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INTRODUCTION

This supplement to Properties of Pulpwoods (published in
September, 1943} includes many &pecies of American wooda which
have only recently entered into pulp menufacture or which seem
likely to do so in the future. For mny of them there are few data
avallable; of others, oldtimers in the other wood-uging industries,
mach 1s lmown. Certain ones occur- in large, readily accesasible
stands, whereas other specles are found as scattered trees in
foreet or woodlot, The compiler hopea that any errors or omissions
will be brought to his attenmtion and also that additional infor-
metion will be forthcoming, eo that the usefulness of the work
will be enheneed. In order to facilitate use, the pagination
has been contimied from the ﬁggt volume and an index, embodying
all the speciles, 16 included at the end. ,

Copyright, 194%, by
THE INSTTIUTE OF PAPER CHEMISTRY
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EXPIANATION OF TERMS

Cormon Name. This appears st the head of each species descrip-
tion. In most cases, it 1s the mare favored by the U, 8, Forest
Service.

lentific Na __m_ The technical name for the tree is given in
1talics (1e., underscored), followod by the name of the person who

first used the name in this Torbination and wrote the plant descrip-
tion. Sometimes another person's name is given in parentheses. If
80, it means that person first applied the second or specific pert
of the name, but put it in a different combination, later found to
be incorrect. Sclentific names were originated because of the great
confusion in common names, and their use is governed by a botanical
code of nomnclature.

Synonyms, Some of the common nemes which are not so widely
known or well chosen as the one umed in the title are listed as
synonyms. According to the ¥, 8, Forest Service Check List (U. .8,
Dept. Agr., Misc., Circ. 92, 1927), a few specids have as meny as 30
common pames, '

Femily Neme, A family is a group of closely related genera just
a8 a geus 1e couposed of cleossly related species. The family neams
iz gilven .beceuse 8xperience has shown that it is convanien't to think
of woode in texms of Plant Fsmilies.

Ra_gge. This indicates the district or region where the species
is indigenons. Certain localities within the renge may not contain
the tree because of environmental conditions, natural enemies, or
removal by man,

Dimensions. Average measurements on mature trees are given.

Bark. A description of the appearance of the bark is given,
Occasionally, in addition, date are available on the percentagc of
the total volume of the trunk occupied by the bark,

Silvics, This includes a genersl description of the tree, its
environmsnt, its associates, and other pertinent facts comnacted

with its growth.

Gross_TFeatures of the Wocd, This iz a steterent of the generel
characteristics and properties of the typical wood from the msyxchantable
part of the tree. A hand lens {10X) is the greatest mmgnification
used to obtain these data. In referring to the planes of section,-

x eignifies croes, r signifies radial, and t signifies tangentlal,

Micromcopic Structure. The minute anatomy of the wood is
described by considsring dimensions and characteristics of the wood
elements normally present in the species, In the future, 1t is planned
to 1llustrate this section with photomicrographs of the cross, radial,
and tangential sections md.c from authentic wood samplos.,
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Normechanical Physical Properties. These are the several
common values which do not have to be determined by stress. The
specific gravity is based on the oven-dry weight and the volume of
the test plece when it was in & green, air-dry, or oven-dry condition, . -
The density is given in pounds per cubic foot for various conditions
of moisture. The moisture content 1s the averags for green wood,
It is the custom in wood industries to relate the loss in moisture
from the original to the oven-dry condition to the weight of the
oven-dry plece, whereas in the pulp and paper industry moisture is
expresged as a percentage of the origimnl weight as 1t is with
chemicals, DBoth velues are given., Most woods have their cell walls
saturated and the cell cavities free from water {fiber-saturation
point) at a moiSture content of 25 to 30% (based on the oven-dry
weight). When the moisture content decreases below the fiber-
saturation point, shrinkege tekes place. The shrinkage values for
volume, radisl direction, and tangential direction are figured on
the loss in size to the oven-dry condition based on the dimension
when green; the shrinkage to . the air-dry condition wlll be less,
The value for thermal expansion is a coefficlent per degree
Fahrenheit at ordinary temperatures. The coefficients along the
grain and across the grain are given customarily. The thermal
conductivity is expressed es B.t.,u, per hour per square foot of
materisl vhen the temperature gradient is one degree Fahrenhelt
por inch of thickiess, The electrical resistance 1s expressed
in megohms, The value is given at moisture contents of 7 and 129
(on the oven-dry basis), corresponding closely to the kilneiry and
eir-dry moisture contente, This emll difference in moisture con-
tent causes a several-fold difference in resistance,

Mechepical Properties. These values are included because 1t
1a felt that the pulp and paper engineeor encounters considereble
gtructural work and in meny pleces wood might be & desireble con-
structicnal material. It must be remsmbersd that wood is heterogensous,
unidirectional, and variable with moisture contente below the fiber-
saturation point. OSince the various propertics listed are familiar
to one versed in the teasting of materials, they will not be expended
here. Toughness is given as the drop in inches of a 50-1b. hammer at
complete failure, hardness as the load in pounds reguired to ombed
2 0.44h-inch sphere to half of its diameter, and splitting strength
or cleavability as the pounds necessary per inch of width when
splitting; all other stregs values are expressed s pounds per siuare
inch., More complete informeticn is available in publicatione of the
U, 8, Forest Producta Iaboratory or the Canadian Forest Producta
ILaboratory. .

Chemical Proggrt;es. The data on proximste apalysis of many
of the pulpwoods are surprisingly meager. All the information avail-
able has been glven in the following pages, In general, the methoda
of the U, S, Forest Products Iaboratory have been used by various in-
vestigators, although modifications have been made. 8pecific references
are glven when feasible, and any umsual methods have been noted.
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Pathology. A knowledge of the durability of wood and ite
susceptibility to various diseases and insects should de helpiul to
woodyard and woodroom operatora., Mich of this informetion concerns
the forest trees and far less the logs. Unfortunately, there is
no direct relationship between the pathological resisfance of a
growing tree and the durability of the wood cut from it., Certain
types of diseases do not interfere with the use of wood for chemical
rulping; others cause so much decay that it is undesirable to take
the log as far as the landing deck,

Utilization. All phases of utilizetion have been considered in
this compilation. It is important to know the properties of wood
and its uses other than as pulpwood because of the competition for
rvaw mterial in certain localities. Usually an integrated or multiple-
use program can be worked out with other utilizers, especially if *
all concerngd are interested in keeping their industriee going. The
production figures are the lgtest and most reliable obtairable.

Supply. This information has been obtained from estiretes of
the U, 8, Forest Service and the Canadian Forest Service. The data
for certain species and regions are mich more complete and detailed
than for others,, .

i“\
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WESTERN WEHITE PINE

Seientific Name. Pimus monticola D Don.
Synopyms. White pins, Idaho white pine.

Family Name. Pinaceae,

Range. Vancouver Island and southern British Columbia, northe
weotern Montana, northern Idaho, Washington and Oregon (Cascade end
Blue Mountains), northern and central California (Sierre Nevada).
Sea lsvel to 3,000 foet weat of the summit of the Cascade Mountains
in British Columbia, Washington, and Oregon; 2,000 to 7,000 feet
east of the Cascads summit end in Idsho and Montans; 5,000 to 10,000
feet in Califomia .

Dimenaions. 150 to 180 feet tall and 2 1/2 to 3 1/2 feet in
. diameter. .

Bark. Smooth, gray green to iight gray on young trees, thin
(rarely move than 1 1/U4 inches thick) even on old trunks where it
breaks up into nearly square or rectanguler, derk gray or purplish
arey platas separated by deep ﬁssures. '

_;;Lﬁgg .The trésihas a long, slightly tepered shaf‘t., a short, e
generelly symtrical and. somewhat oven crown, and a deep, wide
spreading system of lateral roots, This species is- typically a
mountain form, except in the northwesterm portion of its range.

It attaing 1ts best development in the Inland Empire region on
rich, porous soils in moist valleys and on middle and upper elopes
and flats of northerly exposure. Here it 1s very comon and oc-
casionally forms almost pure. stends, Elsewhere, an occasicnal

tree or small groves in mixture with other softwoods occur on poorer
and drier soils,” Its principal asasociates in the Rockles ere grand
fir, Douglas fir, western larch, ponderosa pine, Engelmann spruce,
western red’ cedar, western hamlock, lodgepole pine, end alpine fir;
Douglas fir, western hemlock, grand, noble and eilver fix in Washington
and Oregon; and red., Shagta and Douglas firs and lodgepole pine in
California.

Gross_Features of me ¥Hood. The woold of western vhite pine is

modorately soft, straight- and even~greained, medium textured,

8lightly resinous, without characteristic odor or taste. The sapwood
18 nearly white to pale yellowish white, narrow to medium wide.

The heartwood ie cream colored to light brown or reddish brown, dark-
ening on exposure. The springwood zone is severel times wider than the
summerwood; the summerwood zone is distinct with the naked eye but not
proncunced. The transition from springwood to summerwood is gradual,
In the x-section the rays are very fine and are not distinct with

the naked eye unless they include a horizontal resin canzl; In the
r-section they form a fine, close, inconspicuous fleck, Both
longitudinal and horizontal reein canels asre normally present. The
mmerous longitudinal camals, which appear as white flecks to the




I
Western Wnite Pine : 160

the apmial ring. They are solitary or rarely 2 or 5 contiguous
tangentielly, forming more or less prominent streaks along the
grain, The horizontal canals are smeller than the longitudinal
ones and appear as white, rather prominent wood rays speced ir-
regularly on the x-section, scarcely visible with a hand lens on
the tangential surface, FParenchyma are absent.

Microacopic Structure

Tracheids. Up to 60 m (average, 40 mi) in diameter and 3,2 mm,
in length; bordered pite in one row or occasionally in two on the
radial walls; tamgential pitting present in the last few rows of
sumervood trachelds; pite leading to ray parenchym large, window-
like, 1 to 4 {generally 1 or 2) per ray crossing, those in the spring-

- wood more or lesa angled and occupying most of the back wall; ray
tracheid pits: present,. _

Resin canals, ILongitudifisl, up to 200 m (average, 135 to
150 m1) in dismeter; horizontal, less than 80 m; thin-walled
epithelial ‘cells, tylosoids,

-

Rays, Two tybes, uniseriate and fusiform; the uniseriate rays
are mumerous, 1 5712+ cclls high; the fusiform rays are scatlered,
with 2 horizontal resin canel, 2- to Leseriate in the central portion,
tapering to unimerlate margins, up to 20+ cells high; ray tracheide
arec preseunt. in all typee of rays, marginal and interspersed, with
nondentate inner walls.

Longitudinal Ereggm' I » Absent,

No: anica sical Properties
Specific gravity, green volume 0.36
air-idry volume 0.38
_ oven~ry volume o. k2
Density, 1b./eu. ft. green 35
air-iry aT
oven«dry . 23

Moisture content, when green: 5h% based on oven-dry weight
~ (35% on green basis).

Shrinknge, from green condition: v, 11.8%; r, 2.6%; t, 5.3%.

Meci_mg;cal Propertiecs

Groen Air-dry

Tensile, /_, 1b./sq. in. 260 -

- Compressive stress at v.1. //, 1b./8q. in. 2h30 4480
Compressive stress at: P, l. b, /eq¢, 1in, 290 540

Shear, mximm stress /f; 1b./eq. in. 6%0 850
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o Green  Alr-dry

Static bending FSPL, 1b./sq. in. 3400 p €00 J
Static bending B, 1b./eq. in. 1.17 x 10° 1.51 x 10

Static bending, R, 1b./eq. in. 5200 9500

Toughness, in. 19 23,

Herdness, //, 1b. 310 340

Bardness, _/, 1b. - 510 370

Cleavability, 1b./in. width 160 160

Chemical Propertice

Calorific value: 18.6x 108 B.t.u. per air-dry cord.

Proximate analysig: :

T R Ritter and Fleck(2) | ‘

. Mirtin - .  Hoartwood Abderson(3)
F,P,L, and Bray(l) Spring  Sumer Sep Heart

Ash, % 0.20 _ . 0.2 0.2
Hot=water ' ' ._

soly., %' pk.49 3.4 5.16 5.2 k1 kS5
Cold-water o : , .

Boly., b 3.6 3.76 4,29 2.3 2.7
Ether soly.,p h.26 1.6 3t 3.6
Aleohol~benzene ’ .

BO].;Y., % ’ 5-1|- 3-1|' 5-7
1% Ma(H soly., '

% © 14,8 11.6 22,1 21.5
Acetic acid,b 1.03 1.h2 1.40
Methoxyl, %  4.56 : 3.68 3.5
Pentosans, % 8.86 10,7 10.1 9.8 9.2 9.5
Mannan, % 6.9% '

Idgnin, % 26.h 24,8 26.3 25,3 25.6 25,4
C.& B.Gell'l.l.-_

lose, % 59.7 6l.1 57.6 0.0 59.0 5747
Pentosans,$ - 6.69 . 8.7 7.27 6.54
Algha -¢ellulose, ..

8.6  Wh.7

Holocellu- ,

1090’ % 68.5 66.0

(1) Paper Trade J. 111, no. 25:36 (Dec. 19, 19%0); average of data
taken at three helghts in tree. )

(2) Ind, Eng. Chem. 18:608 (1926).
(3) Ind., Eng. Chem. 36:662 (1944).
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Pathology =
Resistance to decay: intermediate.

Red ring rot caused by ring scale fungue (Fomes pinl); red-brown
butt rot caused by velves top fungus (Polyporns schwoinitzii); dwarf
mistletoe (Arceuthoblum campylopodum); white pine blister rust
(Croparti bicoia); epongy sap rot caused by pine root fungus

(Emigm@g ; shoestring rot caused by honey mshroom (Armilleria

Mountein pine beetle (Deggoctgms mopticolae); én,gmver beetlen
(Ips species),: :

e

cloge~, and uniform-grained, nails easily without aplitting, easy to
work, low shrinkege, stays in place woll, subject to blue stain, takes
and holds paint well, glues eaeily, eaay to season. '

‘ha;niaa! “SMulfate process. Reduces readily; yleld, ll'%-

Lumber. 458 million bd. ft. anmel production from 1933 to 1942,
78% from-Idaho and 179 from Washington; matches (50%), general millwork,
boxes and crates, patterns and flaskas, ) '

Supply.

17.5 billion bd. ft. in the Unjted States, about two-thirds of
which is in Idaho (1942 estimmte).

9L0 million bd, £t, and 500 thousand cords in Cansda (1935).

10,4 billion bd. ft. in northern Idaho (1937).

1.9 billion bd. ft. in Washington (1936).

1.7 billion bd, ft. in Oregon (1936). . )

893 million cu, ft. in Washington and Oregon (1936).
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Scientific Neme. ZPims lambertiana Douglas.
Synonym, California sugar pine.

Fanily namo. Pinacese.

Rapge. From the Cascade and Siskiyow Mountains in southern
Oregon south in the Sierra Nevada and coast ranges of California to
Lower California.

Dimpnsions. 175"-t,o 180 feet tall and 2 to 3 fest in diamcter.

Bark., Derk green, thin, and smooth on young stema, graylsh
brown to cinnamon red on 6ld t , 1 1/2 to 4 inches thick,
 and broken into irreguler, super 101&11:; scaly ridges separated by
deep fissures. A sweet substance, pinite, exudes from bark wounds,

S1lvice. The forest tree has a long, massive, clear, cylindrical
bole, a short crown gomposed of several large, horizontal branches
and a well-dpveloped flatersl root system. This tree is typical of
the transition zone and reaches its best development on the west slope '
of the Sierre Nevada in northern and centrel Celifornie ot 4500 to
5500 feet elevation., It ip always found in mixture, principally with
ponderosa pine, Douglas fir, white fir, incense cedar, and bigtree.
Farther north 1t is often found with digger pine, pondeross pine,
Douglas fir, tanbark oek, California black oek, bigleaf maple, and
dogwood usually below 4000 feet clevation. In the southorn portion of
its range 1t becomes alpine in habit.

Grogs Features of the Wood, The wood of sugar pine is moderately
soft, straight- and even-grained, relatively coarse-textured, slightly
reginous,a faint noncharacteristic odor, often exuding & sugary sube
stance when green, but without characteristic taste when dry, The
sapwood 18 nearly white to pale yellow-whitc and narrow to medium in
width, The heartwood is light brown to pale red-brown, frequently
discolored with sap stain. The springwood zone i several times wider
than the summerwood zons; the transition between thenm is gradusl. The
grawth ring is distinct becouse of the darker sumsrwood. In the
x-section the rays are very fine and are not distinet with the naked
eye unless they include a horizontal resin canal; in the r-section
they form a fine, close, inconspicuous fleck., Both longltudinal and
horizontal resin canals are hormally present, The mumerous longitu-
dinal canals are conspicuouns, confined largely to the central and
outer portions of the ring, solitary or rarely 2 to 3 contiguoms
tangentially, and appear as prominent dark streaks along the grain.
The horizontal cenals appear as rather prominent wood rays spaced
at irregular intervals on the x-section and are vieible with a hand
lens as brownish specks on the t-section. FParencliyme are absent.

-,




Microacopic Stmcty,ra_

Tracheids. Up to 65 m (average, 45 m) in diemeter and 5.2
mm, in length; bordered pits in one to two rows on the radial wells;
tangential pitting present in the last few rows of summerwood
trachoids; pite leading to ray parenchyme large, windowlike, 1 to 4
(generally 2 or 3) per ray crossing, those in the springwood rounded
and more or less widely spaced. Volums occupied, 9b.O%.

Re ce . Longitudinel, up to 300 m {average, 175 to
225 mi) in diameter; horizontal, less than 80 mu; thin-walled epithelial
colls, tylosoids. Volume ocoupied, 0.5%.

Rays. Two.types, uniseriate and fusiform; the uniseriate rays
are muwerous, 1 to 12+ cells high; the fusiform rays are scattered, .
"~ with a horizontal reain canal, 2- to L-geriate in the central portion,
tapering to Imiseriate wmarging, up to 20+ cells high: ray trachelds
are present in all types of rdys, marginal and interspersed, with
nondentate imer walls, Volume occupied, 5.5%.

Iongitudingl, Pavenchyma. Absent.
Nom? chanical Puysicel Properties
L2 ’ i

Specific gravity greon volume 0.35
air-dry volummo 0,36
oven-dry volume 0.38

Density, 1b./cu. ft. green 52

_ air-dry -2

oven-dry 23

Moisture content, when green: 137% based on oven-dry weight
(58 on greon basis), .

Shrinkage, from green condition: v, 7.9%; r, 2.9%; t, 5.66.

Thermal conductivityz- 0,69 Betawt./hr./sg, ft. with 1° F,
gradiont/inch thiclkmess.

Eloctrical resistance: 22,900 megohms at 7% moisture content.
140 mogohms at 12% wolsture content.

_M—PW arbies Green Airedry
Tensile _/, 1b./eq. in. 270 350
Compressive stress at p.l. //, 1b./sq. in. 2330 ko
Compressive stress at p.l._/, 1b./sd, 1in. - 350 590
Shear, maximm strese //, 1b./sd. in. 630 © 1050 - -
Static bending FSPL, 1b./sa, in. W00 o 5700

_ Static bending, E, 1b./sq. in. 0.9% x 10° 1,20 x 10
Static bending, R, lbs7sq. in. 5100 aoog
2 Da78d, 17 )

Toughness, in.
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Green Alr-dry

Mechanical Propertios (Contimed)
Hardness //, 1b. . 320 530
Hardness 1b. e 310 380
Cleavability, 1b./in. width - 180 190
Qgg;_:gca; EZOEE;BS .
Mamman content: L4.67% (Schorger), 6.63% (Dore).
Proximte analysis: Anderson (1) :
' Sap Heaxrt Dore (2)
Ash, % ] 0.2 0.2
Cold-water-soly., % 1.7 8.4
Hot-water 801y., % 2.1 10.3
E‘bhﬂr 3013'.-.’. % ' 301 1"05
Alcohol-benzene soly., % _ 3.8 12.0
Benzons soly., $ 2.8
Alcohol 'ecly., % - _ 1.90
Pentosan, % . 10,4 9.5
Galactan, % o : 0,50
Lignin, % - 26,8 24.8 29,5
€. & B. cellulose, % , _ 58.7 S5kl 59.2
Holocellulose; % 68,5 6.5

(1) *Ind. En? Chiem. 36:662(1944),
(2) .J. Ind, Eng. Chem. 12:476(1920),

.Patgo;og

Resistance to decay: Interwediste.
Browm trunk rot caused by chally quinine fungus (Fomes Jaricis);

dwarf mistlotoe (ﬁrc%gthobigg campylopodum); white pine blister rust
(C;:g‘;ggrt;m rfb;co& . : . .

Mountain pine beotle {Dendroctomus momticolae); verious engraver
bectles (Ips species); flat-headod borer.

Utilization

Usg_properties. Soft-textured, inconspicuous figure, streight-,
cloge-, and uniform-greined, nails eegily without gplitiing, easy to
work, low shrinkage, stays in place woll, subject to blue etaln,
takea and holdo peint well, glues easily.

Bulping
Sulfite process. Reduces reamdily but unevenly, fair strength,
dw1l greenish-brown color, shivy and harsh; yleld, W7%. '
Bulfate process. Reduces readily, very strong; yleld, 48p.

Iurber. 264 million bd. £+, annual production from 1933 to 1942,
81% from Californis and 19% from Orcgon; general millwork, boxes and.
crates, patterns and flasks, rollers, boot and shoe findings.: ~

s

2k,7 billion bd, ft, in the United States (1938 estimate), of
which 4,3 billion bd. fti oceur in Orogon and rest in California,
850 million cu. ft. in Oregon (1936).
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FONDEROSA rmgj’-

Scientific rneme. Pims ponderosa Iswson.

Synonyms, Western yellow pine, yollow pine, pondosa pine, bull
pine. .

Fapdly rame. Pinaceee.

Range., This species covers a wide territory in the west. From
southern British Colunbia southeastward to north central Nebrasks
end in the Rockies to northern Mexico, It is absent or sparse in
the Great Besin region. From British Columbis it occurs southward
in the mountains of the Pacific Coast states to Lower (Gelifornias,

In the Pacific Northwest 1t is found from sea level to 6000 feet,
in northern Idaho, and central California from 2000 to 7000 feet, and
in Arizona from 1|-000 to 8000 feet in elevation.

D_;;gg_ng_:!_.ggg_. . 150 to 180 féet tall and 3 to b feet in diameter,

Bark. Brown to black and deeply furrowed on vigorous or young .
trees; yollowish brown to cinnamon red and broken up into large flat,
superficially ascaly plates separeted by deep irregular :E‘iaeruraa on
alow-drowing anli-.gld trunks; very thick on old trees.

¥

Silyice. The tree has a long, symmstrical bole; clear for at
least half of its length, a short, conical or flat~topped crowm in
old trees, and a taproot with a well-developed eystem of moderately
deep, wide-gpreading lateral roots., Pondercsa pine is not exacting
in its site requirements but responds best on relatively moist, well-~
drained soile found on the western slopes of the Biskiyou and
Sierra Nevada ranges, It occcurs in many parts of its range in pure
stands and is alesc commonly the most abundant tree in mixed coniferous
stends. In eastern Washington and Oregon its associates are western
larch, Douglae fir and, occasionally, lodgepole pine, In the centrel
Rockies it occurs principelly with Douglas fir and in California with
Jeffrey and sugar pines, white fir, incense cadar, and Douglas fir,

Gross Featureg of the Wood. The wood of ponderosa pine is modemtely
soft, generally eitraight- and gquite even~ to very uwneven-grained,
medium coarse-toxtured, resinous, without characteristic taste but
with a distinct, noncharacteristic resinons odor. The relationship
between summerwood and smingwood zones is variable; in slow, even
growth the surmerwood zone is very narrow tut in fast, young atock
it is brozd end conspicuous, This causes variation in appearance of
the grain., The ring is ‘alwaye distinct end the transition from spring-
wool to summerwood ebrupt. In the x-section the rays are very fine -
and are not distinct with the naked eye unleas they inciude a horizon~
tel resin canal; in the r-aectlion they form a2 fine, cleose, incon-
apicuous fleck, Both longitudinal and horizontal resin capals are
normelly present. The mumercus longitudiral oomolc are conspicucus,
confined largely to the central and outer vortions of the ring, soli-
tary or rerely 2 to 3 conbigmous tengentially and appear as relatively

S T Tl VTR
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mrominent dark streaks along the grain., The horizontal cenals are
whitish, relatively inconspicuous wood rays spaced lrregularly

on the x-gection, and barely visible with a hand lens as brown
gpocks on the t-section. DParvenchymn are absent, The aplit tan-
gential surface i1s frequently dimpled but the dimplos are less

conspicuous than in lodgepolo pine.

e

Microscopic Structurae

Tracheids. Up to 60 m {(average, 40 mu) in dlasmeter and. 3.7 -
mn. in length; bordered pite in one row (occasionally in two).on the
radial walls; tengential pitting absent; pits leading to ray
parenchyme varieble in shape and size, 1 to 7 (generally 4 or 5)
per ray crossing, Volume occupled, 93.0%.

Resin Canals. - Iongitudinsl, up to 230 m {average, 160 to
185 m1) in dlsmeter; ‘horizontal, lese than 70 m:; thin-walled
epithelial cells, tylomoids, & Volume occupied, 0.3%.

Rays. Two types, uniseriato and fusiform; the uniseriate rays
arc¢ numerous, 1 to 12+ cells high; tho fusiform rays are scattered,
with a horizontal‘resin canzl, 3- to 5-seriate in the central pore
tion, tapering tpyuniseriate wergins, up to 16+ cells in height;
ray tracleids present in oll types of rays, mergimal (often in .
several rows) and occasionally interspersed, with prominent dentate.
wallz, Low rays frequently consist entirely of ray tracheids. .
Volume occupied, 6. '

lopgitudinal Parenchymm. Absent,
Nonmechanical Physical Provertics

Specific gravity green volume 0.38
air-dry volume -~ 0,40
oven-dry volume 0. 42
Deneity, 1b./cu, ft. green 45
: eir-dry 28
oven-dxy 24

r :

Moisture content, when green: 91% basoed on oven-dry weight
(48% on green basis),

Shrinkage, from green condition: v, 9.6k; r, 3.9%; t, 6.3%.

_ Thermel conductivity: 0,85 B.t.u./hr./sq. £, with 1° F,
gradient/inch thickness, -

Eloctrical resistance: 39,800 mogohms at 7% moisture content.
300 megohms at 12% moisture content:
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Moo ca eg - :
i _ Green Adpr-dry :
Tensile_J/, 1b./eq. in. - _ 290 400 i
Comgressive stress at p.l. //, 1b./sq. in, 2070 Logo
Compressive stress at p.l. _/, 1b./ea. in, 360 ° 740
Shear, meximm stress //, 1b./sa. in. 680 1160
Static bonding FSPL, 1b./sq. in. 3100 . 6300 - .
Static bending E, 1b./sq. in. 0.97 x 10° 1.26 x 10
Static bending R, 1b./sq. in. 5000 "9200
Toughness, 1in. , 20 17
Bardneoss [/ 1b. 300 - 950
Hardness _/, 1b. 310 450
Cleavability, 1b,/in, width 170 220

4
Qgenﬂcai_l, &,oggrti_ea’_

Calorific value: 22.1 x' §O6 B.t.u. per alr-dry cord,
Tannin codtent: 1n wood, 8.9%; in berk, 10,9%,
Proximate analyses:

: L Andorson(l) -
‘ =< F.P,L, F,P,L, Sap Heart Dore (2)

Agh, - o 0.46 0.3 0.2
Hot-watér soly., % 5,05 L8 b3 6.2
Cold-water soly., % 4,09 1.0 3.3
Ethor soly., % 8.52 6.8 4.8 5.0
1% NaCH soly., % 20.3 - 19.0
Acetic acid, % - 1,09
Methoxyl, % ,'"'11‘9 ) ,
Pentosan, % 7.35 8.4 10,5 10.k |
Lignin, % - 26,7 27.2  22.8 -22.9 29+5
C.& B. cellulome, % 57.4 58,0 59.9 58.1 5747

Pentosan, % 6.82
Alpha-cellulose, % - 35.7  3T.h _
Alcohol-benzenc 80ly.,P L4 5.1 T.2 _
Benzene soly.; 2422
Alecchol soly., % | - 1.49
Mapnan, % L.6h 637
Galacten, 3 - . 0.78
Holocellulosc, % 69.9 66.3

(1) Tad. Eng. Chem: 36:662(1944),
(2) J. Ind., Eng. Chem, 12:476(1920).
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Pathology _ _ _
Resiatance to decay: low +.
Wostern red rot (Po ellisianug); dwarf mistletoe
(Arceuthobium campylo ; wostern gall rust (Cronortium harknessii);

lodgepole blister rust (Cropartium filsmentosum).

Wostern pine beetle (Depdroctonus brevicomis); Black Hills beetle
(D._ponderosac); mountain pine beetle (D, monticolse); southwestorn |
pine beetle (D, barberl); engraver beetlos %E_p_g specice); pino butter=-
fiy (Neogma;a-.-mmp;,a; ; pandora moth {(Coloradia mmg;gj. ,

. Uti,]_.g,zat;gg

Uge_propertiss. Soft-textured, delicately figured, straight-,
¢logo-, and umiform-grained, nails easily without splitting but has.
low nail-holding powor, easyto work, low shrinkage, stays in -place
woll, sublect to bluo siain, takes and holds paint well, glues ocasily,
8lightly resinous, easily treated with preservatives.

Sulfite préfess. Rcduces fairly readily but unevenly, dark, |

shivy; yfeld 47%. o
. Sulfate process. Reduces readily, very strong; yleld, 48%.

Soda" proceas., Yield, Ll%.

. v, 3.0 billion bd, ft. average anpual production from
1933 to 1942, 43% from Oregon, 25% from California, 11% from Washington,
and 66 from Idaho; boxes and crates, gensral millwork, caskots and coffins,

furniture, toya, rollers, laundry appliances.
Other uges.,” Fuel, fence poste.

Supply

218 billion bd. ft. in the United States (1943 estirmte).
1 billion bd, ft. and 500 thousand cords in Canada (1935).
70 billion bd, ft. in Oregon (1936). .

16,5 billion bd, ft. in Washington (1936).

5,7 billion bd. ft. in northern Idaho (1937).
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LODGEPOLE PINE

Scientific Neme. Plmus contorta Loudon,

(Some botanists insist that the two forms, coastal snd mountain, of
lodgepole pine are distinct specles or at least varieties and desigmate
the coapt form as Pimug contorta Dougles and the mountain form as

Pinus contorts var. latifolls Epgelmann, )
Synonyme. "Pamarack,” black pine, épruce pine, jack pine.

Family Mame. Pinaceee.

Range. From eastern Alaska south on the coest to northern Celifornia,
in the interior south in the mountains to Lower California, and in the
Rocky Mountains to’ Golorado. Also in the Black Hills, Sea level to
2000 feet in north, to 6000 feet in Washington end Oregon, to 11,500
feet in California, and’ 6,000 to 11,000 feet in the Rockies.

Q

Dimensiong. - Coast form--25 to 30 feot tall and 12 to 18 inches in
diameter. Mountain form--70 to 80 feet tgll and 15 to 30 inches in
dlameter, : .

Bark. Cosst-fopme-3/4 to 1 inch thick, desply furrowed and ftrans-
vorsely fisbured, reddish brown to black and superficially scaly.
Mountain form-~1/% inch thick, orange brown to gray covered by thin,
loosely appressed scales, ot

S11vics. 3Becsuse of their amall size and poorly formed boles, the
trees of the comatal form contribute little or nothing to the timber
supply. In the mountains the tree has a long, clear, aslonder, cylindrical
bole, a short, narrow, open crown and shallow root system., The trees
reach commerclal slze on a varlety of soll types but attain thelr bost
development on a moist, well-drained sandy loem. This apecies is very
egareesive and hardy. Thus, in many arecms it ie fiend in pure, denso,
even-aged stands but also ocewrs in mixture witla otier conifera. AL
lower elovatlions it associates with pondorcga and w2eterm white pines,
Douglas fir, anpd western larch. At higher altitudos,-it occurs chlofly
with Engelmann spruce, alpino fir, esnd linmber pine in the Rookies and
lizber and Jeffrey pinss and California red fir in the Slerra Nevada.
In purc dense stands the trees ere prone to stagnats,

Gross Features of the Wood. The wood of lodgepole pine 1s moderately
soft, genorally atraight- but somewhat unevon-grained, medium fine-
textured, resinous, without characteristic taste, but with a distinct
noncharacteristic, resinous odor (especially when green). The sapwood
is pearly white to pale yellow and narrow. The heartwood is light
yellow to pale yellow-brown, often scarcely derker than the sapwood
and not clearly distinct. The springwood zone ia uneually mch wider
than the narrow, distinct surmeorwood zone except in the outer rings
of mature trecs. The transition from springwood to- summerwood is more
or less abrupt. In the x-scction the reys are very fine and are not

4
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distinet with the naked oye even when they enclose 2 horizontel resin
canal; in the r-section they form o fino, closo, inconsplenous fleck.
Both longitudinal and horizontol resin capale asre norrally prescnt.
The longitudinai canzls, which are relatively inconsplcuous or not
vigible with tic naked eyo, are numerous, confined largely to the
contral and outer porticns of the ring, solitary for the most part,
and forming fairly conapicuous,.brownish streaks along the grain.

The smller heorizontal canzis, which sppear as brown radlal lines
spaced irreagularly on the transverase surface, arc barely vieible with
a hand lens on the tangential surfoce. Parenchymm ere obsont, A
split tangentisl sectlion shows prominent dimpling effect.

M;I,_ croscoplc Struchure

Tracheldas. Up to 55 mu {average, 40 m) in dlaretor and 3.2
mn, in length; bordercd pits in one row or occasionally paired on the
radial walle; théngontiel pitvting absent; pits leading to ray parenchymn
variable in size and shuve, 1%0 6 (goncrally 2 to ﬁ por ray crossings
ray tracheid pite. presont. l '
Rogin cnmols. ILongitudinal, up to 110 m (average, 80 to 90 m}
in diameter, horizdntal, leass than 50 mu; thin-walled epitheliel cells,
'bylcoElo:I.d.:at1 R
Rays, Two types, uniseriate and fusiform; the uniscriate rays
are numerous 1 to 8% cells in height; biseriato rays frequent in the
areas of whirled tissuec; the fusiform vays are scattered, with e
horizontal resin canal, 2- to 3-seriate in the central portion, taper-
ing to uniseriate marginm, up to 10+ cclls high; ray troachoide are
present in 21l typeo of roys, marginal and interspersed, with prominently
dentate walls, The mrginal tracheids arc often in several rows and
in low rays the ray trachelds frequently compose the entire ray.

. Longitudinn) Parenchymn. Absent.
N chanicnl glca rticeg.

Specific gravity. groen. volume 0.38
air-dry volume O.h1 .
oven-dry volume 0elt3

Density, 1b./cu. ft. groeen 39

air-dry 29
ovon~-dry 2k

Moisture contont, when groen: 5% bosod on oven-dry weight
(39% on green bdasise).

Shrinkage, from green condition: v, 11.5%; r, 4.5%;.t, 6.7%.
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Mec ca ) 08
_ : : Groon Alir-dry
Tensile _/, 1b./sq. tn. 220 290
Compressive stress at p.l. //, 1b./8d. in. 2110 4310
Compreseive stross st p.l. 1b,/sq. in. 310 750
Shear, meximm stress //, Ib./sq. in. 680 880
Static bending FSPL, 1b./sqa. in. 3000 o 6100
Static bending E, 1b./sq. in. 1,08 x 10 1.3k x 10
Stotic bonding R, 1b./sq. iny” 5500 900
Toughness, in, 20 20
Hardness //, 1b. %20 530

. Bardness _/, 1b. 330 .. 480
Cleavability, 1b./inch width 150 180

Chemical Properties
Calorific value:.’! 20,1 x 106 B.t.u. per air-dry cord.

Patholoay ﬁ ) ¢

Resistance to decuy: low - _

Dwarf mistlotoe (Arceuthobium Arericapum); western goll rust
(Cronortium harknessiil; lodgopols bliater rust (Crg tosum).

Mountain pine beqtle (Dendroctomus monticolse); Black Hills
bectle (B. pondorosse)? lodgepole needle tier (Argyrotaenia spocies);
sawily. o _

Ttilizat 9;3

Use properties. Generally straight- but somewhat uneven-grained,
medium fine-textured, moderately light, moderately soft, emey to work,
glues well, average in paint-holding abllity, holds n2ile and scrows
poorly, appreciable shrinknge, stays in place well, scasons eaeily,
conspicuous figure, heartwood difficult to penstrate with preservatives,
takes a good finish.

Pulping

Sulfite process, Reduces readily, excellent color, fine fibered,
very strong, somewhat pitchy, ocaily bloached; yield, 47%.

Snlfate procoss. Roduces readily, very strong; §icld, 48%.

Mechonical process. BReduces readily, oxcollent color and
steandard strongth, power roguirement 15 to 25% more than white spruce.

er. 39 million bd. ft. average ammual yproduction from 1931
to 1940, 83% from Wyoming and’ Colorndo. Used locally for rough con-
struction, slding, finish, _anﬂ. flooring.

Other uses. Mine timbers, railrocad ties, poles, posts, fuel.
5 _ .

38,6 billion bd. ft. in the United Btates (1939 estimate).
96% million bd. ft. in morthern Idaho (1937).

700 million bd. ft. in Oregon (1936).

480 million bd. ft. in Washington (1936).
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SAND PINE

Scientific Name, ZPinus clousa {Engelmamn) Sargent.

Synonyms., 0ldfield pine, spruce pins, scrub pine,

Fﬁg;ﬁ D‘hm . Pimceﬁe . -

RBango. Alabam coast and Florida (except the extrere northeastern
and southwestern portions).

Bark., Compdratively smooth, :f'onning plates only on larger branches.

.. ‘Bilvica. A smpll tree, of poor form, commonly found on sterile
gandy soilg. Because of its hobit of retaining many of its cones .
‘unopened for .seyeral years it is able to seed in large nunbers follow-
ing fire. The type with sond ,pine predominant occurs on very dry,
high sond ridges and coastal dunes, Its chief associates are myrtle
oak, Florida hickory and Chapmnn white oak, On ground intermittently
wet this species iz found in mixture with longleaf; slash and loblolly
pines, southern ani pond cyprosses, and black and tupelo guma,

Creee t]i‘ea‘bﬁréfé?gf the Wood. The wood cannot be separatéd from that
of the other southern yellow pince; see longleaf pine, page 26, '

Nonmecﬁbg;ca; Fhysical Propexties
Specific gravity - green volums 0.45
gir-dry volume 0. 48
oven-dry volums 0.51
Density, 1b./cu. ft. greon 38
alr-dry _ 34
oven-dry 29

Moisturs cdn‘ben‘t, .when greent 26%H ﬁased on oven-dry weight
(26% on green basis).

Shrinlnge, from green conditlon: v, 10.0%;.r, 5&9%;_t, 73%,

Moo ca operties
' Green Alr-dry
Pensile _/, 1b./8q. in. . - 380 300
Comprossive stress at p.l. //, 1b./sq. in, 2670 3900
Compressive stress at p.l. _/, 1b./sq. in. 560 1030
Shear, maximm stress //, 1b./sd. in. 1140 1100
Static bending FSPL, 1b./sg. in. 4100 p 6700 6
Static bending E, 1b,./sq. in. 1.02 x 10° 1.k x 10
Static bonding R, 1b./sq. in. . 7500 - 11, 600
Toughness, in. . . %] 19
Hardness //, 1b. .. hed 950

Hardness _/, 1b, -~ .. 480 730
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C ca 0 iecs
Proximate analysis: - F,P.L,.

Hot-water soly., & - 2.5
‘Alcohol-benzene 8oly., % - 2
Ether goly., % : . 1
1% NeCH soly., % 1
~ Pentosan, % ' 6
Lignin, % o 27.
C. & B, cellulose, % 6L
Alpha-celluloss, % ho

Pathology

Resistance to decay: intormediate.

1

‘"
- s

Utilization .
Uséd locally or in mixture with other southern pines.

yield,
Supnly

According to the U, S, Forest Service, an extensive stand of
young sand pine covers about 150,000 acres of sandy upland on the Ocala
National Forest in northeastern Florida, The managemont plans provide
for pulpwood production on a 4O-year rotation. When mature, the stands
will average 10 inchee in diameter and 30 to 40 feet in height. This
stand should yleld about 35 thousand cords annually,

' ing. * Sulfate process. Reduces readily, fair strength;
%

i 3
-

i .
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- POND PINE

Scientific Name. Pinus rigida var. serotipa (Michaux) Loudon

: « Pocosin pine, bay pine, marsh pine, bull pins, bastard
plno, black pino.

Family Name. Pinacese,

Range. Coastal plain from southern tip of New Jersey to western
t1p of Florida. UNot in southern hel? of Florids peninsula,
Dirensiong, Occaaiomlly 80 foet high and 30 inches in diamoter
as a mximm. T

Bark, Grayish brown, very wide, lrregular ridges or patches
composed of many-loose 1rregular friable scalos.
. &

Silvics. This species occurs extensively on flatwoods near the
coast or in bays and ponds, It is found in emrll pure stands or pre-
dominant in mixture with glash pine, loblolly pine, pond cypress, red
aum, mrcc?t bay, loblolly bay, red bay, and swamp black gum,

Grogs Featurea?of the Wood. See description under longleaf pine,’
page 26, )

Microscopic Structure
Tracholds. Length, 2,7 m.

Nonmochanical ica opertics
Spocific gravity | green volume 0.50
: air-dry volume 0.54
oven-dry volume 0.58
Density, 1lb./cu. ft. green 49
' air-dry 38
oven-dry . 31

Molsture content, when green: 56% based on oven~dry welght
(36% on groen basis), .

Shrinlege, from greon condition: v, 11.2%; r, 5.1%; t, 7.1%,

Mechanical Properties _ o
Green Alr~dry

Tensile _/, 1b./sa. in. : N 280 360
Comprossive stross at p;l'._Z, 1b./sq.4n, 2940 . 6300
Compressive strese at p.l. 1b. 8q. in. = 540 1120
Shear, mximum stress //, 1b./sq.-in. oko 1380
Static bending FSFL, 1b./sq. in. 4500 8300 .

Statlc bending E, 1b:/saw in. 1,28 x 108 1.75 x 10

[ —
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Mechanical Properties, contimied
- ' Green Adr-dry

Static bending R, 1b./sq. in. Th00 11,600

Toughness, in. 33 28

Hardness [/, 1b. 460 780

Bardness _/, 1bs | 510 Tho

Cleavability, 1v./in. width . 190 240
Pathology

Rosistance to decay: intermediate.

Turpentine borer {Buprestis apricans); southern gine beetle
(Dendroctonus frontalis); engraver beetles (Ips species). .

. Utilization. See longleaf pine, page 29, Not suitable for
turpomtining, \ . | -
Pulping., Silfate procqas';' Reduces readily, strong; yield, 48,
Bupyly. -

? . | ;
1.8 billion bd: ft3 in North Carolina (1.938).
8.8 mi11ién cords in North Carolima (1938),

17

e
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WESTERN IARCH

Sclentific Name. Ia;:'y, occldentalis Muttall,
Synonym. lerch, mountain larch, tammrack, Montana larxch..

Family Mezp, Pimaceae.--

Range. Southern British Colunbia and south in the east slope of
the Ceéncade Mountaing to north central Oregon; east through the Blue
Mountains to morthern Idaho and weetern Montena.

Dim;agngi_q__m. 140 to 180 feet tell apd 3 to L fest in dlameter.

Baxr;,. neudish brown to cinnamon red, ocaly on young stems; wup
. to k to 6,inches thick on old trunks: and. then with flat-plated ridges
soparaied b:r d.eep irregulag fissurce. .
ﬁg;}.,r;gg. The tree.-has a clear, tapored bole {often swollen-
butted . a short, open, pyramidal crown and & deep, wide-spreading
roov aystem, It grows best on deep, moist, porous solls in high
valleys and .on pourtain glopes of northern and western cxposmre.
Nearly ;pure opth stands of this species occur in the Inlend Empire.
It is ofton the most abundant spocies in the larch-Douglas fir forests
of the' northern Rockies, where it is aleo associated with westorn
white pine and, at higher clevations, with lodgepole pine, Engelmann
spruce, and alpine fir. Other assoclates ere western homlock, grand
fir, pondercsa pine and, occasionally, western red cedar. Wostermn
larch im vory intolerant throughout 1life and is dominant 1n oldw
growth mixed stends, .

Grogs_Features of the Wood. The wood of wostern larch is moder-
ately hard, slightly resinous, straight-graincd, coarse~textured,
with a characteristic oily appearance and greasy feol, but without
characteristic odor or taste. Tho sapwood 1s white to palo straw
brown ard very narrow. The heartwood is russet or redfich brown.

The summerwood zone is normslly very narrow, sharply delineated

and consplcuous to the naked eye which mkes tho growth ring quite
distinct, The springwood zone ususlly comstitutes at least 706

of the ring, The transition from springwood to summerwood 1@ very
abrupt. In the x-section the rays are very fine, not distinct to the
mked eye, and form a fino, close, Inconspicuous fleck on the radlal
surfaco, Both longitudinal and horizontal rosin canals are present.
The longitudinal canals arc smonll, inconspicuous, not visiblo to

the maked oye or appearing as whitish or dark flecks, eparse, confined
moetly to the summerwood, solitary or 2 or more contigunous tangon-
tially., The smaller horizontal cannls apvear, with a hand lons, as
somewhat broader, whitish rays spaced irrogularly on the x-gection
and arc invisible or barely visible with a hond lens on tho tangential
surface, FParenchymm not visible,

pe
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Mcroascopic Structure

Tracheids. Up to 50 m: {average, 40 to 50 mi) in diameter and
2.2 mm. in length, Those in the swmerwood. occasicnally have spiral
thickening., Bordered pits in 1 to 2 rows on the radial walls; .
tangential pitting present on the last few rows of summerwood
tracheids; pits leading to'ray parenchymm small, quite uniform in
size, with distinct border, I-to 10 (generally b4 to 6) per ray crossing;
ray tracheid pits present. Volume occupied, 89.0%. :

. Resin cenals. Iongitudinal, up to 135 m: (average, 50 to 90 m)
in diameter; horizontal, less than 25 mi. Thick-walled epithelial
cells end no tylosoids. Volume ocoupied, 0.1%. '

_ Rayss Two types, unlseriate or rarely in pert blseriate, and
fusiform. The uniseriate rays are numerous and 1 to 20+ cells in
height; the. biseriate rays are very sparse and scattered, or absent.
The scattered fusiform rays,;which include a horizontel resin canal,
are 2- to 3-gseriate in the central portion, tapering to uniseriate
mrgins, up to 20+ celle in height. Ray trachelds are present in
all types of rays, marginal anid very rarely intersporsed, nondentatie
inner walle; morginal usually in one row. Volume occupied, 10.0%.
tudingt® Parce « Torminal apd very sparse, or abaeant, .
Volume occupied, 0.9%. ‘

Nonme cg"an;ca; Physical Properties

Specific gravity grecn volume 0.48
alr-dry volune G.52
ovon-dry volume 0.59
Density, lb./em. ft. - groen 48
) air-dry 36
oven-dry 28

Moisture content, when groen: 58% based on oven-dry weight
(37% on green basis), ,

Shrinknge, from groon .condition: v, 13.2%; r," h.2%; t, 8.1%.

Thermal conductivity: 0.99 B.t.u./hr./og. ft. with 1° F.
gradiont/inch thickmona. .

Electrical resistance: 39,800 megohms at 7% moisture contont
' ' 250 megohms at 12% moisture content

, Mechanicnl Froperties S '
S . Green Alr-dry
Tensile _/, 1b./sq. in. 230 310

Compreasive stress at pil. //, 1b./sq.in. . 3250 5950
Compressive stress st p.l. _/, 1b./sq.1n. 560 1080
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Mcchanieal Properties (continued) Green  Afr-dry
Shear, mximwm stress //, 1b./sq. in. 920 1360
Static bending FSPL, 1b./sq. in. 4600 7900
Static bending E, 1b./sg. in. 1350 1710
Static bending R, 1b,/sq. in. 7500 11,900
Toughness, . in, 2l "%
Hardness //, 1b. - . k70 1110
Hardness _/, 1b. =~ _ 450 760
Cleavability, 1b./in, width 1560 160

Chemical Propertics

Calorific value: 26.5 J:'lO_6 B.t.u.. per airv-dry cord.

Tannin content:  In wood, 6,7%; in bark, 10.6F,

There is a wator-soluble gum (arabogalactan) in western larch
amounting to 8 to 25%, Soverel papers have boen publishod on this
material--e.g., Wise and Potersong Ind., Eng. Chem. 22:362(1930).

Proximte analysis:

. F,P.L,
ABh,‘ % i ) 0025
Hot brater o0ly., % 12.6
Cold-wotor solft, % 10.6
Ether soly., % ‘ 0.8 *
1% Nawﬁ:goly;, % ) 22.1
Acetic acid, % 0,71
Methoxyl, % 5.03
Pentosan, % 12,5
C. & B, cellulose, $ 578
Pentosans, % : 8,94
Manman, % 5135

Eatholozy
| Repistance to ﬂ.eca_y: Intermediate.

Red ring rot caused by ring scale fungus (Fomes pini); brown
trunk rot ceused by quinine fungus (Fomes offici 135; red-brown

butt rot caused by velvet top fungus (Polyporus schwelnitzil); dwarf
mistletos (Arceuthobium ca opodun); white pocket rot by black line
fungus (Fomes nig:g%i;ggtatuas ; red root rot {Polyporme circinetus);
string amd ray rot (Polyporus berkeleyil.

Bark bectlos (Melapophila drummondi).

Utdildzation

. Uge_proverties, Mydemtely heavy, strong, moderately hard,
roderately high in shock rosistance, etiff, moderatcly high shrinkage,
slightly resinous, growth extremely narrow and uniform, exceptionally
glow ia reacting to molsture, vory little sapwood, high percentage of
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summerwood, pronounced figure, straight-grained, does not mr, dent,
or scralch caslly, stays in place well, high nail-holding power,
tondency to split in seasoning and handling, glues oasily, does not
hold paint woll, difficult to penctrate with liquida, oxudos galac- _
tans,

&;.%;13. Sulfate process. Reduces readily, vory strong;
Jield _
Lamber, 93 million bd, ft. average anpual production from

1931 to 1940, 58% from Montama; building comstruction, interior
trim, flooring,-tanks, crates. :

. Other uges.. Mine timbers, railroad ties, piling., Micic acld
chn be prepared ﬁ:om the galactsn and used as substitute for tertaric
acid, .

25 ‘biliion bd, ft. in the United States, 505 in Montama (1939
estimtc),

%.8 billicn bd. ft. in northern Idaho {1937).

3.8 billion= a. Pt. in Washington (1936).

3.0 ®1llion bd. ft. in Oregon (1936). ,

1.5.b111ion cu. ft. in northern Idaho (1937). | -

1.9 billion cu. £t. in Waghington and Orogon (1936).
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Sclentific Name, ﬁcemmg (Parry) Engelmann.
Syponym. White epruce, silver spruce, mountein spruce,

Fa&i_y Nam . Pinﬂceae-

Bepge. From central British Columbia south in the upper &lopes
of tho Cascado and Blue Mounteins of Washington and Oregon; in the
Rockica south to Arizona and New Mexico., TFound at 1500 to 12,000
foot in the northern part of its range, 9,000 to 11,000 feet 1n the
central Rockies, and 10,000 to 12,000 feet in the southern Rockies,

Dimensions, - 100 £y 120 fect tall and 18 to 30 inches in diamcter.

Bark. Very thin, broken into large purplish-brmm to russet-red,
thin, loosely a’ctached. scales. £

Silvies. ‘In denso stands, Engelmenn spruce has a atraight,
clean trunk with & close, very short, narrowly pyramldal crown of
small brenches and a shallow root system, It reaches ite bost de-
velopment on deep, rich, loany soils of high moisture content. This
species i@ quite;tolorant, as are othor spruces. Pure etands of con-
siderable oxtent are common, although the tree occurs abundantly in-
mixture with othor conifors. At lower altitudes it is often associated -
with white, alpins, silver and noble firs, Douglas fir, western larch,
wostorn homlock, lodgopolo, and western white pimo. At higher alti-
tudes the chiof associates are slpine fir, mountain hemlock, alpine
larch, whitebark, linmber and bristlecone pines, and Alaska cedar.
Engelmann spruce occasionally shares now burng with lodgepole pine but
is usually tho less agreseive spocles,

Gross Foatures of the Wood, Tho wood of the eastern spruces is
usually slightly heavier and stronger than Engelmenn spruce; sec dedw
cription under white spruce, page 1ll. In some samples of Epngelmann
gpruce the trensition from springwood to summsrwood 1s more sbrupt
than in eastern opruce, and the summerwood is thon usually appreclably
donsor than the springwood. ,

5l

Microgcopic Structuroc. Similar to whitc spruce, page 11,
Tracheids. Length, 3.0 rm,

Nonrpchanical Physical Prop_o_rtieé :

Specific gravity . green volume 0.31
air-dry volume 0.33
oven-dry volume  0.35

Density, 1b./6u. . greon . 39
; air-dry 23
oven-dry . al
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Molsture content, when greens 100% based on oven-dry woight
(50% on greon baais). .

Shrinkage, from green condition: v, 10.4%; v, 3.4%; t, 6465,

Mochenical Propertics = .
' _ Green Alr-dry

Comprossive stress at p.l. //, 1b./ea. tn, 1680 3580

Comprossive stress at p.l. _/, 1b./sq. in. 290 &40
. Bhear, maximm stress //, 1b./sq. in. 590 1010
Static bending FSEL, 1b./sq. in. 2500 6000 o
Static bending E,. 1b./sd. 4n. - 0.85 x 105 116 x 10
Static bonding R 1b./sq. in. ' 4200 8500
Toughneas, in, - . ' 14 15
‘Hardncss //, 1b. : 250 450
Eardness _/, 1b. 240 310
Cloavebility,” b, /in. width . 130 200

£
Chegt_ca; &gpoggies. Calorific values 17 6 x 105 B,t,u, per air-
dry cord, '

Pathology,

Reaigtancd to docay. low +
Westorn red rot (Polyporus ellisiamis 8); dwarf mistletoe (Arcen- -

thobium carmylopedum); brown stringy rot coused by Indian paint fungus
(Echinocdoptivm tineto 1um) rod root rot (Eo circingtus )3
Engelmonn spruce beetle (Dendroctonus engelrennil); spruco 'budworm
(Cacoecia fumiferans). '
Utilization
Usge propertics. Vory similar to white BprUCO, .page_lh.
Pulping '

Sulfite process: Reduces readlly, strong, fine texture, excellent
color bleachos cagilyy yield, iT%.
v Sulfate process. Reduces roadily, strong, fine texture; yield,

Mochaniecal proceoas. Reduces readily, oexcellent coior, | standard
atrength, power requirerent comporable with that for whlte epruce.

Iurbor. ILocal use; chiefly bullding construction and baoxes. The
averoge annuol production from 1931 to 1940 wees 36 million bd. ft.;
principal sources wore Colorado, Montana, and Idaho.

Other usos. Mine timbors, poles, railrced ties, fuol.
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Supply

58 billion bd, fte in British Columbia (1923 estimate),

49 b11lion bd, ft. in the United States, of which 22 billion
bd. £t. are in Colorado (1937 estimte),

1.8 billion dd. ft. in Washington {1936).

2.5 billion bd, ft, in north Idaho (1937).

200 million bd. £t, in Oregon (1936).

83k million cu, ft. in Washington and Oregon (1936).

600 million cu, #%. in north Idaho (1937).

g




MOUNTAIN EEMLOCK

Scisntific Name, W (Bongard) Sergent.
Synonym. Alpine hemlock, |

Fami:_l,z Name.f Pinaceane,

Range. Aleskn (Cook's Inlet) and southward in the coastal
mountaing of British Columbia, Cascade end Blue Mountains of Washe
ington and Oregon, and Siskiyou end Sierra Nevads of California;
also in southeastern British Columbia, northwestern Montana, and
northern Idaho. Found from sea level (Alaska) to 10,000 feet
elevations,

N

Dimepsions. 75 01100 feet tall and 2,5-3,5 feet in dlameter.

Bayk, Dull purplish brown to reddish brown, divided into narvow
fiattensd ridges by deep, parrowi{fissuree and up to 1 1/ inches
thick in old trees.

Silvics. This tree, although one of the largest of the alpine
speciss, 18 often low and sprewling near timberline, - The large
forest trees have a "X&ng, clear or limby bole with & narrow pyra-
midal crown drooping or even pendulous branches., The root system
is shallow, -The boet stands are found on moist slopes, flats, and
heads of ravires with northerly exposure. Best developmont ie In
southern Oregon. In certain coniferous forests, mountain hemlock
constitutes more than 75% of the stend, In parklike etands, the
exceasively tapored boles are the only species or are mingled with
alpine fir, alpine larch, Engelmmn spruce, and whitebark pine,

Gross Featggga of the Wood. The wood of mountain hemlock is

moderately hard, fine- and uniformly-textured. The heartwood is a
pale reddish brown and is usually not distinguishable from the
moderately thin sapwood, The summerwood 1s quite proncunced, and

is distinguishable from the lighter springwood. In the xesectlon
the rays are vory fine, not distinct with the naked eye, and form &
fine, close, inconspicuous fleck on the redial surface. Resin cannls
are normlly abscent. Longitudinal parenchym are not, visible.

Microgcoplc Structure. Probably similar to wostern hemlock, pags 53.
Nommechanical Physical Propertics

Specific gravity " green volume 0.43
air-dry volume O.47
oven-dry vclume 0.31

Density, 1lb./ou, ft. green -
air-dry 33

oven-axy 31
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__, Moisturo content, when"'gféén: 62% baged on ovonedry woight’
(5% on greon basis). o

Shrinkage, from green condition: v, 11.4%; v, bUk; t, T7.4%.

Meg) ca esg _
s Green Adr-dry
Tensile _/, 1b./sd. in, : 330 320
Compressive streas at p.l. //, 1b./sq. in. 2540 4620
Corprosaive stress at p.l. _J, 1b./sd. in. k70 1030
Shoar, maximm stress //, 1b./eq. in. 910 1230
Static bending FSPL, 1b./sqg. in. 3800 7400 6
Static bending E, lb./sq. in. | 1,08 x 10°  1.32 x 10
‘Static bending R, 1b./sq. in. 6600 11.,200
Toughness, in.' ' : 32 32
Hardness .//, 1b. - - 600 1170 I
Hardness _/, 1b,’ . 500 ™o iy
200 170 -

Clecavability, 1b./in.
Chemical Froperties o
Tarinin cont,ep,g bark contains "large amounts,”
Pat!_l_olmf | _ | '
Reaist;hco to decay-: low + '

Utilization

No specific information could be found. Frobably small amcunts
are used in admixture with wostern hemlock for lumber and _pulp.

Supply

6 billion bd. ft. in Oregon (1936).

2,1 billion bd, ft. in Weshington (1936). ~

1.9 billion cu. ft. in Washington and Orogon (1936).

Approximately 70% of these stands are wost of tho summit of
the Cascade Mountains, .

o W)
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Sclentific Nameo,. ﬁbioa'ng 66;0? Lindley and Gordon.
Synonyms. Belsam fir, California white fir,

Fardly Namo. Pinacess,

Rapze, Oregon to southorn Celiformis; northern and southeastern
Arizoma, and New Mexico to Colorado and Utah; Nevada; southern Idaho;
northern Mexico and Lower Califomia. At olevations of 6,000 to
11,000 feoct.

Dirensions., Siorra--130 to 150 feet tall and 3 to & foet in
diemotor, Rockiea--SQ to 100 feet tall and 15 to 30 inches in diameter.

Boxrk, & to 7-ipches thick on 61d trunks, ash gray and divided by
d.oep irregular furrqws into thick, horny flattened ridges; young stems
with conﬂpicuous rosin blistors,

Silvics., The trce hag a long, clear, slightly tapering bole and
a shallow root eyaten., The crown is elongeted 1n youth but frequently
broken and'melformed jn old trece, Best development is on deep, rich,
.moist, well-dyained ethidy lcem slopos and benchee with & northerly '
exposure but this speciecs will oxist on dry, barrven asites. White fir
is wsually in admixturc with other comifers, principally sugar, pon-
derona, Jeffrey and limber pines, incense cedar, Douglas fir,
alpine fir, end Engelmann spruce, and sometimos constitutes as ruch
as 80% of the stand in parts of the Sierra Nevada., This species 1a
moderately tolerant.

Grosa _Featurcs of the Woog, Tho wood. of white fir cannot be dis- -
tinguiahed from that of the other true firs. For description scc
lowland white fir, page 69.

Microscopic Structurc. Seo description of lowland white fir,
page 9.

Tpachoids. Longth, 3.6 mm. Volumo occupied, 90.5%.
Rays. Volume occupied, G.5%.
Nonmog s} sica leg .
Spocific gravity s ~ green volums 0.35
: alr-dry volume 0.37
oven-dry volumo 0,40
Donsity, 1b./on. i - green W7

air-dry 26
oven-dry o2e
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Moisture content, whon green. ' 115% based on oven~dry woight

Swrinkage, from green conditiou: v, 9.4%; r, 3.2%, t, To0hs

Thermal conductivity: O0.65 Bit.u./hr./sq. £t. with 1° F,

gradient/inch thicknees.

Electrical resiotance: 57,600 megohms at 7% moisture content.,
12% moisture content,

180 regohre ot

Meo o &

Tensile _/, 1b. /sq. in.

Compressive strcss at p.l. //, 1b./sq. in.
Corpressive atress at p.l. _/, 1b./3q. in,
Shoar, mximun stross //: lb./aq. in.
Static bending FSPL, 1b./sq. (.

Static bending &, 1b./aq. ins

Static bending R, 1b./ea. in.

Toughnees, in,

Hardness //, 1b.

Hardngss _/, 1b.

Cleavabi}ity, 1bs¥in. width

Che_:gf_aca; Properties

Proximate analysis:

Ash, % a

Hot-water soly., %

Cold-water 30];?.,

Ether 301y.’ %

Alcohol-bonzene 80ly.,

Acetic acid, %

Methoxyl,

Pentogen,

Lignin, % )

C. & B, celluloee, %
.Pentoaan, %

lp Na CH 8015?., %

Greon
290
2590
370
750

3800 6
1.03 x 10
2700
22
380
330
, 1"(0

Isenberg (1)

045
1.89
1.12
0.25
1.43
1.64
k.57
8.86
27.h
6445
7.51
11.k

Air-dry
260
3590
930
930

€500

10-38 x 10
9300
17
730
. 4o
160

(1) a. An, Chem. Soc. 5812251(1936); data also given for
peveral parts of the stem at one height,.

Pathology

Resistance to decays low

Brown stringy rot caused by Indian paint fungus

Ech

tingtorium); dwarf mistletoe (MQMQB.M
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- Bark boetles (mmmm); spruce budworm (Cacoecia
Utilization

Use properties. " Stralght-grailned, fine-textured, distinet but
not pronounced figure, light colored, tendency Ho check and split,
soft, works easily with tools, aplite easily, low nall-holding power,
not durable, very resistant to the penctration of preservatives, low
shrinkage, glues easily, holds paint well, nomresincus.

~Pulping. Similar to lowland white. fir, see page 71,
L Corroction: powor requirement ie about 20% more then that for 's_pruce.]

Lunber. Similar %o lowlend white fir, see page Tl Principolly
from California. ;

Supply. U billion bd. ft. in the U. S. (1941 eastirmte); makes
up about 36% of total ‘stend of weat&rn true f£irs.

%
7
e

e = e g bt
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ALPINE FIR

Sclentific Name. Abies 1asiocarpa (Hooker) Muttall,
Synonyms. Balsam, white fir.

mily Name, Pinaceae,

Range. Yukon Territory, south along the coast ranges to southern
Oregon; inland slong the mountains through British Columbia, Idaho, Montana,
Utah, Colorado to Arizona and New Mexico; 2,000 to 8,000 feet in Washington
and Oregon, 3,500 to 9,500 feet in the Rockies.

Dimenaiona. 60 to 100. feet tall and 18 to 2% inches in djamster.

Berk. Thin, st most abont 1-1/b inches thick, hard, flinty, and but
little broken on fairly large frees, except occasional shallow, narrow
cracks near the base of the trunk. Th? unbroken smooth parts are ashy A B
gray--often chalky white,” Even in old'% , elways irregularly and i
ehallowly seamed, the flat ridges are whitish, but pale brownlsh on the !
broken edges-. anﬂ. red-brown on the insids.

Silvics. Alplne fir is hrgely regtricted to higher elevations end on [
exposed timberline ,sites ishof sprawling habit. Open grown trees have 53
sxcessively tapereti trunks and denge spirelike crowns but forest trees ) '
have dense, nsrrowl;y pyramidal crowne, and symmetrical, clesr,moderately
tapering boles. Best growth 1s on moist porous Boile, although dry
sterile sites support moderately sized trees. This species forms res-
tricted pure stands but algo occurs in mixed foreats. The principal asso-
ciate is BEpngelmann spruce dut it ie found with the other alpine species.
In northern Idaho it reaches large size in admixture with grand fir,
western white pine, Engelmenn spruce, and western larch, In the Pacific
region its chief assoclates ‘are mountain hemlock, whitebark pine, and
Alaskm cedar, Alpine fir is quite tolerant. _

Gross Fbatg;ga of the Wooed, Similar to white flr but the growth rings

are ueually narrower. The wood has 2 mild but distinct rank odor, noticeablo
when fresh cuts arec made. See description of lowlend white fir, page 69.

Microscopic Structure. See deacription of lowland white fir, page 69.

No; chanica gl ) ies

Specific gravity . green volums 0.31
. air-dry volume 0.33
oven-dry volume 0,35
Density, 1b./cu. ft. groen 28
air-dry 23

oven-dry 2l
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Moisture content, when green. 1[-7% based on oven-dry weight (32% on
groen basis), _ A -

Shrinkage, from groen conaition:' v, 9.06; v, 2.5%; t, 7.1%.

Me ca eg
| - Green Ajr-dry
Compressive stress at p.l. //, lb./sq. in. ) 1690 371&0‘
Compressive stress at p.l. _f, 1b./sq. in. 310 600
Shoar, maximun stresg. //, 1b./sq. in. - 610 1020
Static bending FSPL, 1lb./sq. in. 2400 6 .
Static bending E, 1b./sq. in. : 0.86 x 105 0,90 x 106
Static bending R 1v./8g. 1n, 4400 7100
Toughneas, in. ‘ _ 9 16
Bardness //, 1b, ..~ o 280 470
Hardness _/, 1b., . , & 220 400
CIeavability, 1b. /m. width 130 140
" Pathology - '
Resistance %o decay: WJ\
i
Brown stringy rot caused by Indian peint fungus (Ec t
tinctoriur); dwarf mistletoe (Arceuthoblum campylopodum); branch caniker
(Bhoma abiotim) ‘
Spruce budworm (Cagoocis fumtforana).
Utilization -

Simllar to lowland white fir, page 71. Apparently only 3 small emount
enters the trade. _ :

~ Supply

1.9 billion bd. ft. in the United States (1939 eatimte].
600 million bd. ft. in Washington (1936).

200 million bd. ft. in Oregon (1936).

282 million cu. ft. in Washington andi Oregon (1936).
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NOBLE FIR

Scientific MName. Abies nobilis Lindley.
Synonyms. "Larch," red fir.

Fomily Name. Pinacese, .

Range. Comst range and Casesde Pbuntﬂinﬁ of Hashington and Oregon,
2,000 to 5,000 fect in elevation.

Dimengions. 90 to 120 foet tall and EOJ to 24 inches in diameter but
larger trees are not uncommon.

Bark. Gray and smooth for meny years, with prominent resin blisters,
eventually dark gray, often tinged with purple and brokon up into thin,
nearly rectangular plates scparated by deep flasures on olri trunks; abhout
1.5 inches thick,

Silvice. The trce has a long, clear, colummar bole, a domelike crown,
and a moderatcly deep and espreading root system. Best growth is mede on s
deep, moist, coel asite, although good growth is mede on poor molle 1f
avundant moisture is prestit. HNoble fir occurs in mixture with other
conifers either ai or in smell grovea. The principal associatoes are
Douglas fir, westewn hemlock, silver, white and 2lpine firs, sugar and
wostern white pincsand wostorn red cedar. Thia fir is intolerent.

Groas Features of the Wood. The wood of noble fir has the same
gonoral characteristics as the other firs.but hes somewhat of a reddish
tinge, which 1s caused by the psle reddish springwood and the slow growth,
which brings the darker bande of suwmmerwood close together. It thus
reosembles weatern hemlock, and cannot be distinguished from this species
without a compound nicroscope. Specimens of rapid growth resemble white
and lowland white fir very closely. See description of lowland white
fir, page 6. .

Microscopic Structurg. Sece description of lowland white fir, page €9.

Tmcheidao I-er)gbh, 5‘6 m. I -
Nonmechanica gical Properties
Specific gravity . groen volume 0.35
- : air-dry volume 0.38
oven~-dry volume 0. 40
Density, 1b./cu. ft. green 30
air-dry 26
oven-dry 22

Moisture content, when green: 3&% based on oven-dry weight (26% on
green basis).
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Shrinknge, from green condit_,j_.;n:”" v, 12.5%; v, 4.5%; t, 8.3%

Mec ca opexrties

Green Alr-dry
Tonsile _/, 1b./sq. in. 230 220 -
Compressivo etress at p.l. //, 1b./eq. in. 2420 4960
Compressive stress at p.l. _/, 1b./sq. in. 340 640
Shoar, meximum stress //, 1b./sa.in. 750 980
Static bending FSPL, 1b./sq. in. 3600 6600 p
Static bending B, 1b./sq. in. 1.27 x 10 1.58 x 10
Static bending R, 1b./sq. in. 5800 10,100
Toughneas, in. - ’ 19 23
Bardness //, 1b. 330 690
Hardness _/, 1b., - . : 290 %0
Cleavability, 1b. /in.xwidth 150 - 150
Patholopy L A i
w & i
Roslstance to decay: low. ' g

Indlen paint fungus (W) on overmature trees. .
t;;izatiog . U " \

Use_propertics. Similar to Sitka spruco in strength properties. ;
Otherwise similar to other true fira, although color is usually redder. X,
Bulping | ‘

Sulfite process. Reduces readily, excellent color and strength, fibers

fine and tough, easily bleached; yield, W7%.
Sulfate process. Reducos readily, etrong; Iield L&,
Mechanical process. Reduces readily, excollent color and stendard

strength; power requirement 20% less thon spruce.

Lupborx. Mach larger pieces of clear, streight-grained material can
be cbhtained from this epecies thon from the other truge firs.. _

Average anmunl production approxirntes 7.5 million bd, ft. Principal
uses are planing mill products, boxes, Vonetien blinds, lodder rails,

Supply _
8.6 billion bd. ft. in the United States (1930 estimate).

5.6 billion bd. £t. in Oregon (1936 estimate),
" 3,0 billion bd. ft. in Washington (1936).
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Scieptific Neme, Ables mmgnifica X, Marray.

Synonym. Red fir.
Family Name. Pinaceae,

Renge. Southern Cascade Mountains in Oregon; coast range in northern
California and western slope of the Sierra Nevada., Occurs at elevations
fyrom 5,000 to 10,000 feet,

Dimensions. 150 to 180 feet tall and 4 to 5 feet in dlamester,

Bark., Smooth and challey on. young stems; 4 to & inchee thick on old
trunks and divided by deep farrows into rounﬂed or plated reddish-colored
I‘idges.

Bilvics. The tree has & straight, clear, slightly tapering bole and !
a short, narrow, round -topped cone crown. DBeat development is on cool, ;
moist, gravelly or sandy €oils in ahelﬁbreﬂ. ravines or on protected ' -
slopes but commerciel eize is reached on mich poorer sites., Red fir
occurg in purce foreats above the tranaition zone and in mixtwre., In -
the northern part of its range its associates include Dougles fir, sugar ’
and ponderosa pines at lowetr olevations, and mountain hemlock and lodge- :
. pole pine at higher levelsiy In the Sierra Nevada 1te neighbors are white
and Shasta firs, lédgepole y western vwhite, ponderosa, Joffrey and sugaer '
pines, bigtreec, and mountain hemlock, This specles 1s intolerant.

i

Grogs Features of the Wood. Resembles the wood of noble fir in having
a more reddish tinge than the other epecles of westorn balsam firs. See
d.eswiption of lowland white fir, page 69.

Microscoplic Structure. Sce description of lowland white ﬂr, age 69
Iracheids. Lengbh 3.3 mm. |

No C sloa 20, o8
Specific gravity green volume 0,37
' air-dry volume 0.39
oven-dry volume Q.42
Density, 1b./cu. ft. green - W8
air-dry 27
oven-dry - 23

Moisture content, when green. 108 based on oven-dry welght (52%
on green basis ).

Shrinkage, from greon cordition: v, 11.8%; r, 3.8%; t, 645%.

Electricel resistance: 31,600 megohms at 7% moisture content.
150 megohme at 12% molsturo content.
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Mochanical Properties
' Green Alr-dry

Tonsile _/, 1b./sq. in. ' - 340 350

. Comprossive strese at p.l._J, 1b./sq. in. - 4ko 850
Shear, maximm sireos //, 1b. /sq. in. 920 . 1050
Stetic bending FSPL, 1b./sq. in. 100 6 7200 .
Static bending B, 1b./sq. in. ~ 1.06 x 10° 1,59 x 10
Static bending R, 1b./sg. in. 6000 11,200
Toughnens, in, : 22 23
Hordness //, 1b. - - 390 1090
Hardness _J/, 1b. ' - 380 530
Cleavability, 1b./in. width 190 190

Pathology S

' Resistance to decay? l'dw-._
Dyarf mistletoe (eg-j;'_euthobi@ oaﬁbm)._
Utilization | |
Use propsriics. Similar to other balsam firs » although wood color

most closely resembles nobles fir.

Pulping

Sulfite procese. Reduces fairly readily, very strong, fairly casily -
bleached; yield, 47%. '

Sulfate process. Reduces readily, very strong; yield, u48%.

Mechanical process. BReduces roadily, color slightly rcddish, standard
strength; power reguirement 20% more than apruce.

Supply

10.5 billion bd., ft. in the U, S. (1939 estimate) includes Shasts red
fir, Of this 8.0 billion bd. ft. in California and 2.5 billicn bd. ft. in
Oregon.
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Scientific Neme. Ables magnifica var. shagtensis Lommon,
Synonym. Shasta fir, o

Famlly Fame, Pimceae.-
Bange. Coincides with California red fir,

All the propertics of this variety Gorrespond to those of the type
specios given In the proceding description, page 193.

£
v
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" Scientific Nemo. Seoquols gempervirens (lambert) Endlicher.
Synonyma. Coast redwood, Sequoia.

Family Rame, .Taxodiaceae.

Range. From ‘the southern borders of Oregon, southward in the
coast region (20 to 30 miles inland) to Monterey County, California.
From sea lovel to 2,500 feet in elevation.

Dimensions. 200 to 275 feet tall and 8 to 12 feet in diameter,

Bark. Reddish brown to cimmsmon red,. deeply furrowed, fibrous,
3 to 12 inches thick.’ ' ‘
Silyicas. The tree has a clear, tall, buttressed, and moderately
tapering bole, a short, narrow, irpegularly conical crown, and a
moderatoly deep and wide-spreading root system. Redwood is res-
tricted to the Califcrnia fog belt and ia the dominent specics in
this rogion. Areas with over 80% are extensive and, 1n the moist
flata, 90% or more of the timber ia of this species. The principal
aggoclates dre Douglas fir, Sitke spruce, gramd fir, western hemlock,
tan oak, madroane, red 'gitier, and California laurel. Vigorous stump
aprouta srise from the old stump. Redwood is a very tolorant tree.

Grosa Feastures of the Wood. The wood of rcdwood is soft to
noderately hard, generally straight-grained, coarse-textured, and
without characteristic odor or taste. The sapwood is almost white
amd very narrow in old trees. The heartwood is clear light red to
deep reddieh brown. The grain is even in old slow growth or uneven -
in second growth. The springwood zone is usually mmch wider than
the swmerwood zone. The transition from springwood to surmerwood is
gonerally abrupt. The darker summerwood 1a very marrow in old growth

to very wide in sprout second growth, The growth rings are distinct,
In the x-section the rays are coarse for @ coniferous wool, gencrally

© visible with the naked cye because of their lighter color es compared
with the background, and form a fine, close, relatively conspicuous
fleck on the radisl surface. Normml resin canals are absent, but

traumatic (wound) cennls are sometimes prosent; if so, they are aporadic
and arrangod in a tangontial row, eappearing ae éark etreaks along the

grain. Longitudinal parenchyme are abundant, scatiered, readily
visible in the sapwood with a hand lens end sometimee with the neked
eye because of their contents, inconspicuous in the dark-colored
heartwood. :

Microscopic Structure

Tracheids. Up to 80 m (avernge, 50 to 65 mu) in diamoter and
6.2 m1. in length; bordered pits in 1 to 3 {gencrally 2) rows on the
radial walle; tangential pitting present in the last few rows of
gurmerwood. tracheids; pite leading to ray parenchyme falrly large,
auite uniform in eize, oval for the most part, 1 to 4 (genernlly 2
to %}7 per ray crossing; roy tracheid pits absent. Volume occupied,
01.2%. :
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adwood

Rays. Uniseriate and rather frequently partly biseriate, con-
sisting entirely of ray parenchym:, up to 40 cellas (800 mu) in
height. Volume occupied, T.8%" _

Iong.’_l&gd.iml Parenchyma. Metatracheal-diffuse, 'aolitary or

occagionally 2 or more contiguous tangentially, conspicuous becauae
of their dark reain.ous contents., Volums occupied, 1.

Nonmechapical msj,ca; Properties-

Specific gravity green volume 0.38
: I air~dry volume 0.Lko
_ N oven-dry volume 0.42 -
Density, 1b./cu. ft. green 50
L W o air-dry 28
} oven-dxy 23

-
Moisture content 5, when. green: g,llE‘;) based on oven-dry weight
{53% on green basis ) _

Shrinkage, from groen. cond.ition. v, 6.8%; r, 2.60; t, b4.4%.

. Thermel %conductivity: 0.76 B.t.u./hr./sq. ft. with 1° F.
gradient/inch thickness. '

Electrical r,esiatance - 22,400 megohms at T% moisture contont
100 mgohms at 12% moiature content

Mechanics c ag -
Green Ajr-dry
Tenelle _/, 1b./sq. in. " 260 . 2o
Compreseive stress at p.1. //, 1b./eq. tn. 3700  * 4560
Compressive stress at p.l. _L 1b./8q. in. 520 860
Sheer, meximum stress //, 1b,/sq. in. 800 4o
Stetic bending FSPL, 1b,/sq. in. 4800 - 6900
. Static bending E, 1b./eq. in. 11180 1340
, - . Static bending R 1b./eq. in, _ - 7500 10,000
Toughness, in. 21 19
Havdness [/, 1b. 570 790
Bardness 1ib. 410 480
Cleavability, 1b./in. width - 170 150

Pathology

Resistance to decay: very durable.
Brown heart rot caused by Poria sequoiag.

E : ' Ch emical Properiiog.

m%Mn content: in heartwood, 12.2%; in ‘-aépwood, 1,15%; in bark,
0. - . :

T
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Proximpto analyses:

" F.P.L,  Dorel1) Levis(2)

Heartwood Sap Heart

Aah, % 0.21
Hot-water soly., % ’ 9.86 2.8 11.3
Cold-water soly., % 7.36 '
Ether soly., $ 1:07
1% BaH soly., % 20.0
Acetic acid, - 1.08
Mothoxyl, § 5,21
Pentosan, % 9.43 - . 12,9 12.0
Lignin, % 34,2 34,5 33.8 36.h4
C. and B, celluloge, % 48.5 5k, 56.0 53.4

Pentosans, % - , 8.8
Alphe -cellulose, % 38,2
Benzene soly.y.% L 0.34
Alcohol goly., % ¢ b.39 1.9 13.2
Mannen, % 3.21
Galactan, % : 0.50
Alcohol-bonzene aoly., % 1.6 12.1

(1) 7. Ind. Bng. Ch 12:476(1920).
(2) Mech. End. 65:515{2943); pentosans, lignin and celluloso
basod on, axtractivc-f‘reo wood.,

The amount of hot-water golubles in various parts of a redwood tree
wore determined by Sherrard and Kurth, Ind. Eng. Chem. 25 300(1935)

Utilization

Usg p_x_'opertge . Durable, low shrinkege, little tendency to warp
and split, not difficult to work, good nail holding power, glues
easily, holds paint well, good resistance to chemicals, even-textured,
close-grained, rceistance to fires good.

Pulping
Sulfite process. Roducoa readily but unevenly, f‘airly strong

but brash, shivy, dark in color; yleld 50%.
Sulfate process. Reduces reedily, fairly strong; yield, 40,

Lumber. About 300 million bd. ft. average apmual production
from:1931 to 1940, Used for general millwork, caskets and coffina,
tanks, boxes, furniturc, bridges and trestles, shingles, stadium seats,
siding, grecenhouses, silos, vata.

Cther uses. Shakes, stakes, bark insulat.ion, bark fibor, plaatics,
novalties, '

Supply

About 40 billion bd. ft. (1940 estimmte), mostly in California,
57 million bd. ft. in Oregon (1933).
11 million cu. ft.-in Oregon {1933).
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~ SWEET BIRCH

Scientific Neme, Betula lenta Linnaeus.
Synonyms. Birch, black dirch, cherry birch, mahogeny birch.

Family Name, : Botulaceas, -

Range. Southern Maine west to southern Michigan, south through eastern
Ohio, eastern Kentucky and eastern Tennessse to northern Georgia, thence
. northeastward to the coagt in southern New Jersey. ,

M_ng 50 to 60 ft. tall and 1 to 2 ft. in diameter.

) Bar;g. On young treee reddish brown to nearly dlack, with prominent _
horizontal lemticels: on mature trees brownish black and breaking up into
large, thin, irregular, acaly plates, Wintergreen oll in the imner berk

- of steme and roots. :

Silvics. The tree develops a long, clear bole with a deep, wide-
spreading rpot system.. Deep, rich, molst, well-drained soils are preferred
although the tree 1s .aleo found on rocky sites., This species occurs as a
geattered tred with médles, basswood, beech, oaks, and yellow poplar. It
is moderately.tolerant. Beet develomment is reached in Kentucky and )
Temnesasae. :

Gross_Features of the Wood. Similar to yellow birch, page 10k.

Microscoplic Structure. The wood of this species is not distinguishable
from that of yollow birch, paga 104, _

Fibera. Llength, 1.5 mm.
~ Reys. Volume occupled, 16.65.
Nopmechenical Physical Properties -

Specific gravity green volume 0,60

air-dry volume -+ 0.'65

oven=dry volume 0.71
Density, 1b./cu. ft. groon 57
: . air-dry L6
oven-dry bl

Moisture content, when green: 53% basod on oven-dry weight (35% on
groon basis).

Shrinkage, from groen conditlon: v, 15.6%; v, 6.5%; t, 8.5%,

LIBRARY
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Mochanical Properties

Groen Afr-dry
Tensile _/, 1b./sq. in. 430 950
Compresgive strees at p.l. //, 1b./sq. in. 2680 6330
Compressive stress at p.l., _/,.1b./8q. in. 580 1340
Shoer, meximum stress //, 1b./6q. in. 1240 2240
Static bonding FSPL, 1b./sq. in. . L8o0 10,200 .
Static bending E, 1b./sq. in. S 1.6 x10% 2.17x 10
Static bending R, 1b./eq. 1n. . . - 9400 16,900
Toughness, in, - : 48 k7
Bardness //, .1b. i 5 1070 1960
Hardneas _/, 1b, - 970 1k70
Cleavability, 1b./fn. width 300 _ &ko

Chemical mpgrﬁié g T .

011 of wintergfeen (containing 98 to 99% methyl salicylatc) can be
prepared from tho bark, Most of the birch oil is produced in Comnecticut
and Temneaase, :

i
1

Pathology , =

Reslstanco .to docay: -low +,
Brown cubic#l rot caused by birch conk {Po ;zporus betulimes).
Utilization

Sce yellow birch, page 106,

Uge _proverties, A little higher in strength values than yellow birch
ond also with darker heartwood, Takes a beawtiful polish.

Supply. Sec yellow birch, pege 107.
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- RIVER BIRCH:

Scieptific Nems. Botula gg;_a Limaeus.
Synonyms. Red birch, birch, water birch, black birch.

Family Namec. Betulaccae.

Ranzo. Southern New Hempshire, northern Messachusctts, Long Ielend and
southward cast of tho Alloghenies to western Floride; to cast Toxas, and
north through. eastern Oklohomn, captern Kansag, contral Iowa, southern
Mimesote, southern Wisconsin, and ecastward through northern Indiana, Ohlo,
and Pernmsylvania, to-southern New York. Not in the Appalachian or Ozark
Mountains.

Dirpnsions. ' 70 t6 80 foet tall and 2 to 3 feet in diameter; ususlly
mach smellor., .

-

Bark. - Salmon—-pink, pdpory, latipy becoming coaracly scaly.

Siiv.’_mcs. This gpocies is most commion along atream banks throughout
1te range, and ocours mixed with sycamoro, elm, noft mples, cottomroods,
and willowe, The trunk ofton divides 15 or 20 feot from the ground into

scveral arohn? brancigo.

Gross_Feoatures of the Wood. The wood of river birch is said teo have
abundant 1th ficcks but in other respects 1t is similar to yollow birch
(pege 101;? It may be slightly softer, lightor, and weakor than yellow and
swcot birch. \ : '

Microscopic Structure. Indistinguishable from yellow birch, page 104.
Raxat vOlm Occupj.Od., l5c%o

Pathology
Brown cubical rot ceused by birch conk (Pelyporus betwlinus).

Utiiization. Only smnll amount enters trado; tummery, woodcrsare, shoelmats.

Supply. No sopayrate information; see yellow birch, "page 107.




~ GRAY BIRCH
Scientific Neme. Betula nopy 1ifolia Marsh,

Synonyms,  White birch, oldfield birch.

Fomily Neme, Betulaceae.

Repze. The Meritime arovinces and the north bank of the St. Tawronce
River to the castorn end of lake Ontario, southward to northeastern West
Virginia, and castward to the coast.

Dimensions. 20 to 30 feet tall and 15 inches in diamoter,

Bark. At first brownish, soon grayish white, exfoliating very little
in comporison with that of paper birch; black triangular patches usually
present on the trunk Helow the branch insertions,

Silvics. The réot aystem is shallow and the bole usuelly poorly
shoped and limby, with an irregulfir, open, pyremidal crown. It will grow
on thoe poorest scils and has secdod in large areas, where it 1s assoclated
with pitch pinc and scrub oak. On better soils it occurs with oakm anﬂ
white plne. It zleo aaaociatea widely with red maple.

Grogs F&atft;es of e Wood, Similer to yellow birch (page 104) but
usually softor, lighter, and weaker. Abundont pith flecks in cvidence. -
Microscogic; Structure. The wood of this apecioa iz not distinguishable
from yellow birch, page 104,
ﬂbemn Iongth, 103 om.

Rays., Volume occupied, 9.3%.

Nomnee ca sica opertica
Specific gravity green volure 0.45
alr-dry volume 0.51
| oven-dry volune 0.55
Density, 1b./cu. ft. green , b6
. air-dry .35
ovon-iry 34

Shrinlage, from green condition: v, 14.7%; r, 5.2%.

l‘bchtl_nica; Propertics
Green  Afr-dry

Comprossive stress at v.1l. //, . /eq.- in. . 1080, 2670
Compressive stress at p.l. _/, 1b./eq. in. 250 920 -
Snear, raximm stress //, 1b./sq. in. - 1340
Static bending, FSPL, 1b./sg. im. 1800 5500
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Mechanical Proporties (Contimed)
. S : Green Alr-dry
Static bending E, 1b./sq. in. S 0.4 x 106 1L.15 x 106
Static bending R, 1b./sq. 1in. k900 9800
Toughness, 1in. 29 35
Hardness //, 1b. - , 4350 680
Hardness _/, 1b. L 180 760
Pathology

Roslotance to docays low, _
Brown. cubical rot caused by birch conk (Pg 8_betulinus); white

mottled rot caused by tinder fungus (Fomes fomentarius). _
Gray birch is highly favored by gypey moth (Porthetria dispax).
‘Util';@tiog. Fusl. Liraitcd volupe finds way into trade as substitute
for paper birch; clothes pins, spoolm, shoe pege, toothpicks.

Supply. ¥o dota available.

]
£
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Sciontific Name, Alnus rubra Bongard.
Synonyms. Alder, Oregon alder, wostern alder.

Fomily Mamo., Botulaceaze. -

Rapge. Along coast from aoutheastern Alaskn to Santa Barbara, Cali~ -
fornia. In the islond and coastal forests,

Dirensions. 80 to 130 feet tall and 10 to 356 inchos in diameter.

Bayk. Thin; grayish-white, pale gray, or blus gray at the surface,
smooth or covered with srill warty excrescences; on large troos breaking
up into 1argﬁ flat glatea ofv.. 1rregular contour; immer bark bright reddish
browmn. , ¢

Silvics. The forest tree hoa a clear, symmetrical, slightly tapered
bole, a narrow dome-like crown, and & shallow, spreading root system.

Beat growth is made on moist, rich bottom lands, slopes, and benches,
although mny %troea are found on dry gravelly solls., This species occours
in purc stands oz in mxbdre with Donglas fir, Sitka spruce, wostern hem-
lock, weetern red codar, black cottonwood, and bigleaf maple. It l1s
esgentially a codstal species. Red alder iz one of the first specles to
appear on burncd and logged areas,

Gross. Features of the Wood. The wood ie flesh colored to light brown
with 2 reddish tinge; “the henrtwood is not distinguishable from the sapwood,
It is straight-grained, without characteristic odor or taste, diffuse-
porous, and with:distinct growth rings becauss of the whitish or brownish
line at the outer margin., The pores ore smpll, indistinct without a hand
lens, solitary and in short rodial groups of 2 or more, The-longitudinal
parenchym are indietinct. The rays are of two types, nerrow.and broad,

The narrow rays are closcly spaced and not visible with the naked eyo. The

brood rays are at lrregular imtervals (often at wide intervals), net sharply
delineated and relatively inconspicucus to the naked eye in the x-soction,
and ap ruch ag an inch along the grain on the t-surface.

Microscovnic St.ggcture

Vegsels. 70 to 110 por sq. rm., the largest 70 to 100 mx in diamoter;
perforation plates scalarifornm with 15+ thin haore; intervessel pite orbicu-
lar to oval, quite widely spaced, fairly smll (% to 6 m in diamoter),

.‘ A

Fibers, Thin- to moderately thick-walled, 16 to 4O m: in diamoter and
1.2 mm. long. . :

Rays. Unstoried, homogensous; the narrow z;aya uniseriate or rarely in:
part biseriate; the aggregate roys comsist of unite similar to the narrow
rays, and of includod fibers and vessels.
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Longitudinnl Parenchyra, Faratracheal, metatracheal-diffuse, and
pccasionally termimnl; the paratrachesl percnchyma sparse, reatricted
to occasional cells; the mwotatracheal-diffuse parenchyra esparsge to
fairly abundant, the cells solitary or in short tengential rows of 2 or
more; the terminal paronchymn, if present, form an interrupted unisoriate
lino,

Nonnec ical Properties
Specific gravity T green volure 0.37
air-dry volume 0.41
. _ " ovon-dry volune 0.1k3
Density, 1b./ou, £t. greon L6
: air-dry 28
oven-dry 25

Moisture content, whon green. 98 vased on oven-dry weight (Lo%

on groem basis). < -
£

fhrinkage, from-green conditionﬁi' v, 12.6p6; v, b.b%; t, To3he
~ Mgchanica) Proporties

. -3 Greoen Alr-dry

Tonsile _/, 1b./sq. in. 390 420
Conpresoive stross at p.l. //, 1b./sq. in. 2620 1530

- Compressive stress at p.1l. _/, 1b./8q. in. 310 540
Shear, moximum stress //, 1b./eq. in. 770 1080
Static bending FSPL, 1b./sq. in. : 3800 . 6900 p
Static bonding E, 1b./aq. 11, 1.16 x 10° 1,38 x 10
Static bending R 1b./sq. in. 6500 9800
Toughness, in. : 22 20
Hardnees //, 1b. 550 980
Hardnesa _[;’11:. ' ' kko 590
Cleavability, 1b./in., width 220 270

Chermical Provertiecs

Calorific valuo: 17.# x 10° B.t.u. per air-dry cor@.

Praximate analyais: ' Rittor and Fleok (})

- ' Heartwood
Sprin{;‘ Surmer

Cold-wnter solj.", % - 3.02 3,03

Hot.-wntcr Boly., % : k.01 ke
1p MOH BOly., % ) _ 20.5 ’ 21.2
Acetic acid, % 3.69 3.60
Methoxyl, % 5.18  5.55
Pentosans, $ - 22h 23.4
Lignin, % - 2k, T 23.0
C. and B, collulose, % 58.4 57.2

Pentoaans % 22.8 22,9

(1) Ind. Eng. Chem. "8 608(1926).
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Patholony

Rosistance to decay: low,
Whaite trunk rot coused by the felse tinder fungus (Fomes izniarius).

Use_properties. Straight-grained, close- and uniform-textured,
vasy to work, moderately light, moderately soft, little tendency to split
in nailing, modorate nail-holding powor, glues satisfoctorily, takes and
holds point satisfactorily, noderately large ehrinkage, difficult to hend.

Eulping

306.& procées. Relluces readily, fairly casy to bleach; yield, L%, <
Sulfate process. Reduces readily, fairly easy to bleach; yield, h2%.

‘ £
Iurbor., Averoge annual produtiion 23 million bd. ft. from 1931 to
1940; furniture. . _

Supp ! ¥

H
1.5 billion bd, ‘8. in Oregon (1936).
0.5 billion bd, ft. in Washingten (1936).
1.4 billion cu. ft. in Washington and Oregon {1936).
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 WHITE ALDER

Selentific Neme. Almis rhorbifolis Nuttall,

Synonyria. Alder, mountain alder.

Family Nepe. Botulacenc.

Range. Fron northern Idaho to the castorn slope of the Cascade
Mountains of Washington, then south through Oregon and Celifornia, es-
pecially in the nountains.

-

Dipensions. 500 80 feet tnll and 18 to 36 inches in diameter.

 Bark. Dark brown, divided imto irregular plates covered by thin,
appressed scalesy t . N _

Silvics. Tho tree has a straight, cleer bole, 2 rather broad, open,
dore-1ike crown, and a shallow and spreading root system. FPure stands
occenr only alonz the stream banks snd in canyon bottoms when molature
is plentiﬁfll but rarely where the stream flow is intermittent. Sycamore,
bigleaf rmaple, dogwood, and ash are the chief assoclates when white alder
occurs in mixed Fforests. T

Gross Featg“ es_of tgelﬂood.. Palo yellow brown; otherwlse similar to
red alder.

Nopmechanical Physical &Q_p. orties '
Specific gravity - ajpr-dry volume 0.k,

Dengity, 1b./cu. ft. air-dry 26
Utilization

Very little used; probably mixed with red alder.

Supply. No data available.
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Sciontific Name. Persos 'bor‘bo;;;a (Linnacus) Spfengel.
Synonyrg. EBay galls, laurel-treoc.

Family Name, : Tauraceas, e

Range. Coast region from Virginia to Florida and the Guif region to
castern Texas; northward through Louisiana to southern Arkmnsas,

Dirmensiongs. 60 feet tall by 3 feot diameter, meximmnm size.

Berk, Groyish brown, fissured into flat, firm ridges.

Silwvics. Evergreeon. Occurs typically in swamp areas and on pins barrens.
In swanpy avrcaa apsogiatos includetpond, slash and loblolly pines, swanmp
black ond red gqums, pond cypress, southern white cedar, and lobleolly hay;

on beach dunes and calcarcous hurmbcks, live cak, cabbage pelmetto, southern
red cedar, overgreen magnolia, laurel oak, red rmple, and holly.

Gross Fedtures of'% Wood. Diffuse porous, moderntely hard, moderately
gtrong, tokes peoutiful polish, reddish-browm heartwood and lighter sapwood.
Nonpwchanicsl Physical Propertics
Specific grovity air-dry volume 0.6h

Deneity, 1b./cu. ft. . air-dry 40

Utilization., Loczl use only; interior trinm, cabinet work. Ormemental
value, ' .
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- . SHAMP BAY
Scientific Name. Persea paluetris (Rafinosque) Sargent.

Synonyms. - Swamp rod-bay, bay.

Fomily Nams, Iauracdao.

Range, - South Atlantic and Gulf region from North Carolins to southern
Floriéa, Alabam s Mississippi, and eastern Loulsiann.

-

Direpsions. 60 feet tall by 12 to 16 inches in diameter, meximm size.
Bark. Reddtish brown, furrgwod into prominont and rather firm ridges.
| Silvics. A erplT evergreon witlg an irregular crown. Thia speeles is

found typically in swoaup arecas and'on pine barrens. Its associstes ore the
some a8 thosec. of red dbay.

Gross_TFesturog of the Wood. Diffuse porous, hard, hoavy, strong, close-
grained, compact, tal;os a snooth polish, orango-brown hoartwood and buff-

vhits sapwood. : =
Nonmchanica;__ Physical Propsrtics
'Specific gr;vity air-dry volume 0, 6h
Density, 1b./cu. ft. - air-dry ko

Utilizatiog. Larger eizes uscd locally for intorlor trim, furniturc, boat
building. '
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BIGLEAF MAPLE

T

Scleptific Name. Acer macrophyllum Pursh, -
Synonym. Broadleaf mple, Oregon mmplo.

Famtly Nape. Aceraceac.

Range. Const of British Columbia. and west slopes of the Coscade
Mountains in Washington and Oregon to southern California in the const
ronge and Sierra Nevada. _

Di_m_gnsioné. 60 to 80 foot tell and.1ll to 30 inches in diamoter.

Bayk. Light gray brown and smooth on young stems, but becoming darkor

and deeply furrowed on:old trunks. :
Silvica. The forcst trgo has a straight, cloar bole, a rether narrow

crc’m, and a ghallow; widespreading root system. It is found on o variety

of soils thronghout its range but meEkes ite best development on rich

botton lands,. Usually it occurs in mixture with Douglas fir, weatern

red codar, wostorn hemlock, red alder, black cottonwood, grand fir, and

Californis laurel but in sections of southwesatern Oregon it is the principal

specioea. This spcciea fs tolerant.

Gross Foaturbs of ‘L;._I_J_,g Wool. The sapwood is roddish white, sometimes
with a grayish-cast and the heartwood is pinkish brown. The wood is
noderatoly hard,“generally straight- but occasionally wavy-grained, without
charscteristic odor or taste. The rather indistinct growth rings arc
mried by & narrow light line of fibrous tissue, The wood in diffuse-
porous with modorately smell t¢ modiun-sized poros, indistinct without
a hand 3lens, ovenly distributced throughout the growth ring or somewhat
more mnerous in the carly springwood, mostly solitary or in short radial
groups of 2 or more. The roys ore visible with the naked coye end inter-
grado in width, the broadost being about as wide as the largzost pores,

They form a pronounced close ray fleck on the r-surface and on the t-surface
are vieible with the moked eye as short crowded lines. - The longitudinnal
parenchyre are not visible.

Microscopic Structure

Yogsels. 30 to B0 por sq. mr,, the largest 80 to 120 m in disneter;
perforation plates simple; spirzl thickenlng present; intervessel pits
orbicular or angled through crowding, L to 10 m in rliamter, oty de-
posite not ini'req_uent.

Fibers. Thin-~ to moderately thick-wallcd, 16 to 30 m in diamter
and 0.8 rn. 1n longth.,

Rays. Unstoried, 1 to 5 {rxwstly 3 to 5) seriate, essentially homgonems.
Volume occupied 18.%%. :
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Lopgitudinal Parenchyma. - Sperse, terminal, paratracheal, and
motatracheal-diffuse, e
Nonmechanical Physical Propertios

Specific gravity  groen. volure 0.44
air-dry volume 0.48
_ ovon-dry volurme 0.51

Deneity,  1b./ou. ft. green 47

' air~dry 54

oven-dry 52

Moisture econtent, . when groen: 72% besed on oven-dry weight (k2% on
green besia), o ' :

8hrinkege, ; from grgen condition: v, 11.66; r, 3.7%; t, 7.1%.

Mechanical Pro 88 _
) } S . Groen Air-dry

Tensile _/, 1b./sq. in, N 600 540
Compressive stress at p.i. //, 1b./eq. in. 2510 4790
Compressive stress at p.l. _L, 1b. feq. in. 550 930
Shear, maximm stress //, 1b./sa. io. 1 1110 1750
Static bending FSPL, 1b./sq. in. 4400 6600
Static benijing B, 1B%/sq. in. ' _ 1100 1450
Static bending R, 1b./sq. in. 7400 10,700 :
Toughness, in. ) 23 28
Hardness //, 1b. 760 1330
Hardneas _[: 1b. 620 850
Cleavability, 1b./in. width 320 400

Patholomy
Rogistance to decay: low +

Utilization

Use_propertiss. Gonerally straight-grained but occasiomally wavy-
grained, moderately heavy, rwderetcly hard, worls moderately well with
tools, polishes well, takes paints and steins readily, difficult to gluwe,
shrinks moderately, growth rings not very distinct, 4

Mo NO dﬂtﬂo

Lavber, Furniture, handles, fixtures, woodemwsre, and noveltiea,
Production in 1940 about 7 million bd. fi. '

Other uses, Veneer {plain and :E‘igurecl);

500 million bd. ft. in Oregon (1933).
: 235 million bd, ft. in Washington (1933).
| 455 million cu. ft. in Washington and Oregon (1933).
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'BIACK MAPLE

Scientific Name. Acer nisram Michoux.
Synonyn. Hard maple.

Formily Neme, Aceraceac. -

Range. Southern Quebec southwest throughsouthern Michigen to north-
castern South Dakota; south to Misgouri, and in the eest through western
- Comnecticut and smtheastern Permsylvanie to Kentucky.

Dimensions. 60 to 80 feet tall and 2 feet in diameter.

Bar }5‘. More corrugsted than that of sugar maple.

Specific gravity .green volune 0.52
alr-dry volume 057
oven-dry volure 0.62
b .
Density, ‘1'b./cu:m. green 5l
' alr-dry ko
' oven~dry ' 39

Moisture content, when greenz 65% based on oven-dry weight (39% on
green boais ), .

Shrinkage fron 'green condition: v, 14, 0%; r, L,88; t, 9. 5P,
Mechanical Properties

_ Green "~ Alr-dry
Tensile _/, 1b./sq. in. 720 670
Compressive stress et p.l. //, 1b./sq. in.. 2800 - 4600
Compressive strese at p.l. _[: 1b. /sq. in. T40 1250
Shear, maxirunm stress //, 1b./sq. in. 1130 1820
Static bending FSPL, 1b./sq. in. k100 ° 8300 6
Static bending E, 1b./s¢. in. 1.33x 106 1.62 x 10
Static bending R, 1b./sg. in. 7900 13,300
Toughness, in. 48" 40
Bardness //, 1b. . _ oko 1700
Hardness 1b. 8k0 1180
Cloavability, lb. /in. wiath 430 420

Black mple 1g very eimilar to sugar maple in habit and wood propertilee.
The woods are not separated in the trade, in fact, camnot be. For inforrmtion
not specifically given here the reader should consult suger raple, page 133.
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' "LOBLOLLY BAY

Scientific Name. Gordonia ;a_' sianthus (Iinnaeus) Ellis.
Syponyms. Tan bay, black laurel.

Fomily Name. Theaceas, -

Range.' Coagt region from southern Virginia to Florids and west in the
Gulf Coast region to the Misasissippi River; inland in Georgla to Augusta.

Dimensiona, 75 féet tall by 18 inches in diemeter, maximum asize.

Berk. Reddish brewn, deeply fissured imto long, firm, rounded or
narrov-topped ridges. '

Stlvics. A small evergreen trge of secondary importance, with rather
upright branches and’ narrow top, $ound in wet situations in association
with southern white cedar, pond plne, cypress, swamp black gum, aweel bay,
red bay, slash pine, and similar moisture-loving specles, Occurs as a

shrub in unfavorable conditions.
_ ) .
Gross_Foatures of Bie Wood. Light, soft, not strong, easily worked,
diffusc-porous, reddish-brown heartwood and wide pinkish-white sapwood.

Nonmec ca ica rties
Specific gravity air-dry volumo 0.47
Denaity, 1b./cu. ft.  air-dry 29
Utilization

Lumber. &:&all local use in cabinet making.

Other uses. Bark for tanning,
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BIACK ASH

" Sclentific Neme. M Marshall.
Synonyma. Brown ash, hoop ash, swamp ash, wator ash,

Family Neme.:  Oleaccae.

Renge. From northern shores of Gulf of St. Iawrence west to south-
sastern Mapitoba; southward to Delaware, Virginia, Weast Virginia, gouthern
I1lincis aznd Indiam, Towa. Not in hhritim provincesg,

gmggions. 4o to 50 feot tall and 1.5 feet in diameter.
Bark. Grayi:ah, relutively smooth, 1a'ber shallowly furrowed or scaly.

Silvics., The ¢me has a rather poorly shaped bole, 8 small opcn crown,
and a very shallow, fibrous root gystonm. It occure along stream banks
or swamp borders 1n sssociation with white ccdar, balsam fir, red meple,
yollow birch, American elm, and black gum. It reaches best development
in mrthern Michigan and. northern Wisconsin., Black aah is intolerant,

Gross_Foaturcs of . Wood. The very namxrow aapwood. of black ash is
whitish to light browd and the heartwood is dull grayish brown to brown
(darker than in white ash). The wood is medium hard, moderately strong,
stralght-grainod, without characteristic odor or taste., The wood is
ring porous with distinct growth rings which arve frequently marrow. The
springwood pores are large, distinct to the naked eyc, and form a bend
2 to 4 poros in width; tho summerwood poros are small, barely visible to
the nnked eyo, aolitary and in radial groupe of 2 or 3, rarcly joined
latorally by parenchym in the late summerwood. The transition from
Bpringwood to summerwood 1s abrupt. The longitudinal parenchymo is
visible with a hand lens, forming a narrow sheath around the pores in the
sumerwood, and rarcly uniting them laterally. The rays are :miiatinct
or barely vieible to the paked cyc.

Mycroscopic Structure
Veoscls., In the swmervood 8 to 30 per sq. mu.; largest springwood
vessels 160 to 260 ru in diametor; perforation plates simple; intervessel

pits orbicular to short-oval or occosionally somewhat angular through
crowding, 3 te 6 mu in diameter. Volume occupiod, 11.6%.

Tracheids. Confined to the vicinity of the springwood vessols.

, Fibers. Thin— to foirly thick-walled, 12 to 22 ma in diameter and
13 m. long. Volum occupicd, 69.4%,

Rays. Unstoricd, 1 to 3 soriate, homogracous. Volumw occupiled, 12.0%.
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tud Parc .~ Poratracheal, rerely paratracheal-
confluent in the late summerwood, and terminal; sheath of paratracheal
porenchymn around tho summerwood vessols uniscriate for the most part;
torminal parenchyrn falrly abundant, grading into the tissue of the suc-
cecding growth ring, not forming a distinct lino, Volume occupiod, 7.0R.

Nonnechanica sical Properties
Specific gravity X - green volune 0,k5
. aly-dry volume 0.49
oven-dry volume 0.953
Density, 1b./cu. £t. " green 22
_ : air-dry 3h
oven-dry 33

. Molaturc content, when greens: 85% based on oven-dry weight (héh on
greon ‘bas‘ia).l_ Rl

-

Shrinknge,. fron green condition: v, 15,2%; r, 5.0%; t, 7.8p.

_ - Therral expansion: O.0000053.

. _
Mechanical Proportiecs . g
Green Air-dry

Tensile, _/, 1b./sq. in. - koo 700
Corprossive strees at p.l. //, 1b./sq, in. 1690 4520
Corpressive stress at p.l. _/, 1b./sq. inm. < b30 oho
Shear, moxirun stress //, 1b./sq. in. 860 1570
Static bending FSPL, 1b./sq. in. - 2600 6 7200 o -
Static bepding E, 1b./sq. in. 1.04 x 10° 1,60 x 10
Static bending R, 1b,/sq, in. 6000 12,600
Toughnesa, 1n. 33 _ 35
Hardnoss //, ib. , 590 1150
Bardness 1b, 520 850 .
Cleawability, 1b./in. width 280 380
enioa opertice

Calorific valuc: 22.6 x JI.O6 B,t.u. por alr-dry cord.
Destructive distillation: pyroligncous acid, 34.6%; tax, 10,2%;
charcoal, 39, 3%,

Pathology

Regiatance to decay: lowd,
Sapwood nttacked by powdor post boetle (Lyctus species).

Utilization

Use propertics. DIark colored heartwood, fine grain,' plecasing figure,
gengons woll, holds shape well, cxcollent bondlng qualities, rpdium heavy,
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mediun hard, splits casily, shrinks considerably,

Iurber. About 15"'.1:1:!.]_.11015.: bi. Pt. averoge annuel production from
1931 to 1940, which was 20% of total ash cut; interior trin, cabinet work.

Other uscs., Basket mk:i:ig by Indians, .
Supply. Approximtely 1 billlom-bd. ft. in tho Lako States (1935).

et
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_ NORTHERN. CATALPA

Scientific Nemo, Oa't;c'x;;gg. 'sp‘aéi‘ogd Warder.

Synonyns. Catalpa, har_d.ﬁ catalpa, weatern. catalpa, cigar tree.

Fapdly Name. Bignoniacecae.

Bange. 'Tﬁrough southern IXllinois and Indiana, western Kentucky and
Tennossce, southcastorn Missouri, and northenotern Arikmnsas, Naturnlized

in oostorn U, 8., cepecilally in ecrutharn Arkonges, westorn Louisiann,
and ecastorn Texas,

-

Silvics. The bole 1s well formed if grown on good sites but othorwiso
ig liable to be crooked.,K The trec is an inhabitant of bottomlands, where
it ocoure ecattered in rdxture with other well-known bottomland specios. 4
This specics is 1ntolgmn‘c. Growth is xoplid and closo stocking nocossary
for good pruning. » ' ¢
Groge Featurce of the Wood. The very norrow sapwoold is pale gray,
and the heartwood is grayish brown, with a lavender tinge. The wood 1a
noderately soft, moderately light, straight-grained, with a faint, non-
characteristié odor and without characteristic taste. The growth rings
arc distinct as a reoult of the ring porousncss, and gonerally wide. The .
gpringwood pores are largo, distinct with the noaked oyo, arranged in a
band 3 to 5 or more pores in width, somewhat lighter in color than the
denser surmicrwood; the swricrwood pores are smnll, arranged in small
proups which are furthor oggregated into interrupted or contimuous eon-
centric bands toward the outer margin of tho ring. The transition fron
springwood to surrerwood 1s abrupt, or more or losc gradual. The longl-
tudinal porenchymn is not dietinet, or associated with tho pores and
thon distincet and zonote toward the outer margin of the ring. The rays
are weually indistinct with the nmaked oye but are plainly visible with
2 hand lons.

Microfcopic Btructure

Vossols. In the surmerwood 8 to 20 poer sq. rm., the largeet 160 to
210 mu in diaretor; porforation plates simple; spiral thickening presont
in the smnll vesscls in the surmerwoold; intervessel pits orbicular or
nearly 8o, 6 to 8 mm in diapctor. Volume occuploed, 19.6%.

Fiberg. Thin walled, 20 to 52 m in dlamstor and 0,6 ru. in length.
Volure occupiod, 6k4.5%.

Rays. Unstoried, 1 to 6 (moatl;r 2 or 3) seriate, horwgeneous to
hetorogoncous., Volume occupied 13,

Longitudinnl Parcpchyra. Foratracheal and peratracheal-zomate, tho
zomate parenchyrn more frequent ncor the outer mrgin of tho ring and the
outermost band not infrequently dovoid of vessels. Volume oceuploed, 2.6,
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hanica wicel Pro ""-""fi'o's
Spoc'ific gravity,"; o _' green volune 0.38
air-dry volune 0.41
oven-dry volure 0.u2
Density, 1b,/ou. ft. greon R
--air-dry ' 29
oven-dry 26

Moisture content, when greon: 725% based on oven-dry weight (42%
on green baeis).

Shrinlmgo, from greon condition: v, T. 2%; T, 2 5h; t, 4. 9‘;’:
Mcchag_;ga; Propgrtiee

L L Green Alr-dry
Tensile L, 1b. /’sq. 1n. k- k30 570
Compressive stress at p.l. //, 1b,/sq. in. - - 1450 2740
Conproeaive stress at p.l. _/, 1b./sq. in. 320 570
Shear, roximm streass //, 1b./sq. in. 680 1130
Static bending FSPL, 1b./sq. in. 2700 - W00
Static bending E, 1b./sq. in. 840 1210
Static bending R b, /sq. in. 5200 9400
Toughnese, in. _ 3B 27
Hardness /f, 1b. 420 650
Hardncse _/, 1b. 410 - 550
Cleavability, 1b./in. width 220 300

Chorical Proportics |
Rittor and Fleck (1)

Proximate annlysie: _ Sapwood Heortwood
Spring Swumer Spring Surrer

Cold-water soly., % 9.12  7.29 7.51 2.69
Eot-water soly., % . - 12.%  10.1 1.7 5.26
1% NaOH soly., @ 34,5  28.0 34,3 24,2
Acetic acid, : - 3.33  L.45 3.39 b7
Mothoxyl, % haih K10 4.97 3.37
Pontonans, ﬁ-t-» , 2. 22,4 21,3 21.5
Lignin, % 23.6  18.7 2h.3  19.h
¢, & B, celluloae, % 50.%  56.5 50.4  58.5
Pentosans, % 25,9 22,1 24,8 21.2

(1) Ind. Eng. Chem. 18:608(1926).

Patholony

Rosistance to decay: very duroblo.

Whito spongy rot coused by rainbow conk (Polystictus vezsj,co;gz]
Catalpa sphinx moth (Coratomda catalpned; catalpn rmidge _

(Ttonida catalpae ).
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Utilization

Use_propertics. Stmight_;grdin.ed, noderately light, modorately
soft, low shrinknge, figwre distinet, very durablo.

- Balping

Sulfito mrocess. Roduces foirly readdly, decidedly pinkish in
color, frequently specky, very difficult to bleach; yield, ¥7%.

Soda procecss. Reducos readily, fairly oasy to bleach; yield, L%,

Lurbor, Used 16enlly in generel construction, interior finish,
cabinet work. : '

Othexr uscé. Foned postu, rails, fuel.
Supply.  No i:{féi‘mtion ava-ilal;;l.e.
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SOUTHERN CATALPA

Scicntific Naro. CUatolpa birméhloides Walter.
Synonyre. Catolpe, Indian 'bt‘m'n, ’bai:hfroc, oatavha, cigar troo.

Fordly Nayp. Bignoniocoao,

Ronge. Southwostern Goorgla, wostorn Florida, central Alabarn, Mi.aaiaaippi;
and southwostorn Missouri, Widoly cultivated for ornorent and naturalizod
in ocaptorn U. S, as far north aos southern Now York. - _

This specios 1e vory gsinilar to northorn cotalpn in hablt and wood
proportics, _ . :
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QAKS

The inportant coks arc listod g:_ccord-ing to a pgonoralization of ranges.
Noto is wmode whethor tho specien™ia a merber of the red or white onk group.
A white ook (chestmut cok) io doscribod in dotail on page 9h.

South Atlantic and Gulf Coaostal Ploin in addition to wryin{; dis-
tancos north in tho Missigsippi Valley:

Ovorcup ook (Mcua lyrata-Waltor) - white

Swonp chestnout ook Q.ucrcus prinus Iinnacus) - white

Live ook {(Quercus vi Millor) - red

Shurard red ook (Quorcus ohurprdii Buckloy) - red

Southern red ook %Quogcus rubra Linoncus) - rod

Swarp rod oalk ( uerc g_rubrao odncfolia (Elliott) Ashc) - red

Chorrybark oak re bro_louco Aghe) - rod
- Mattall oak (Q,_x_lg;- nuttollii Pa:mrf - rod
Turkey oak (QuePeus catogbaei Michaux) - red
. Wator ook {Quercus-ni ILinnocus) ~ red
Iourcl ocak E ucrcus_lourifglis Michaux) - rod
Willow oak (Quorcus phéllos Linmaous) - red
The general region cost of the Groat Plains, including the Coastol Flaine:

“Whitb oak (anrc;g alba Linnoous) and its varicty, lotiloba

Sargent - white
~Post ook (Quorcus sto ata Wangonhein) - white

t-Black oak (Quorcus volutina ls Marck) - red

Blackjock oak (Quercus marilandics Maenchhauson) - red

Not on the Coastal Plain; in goneral, north, east, or central:
vChinquapin onk {Quercus rmehlepberzil Engelrenn) - white
~Bur ook (Quercus rpcro -,Mdchuux% - yhite
~Cheetmt ocak (Quorcus rnontana Wiildenow) - white :
“Swarip whitc ook (Qucrcus bicolor Willdenow) - white
»Horthorn red ook (Quercus borenlis Michaux) and ite varioty &BELE‘.
(Mirsholl) Ashe - red

~Searlet ook (Quercus coccinoa Muionchhausen) - rod

+«Pin ook (Que ustris Mienchhausen) - red
Jagk onk iQuoreus ollipsoidalis H11l) - red
Shingle oak (Quorcus irbricaria Michoux) - rod

Pacific Coomt:

Orcgon white oak (Quercus ga Douglae) - white
Californic black ook (Quercus ko 1 Nowbcrry) - red
Gross Featurce of tho Wood. Tho wood of a whitc ook is described under
chostnut ook (page 9h). This description will suffice for all the whito
oaks, The following tablc shows how the rod oaks diffor fron tho whitc
onks without giving detalla,
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Whlte Onks R Rod Qoks

1. Heartwood rich light brown to 1. Hoortwood pinkish or pale
dark brown, without fleghwmcolored réddish brown. . |
cast, . ' ' _ : )
2. Trongition frov springwood to ™ 2. Tronsition from spring-
swizierwood generally abrubt. _ wood to surmorwood gradual
_ to nore or less abrupt.
3. Spi:‘ingwocd pores in the ’ 3. Springwood pores in the
heartwood uaua;ly occluc'l.ccl with heartwood usually open.
tyloees._ BN :
k. Surmerwood pores bai'ely L, Surrerwood pores plainly
distinct with o hond-lens,* . viaiblo with a hand lona,
thin-walled, nore or ,J.eea _ £ . thig¢k-walled, rounded.
angular, ' s

- Mieroscopic Structure
Fibers. Length, 1.b4 rm.

Nonmechonien 31cal Propertics

Specific gravity, caxwrcial vhite ook: greon volurp 0.59
air-dry volume 0.67
corxwreial rod ocaks: green volwe 0.57
air-dry volurp 0.63

"Denaity, 1b./cu. ft., cormwreial whito oak: gresn 8

air-dry k7

cozrercial ved oalk:  groon 64

air-dry L

Moisture contcmt, whon green: Corrpreial white cak--70% based on
oven-dry weight (41% on greon basis); commercial red oak--80% based on
ovon-dry woight (Lh% on groon baais).

Shrinknge, from groen condition:

corrvreinl white onk, v, 16.0%; r 5 45s t, 9.%%.
comrpereial rod oak, v, 14.8%; r, 5%, t, 9.0%.

Thermnl expansion: //  0.0000027; _/  0.0000302

Therrnl copductivity: 1.21 B.t.u. /hr./aq. ft, with 1° B, gradiont/
inch thicknoss.
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Elcotrical resiatance:_

cormereinl ﬁhite ook: 17,400 megohms at 7‘;3 moisture content
80 mepohne at 126 moimture content

cotmiorcinl ved oalk: 14,400 megohms at 7% moisture content
- _ 125 mogohms at 12% nolsture content

Mochantcal, Proportics
' ' vommercial Wulte Lak  Commercial Red Oek

Green  Afl--doy Green Air-dry
Tengile _/. 1b, /sq in, 760 760 735 830
Gompresﬂivn stress at p.i.f/, :
_ 1v./8q, fn. - 2940 Y350 2590 1o
Uompressive stress at p.-f_L. o "
Lb‘{aqo in." £50 1410 800 1260
Shear, maximum stress 17, 1b.f. '
- 8q. in, 1270 1290 1220 .1830
Static benaing FSPL, 1b,/sa.in, U700 g 7900 6 4k00 6 £400 6
Statle beuding E, 1b,/sq, in, 1,20 x 10" 1,62 x 10" 1,36 x 10" 1,81 x 10
Statlc bending R, 1b. /sq. in, Z100 13,900 2500 1’&.’*00
Toughmaus, in, - Yo 39 43 43
Hardness //, 1b, 1110 1420 1050 1490
Rerdness ./, ib, : 1070 1330 1030 1300
0

Oleavability, 1b./in, width 420 400 ' 410
| Chendcal Proporties '
6

Calorific value: white oak, 30,6 x 10~ B,t.u. per air.dry cord
‘red oak, 27.3 x 100 B.t.u. per sir-Cry cord

Proxirnto oralysis: White oak.

Ritter and Fleck (1)
Sap Heart Sap Hoart Bird end Rittor (2)

. Ash, % 0.57 0.43  0.37 0.k
' Cold-water sol,v., ‘}9 2.55 7.33 - k.27  4.76
Hot-~woter soly., % 4,11 10,2  5.73 6.60

Ether 80l1y., P 0.46 0.71 0.65 "0.62
1% N¥aOB soly., 9 21,1 25.8 21,7 22.7
Acetic acid, ® .  3.44 2.59 2.47 2.97 2.37
Mothoxyl, % 5,95 6,18  6.02 5.6k 6. bk
Pentosan, % T 23,3 21.8 2L.7 22.1 18.7
C.& B,collulooe, $ 49.5 48,7 53.2 52.1

Pentosan, % oh,7 k.2 24,8 24,5
Alpha-cellulose,? 33,7 32,7 28.6 27.6
Lignin, % 32,3 32,7 3l 3Bl 234
Methoxyl in lignin,? 22,4
Holocellulose, P 5.6

(1) Tnd. Eng. Chem. 15:1056{1923)
(2) 3. An. Chon. Soc. 59:802(1937).
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Pathology

Registance to decay: white oaks, intermediate +.
: red oaks, low +.

Ut;;;zatiog‘
Total cut is equivalont to 2.4 billion bd. 2t.

Uge properties. Straight-grained, hecavy, hard, strong, stiff, machines
well, finishes smooth, holds mails well, tendency to eplit, average in
glueing, high abrasion resistance, difficult to season, pronounced figure,
high shrinkage, beautiful ray flock on gquarter surface, white oaks dwrable
but red caks not dureble. Rapld-growing, second-growth oak is gencrally
etronger, hard.er, and tougher than old-growth timbor which is finer-~

. gralned, softor, more e&sily vorked and takes a finor finish,
. Sulfste process: ''Reduces voadily, rather difficult to
bleach; yield, 38%.

Luml&_. Commercial white cak lumber is chiefly white ocak, chestnut
cak, end swamp chostmut cek., Commercial red oak lumbor is chiefly northern
red oak, southern reod. cak, swomp rod oak, and Shumdrd oak. Oak is the
principal hardwood used in tho United States; the avoreage anmual production
from 1931 to 1940 was 1,2 billion bd. ft. Used for flooring, vehiclo
end car construction, goneral millwork, furniturc, boxes and crates,
cabinets, ships and boats, hnndloa, caskets and coffine, and agricultural
implements.

Other uses. Tics, fuel, tight cooperage, posts, mine tirmbors, i:olea,
piling, sliced venecr. With exception of fuel and vencer, red cak needs
treatment for these uses.

Bark of some spocica of ook is an important source 'of tannin,.
Supply |

38 billion bd. ft. of white oaks in the United States (1940 ostimeto).
45,7 billion bd. £t. of red oaks in the United States (1940 estimate).
95 million bd. ft, and 980 thousand cords in Canada (1935).

9,0 billion bd. ft. in Loutlsiama (1936).

4,6 billion bd. ft, in North Carolina (1938).

3.3 billion bd. ft. in Georgia (19%6).

"3,0 billion bd. ft. in southoast Toxas (1935).

636 million bd. ft. in northeast Florida (1934).

64 million bd. ft, in northern Michigan {1935).
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Gollective" Index of Payts I and II

Abies: fsmi'bilis
Ables galsamoa
Abies conb;alor
Abies gra'nd.il;
Ables lasiocerpa

Abies magnifica !

Ables megnifica vér':.“amat;mia
Abies nobilis .
Acer mcfopt_iyllum
Acer nigrum

Acer rubrum

Acer saccharimum
Acer saccharum
Aesculus glabra
Aesculus octandra
Alme rhombifolia
Alnms rubra

Betule lenta

Betula lutea

Betula nigra

Betula peypyrifera
Betula populifolia
Cagtanea dentata

Catalpa bignonioldes
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Catalpe spociosa
Fagus grandifolia

* Fraxinus nigre

Gordonia iaaianthua

. larix laricina

larix occidentalls

Liquidambar styraciflua

Liriodendron tulipifers

- Magnollie acumlnate

Magnolia grandiflors

Magnolia virginiana
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Magnolla virginiana australis

Nysga aquatica
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Nyssa sylvatica.
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Picea rubra
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- Pinus

Pimus

Pinue
Pimse
Pinus
Ploug
Pinug
Binus
Pima
Pipus
Pinua
Pims
Pinue
Pinua

Pims

Index of Scientific Nemes

caribaes
clausa

contorte
echinata
glabra
lambertiana

monticola

B

palus£ris . .
ponﬂérosa " S
reginoéa

rigids

rigida var, aerofina
atrobus |
taeda

virginiana

Platame oceldentalis

Populus balsamifera

Populus deltoides viraginiana

Populus grandidontata

Populus heterophylla

Populus tremuloidos

Populus trichocarpa hastata

Pepeudotauge taxifolia

Quercus alba

Quercus alba var. latilobe

- Quercus dbicolor
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173
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39
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Quercus

Quercus

Querous

Quercus

Quorcus

Quercus

Quorcus
Quercus
Quercus
Guercus
Quercus
Quercus
Quercus

Quercus

- Quercus

Quercus
Quercus
Guercus
Quorcus
Quercus
Quercus
Quercus
Guercus
Quercus

Guercus

borealls
borealis var,
maxima
cateshael
cocclnea
e¢llipsoldalis
garryana
imbricaria
kelloggll
laurifolia
lyrata
merocarpy
mrilandica
montana
michlenbergil
niagra
mittallll
peluotris
phellos
prinus

rubra
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221

221
221
221
221
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rubra leucophylla 221
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221
221
221




Quercus virginiana
Salix nigra

Sequola sempervirens
Thuje plicate

Tilis glabra

Index of Scientific Namos

Pago
221
196

75
145

- T1lia heterophylla

Tilia hetcorophylla

pd.chaweil

Teuga canadensis

Teuga heterophylila

Tsuga mertensiana

227

148
148
k9
23
18k




Alder _
Alpine fir
Alpinoe hemlock
Amnbilis fir
Amorican boech

JAmeyican cheatmut

Amorican linden
Agpon

Balm
Balm-of-Gilead
Balsam
Balgam fir
Balsam poplar
Banke vine
Basswood
Bagtard pino
Bay

Bay galls
Bay pinc
Beantree
Baoch

Big laurcl
Bigleaf mople
Bigtooth aspen
Birch

¥

COMMON NAMES

Collective Ind.ex of Parts I and II

20k, 207 California sugar pine
189  Celifornmia white fir
18~ Canndian spruce
T2 Canoe birch
111 = Cat spruce
115 Catalpa
145  Cotawba
78 Cedar -
. 84,86 Cherry birch
" 84  Cherrybark osk
S 65,189 Chestnut
- T - 65, 186 Chestnut oak
' - 84 Chinguwapin oak
22 Cigar tree
145, 148  Const redwood
' 173 Cottonwood
- 209 Cucumber
208 Cueumber mugnolio
175 Cucumbor troe
220 Douglas fir
111 | Eastora fir
120 Eagtern hemlock
210 Eostern larch
: 82 Eostern whitc pine
10k, 199, 201 Engelmonn Spruco

Black ash, 21k Evergroen magnolie
Black birch 199, 201 Fotid buckeye
Black gum 97, 102 ‘Grand fir

Black lawrel 213 Groy birch
Black maple 212 Gray pine

Black oak 221 Gum

Black pine k7, 170, 175 Baclmatack
Black apruce : 7 Hard maple
Black tupelo 1 Hard pine

Black willow 91 Eordy catalpa
Blackjack oak 221  Hazelwood

Bog apruce 7 Homlock
Broadleaf maplo 210 Hoop ash

Brown ash 214 . TIdnho whitc pine
Buckeye 142,144 Indian bean
Bull pine 166, 175 Jack oak

Bur oak 221 Jack pine
Buttonball treo 130 Jerscy pine
Buttomwood 130 Iarch

California black ook 221 "Iarch” :

Californin red fir

195 Largetooth aspen

217,

ok,
217,
86, 88,

153,

49,

22,

213
T2,

163
186
11l
108
11
220
220
75
199 .

115

196

126

212

26
217
126

53
214
159
220

221
170

177
191
82




Index of Oommon Nampe - Continuod

- _Page
Laurel cak el
lowrel-treo . 208
Linn 145, 148
Liguidnmbar 126
Live oak - 221
Loblolly bay 213
Loblolly pine 3%
Lodgepole pine 170
Iongleaf pino 26
Lowland white fir €9
Magnolia 120
Mahogany birch ) 199
Moreh pins . 175
Michaux basswood - 148
Montane larch T 177
Mountain alder . “ 207
Mountain hemlocle 1gh
Mountain larch 17
Mountain gpruce 181
Noble fir 191
Northern black cottomwood - 86
Northern catalpa 217
Northorn red oak 221
Northern white pine k3
Norway pine 4o
Nuttall oak 221
OCak 221
Ogeechee limo 103
Ogeechee tupolo 1035
Chio buckeye 1his
Oldfield birch 202
0ldfield pino 33, 173
Oregon alder 20k
Oregon maple 210
Oregon pine 60
Oregon whits ocak 221
Overcup oak 221
Paper birch 108
Pepperidge g7
Pin oak 221
Piteh pine W
Plane tree 130
Pocosin pine 175
Pond pine _ 175
Ponderosa pine 166
Pondosa pine 166
' Poplar 78, 82, 84
Popple 78
Post oak 22l
Quaking aspen 78

Red alder
Red .boy
Red boech
Red birch
Red cedar
Red fir
Red gum
Red maple
Red oak
Red pine

“Red spruce

BRedwood

. River birch

River cottonmwood
Rock maple

Rock oak

Sand pino

Sap gum

Scariet maple
Scarlet oak
Scrub pine
Sequoin

Shasts fir
Shagta red fir
Shingle oak
Shortleaf pine
Shumard red oak
Silver birch
Silver fir
Silver maple
Silver spruce
Sitke spruce
Skunk spruce
Slagh pine

Boft meple

Sour gum

Sour tupelo -
Sour tupelo gum
Southern cotalpa

60, 191,

22, 38,

157,

Southern cottonwood
Southern mgnolia -

Southern pine
Southern red cak

Southern yellow pine

Spruce pine
Sugar mnple
Sugar pine
Swamp ash

Swanp bay .
Swanmp black gum

39, 170,

229

20k
208
111
201

1
193
126
137

4o
15
196
201
904
133

175
126

157

175
196

195 .

195

221

36
221
108

ko
181

e




Index of Common Names - Comtinuod

Swoamp chostnut ook

Swamp cottormood

Swonmp maple

Swamp pine

Swamp red ook

Swamp red-bay

Swamp apruce

Swanp tupslo

Swonp white ook

Swoct bay

Sweet birch -
Sweot buckeyo

Swoet cheptmut N
Sweot gun . Ty
Sycamorg T
Tacomohac o o
- Tomrack ) 574
"Pamarack” .

Ton bay ' _
Tidowntor spruce

Trerbling agpen

Tulip poplar

Tulip troe '
Tupelo .97,
Tupelo gum

Turkey oak

Virginia pine

Wahoo

Water ash

Water birch

Water ocak

Water spruce
Water tupclo

Woat Cooet hemlock
Wostorn aldoyr
Western catalpa
Wostern homlock
Weatern larch
Wentorn red cedar
Western white pine
Western yellow pino
White aldor

‘Whito bhasswood

Vhite boy :
White birch 108,
White fir 69,72,186,
White maple

White ook

White pine 33, 43,
White spruce 11,
Whitewood

Willow

Willow oak

Yollow birch

Yollow buckeye _
Yellow fir

Yellow pim 26, 56} l"?,
Yellow poplar

. Yellow spruce

230

100

53
eok

217
23
177

159
166

207

202

140
221
159
181
123

91
221

104
142
60
166
123
15




© Blash_pine, page 3l.

Balsam fir, page 68.

Low white

’ P*EBO

Black gum, page 97..

B

coch, page 113,

?

a3l

"~ ERRATA IN PT, 1

The data in the columm headed Max (3) under proxinate

anslyels should be lowered one row.

In mechanical procoss pulping tho powor requ:lrement
18 15 to 25% more then sprmce.

T1. In mochanical process pulping the powor ro-
quitement is 20% more_than spruce.

Vessel pits in transverse rows of 1 to 5%, mt 1

to 5]"'. &

Acotyl ¢ in holocellulosc from hoartwood is 4,76, :
ot 5.76.




