, black tupeln, and sweethay were next
with values ranging from 39 to .44, In an
intermediate position were hickory, red maple,
and the two white naks, ranging from {L.49 to
.54, The nine red oaks and hackberry were the
densest group, ranging from 060 to 064,

Yellow-poplar branch bark was least dense
with 3G of 0.34, followed by the two elms
averaping 0.6 and by sweetbay and sweetgum
pveraging A0 Intermediate were hlack tupelo,
post nak, the ashes, hickory, and red maple,
ranging from 0,43 to 0,47, averaging 0.45. The
opks and hackberry, ranging from 049 e 0.55,
were densest with an average S0 oof (.52,

Specifie Gravity-Moisture Content
Relationships

[ a previous paper (3), moisture content
(M) of the same trees, freshlv-felled, was
determined for seven of the ning lissues
reported here; it was not determined for tree
wood and tree bark, Using the SG and MC data,
it wis possible to calenlate the weight per cubic
font of each tree part ot the time of felling (Table

WOOD SCIENCE  vuiimes

Ay, The inverse relatinnship between MO and
S0 was inwvestigated by linear regression,
Equations for each of the seven tissues were
derived in two ways: using all 220 observations
{rom individual trees, and using the 22 species
means, [n plotting the data il became evident
that, with the exception of stem bark and
branch hark, white and green ash contain less
moisture (percentage-basis) than do other
species of similar 3G, When the equations were
computed again, with the pshes omitted, the
coefficient of determination wns significantly
improved, The relationships, presented in
Tahle 4, were signilicant st the 0,01 lovel, The
roefficient ol determination was improved
using spectes means since variability was
reduced,
Specific gravity-Extractive Content
RHelationships

The addition of extractives to a given
volume of wood increases its 56 and it was
decided to determine whether there was a hinear
relationship between extractive percent (un-
published) and 8G. Individual tree values were
wsed for stem wood, branch wood, stem bark,
and  branch bark to determine the fouar
equations for cach species. OF the 88 equations
abtained, only & were significant at the 0.05
significance level and & had a negative slope,
This indicates that at the concentrations
uhtained in these species (ranging from 3.0% 10
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TABLE 4, — Relationship between MC and SG of finch Literature Cited
hardwoods growing on pine sites'

= 1, Canter, F. L., T. L. Ampuncey, and F. G. MANWILLER.
i Coofficient 1976, Hesistnnce of 22uouthern hardwoods to wood-decay
- Hurgression Hegression af fungi and subtermanenn termites. Wood Sei. 8(4):223-226,
Location intercept coefficient  determination 2, Cugoxg, E. T., F, 0. Tesoro, and F. G. ManwTiLen.
in tree fa} (&) (R 1974. Permenhility of twentv-two amall diameter
OBRSERVATIONS FROM 220 TREES hardwoods growing on southern pine sites, Wood and
Stem wood 17010 -168.90 0523 Fiber £11:91-101, o
Stem hark 19 44 —}25.89 4445 3 o, and F, G. MANWILLER. 1576. Dimensionnl
Bimmich wood 155 98 Z16211 'RE12 and relative hygroscopic propertios of hardwoods from
Branch bark 163.78 —179.14 ATE6 southern pine sites. Wood 5:! 9{|k3‘9-¢3 .
Biem 16B.58 -171.15 BEET 4, Gimore, A. R 197.1' Specific gravily i:'-l‘ plantation-
Branih 169.73 _1R%1D “aEas grovn yillow-poplar is not related to site. Wood and Fiber
Tree 170.06 17508 580 8(2):182-163. i .
5, Kocwu, C, B, 1970. Varation in bark 5p-e§:cl:|l: gravity of
L2 selected Appalachian hardwoods, Wood Sci. 30154347,
L0 At 6 1971 Thickness and specific gravity ofinner
Stem wood 174.36 -171.78 06552 ;ir'ﬁ ;&Lu;r!;nrk af red oak and yellow-poplar. Wood Sci.
im0 S ST 7. A Dmauwes, and D, Kuvow, 1968, Specific
Branch birk 16637 _1R4 55 ‘a7l gravity varintion within voung yellow-poplar troes. Wes
Stem 17772 ~1R1.18 ‘7259 Va. Univ. Agri. Expt. Sta. Bul. 564T. 9 pp.
Eranch 17574 15088 7474 B, :IAHT.:.ET? F. EE:LQ:&I DF;ET Itngm!; in at_znmE;.:iui
y e ranches of amall hardw on southern pine
Tree Tioe 15628 414 Wood Sci. 7(2):130-132.
x . 8 . 1975. Wood and bark moisture contonls of
< ESERVATIONS FROM 2 SPECIES NEAXS R b e o
Stem back 138.83 ~136.90 B840 gites, Wood Sci, 5113594188,
Branch wond 17280 ~14% 38 i 10 MeEuwee, IL L., R C. Towas, nnd A. H. Greaory, 1970
Branch bark 18758 -090 7R TER Wood characteristics of three southern hardwood species
Stem 17756 as707 TRy and thetr relationship to polping properties, TAPP]
Beanch 183.18 =753 7098 B10)1882-1886.
Teas 178.52 ~3601.08 438 11. Soukoepek, J. G, and D, B Pauwps, 1973, Som
phyiicn]l properties of vollow.poplor wood and bark, Par
OBSERVATIONS FROM 20 SPECIES MEANS — IL Variations with height in the tree, Wood Sci. B(2):123
ASHES OMITTED . i . .
Stem Wood 181,03 18944 07394 12 TavLox, F. W, 1968 Specific grovity differences withir
Stem hark 148.91 -151.E6 f e E;lri among vellow-poplar trees. Forest Prod. J. 13{3K75
E::ﬂst ::rf };g;? _g;;; 'g-lrﬁ 5 1977, A note on the relationship bebweer
Stem 186 62 19891 “B240 branch- and stemwood properties of selected hardwood
Branch 185,96 1774 BeTT growing in the mid-South. Wood and Fiber 8(4):257-261
Tree 18743 0.1 BT 4. Wenn, C. [, 1964, Natural variation in specific gravity
- i fiber lengih and interlocked grain of sweetgum (L
'Model: Maisture content=a = b (specific gravity) guidambar sty rocifiun L) within trees, among trees, anc
: nmong geographic oreas in the South Atlantic States
sweethay stem wood to 21.8% in green ash o Ehér L;. T.hmn.Pl:. G. Smﬁu Univ., H“]tif;h”i.s' :dEE;!p‘p.d
* L @2 Ua FOREST apucTs BORATORY. 3774 WO B
branch bark) extractives do not systematically book:Wood as &n Engineering Material, USDA Hand
influence 8G. bogk T2 Rev.
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