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INTRODUCTION 

This supplement to Properties of Pulpwoods (published in 
September, 19^3) includes many "species of American woods which 
have only recently entered into pulp manufacture or which seem 
likely to do so in the future. For many of them there are few data 
available; of others, oldtimers in the other wood-using industries, 
much is lmown. Certain ones occur- in large, readily accessible 
stands, whereas other species are found as scattered trees in 
forest or woodlot, The compiler hopes that any errors or omissions 
will "be "brought to his attention and also that additional infor­
mation will he forthcoming, so that the usefulness of the work 
will he enhanced* In order to facilitate use, the pagination 
has "been continued from the figst volume and an index, embodying 
all the species, is included a£ the end, 

•^ 

Copyright, 19W, "by 

THE INSTITUTE OF PAPER CHEMISTRY 
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Common Name. This appears at the head of each species descrip­
tion, In most cases, it is the name favored "by the U. S. Forest 
Service• 

Scientific Name. The technical name for the tree is given in 
italics (i.e., underscored), followed "by the name of the person who 
first used the name in this Combination and wrote the plant descrip­
tion. Sometimes another person's name is given in parentheses. If 
so, it means that person first applied the second or specific part 
of the name, but put it in a different combination, later found to 
be incorrect. Scientific names Were originated because of the great 
confusion in common names, and their use is governed by a botanical 
code of nomenclature. 

* 
Synonyms. Some of the common names which are not so widely 

known or well ..chosen as the one used in the title are listed as 
synonyms. According to the f. S. Forest Service Check List (U, .S, 
Dept, Agr., Misc. Circ, 92. 1927), a few species have as many as 30 
common names, 

Family Name. A family is a group of closely related genera Just 
as a genus is composed of closely related species. The family name 
is given-because'experience has shown that it is convenient to think 
of woods in terms of Plant Families, 

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

lumens ions. Average measurements on mature trees are given. 

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

SilvicB. This includes a general description of the tree, its 
environment, its associates, and other pertinent facts connected 
with its growth. 

Gross Features of the Wood. This is a statement of the general 
characteristics and properties of the typical wood from the merchantable 
part of the tree. A hand lens (lOX) is the greatest magnification 
used to obtain these data. In referring to the planes of section, 
x signifies crosB, r signifies radial, and t signifies tangential. 

Microscopic Structure. The minute anatomy of the wood is 
described by considering dimensions and characteristics of the wood 
elements normally present in the species. In the future, it iB planned 
to illustrate this section with photomicrographs of the cross, radial, 
and tangential sections made from authentic wood samples. 
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Nonmecharftcal 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 piece when it was in a green, air-dry, or oven-dry condition. 
The density is given in pounds per cubic foot for various conditions 
of moisture. The moisture content is the average 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 piece, whereas in the pulp and paper industry moisture is 
expressed as a percentage of the original weight as it is with 
chemicals. Both values 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,- shrinkage takes place. Ihe shrinkage values for 
volume, radial direction, and tangential direction are figured on 
the loss incize to the oven-dry condition "based on the dimension 
when green; the shrinkage to^the air-dry condition will "be less. 
The value for thermal expansion is a coefficient per degree 
ibhrenheit at ordinary temperatures. The coefficients along the 
grain and across the grain are given customarily. The thermal 
conductivity is expressed as B.t.u. per hour per square foot of 
material when the temperature gradient is one degree Fahrenheit 
per inch of thickness. The electrical resistance is expressed 
in megohms. The value is given at moisture contents of 7 Qnd 12$ 
(on the oven-dry "basis), corresponding closely to the kiln-dry and 
air-dry moisture contents. This small difference in moisture con­
tent causes a several-fold difference in resistance. 

Mechanical Properties. These values are included "because it 
is felt that the pulp and paper engineer encounters considerable 
structural work and in many places wood might "be a desirable con­
structional material. It must "be remembered that wood is heterogeneous, 
unidirectional, and variable with moisture contents below the fiber-
saturation point. Since the various properties listed are familiar 
to one versed in the testing of materials, they will not be expanded 
here. Toughness is given as the drop in inches of a. 50-lb. hammer at 
complete failure, hardness as the load in pounds required to embed 
a O.Wf-inch sphere to half of its diameter, and splitting strength 
or cleavability as the pounds necessary per inch of width when 
splitting; all other stress values are expressed as pounds per square 
inch. More complete information is available in publications of the 
U. S, Forest Products laboratory or the Canadian Forest Products 
laboratory. 

Chemical Properties. The data on proximate analysis of many 
of the pulpwoods are surprisingly meager. All the information avail­
able has been given in the following pages. In general, the methods 
of the U, S. Forest Products laboratory have been used by various in­
vestigators, although modifications have been made. Specific references 
are given when feasible, and any unusual methods have been noted. 
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Pathology, A knowledge of the durability of wood and its 
susceptibility to various diseases and insects should he helpful to 
woodyard and woodroom operators. Much of this information concerns 
the forest trees and far less the logs. Unfortunately, there is 
no direct relationship between the pathological resistance 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 
pulping; others cause so much decay that it is undesirable to take 
the log as far as the landing deck, 

Utilization. All phases of utilization 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 
raw material in certain localities. Usually an integrated or multiple-
use program can be worked out with other utilizers, especially if • 
all concerned are interested in keeping their industries going. The 
production figures are the latest and most reliable obtainable. 

Supply. This information has been obtained from estimates of 
the U. S. Forest Service and the Canadian Forest Service. The data 
for certain species and regions are much more complete and detailed 
than for others.M 
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WESTERN WHITE PIKE 

Scientific Name. Pirns monticola, D, Don. 

Synonyms. White pine, Idaho white pine. 

Family .Name. Pinaceae. 

§ange. Vancouver Island and southern British Columbia, north­
western Montana, northern Idaho, Washington and Oregon (Cascade and 
Blue Mountains), northern and central California (Sierra Nevada). 
Sea level to 3,000 feet west of the summit of the Cascade Mountains 
in British Columbia, Washington, and Oregon; 2,000 to 7,000 feet 
east of the Cascade' summit and in Idaho and Montana; 5>000 to 10,000 
feet in California. 

Dimensions. 150 io 180 feet tall and 2 l/2 to 3 l/2 feet in 
diameter. 

*.-
Bark. Smooth, gray green to light gray on young trees, thin 

(rarely more than 1 l/k inches thick) even on old trunks where it 
breakB up into nearly square or rectangular, dark gray or purplish 
gray plates separated by deep fissures. 

Silvics. ,The tree?has a long, slightly tapered shaft, a short, 
generally symmetrical and somewhat open crown, and a deep, wide 
spreading system of lateral roots. This species is typically a 
mountain form,- except in the northwestern portion of its range, 
It attains its "best development in the Inland Empire region on 
rich, porous soils in moist valleys and on middle and upper slopes 
and flats of northerly exposure. Here it is very common and oc­
casionally forms almost pure stands. Elsewhere, an occasional 
tree or small groves in mixture with other softwoods occur on poorer 
and drier soils. Its principal'associates in the Rockies are grand 
fir, Douglas fir, western larch, ponderosa pine, Engelmann spruce, 
western red' cedar, western hemlock,' lodgepole pine, and alpine fir; 
Douglas fir, western hemlock, grand, noble and silver fir in Washington 
and Oregon; and red, Shasta and Douglas firs and lodgepole pine in 
California. 

Gross Features of the Wood. The wood of western white pine is 
moderately soft, straight- and even-grained, medium textured, 
slightly resinous, without characteristic odor or taste. The sapwood 
is nearly white to pale yellowish white, narrow to medium wide, 
The heartwood is cream colored to light brown or reddish brown, dark­
ening on exposure. The springwood zone is several times wider than the 
summerwood; the summerwood zone is distinct with the naked eye but not 
pronounced. 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 re3in canal; in the 
r-section they form a fine, close, inconspicuous flecki Both 
longitudinal and horizontal resin canals are normally present. The 
numerous longitudinal canals, which appear as white flecks to the 
naked eye, are confined chiefs to the central and outer portions of 
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the animal r i ng . They are so l i t a ry or ra re ly 2 or 3 contiguous 
tangent ia l ly , forming more or less prominent s t reaks along the 
grain . The horizontal canals are smaller than the longi tudinal 
ones and appear as white, ra ther prominent wood rays spaced i r ­
regular ly on the x-sect ion, scarcely v i s ib le with a hand lens on 
the tangent ia l surface . Parenchyma are absent . 

Microscopic Structure 

Tracheids. Up to 60 mu (average, 1*0 mu) in diameter and 3.2 mm. 
in length; "bordered p i t s in one row or occasionally in two on the 
r ad ia l wal ls ; tangent ia l p i t t i ng present in the l a s t few rows of 
summerwood t rache ids ; p i t s leading to ray parenchyma l a rge , window­
l i k e , 1 to h (generally 1 or 2) per ray crossing, those in the spring-
wood more or l e s s angled and occupying most of the "back wa]J; ray 
t racheid p i t s present . 

Resin canals . Longitudinal, up t o 200 mu (average, 135 to 
150 mu) in diameter; hor izonta l , l e s s than 80 mu; thin-walled 
e p i t h e l i a l c e l l s , ty loso ids . 

Rays. Two types, un iser ia te and fusiform; the un ise r ia te rays 
are numerous, 1 tS^lSf ce l l s high; the fusiform rays are scat tered, 
with a horizontal r e s i n canal, 2- to 4-ser ia te in the cent ra l portion, 
tapering to un i se r ia te margins, up to 20f c e l l s high; ray tracheids 
are present- in a l l types of rays, marginal and interspersed, with 
nondentate inner wa l l s . 

Longitudinal parenchyma. Absent. 

Nonmechanical Physical Properties 

Specific gravi ty , green volume O.36 
a i r -d ry volume 0.38 
oven-dry volume 0,42 

Density, l b . / c u . f t . green 35 
a i r -d ry 27 
oven-dry ,. 23 

Moisture content, when green: 51$ "based on oven-dry weight 
(35$ on green "basis). 

Shrinkage, from green condition: v, 11.8$; r , 2.6$; t , 5.3#» 

Mschanical Propert ies 

Green Air-dry 

Tens i l e v / . l b . / s q . i n . 260 
- Compressive s t r e s s a t p . l . / / , l b . / s q . i n . 2430 4480 

Compressive s t r e s s a t ' t ) . 1 . / , lb. /sq. . i n . 290 540 
Shear, maximum s t r e s s //y lb. /sq. . i n . 640 850 
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Green Air-dry 

S ta t i c bending ESPL, l b . / e g . i n . 
S t a t i c bending' E, lb./sq. . i n . 
S t a t i c bending, R, l b . / s q . i n . 
Toughness, i n . 
Hardness, / / , l b . 
Hardness, _2 , l b . 
Cleavabi l i ty , l b . / i n . width 

Chemical Properties. 

3400 6200 
1.17 x 10 6 1.51 x 10° 

5200 9500 
19 23 
3io 440 
310 370 
160 160 

Calorif ic value: 18.6 x 10 B . t .u . per a i r -dry cord. 

Proximate ana lys i s : 

F.P.L. 

Ash, i» 0.20 
Hot-water 

soly., # ^4.49 
Cold-water 

soly., (f> 3.16 
Ether Soly.,# 4.26 
Alcohol-benzene 

so ly . , $ 
±<f> NaOH s o l y . , 

t • 14.8 
Acetic ac id ,# 1,03 
Methoxyl, ^ 4.56 
Pentosans, # 8.86 
Mannan, 1* 6.93 
Lignin, # 26.4 
C.& B.ce l lu ­

lose , + 59.7 
Pentosans, # 6.69 

Alpha-cel lulose, 
* 38.6 

Holocellu-
IOBO, # 

Ri t t e r and Fleck(g) 
Msbtin Beartwood Ahderson(^) 

and Bray(i) Spring &unmer Sap Heart 

3.4 

1.6 

3.4 

11.6 

10.7 

24.8 

61.1 
8.7 

41.7 

5.16 

3.76 

22.1 
1.42 
3.68 

10.1 

26.3 

57.6 
7.27 

5.42 

4.29 

21.5 
1.40 
3.85 
9.82 

25.3 

60.0 
6.94 

0.2 

4.1 

2.3 
3.4 

0.2 

*«5 

2.7 
3.6 

3.4 5.7 

9.2 9.5 

25.6 25.4 

59.0 57.7 

68.5 66.0 

(1) Paper Trade J . I l l , no. 25:36 (Dec. 19, 1940); average of data 
taken a t three heights in t r e e , 

(2) Ind. JEng. Chem. 18:608 (1926). 

(£) Ind. Ehg. Chem. 36:662 (1944). 
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Pathology 

Resistance to decay: intermediate. 

Red ring rot caused "by ring scale fungus (ffomes pini); red-brown 
"butt rot caused "by velvet top fungus (Polyporus schweinitzii); dwarf 
mistletoe (Arceuthobium campylopodum); white pine "blister rust 
(Cronartium riMcola); spongy sap rot caused by pine root fungus 
(Fomes annosus); shoestring rot caused by honey mushroom (Armillaria 
me Ilea)'. 

Mountain'pine beetle (Dendroctonus monticolaeh engraver beetles 
(Ips species)* 

Utilization 

Use properties. Soft textured, inconspicuous figure, straight-, 
close-, and uniform-grained, nails easily without splitting, easy to 
work, low shrinkage, stays in place well, subject to blue stain, takes 
and holds paint well, glues easily, easy to season. 

Pulping, ^ilfate process. Reduces readily; yield, 1*9$. 

Lumber. k5& million bd. ft. annual production from 1933 to 19*12, 
78$ from'Idaho and 17$ from Washington; matches (5$), general millwork, 
boxes and crates, patterns and flasks. 

Supply. 

17»5 billion bd. ft. in the United States, about two-thirds of 
which is in Idaho (19^2 estimate). 

910 million bd. ft. and 500 thousand cords in Canada (1935)* 
IO.I4. 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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SUGAB PINE 

Scientif ic Hams, Pinus lambertiana Douglas. 

Synonym. California sugar pine, 

Family name, Pinaceae. 

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

Dimensions. 175 to 180 feet t a l l and 2 to 3 feet in diameter. 

Bark, Dark green, thin, and smooth on young stems, grayish 
"brown, to cinnamon red on old trunks, 1 l / 2 to k inches thick, 
and "broken into irregular, superficially scaly ridges separated "by 
deep f issures . A sweet substance, pinite, exudes from "bark wounds. 

S i l v i c s . The forest tree has a long, massive, clear, cylindrical 
"bole, a snort crown.„composed of several large, horizontal "branches 
and a well-d£velopectr%.ateral root system. This tree i s typical of 
the transit ion zone and reaches i t s "best development on the west slope ' 
of the Sierra Nevada in northern and central California at l£00-to 
5500 feet elevation. It i s always found in mixture, principally with 
ponderosa pine, Douglas f i r , white f i r , incense cedar, and "bigtree. 
Farther north i t i s often found with digger pine, ponderosa pine, 
Douglas f i r , taribark oak, California "black oak, bigleaf maple, and 
dogwood usually "below U000 feet elevation. In the southern portion of 
i t s range i t "becomes alpine in habit. 

Gross Features of the Wood. The wood of sugar pine i s moderately 
soft , straight- and even-grained, relat ively coarse-textured, s l ight ly 
resinous, a faint noncharacteristic odor, often exuding a sugary sub­
stance when green, hut without characteristic taste when dry. The 
sapwood i s nearly white to pale yellow-white and narrow to medium in 
width. The jioartwood i s l ight "brown to pale red-brown, frequently 
discolored with sap stain. The springwood zone i s several times wider 
than the summerwood zone; the transition "between them i s gradual. The 
growth ring i s d is t inct "because of the darker summerwood. In the 
x-section the rays are very fine and are not dist inct with the naked 
eye unless they include a horizontal resin canal; in the r-section 
they form a f ine, c lose , inconspicuous flock. Both longitudinal and 
horizontal res in canals are normally present. The numerous longitu­
dinal canals are conspicuous, confined largely to the central and 
outer portions of the ring, solitary or rarely 2 to 3 contiguous 
tangontially, and appear as prominent dark streaks along the grain. 
The horizontal canals appear as rather prominent wood rays spaced 
at irregular intervals on the x-section and are v is ible with a hand 
lens as "brownish specks on tye t - sect ion. Parenchyma are absent. 
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Microscopic Structure, 

Trachomas. Up to 65 rau (average, 45 mu) in .diameter and. 5,2 
mm* in length; "bordered p i t s in one to two rows on the r ad i a l walls ; 
tangent ia l p i t t i n g present in the l a s t few rows of summerwood 
t raoheids ; p i t s leading to ray parenchyma la rge , windowlike, 1 to k 
(generally 2 or 3) per ray crossing, those in the springwood rounded 
and more or l ess widely spaced. Volume occupied, 94.0$. 

Resin canals . Longitudinal, up to 300 mu (average, 175 to 
225 mu) in diameter; hor izonta l , ^less than 80 mu; thin-walled ep i t he l i a l 
c e l l s , t y loso ide . Volume occupied, 0.5$» 

Rays, iVo types, uniser ia te and fusiform; the un ise r ia te rays 
are numerous, 1 to 12* c e l l s high; the fusiform rays are scat tered, 
with a horizontal r e s i n canal, 2- to 4-ser ia te in the cent ra l portion, 
taper ing t o un i se r ia te margins, up t o 20* c e l l s high: ray tracheids 
are present i n a l l types of r i y s , marginal and interspersed, with 
nondentate inner wa l l s . Volume occupied, 5«5$« 

longi tudinal Parenchyma, Absent. 

Nonmechanical Jj ivsical Properties 

Specific gravi ty greon volume 0,35 
a i r -d ry volume 0,36 
oven-dry volume 0,38 

Density, l b . / ° u . *t» green 52 
a i r -d ry 25 
oven-dry 23 

Moisture content, when green: 137$ based on oven-dry weight 
(58^ on green "basis)*. 

Shrinlcage, from green condition: v, 7«9#J *", 2.9$; t , 5«6#, 

Thermal conductivity: 0,69 B . t . u . /h r . / sq . . f t . with 1° E. 
gradient / inch thictaiess . 

E l ec t r i ca l r e s i s t ance : 22,900 megohms a t 7$ moisture content, 
140 megohms a t 12$ moisture content, 

Mechanical Propert ies _ 
* B Green Air-dry 

Tensile J^ lb . /sq. . i n . 270 350 
Compressive s t r e s s a t p . l , / / , lb. /sq. . i n . 2330 4l40 
Compressive s t r e s s a t p . l «_ / , lb./sq. . i n . 350 590 
Shear, maximum s t r e s s / / , lb. /sq. . i n . 680 1050 
S ta t i c "bending ESPL, lb./s<i, i n . 3400 , 5700 . 
S t a t i c bending, E, lb./sq.* i n . 0.94 x 10° 1.20 x 10° 
S t a t i c "bending, R, rb*/sq.. i n . 5100 8000 
Toughness, in* " 17 18 
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320 530 
510 380 
180 190 

0.2 0.2 
1*7 Q.k 
3.1 10.3 
3.1 *.5 
3.8 12.0 

2.81, 
1.90 

10. k 9.5 
0.50 

26.8 21*. 8 29.5 
58.7 5^.1 59.2 
68.5 62.5 

Green Air-dry 
Mschanical Propert ies (Continued) 

Hardness / / , l b . 
Hardness / . l b . 
Cleavabi l l ty , l b . / i n . width 

Chemical Propert ies 
Mannan content: k,6Tf> (Schorger), 6.63$ (Dore). 

Proximate ana lys i s : " Anderson ( l ) 
Sap Heart Dore (g) 

Ash, df> 
Cold-water-soly., # 
Hot-water so ly . , $ 
Ether soly..>, # 
Alcohol-benzene so ly . , $ 
Benzene so ly . , # 
Alcohol ' so ly . , $ 
Pentosan, # & 
Galactan, # 
Lignin, $ 
C. & B. ce l lu lose , # 
Holocellulose) $ 

" ^ 
( I ) *Ind. Ehg. Chem. 36 :662( l9W. 
(g) - J . Ind. Eng. Chem. 12:1*76(1920). 

Pathology 

Resistance t o decay: intermediate. 
Brown trunk r o t caused "by challsy quinine fungus (Fomos l a r i c i s ) : 

dwarf mist letoe (Arceuthobium campylopodum); white pine "blister rus t 
(Cronartium r i b i c o l a ) . 

Mountain pine "beetle (Dendroctonus monticolae); various engraver 
"beetles (Ips spec ies ) ; flat-headod "borer. 

U t i l i z a t i on 

Use p roper t i e s . Soft-textured, inconspicuous f igure , s t r a igh t - , 
c lose - , and uniform-grained, na i l s eas i ly without ^sp l i t t ing , easy to 
work, low shrinkage, s tays in place wel l , sub jec t ' t o blue s t a in , 
takes and holds paint wel l , glues eas i ly . 

Pulping 
Sulfite process. Reduces readily but unevenly, fair strength, 

dull greenish-brown color, shivy and harsh; yield, 1*7$. 
Sulfate process. Reduces readily, very strong; yield, 1*8$. 

Lumber. 261* million bd. ft. annual production from 1933 to 19^2, 
8l# from California and 19$ from Oregon; general millwork, boxes and 
crates, patterns and flasks, rollers, boot and shoe findings. • 

Supply- & 
2lf.7 billion bd. ft. in the United States (1938 estimate), of 

which If.3 billion bd. ft. occur in Oregon and rest in California. 
850 million cu. ft. in Oregon (1936). 
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PONDEROSA. PlNf 

Scientif ic name., Pjnus ponderosa lawson. 

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

Family name. Pinaceae. 

Range. This species covers a wide territory in the west. Jrom 
southern Brit ish Columbia southeastward to north central Nebraska 
and in the Rockies to northern Mexico. I t i s absent or sparse in 
the Great Basin,region, From British Columbia i t occurs southward 
in the mountains of the Pacific Coast states to Lower California. 
In the Pacific Iforthwest i t i s found from sea level to 6000 feet , 
in northern Idahot and central California from 2000 to 7000 feet , and 
in Arizona from AJJOOO to 8000 feet in elevation. 

Dimensions. ,,. 150 to 180 fejet t a l l and 3 to k feet in diameter. 

Bark. Brown to "black and deeply furrowod on vigorous or young 
trees; yellowish "brown to cinnamon red and "broken up into large f la t , 
superficially scaly plates separated "by deep irregular fissures on 
slow-growing and^Qld trunks; very thick on old t rees . 

**" fi 
4f 

Silyica. The tree has a long, symmetrical "bole, clear for at 
least hal:fk of its length, a short, conical or flat-topped crown in 
old trees, and a taproot with a well-developed system of moderately 
deep, wide-spreading lateral roots. Ponderosa pine is not exacting 
in its site requirements "but responds "best on relatively moist, well-
drained soils found on the western slopes of the Siskiyou and 
Sierra Nevada ranges. It occurs in many parts of its range in pure 
stands and is also commonly the most abundant tree in mixed coniferous 
stands. In eastern Washington and Oregon its associates are western 
larch, Douglas fir and, occasionally, lodgepole pine. In the central 
Rockies it occurs principally with'Douglas fir and in California with 
Jeffrey and sugar pines, white fir, incense cedar, and Douglas fir. 

Cross Features of the Wood. The wood of ponderosa pine is moderately 
soft, generally straight- and quite even- to very uneven-grained, 
medium coarse-textured, resinous, without characteristic taste but 
with a distinct, noncharacteristic resinous odor. The relationship 
between summerwood and springwood zones is variable; in slow, even 
growth the summerwood zone is very narrow but in fast, young stock 
it is broad and conspicuous. This causes variation in appearance of 
the grain. The ring is always distinct and the transition from spring-
wood to summerwood abrupt. In the x-section the rays are very fine 
and are not distinct with the naked eye unless they include a horizon­
tal resin canal; in the r-section they form a fine, close, incon­
spicuous fleck. Both longitudinal and horizontal resin canals are 
normally present. The numerous longitudinal qonolo are conspicuous, 
confined largely to the central and outer portions of the ring, soli­
tary or rarely 2 to 3 contiguous tangentially and appear as relatively 
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prominent dark streaks along the gra in . The hor izontal canals are 
whit ish, r e l a t i v e l y inconspicuous wood rays spaced i r regu la r ly 
on the x-sec t ion , and barely v is ib le with a hand lens as "brown 
specks on the t - s ec t i on , Parenchyma are absent . The s p l i t t an­
gent ia l surface i s frequently dimpled but the dimples are l e s s 
conspicuous than in lodgepolo pine, 

MicroocoT)ic Structure 

Trachoids. Up to 60 mu (average, kO rax) i n diameter and 3.7 
mm. in length; bordered p i t s i n one row (occasionally in two )< on the 
r a d i a l wal l s ; t angent ia l p i t t i n g absent; p i t s leading t o ray 
parenchyma variable in shape and s i ze , 1 to 7 (generally ^ or 5) 
per ray crossing;. Volume occupied, 93*<$• 

Resin Canals. Longitudinal, up t o 230 mu (average, 160 to 
I85 mu) in diameter; 'horizontal , l e s s than 70 mu; thin-walled 
e p i t h e l i a l c e l l a , tylosoids .& Volume occupied, 0.yf>* 

ftaya. Two types , un iser ia tc and fusiform; the un i se r ia te rays 
are numerous, 1 t o 12+ ce l l s high; the fusiform rays are scat tered, 
with'a* hor izon ta l x res in canal, 3 - to 5-ser ia te i n the cent ra l por­
t ion , taper ing t ^ u n i s e r i a t e margins, up t o 16+ c e l l s i n height; 
ray traclieids present in a l l types of rays , marginal (often in 
several rows) and occasionally interspersed, with prominent dentate 
wa l l s , low rays frequently consist en t i r e ly of ray t r ache ids . 
Volume occupied, 6.7$. 

longi tudinal Barenchyma. Absent. 

Hoiua?chanical Physical Properties 

Specific gravi ty green volume 0,38 
a i r -d ry volume 0.40 
oven-dry volume 0.k2 

Density, l b . / c u . f t . green 1*5 
a i r -d ry 28 
oven-dry 2k 

Moisture content, when green: 91$ based on oven"dry weight 
(k&f> on green b a s i s ) . 

Shrinkage, from green condition! v, 9.6f>; r , 3.9$; t, 6.3$. 

Thermal conductivity: 0.85 B . t .u . /h r . / sq . , f t . with 1 ° F , 
gradient / inch th ickness , 

E l ec t r i ca l r e s i s t ance : 39,800 megohms a t 7$ moisture content. 
300 megohms a t 12$ moisture content* 
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ftbohanical J roper t i es 
Green 

Tonsile_^ lb./eg. in. 290 
Compressive stress at p.l. //, lb./sq.. in. 2070 
Compressive stress at p.l. _x, lb./s<i, in. 360 
Shear, maximum stress //, .Jb./sq.. in. 680 
Static bending ESPL, lb./sg. in. 3100 , 
Static bending E, lb./sq. in. 0.97 * 10 
Static bending R, lb./sq. in. 5000 
Toughness, in. 20 
Hardness //> lb. 300 
Hardness _/,; lb. 310 
Cleavability, lb./in. width 170 

Air-dry 

400 
4060 
740 
1160 
6300 

1.26 x 10( 

'9200 
17 
550 
450 
220 

Chemical Iroperties 

Calorific values 22.1 x fer B.t.u. per air-dry cord, 
Tannin content: in wood, ,8.9$; in bark, 10.9$. 
Proximate analyses: 

»*• 

Ash, % 
Hot-water s o l y . , $ 
Cold-water so ly . , ci 
Ether soly.> $ 
1$ NaCH s o l y . , # 
Acetic acid , $ 
Msthoxyl, $ 
Pentosan, # 
Lignin, y> 
C.& B. ce l lu lose , 

Pentosan, $ 
Alpha-cel lulose, $ 
Alcohol-benzene so ly . , $ 
Benzene soly.^ $ 
Alcohol so ly . , $ 
Mannan, $ 
Galactan, $ ' 
Holocellulose, $ 

t 

F.P.L. 
Anderson^) 

F.P.L. Sap Heart Bore (g) 

0.46 0.3 0.2 
5.05 4.8 4.3 6.2 
4.09 1.0 3.3 
8.'52 6.Q 4.8 5.0 

20.3 19.0 
1.09 

' 4.49 
7.35 8.4 10.5 10.4 

26.7 27.2 22.8 22.9 29*5 
57.4 58.0 59.9 58.1 57.7 

6.82 
35.7 37.4 

4.4 5.1 

r ' 

7.2 
2*22 
1.49 

4.64 

69.9 66.3 

6.37 
0.78 

(1) Ind. Eng. Chem. 36:662(1944). 
(2) J . Ind, Eng. Chem. 12:476(1920). 
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Pathology 

Resistance t o decay: low +• 

Wootern red ro t (Polvporus e l l i s i a n u s ) ; dwarf mistletoe 
(Arceuthobium wmmlovolbm): western g a l l rus t (Cronartium harlaiessi i ) ; 
lodge pole b l i s t e r r u s t (Crorartium filamentosum). 

Western pine "beetle (Dendroctonus bre vicomLs); Black Hi l l s "beetle 
(P« pondorosae); mountain pine "beetle (D, monticolae); southwestern . 
pine "beetle "(P.. b a rbe r i ) ; engraver "beetles (Ips. spec ies ) ; pine "butter­
f ly (Neophas.ia -E^napia); pandora 320th (Coloradia .pandora). 

U t i l i za t ion^ 
1 H i HI 1 • HI I I H Hi w • ' 

' . -\ 
.\ » 

Use properties* Soft-textured, de l i ca te ly figured, s t r a igh t - , 
c lose- , and'uniform-grained, na i l s eas i ly without s p l i t t i n g "but has, 
low nai l -holding power, easy*to work, low shrinkage, s tays in place 
wel l , subject t o bluo s t a in , takes and holds paint wel l , glues eas i ly , 
s l i gh t ly res inous , eas i ly t rea ted with preservat ives , 

;?mlpinff 
Sul f i te process. Reduces f a i r ly readi ly hut unevenly, dark, 

shivy; y&^d ^7$. ' 
. Sulfate process. Reduces read i ly , very strong; y ie ld , 1*8$. 

Soda''process. Yield, 1J1$, 

Lqyfeer. 3*0 "billion "bd. f t , average annual production from 
1933 to 19^2, kyp from Oregon, 25$ from California , 11$ from Washington, 
and 6$ from Idaho; "boxes and cra tes , general millwork, caskets and coffins, 
furn i ture , toys , r o l l e r s , laundry appliances, 

Other uses . Fuel, fence posts , 

Supply 

218 b i l l i o n bd. f t . i n the United States (19I4.3 es t imate) . 
1 b i l l i o n bd, f t , and 500 thousand cords in Canada (l935)« 
70 b i l l i o n bd, f t . in Oregon (1936), 
16.5 b i l l i o n bd. f t . in Washington (1936). 
5.7 b i l l i o n bd, f t , in northern Idaho (1937). 

j ? 

fr 
y S 

./"' 
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LODGEPOLE PINE 

Scientific Name* Pinus contorta Loudon, 

(Some "botanists insist that the two forms, coastal and mountain, of 
lodgepole pine are distinct species or at least varieties and designate 
the coast form as Pinus contorta Douglas and the mountain form as 
Pinus contorta var. latifolia Efogelmann.) 

Synonyms. "Tamarack," "black pine, spruce pine, jack pine. 

Family flame. Pinaceae • 

Range.. Jrorn eastern Alaska south on the coast to northern California, 
in the interior south in the mountains to Lower California, and in the 
Rocky Mountains to' Colorado. Also in the Black Hills, Sea level to 
.2000 feet in norths 'to 6000 feet in Washington and Oregon, to 11,500 ' 
feet in California, and 6,000 to 11,000 feet in the Rockies. 

* . - • 

Dimensions. Coast form—25 to 30 feot tall and 12 to 18 inches in 
diameter. Mountain form—70 to 80 feet tall and 15 to 30 inches in 
diameter. 

Barkj Coast -fossm— 3 A to 1 inch thick, deeply furrowed and,trans­
versely fissured, reddish "brown to "black and superficially sca>y. 
Mountain form--l/^ inch thick, orange "brown to gray covered >y thin, 
loosely apprised scales. ^ 

Silvlcs. Because of their small size and poorly formed "boles, the 
trees of the coastal form contribute little or nothing to the timber 
supply. In the mountains the tree has a long, clear, slender, cylindrical 
"bole, a short, narrow, open crown and shallow root system. The trees 
reach commercial size on a variety of soil types "but attain their "best 
development on a moist, well-drained sandy loam. This species is very 
aggressive and hardy. Thus, in many areas it is f.cind In pure, dense, 
even-aged stands "but also occurs in mixture witj!a ot-ier conifers. At 
lower elevations it associates with pondorogra and wsstern white pines, 
Douglas fir, and western larch. At higher altitudes,- it occurs chiofly 
with Ungelmann spruce, alpine fir, and limber -pine in the Rockies and 
limber and Jeffrey pines and California red fir in tho Sierra Nevada. 
In pure dense stands the trees are prone to stagnat6. 

Gross Features of the Wood. The wood of lodgepole pine is moderately 
soft, generally straight- "but somewhat uneven-grained, medium fine-
textured, resinous, without characteristic taste, "but with a distinct 
noncharacteristic, resinous odor (especially when green). The sapwood 
is nearly white to pale yellow and narrow. The heartwood is light 
yellow to pale ye How-"brown, often scarcely darker than tho sapwood 
and not clearly'distinct. Tho springwood zone is usually much wider 
than the narrow, distinct summorwood zone except in the outer rings 
of mature treos. The transition from springwood to summerwood is more 
or less a"brupt. In the x-section the rays are very fine and are not 
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d i s t i nc t with the naked eye even when they enclose a horizontal res in 
canal; in. the r - sec t ion they form a fino, c lose , inconspicuous fleck. 
Both longi tudinal and. horizontal r e s in canals are normally present. 
The longi tudinal canals , which are r e l a t i ve ly inconspicuous or not 
v i s ib le with the naked eye, are numerous, confined largely to the 
centra l and outer portions of the r ing , s o l i t a r y for the most par t , 
and forming f a i r l y conspicuous^ "brownish s t reaks along the grain. 
The smaller horizontal canals, vhich f-ppear as "brown rad ia l l ines 
spaced i r regu la r ly on the transverse surface, are "barely v i s ib le with 
a hand lens on the tangent ia l surface. Parenchjina are absent. A 
s p l i t t angent ia l sect ion shows prominent dimpling e f fec t . 

Microscopic Structure 

Tracheids. |Jp to 55 mu (average, kO mu) in diameter and 3«2 
mm, in length; bordered p i t s in one row or occasionally paired on the 
r ad i a l w a l l s / t angent ia l p i t t i ng absent; p i t s leading t o ray parenchyma 
variable in size* and shape, l*to 6 (generally 2 to k) per ray crossing; 
ray t racheid p i t s present . 

Rosin canals . Longitudinal, up to 110 mu (average, 80 to 90 mu) 
in diameter; hor izonta l , l ess than 50 mu; thin-walled e p i t h e l i a l c e l l s , 
tylosoids,, ' ^ 

Rays,. Two typos, un iser ia te and fusiform; the uniser ia to rays 
are numerous 1 to 8-5- ce l l s in height; b i s e r i a to rays frequent i n the 
areas of whirled t i s s u e ; the fusiform rays are sca t te red , with a 
horizontal r e s in canal, 2- to 3-ser iate in the cen t ra l portion, taper­
ing to uniser ia te margins, up to lOf ce l l s high; ray trachoids are 
present in a l l types of rays , marginal and interspersed, with prominently 
dentate wa l l s . The marginal tracheids are often in several rows and 
in. low rays the ray tracheids frequently compose the en t i r e ray, 

.Longitudinal Parenchyma. Absent. 

Nonmpchanical Physical Proper t ies . 

Specific g rav i ty . green, volume 0.38 
a i r -d ry volume 0 .4 l . 
oven-dry volume O.lj-3 

Density, lb./cu. ft. green 39 
air-dry 29 
oven-dry 2k 

Moisture content, when green: 65$ based on oven-dry weight 
(39$ on green basis). 

Shrinkage, from green condition: v, 11.5$; **, k,^; t, 6.7$. 
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Mechanical Properties 
Green Air-dry 

Tensile _/, lb./sq. in. 220 290 
Compressive stress at p.l. //, lb./sq.. in. 2110 lj-310 
Compressive stress at p.l. J£, lb./sq.. in. 310 750 
Shear, maximum stress //, lb./sq.. in. 680 880 
Static tending FSEL, lb./so., in. 3000 6 6700 , 
Static bending E, lb./so.. in. 1.08 x 10 1.3^ x 10° 
Static "bending R, lb./sq. in.** 5500 9^00 
Toughness, in. 20 20 
Hardness //, lb. 320 530 

. Hardness _Z, lb. 330 . kQO 
Cleavability, lb./inch width 150' 180 

Chemical Properties 
Calorific value: 20.1 x 10° B.t.u. per air-dry cord. 

Pathology u &•. 
Resistance to decay: low+ 
Dwarf mist letoe (Arceuthobium Americanum); western ga l l rus t 

(Cronartium harknessi i ) : lodge pole "blister rus t (Cronartium filament osum). 
Mountain pine "beetle (Dendroctonus mont ic o lae ) ; Black Hi l ls 

"beetle (D. ponflerosa e Y? lodge pole needle t i e r (Ar/^yrotaenia species) ; 
Bawfly. 

U t i l i z a t i o n ' 

Use proper t ies . Generally s t r a igh t - "but somewhat uneven-grained, 
medium f ine- textured, moderately l i g h t , moderately sof t , easy t o work, 
glues wel l , average i n paint-holding a b i l i t y , holds na i l s and screws 
poorly, appreciable shrinkage, stays in place wel l , seasons eas i ly , 
conspicuous f igure, heartwood d i f f i cu l t to penetrate with preservat ives, 
takes a good f in i sh . 

Pulping 

Sulfite process. Reduces readily, excellent color, fine fibered, 
very strong, somewhat pitchy, easily "bleached; yield, ̂ 7^«. 

Sulfate process. Reduces readily, very strong; yield, k&f>. 
Mechanical process. Reduces readily, excellent color and 

standard strength, power requirement 15 to 25$ more than white spruce. 

Lumber. 39 million bd. ft. average annual production from 1931 
to 19 W , 83$ from Wyoming and Colorado. Used locally for rough con­
struction, siding, finish, and flooring. 

Other uses. Mine timbers, railroad ties, poles, posts, fuel. 

s^ppiy 

38.6 billion bd. ft. in tile United States (1939 estimate). 
963 million bd. ft. in northern Idaho (1937). 
700 million bd. ft. in Oregon (1936). 
kQO million bd. ft. in Washington (1936). 
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SAND PIKE 

Sc ien t i f i c Name. Pinus, clausa (Engelmann) Sargent* 

Synonyms. Oldfield pine, spruce pine, scrub pine. 

Family Jfame. Pinaceae. 

Range. Alabama coast and Florida (except the extreme northeastern 
and southwestern por t ions) . 

Bark. Comparatively smooth, forming pla tes only on larger branches. 

S i l v i c s . A small t r e e , o? poor form, commonly found on s t e r i l e 
sandy s o i l s . Because of i t s habit of re ta in ing many of i t s cones , 
unopened for severa l years i t i s able t o seed i n large numbers follow­
ing f i r e . The type with sand^pino predominant occurs on very dry, 
high sand ridges* and coasta l dunes. I t s chief associates are myrtle 
oak, Florida hickory and Chapman white oak. On ground intermit tent ly 
vet t h i s species i s found in mixture with longleaf, s lash and loblol ly 
pines, southern and pond cypresses, and black and tupelo gums. 

Grcs3 ^Features^of the Wood. The wood cannot bo separated from tha t 
of the other southern yellow pines; see longleaf pine, page 26. 

Nonmechanical Physical Properties 

Specific gravity green volume 0.l£ 
a i r -d ry volume 0.1+8 
oven-dry volume 0.51 

Density, l b . / c u . f t . green 38 
a i r -d ry 3h 
oven-dry 29 

Moisture content , . when green: 36$ based on oven-dry weight 
(26$ on green bas is )* 

Shrinkage, from green condition: v, 10 .0$ ; , r , 3«9#; t , l.yfc* 

Mschanical Properties 

Tensile J_> lb./sa. in. 
Compressive stress at p.l. //, lb./so., in. 
Compressive stress at p.l. _/, lb./sq.. in. 
Shear, maximum stress //, lb./sq.. in. 
Static bending IJSPL, lb./sq.. in. 
Static bending E, lb./sg. in. 
Static bending R, lb./sq.. in. 
Toughness, in. 
Hardness //, lb. .,,, 
Bardness _j[, lb. '''.,..... 

Green Air-dry 
380 300 

2670 3900 
560 1030 

11^0 1100 
iHOO . 

02 x 10b 
6700 , 

1.1*1 x 10° 
7500 -' 11,600 

25 19 
ifbO 950 
i+80 730 
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Chemical Propert ies 

Proximate analysis: F.P.L. 

Hot-vater soly., $ 2.5 
Alcohol-benzene soly., $ 2.2 
Ether soly,, $ 1.1 
li NaOH soly., $ 11.8 
Pentosan, $ 6.9 
Lignin, % 27.1 
C. & B. cellulose, # 61.0 
Alpha-cellulose, $ k2.9 

Patholpffl-

Resistance to decay: intermediate. 

U t i l i z a t i o n Y &, 

Used loca l ly or in mixture with other southern pines . 

Pulping. ." Sulfate process. Reduces read i ly , f a i r s t rength; 
y ie ld , h?f>. • ~ 

\ 
Supply 

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 i n northeastern Florida, The management plans provide 
for pulpwood production on a 1+0-year ro t a t ion . V/hen laoture, the stands 
w i l l average 10 inches in diameter and 30 to kO feet in height . This 
stand should y ie ld about 35 thousand cords annually. 
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POND PINE 

Scien t i f ic Mams, HIJUS. riglda. var . serotina, (Michaux) Loudon 

• Synonym. Pocosin pine, bay pine, marsh pine, b u l l pine, bastard 
pine, black pine. 

Hamily Name. Pinaceae. 

Range. Coastal p la in from southern t i p of New Jersey to western 
t i p of Flor ida . Not in southern half of Florida peninsula. 

Dipensions. Occasionally 80 feet high and 30 inches in diameter 
as a maximum. 

Bark. Grayish brown, very wide, i r regular r idges or patches 
composed of many-loose I r regu la r f r iable sca le s . 

Silvj.cs. This species occurs extensively on flatwoods near the 
coast or in bays and ponds. I t i s found in small pure stands or pre­
dominant in mixture with clash pine, loblo l ly pine, pond cypress, red 
gum, sweet bay, loblo l ly bay, red bay, and swamp black gum. 

Gross Features'" of the Wood. See descr ipt ion under longleaf pine,' 
page 26. 

Microscopic Structure 

Tracholds. Length, 2.7 mm. 

Nonmechanical Physical Properties 

Specific gravi ty green volume 0.50 
a i r -d ry volume 0.5^ 
oven-dry volume 0.58 

Density, l b . / c u . f t . green h$ 
a i r -d ry 38 
oven-dry 31 

Moisture content, when green: 5 $ based on oven-dry weight 
(36$ on green b a s i s ) . 

Shrinkage, from green condition: v, 11.2$; r , 5«1#; t , 7»1#» 

Mechanical Propert ies 

Tensile _j£, l b . / s a . i n . 
Compressive s t r e s s a t p . l . / / , lb . / sq . . in . 29^0 
Compressive s t r e s s at 'p.l#_x> l b . sq. i n . 5^0 
Shoar, maximum s t r e s s / / , lb. /sq. . i n . 
S t a t i c bending PSPL, Ib. /scu in . 
S t a t i c bending E, lb./sq> in . 

Green Air-dry 
280 360 
29^0 6300 
5k0 1120 
9̂ 0 1380 
1̂ 500 

1.28 x 106 
8300 , 

1.75 x 10° 

Silvj.cs


Pond Pine 

Machanical Proper t ies t continued 

S ta t i c "bending R, lb. /sq. . in , 
Toughness, i n . 
Hardness //, l b . 
Hardness mjh l"b • 
Cleavabi l i ty , l"b./in. w i d t h s 

Pathology 

Resistance to decay: intermediate, 

Turpentine borer (Buprestis a pricans); southern pine "beetle 
(Dendroctonus f r o n t a l i s ) ; engraver "beetles (ips spec ies ) , 

U t i l i z a t i o n . See lon£Leaf pine, page 29. Not su i tab le for 
turpent ining, - -

Pulping. Sulfate process. Reduces read i ly , s t rong; y ie ld , 48$. 

i^PJ&2> 

1,8 billion bd. f£$ in North Carolina (1938). 
8.8 million cords in North Carolina (1938). 
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Green Air-dry 
7400 11,600 
33 28 
460 780 
510 7̂ 0 
190 240 
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WESTERN IARCH 

Scien t i f i c Name. Larix Occidentsl is , Nu t t a l l . 

Synonym. la rch , mountain la rch , tamarack, Montana larch, 

Family Name* Pinaceae.*— 

Range. Southern British Colunibia and south in the east slope of 
the Cascade Mountains to north central Oregon; east through the Blue 
Mountains to northern Idaho and western Montana, 

5iS?§̂ §~i2ag« 1*1-0 to 180 feet tall and 3 to K feet in diameter. 

Barij* Reddish "brown to cinnamon red, scaly on young stems; up 
to h to 6vinches thick on old trunks and then with flat-plated ridges 
separated by deep irregular fissures. 

§iL2:̂ fi§.» ^G tree has a clear, tapered "bole (often swollen-
hutted;, a short, open, pyramidal crown and a deep, wide-spreading 
root system. It grows "best on deep, moist, porous soils in high 
vall'eys and ,on^mountain slopes of northern and western exposure. 
Nearly ̂pure open stands of this species occur in the Inland Empire. 
It is often the most abundant' species in the larch-Douglas fir forests 
of the northern Hockies, where it is also associated with western 
white pine and, at higher elevations, with lodgepole pine, Engelmann 
spruce, and alpine fir. Other associates are western hemlock, grand 
fir, ponderosa pine and, occasionally, western red cedar. Western 
larch is very intolerant throughout life and is dominant in old-
growth mixed stands. 

Gross Features of the Wood. The wood of wo stern larch is moder­
ately hard, slightly resinous, straight-grained, coarse-textured, 
with a characteristic oily appearance and greasy feol, hut without 
characteristic odor or taste. The sapwood is white to pale straw 
brown and very narrow. The heartwood is russet or rec&iQh brown. 
The smnmcrwood zone is normally very narrow, sharply delineated 
and conspicuous to the naked eye which makes the growth ring q.uite 
distinct. The springwood zone usually constitutes at least 70$ 
of the ring. The transition from springwood to summerwood is very 
abrupt. In the x-section the rays are very fine, not distinct to the 
naked eye, and form a fine, close, inconspicuous fleck on the radial 
surface. Both longitudinal and horizontal rosin canals are present, 
The longitudinal canals are small, inconspicuous, not visiblo to 
the naked eye or appearing as whitish or dark flecks, sparse, confined 
mostly to the summerwood, solitary or 2 or more contiguous tangen-
tially. The smaller horizontal canals appear, with a hand lens, as 
somewhat broader, whitish rays spaced irregularly on the x-section 
and arc invisible or barely visible with a hand lens on the tangential 
surface, Parenchyma not visiblo, 
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Microscopic Structure 

Tracheids, Up to 60. nu (average, k0 t o 50 mu) in diameter and 
3.2 mm. in length. Those in the summerwood.occasionally have sp i ra l 
thickening. Bordered p i t s in 1 to 2 rows on the r ad i a l wal ls ; 
tangent ia l p i t t i n g present on the l a s t few rows of summerwood 
tracheids;, p i t s leading t o ' r ay parenchyma small, qui te uniform in 
s i ze , with d i s t i n c t border, 1-to 10 (generally h t o 6) per ray crossing; 
ray t racheid p i t s present. Volume occupied, 89.0$. 

• Bee in canal3. longi tudinal , up to 135 mu (average, 60 to 90 mu) 
in diameter; hor izonta l , less than 25 mu. Thick-walled ep i the l i a l 
ce l l s and no ty loso ids , Volume occupied, 0,1$• 

Bays-. Tvov^ypes, uniser ia te or ra re ly in part b i s e r i a t e , and 
fusiform. The ui i iser iate rays are numerous and 1 to 20f ce l l s in ' 
height; the „ b i s e r i a t e rays are very sparse and sca t te red , or absent. 
The sca t tered fusiform rays,&which include a horizontal r e s in canal, 
are 2- to 3~seriate in the central portion, tapering t o uniser ia te 
margins, up to 20* ce l l s in height . Ray tracheids are present in 
a l l types of rays , marginal and very ra re ly interspersed, nondentate 
inner wal l s ; marginal usually in one row. Volume occupied, 10.0$. 

Longitudinal* Paronchyma.. Terminal and very sparse , or absent. < . 
Volume occupied, 0,9$. 

Nonmeclianical Physical Properties 
•i^i^nn ,mm* t in" o n w WII * ^ w w ^ w ^ i i H w *«mn%i«>iii<ii>»mn*iw4*»«»Kfc»ifcwp%i*' 

Specific gravity green volume 0.48 
air-dry volume 0,52 
oven-dry volume 0.59 

Density, lb,/cu. ft. green kQ 
air-dry 36 
oven-dry 28 

Moisture content, when green: 58$ based on oven-dry weight 
(57$ on green basis). 

Shrinkage,.from.greon.condition: v, 13.2$; r/4.2$; t, 8.1$. 

Thermal conductivity: O.99 B.t.u./hr./oq.. ft, with 1° F. 
grodiont/inch thicknoco. 

Electrical resistance: 39,800 megohms at 7$ moisture content 
250 megohms at 12$ moisture content 

Mechanical Properties 
Green Air-dry 

Tensile JU lD./s*. in. • 230 310 
Compressive stress at p.l. //, lb./sa.in. . 3250 5950 
Compressive stress a# p.l. _±, lb./scL.in, 560 1080 
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Green Air-dry Mechanical Propert ies (continued) 
• / 

Shear, maximum stress //, lb./sq.. in, 
Static "bending FSPL, lb./sq.. in. 
Static "bending E, lb./sg.. in. 
Static "bending R, lb./sq.. in. 
Toughness,,in. 
Hardness //, lb. 
Hardness _/,'lb. 
Cleavability, lb. /in. ".width 

Chemical Properties 

Calorif ic value: 26.5 x 10 B . t . u - pe r ' a i r -d ry cord'. 
Tannin content: •" pi wood, '6.7$; in bark, 10.6$. 
There i s a water-soluble gum (arabogalactan) in western larch 

amounting to 8 ta.25#» Several papers have been published on th i s 
mater ia l—e.g . , Wise and Peterson^ Ind. ling. Chern. 22:362(l930)» 

920 1360 
4600 7900 
1350 1710 
7500 11,900 

2k 32 
Vfo 1110 
450 760 
160 160 

1K?:U 
0.23 

12.6 
10.6 

0.81 
22.1 

0.71 
5.03 

12.5 
57.8 

8.94 
5.13 

Proximate ana lys i s : 

Ash, i 
Hot-water s o l y ^ $ 
Cold-wqber so l^ t , # 
Ether so ly . , f 
if NaOt-soly., # 
Acetic acid , $ 
MDthoxyl, $ 
Pentosan, # 
C. & B. ce l lu lose , $ 

Pentosans, $ 
Mannan, °f> 

Pathology 

Resistance to decay: intermediate. 

Rod ring rot caused ~oy ring scale fungus (Fomes pini); brown 
trunk rot caused by quinine fungus (Fpines officinalis); red-brown 
butt rot caused by velvet top fungus (Polyporus schwelnitzii); dwarf 
mistletoe (Arceuthobium campylo.Pod.um); white pocket rot by black line 
fungus (Fomes nifyolimitatus); red root rot (Polyporus circinatus); 
string and ray rot (Polyporus berkeloyi). 

Bark beetlos (Melanophila druapjndl). 

Utilization 

. Use properties. Moderately heavy, strong, moderately hard, 
moderately high in shock resistance, stiff, moderately high shrinkage, 
slightly resinous, growth extremely narrow and uniform, exceptionally 
slow in reacting to moisture, very little sapwood, high percentage of 

campylo.Pod.um
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summerwood, pronounced figure, straight-grained, does not mar, dent, 
or scratch easily; stays in place well, high nail-holding power, 
tendency to split in seasoning and handling, glues easily, does not 
hold paint well, difficult to penetrate with liquids, exudes galac-
tans. 

Pulping. Sulfate process. Reduces readily, very strong; 
yield, kit. 

Lumber, 93 million M . ft. average annual production from 
1931'to I9I+0, 58$ from Montana; "building construction, interior 
trim, flooring,-tanks, crates. 

. Other uses.,; Mine timbers, railroad ties, piling. Hicic acid 
can "bo prepared fi»om the galactan and used as substitute for tartaric 
acid. -

Supply V £ 

25 b i l l i o n bd. f t . in the United S ta tes , 5 $ in Montana (1939 
es t imate) . 

k»Q b i l l i o n bd. f t . i n northern Idaho (1937). 
3.8 b i l l i o n ^ d . f t . i n Washington (1936). 
3.0 Mi l l ion bd. f t . i n Oregon (1936). 
1.5 b i l l i o n cu.. f t . i n northern Idaho (1937)* 
1.9 b i l l i o n cu, f t . in Washington and Oregon (1936). 
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El&ELMAJW .SPEWCE 

Scient i f ic Name. Picea engelmannii (Parry) Engelmann, 

Synonym. White spruce, s i lve r spruce, mountain spruce, 

Family Name* , Pinaceae. 

Ran^c. Jrom cent ra l Br i t i sh Columbia south i n the upper slopes 
of the Cascade and Blue fountains of Washington and Oregon; in the 
Rockies south to Arizona and Now Mexico. Found a t 1500 to 12,000 
feet in the northern part of i t s range, 9>000 to 11,000 feet in the 
centra l Rockies, and 10,000 to 12,000 feet i n the southern Rockies. 

Dimensions, 100 to\120 feet t a l l and 18 to 30 inches in diameter, 

Bark. Very thin,* "broken into large purplish-brown to russe t - red , 
th in , loosely attached sca les . ,̂ 

S i l v i c s . 'In. dense stands, HingeImann spruce has a s t r a i g h t , 
clean trunfc with a c lose, very short , narrowly pyramidal crown of 
small branches and a sha.1J.ow root system. I t reaches i t s host de­
velopment on deep, rich><wLoamy so i l s of high moisture content. This 
species i s quite$tolorairS, as are other spruces. Pure stands of con­
siderable extent are common, although the t r ee occurs abundantly in 
mixture with other conifers . At lower a l t i tudes i t i s often associated 
with white, a lp ine , s i l ve r and noble f i r s , Douglas f i r , western larch, 
western, hemlock, lodgepole, and western white pine. At higher a l t i ­
tudes the chief associa tes are alpine f i r , mountain hemlock, alpine 
latfeh, whitebark, limber and bris t lecone pines, and Alaska cedar. 
Engelmann spruce occasionally shares new burns with lodgepole pine but 
i s usually the l e s s agressive species, 

Qross Features of the Wood. Tno wood of the eas te rn spruces i s 
usually s l i gh t l y heavier and stronger than Engelaaann spruce; see des­
cr ip t ion under white spruce, page 11 . In some samples of Engelmann 
spruce the t r a n s i t i o n from springwood to summerwood i s more abrupt 
than in eas tern spruce, and the 3ummerwood i s then usual ly appreciably 
denser than the springwood, 

Microscopic S t ruc ture . Similar t o white spruce, page 11 , 

Tracheids. Length, 3,0 mm. 

Nonmochanical Physical Propert ies 

Specific gravi ty green volume 0.31 
a i r -d ry volume 0,33 
oven-dry volume 0,35 

Density, l b . / c u . f t . green ... 39 
a i r -dry 23 
oven-dry 21 

sha.1J.ow


1680 3580 
290 640 
590 1010 
2500 
83 x 106 

6000 2500 
83 x 106 1.16 x 
k200 8500 

14 15 
250 450 
240 310 
130 200 
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Moisture content, when greenr 100$ based on oven-dry weight 
(50$ on green basis), 

Shrinkage, from green condition: v, 10.4$; r, 3«^; t, 6.6$. 

Mechanical Properties 
Green Air-dry 

ComprosBivo stress at p.l, //, ~lb./sq.. in, 
Compressive stress at p.l. _£, lb./sq. in. 
Shear, maximum stress //, lb./sq. in. 
Static bending ESPL, lb./sq.. in. 
Static "bending E r lb./sq. in. 
Static bonding R, lb./sq. in. 
Toughness, in. 
Hardness //, lb.' j 
Hardness j£, lb. 
Croavability,r lb. /in. ''width 

>*•• 

Chemical Properties. Calorific value: 17.6 x 10° B.t.u. per air-
dry cord. 

Pathology, 

Resistance* to decay: low + 
Western red rot (Polyporus ellisianus); dwarf mistletoe (Arceu-

thobium campylopodum): brown stringy rot caused by Indian paint fungus 
lEchinodontium tinctorium); rod root rot (Polyporus circinatus); 
Engolmann spruco beetle' (Dendroctonus engolaannli); spruco budworm 
(Cacoocia fumiferana). 

Utilization 

Use properties. Very similar to white spruco, page 14. 

Pulping 

Sulfite process. Reduces readily, strong, fine texture, excellent 
color bleaches easily; yield, 47$. 

Sulfate process. Reduces readily, strong, fine texture; yield, 
48$. 

Mechanical process. Reduces readily, excellent color, standard 
strength, power requirement comparable with that for white spruce. 

Lumber. Local use; chiefly building construction and boxes. The 
average annual production from 1931 to 1940 was 36 million bd. ft.; 
principal sources were Colorado, Montana, and Idaho. 

Other uses. Mine timbers, poles, railroad ties, fuel. 
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foPP^r 

58 billion bd. ft. in British Columbia (1923 estjjnato), 
k-9 billion bd. ft. in the United States, of which 22 billion 

bd. ft. are in Colorado (1937 estimate). 
1.8 billion bd. ft. in Washington (1936). 

ft. in north Idaho (1937). 
ft. in Oregon (1936). 
ft. in Washington and Oregon (1936). 

2.5 billion bd. 
200 jaillion bd. 
83^ million cu. 
600 million cu. ft. in north Idaho (1937). 

.* 
^ 



MOUNTAIN HEMLOCK 

Scien t i f i c Nape., Tsuga; mertensiana. (Bongard) Sargent. 

Qmonyn. Alpine hemlock. 

Family Name.. Pinaceae. 

Bangc. Alaska (Cook's I n l e t ) and southward in the coasta l 
mountains of Br i t i sh Columbia, Cascade and Blue Mountains of Wash­
ington and Oregon, and Siskiyou and Sierra Nevada of California; 
also in southeastern Br i t i sh Columbia, northwestern Montana, and 
northern Idaho. Found from sea level (Alaska) to 10,000 feet 
e levat ions . 

Dimensions. 75 to '100 feet t a l l and 2.5-3.5 £e©t in diameter. 

Bayk. Dull purplish "brown to reddish "brown, divided into narrow 
flat tened ridges "by deep, narrow'fissures and up to 1 l / 4 inches 
thick in old t r e e s . 

S i Iv i e s . This t r e e , although one of the l a rges t of the alpine 
species, i s often low "and sprawling, near t imber l ine . The large 
forest t r ee s have a '3$ng, c lear or limby hole with a narrow pyra­
midal crown of drooping or even pendulous "branches. The root system 
i s shallow. 'The "best stands are found on moist s lopes, f l a t s , and 
heads of ravines with northerly exposure. Best development i s i n 
southern Oregon. In cer ta in coniferous fo res t s , mountain hemlock 
cons t i tu tes more than 75$ of the stand. In parklike s tands , the 
excessively tapered boleB are the only species or are mingled with 
alpine f i r , a lpine la rch , Sfagelmann spruce, and whitebark pine. 

Gross Features, of the Wood. The wood of mountain hemlock i s 
moderately hard, f ine- and uniformly-textured. The heartwood i s a 
pale reddish brown and i s usually not dist inguishable from the 
moderately t h i n sapwood. The eummerwood i s q.uite pronounced, and 
i s dis t inguishable from the l i g h t e r springwood. In the x-eect ion 
the rays are vory f ine , not d i s t i n c t with the naked eye, and form a 
f ine, c lose , inconspicuous fleck on the r a d i a l surface. Eesin canals 
are normally absent . Longitudinal parenchyma aro not v i s i b l e . 

Microscopic Structure . Probably similar to western hemlock, page 53-

Nonmechanical Physical Propert ies 

Specific gravi ty green volume 0.43 
a i r -d ry volume 0.47 
oven-dry volume 0.51 

Density, l b . / c u . f t , green 44 
a i r -dry 33 
oven-dry 31 
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Moisture content, when green: 62$ "based on oven-dry weight 
(58$ on green basis). 

Shrinkage, from green condition: v, 11.1$; r, k.ki>; t, l.k$. 

Mechanical Properties 
Green Air-dry 

Tensile J,, lb./sq.. in. 330 320 
Compressive stress at p.l. //, lb./sq.. in. 25^0 ^620 
Compressive stress at p.l. j£, lb./sq.. in. kJO 1030 
Shear, imximum stress //, lb./sq.. in. 910 1230 
Static "bonding ESPL, lb./sq. in. 38OO , 7^00 -
Static bending E,. lb./sq.. in. 1.08 x 10 1.32 x 10° 

.. Static bending R, lb./sq.. in. 6600 11,200 
'Toughness, in.*' 32 32 
Hardness JL lb. ,. 600 U70 
Hardness j[f lb.' ^ 500 7^0 
Cleavability, lb./in. i; 200 170 

Chemical Properties 
5-a'iinin contenj: bark contains "large amounts." 

I 
Pathology 
Resistance to decay: low + 

Utilization 

No specific information could be found. Probably small amounts 
are used in admixture with western hemlock for lumber and pulp. 

Supply 

6 billion bd. ft. in Oregon (1936). 
2.1 billion bd. ft. in Washington (1936). 
1.9 billion cu. ft. in Washington and Oregon (1936). 
Approximately 70$ of these stands are west of the summit of 

the Cascade Mountains. < 
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races FIR 

Scient i f ic Name, Abies concolor Lindley and Gordon, 

Synonyms. Balsam f i r , California white f i r . 

Family Name., Pinacoae. 

ifenffo, Oregon t o southorn California; northern and southeastern 
Arizona, and New ftfoxico t o Colorado and Utah; Nevada; southern Idaho; 
northern Mexico and Lower California. At elevat ions of 6,000 t o 
11,000 fee t , 

Dirnenslons. Sierra —1^0 to 150 feet t a l l and 3 t o k feet in 
diameter. Rockies— &Q to 100 feet t a l l and 15 t o 30 inches in diameter, 

Bark, h t o 7-r inches th ick on eld trunks, ash gray and divided by 
deep i r regu la r furrows into thick^ horny f la t tened r idges ; young stems 
with conspicuous ros in b l i s t e r s . 

S i l v i c s . The t r ee has a long, c lear , s l i gh t ly tapering hole and 
a shallow root system., The crown i s elongated in youth "but frequently 
broken and-malformed.,^ old t r e e s . Best development i s on deep, r i ch , 

. moist, well-drained GOTidy loam slopes and benches with a northerly 
exposure but t h i s species w i l l ex is t on dry> barren s i t e s . White f i r 
i s usually in "admixture with other conifers , p r inc ipa l ly sugar, pon-
derosa, Jeffrey and limber pines, incense cedar, Douglas f i r , 
alpine f i r , and Engelmann spruce, and sometimes cons t i tu tes as much 
as 80$ of the stand i n par ts of the Sierra Nevada, This species i s 
moderately t o l e r a n t . 

Gross Features of the Wop^, The wood of white f i r cannot be d i s ­
tinguished from tha t of the other t rue f i r s . For descr ipt ion see 
lowland white f i r , page 69. 

Microscopic S t ruc ture . Seo descript ion of lowland whito f i r , 
page 69. 

Traeheids. Length, 3*6 mm. Volume occupied, 90,5$• 

Bays. Volume - occupied, 9»5CP» 

Nonmechanlcal Physical Proper t ies • 

Specific gravi ty green volume 0.35 
a i r -d ry volume 0.37 
oven-dry volume 0.^0 

Density, l b . / c u . f t . green hj 
a i r -dry 26 
oven-dry ' 22 
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Moisture content, whon green: 115$ based on oven-dry weight 
(53$ on green "basis). 

Shrinkage, from green condition: v, 9«*$; r, 3«2#; t, 7«0$. 

Thermal conductivity: 0,65 B.t.u./hr./sq.. ft. with 1° P. 
gradient/inch thickness. 

Electrical resistance: 57>600 megohms at 7$ moisture content. 
180 megohms at 12$ moisture content. 

Mechanical Properties 

Tensile J^ lb./sq.. in. 
Compressive stress at p.l. //, lb./sq. in. 
Compressive stress at p.l. _£, lb./sq.. in. 
Shear, maximum.stress //, lb./sq,. in. 
Static bending' ESPL, lb./sq., #in. 
Static "bonding tE, lb./sq.. in^ 
Static bending R, lb./sq.. in. 
Toughness, in. 
Hardness //, lb. 
Hardness j£, lb. 
Cloavabi^ity, l b ^ i n . width 

Chemical Propert ies 

Proximate ana lys i s : 

Green Air-dry 
290 260 

2590 3590 
370 930 
750 930 

3800 , 
1.03 x 10° 

6500 . 
1.38 x 10° 

5700 9300 
22 17 

380 730 
330 ¥*0 
170 160 

Isenberg ( l ) 

Ash, # 0.1*3 
Hot-water so ly . , $ 1.89 
Cold-water so ly . , $ 1.12 • 
Ether s o l y . , $ 0.23 
Alcohol-benzene so ly . , $ 1.1*3 
Acetic acid, $ 1.61* 
Msthoxyl, # W57 
Pentosan, $ 8.86 
Lignin, $ 27. h 
C. & B. ce l lu lose , $ 6k.5< 

Pentosan, $ 7.31 
1$ NaOH so ly . , <f> 1 1 . k 

( i ) J . Am. Chem. Soc. 58:2231 (1936); data a l so given for 
several par ts of the stem a t one he ight . 

Pathology 

Resistance to decay: low 

Brown stringy rot caused by Indian paint fungus (Echinodont ium 
tinctorium); dwarf mistletoe (Areeuthobium campyloppdum). 
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Bark bee t les (Me la nopftila drumtnond^); spruce budworm (Cacpecia 
fumiferana). 

U t i l i za t i on 

Use proper t i es . ' Straight-grained, f ine- textured, d i s t i n c t but 
not pronounced f igure , l i g h t colored, tendency fco check and s p l i t , 
sof t , works' eas i ly with too l s , spl i t s - eas i ly , low nai l -holding power, 
not durable, very r e s i s t a n t t o the penetration of preservat ives , low 
shrinkage, glues eas i ly , holds paint well , nonresinoua. 

Pulping. Similar to lowland white f i r , see page 7 1 . 
CCorrection: power requirement i s about 2C$ more than tha t for spruce.] 

lumber. Similar to t lowland white f i r , see page 71* Principal ly 
from Cal i fornia . 

Supply, hk b i l l i o n bd. f t . in tjje U, S. (19^1 e3tiia3to); makes 
up about 36$ of t o t a l ' s t a n d of westbrn true f i r s . 
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ALPINE FIR 

Scient i f ic Name. Abies iasiocarpa (Hooker) Nuttall» 

Synonyms. Balsam, white f i r . 

Family Name. Pinaceae. 

Rangg.. Yukon Terr i tory , south along the coast ranges to southern 
Oregon; inland along the mountains through Br i t i sh 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. 

Dimensions. 60 to 100 feet t a l l and 18 to 2k inches i n diameter. 

Bark. Thin, a t most about 1-l/lj. inches thick, hard, f l i n t y , and hut 
l i t t l e broken on f a i r l y large t r e e s , except occasional shallow, narrow 
cracks near the "base of the trunk. Thê  unbroken smooth par ts are ashy 
gray--often chalky white.'' Even in o ld l t runks , al\*ays i r regu la r ly and 
shallowly seamed, the f l a t r idges are whitish, hut pale "brownish on the 
broken edges and red-brown on the ins ide . 

S i lv i c s . Alpine f i r i s largely r e s t r i c t ed to higher elevations and on 
exposed t imber l ine i s i t e s i P o f sprawling habi t . Open grown t r ee s have 
excessively tapered trunks and dense sp i re l ike crowns but forest t r e e s 
have dense, narrowly pyramidal crowns, and symmetrical, clear,moderately 
tapering boles . Best growth i s on moist porous s o i l s , although dry 
s t e r i l e s i t e s support moderately sized t r e e s . This species forms r e s ­
t r i c t e d pure stands but a lso occurs in mixed fo re s t s . The pr incipal asso­
c ia te i s Ingelmann spruce but i t i s found with the other alpine species . 
In northern Idaho i t reaches large s ize in admixture with grand f i r , 
western white pine, Engelmann spruce, and western l a rch . In the Pacific 
region i t s chief associa tes "are mountain hemlock, whitebark pine, and 
Alaska cedar. Alpine f i r i s qui te to l e ran t . 

Gross Features of the Wood. Similar to white f i r but the growth rings 
are usually narrower. The wood has a mild but d i s t i n c t rank odor, noticeable 
when fresh cuts are made. See descr ipt ion of lowland white f i r , page 69. 

Microscopic S t ruc ture . S«e descript ion of lowland white f i r , page 69. 

Nonmechanical Physical Properties 

Specific gravi ty green volume 0,31 
a i r -dry volume 0.33 
oven-dry volume 0.35 

Density, l b . / c u . f t . green 28 
a i r -dry 23 
oven-dry 21 
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Moisture content, when green: 47$ "based on oven-dry weight (32$ on 
green "basis). 

Shrinkage, from green condition: v, 9»Of>; r , 2.5$; t , 7.1$. 

Mechanical Propert ies 

Green Air-dry 

Compressive stress at p.l. //, lb./sq. in. 
Compressive stress at p.l. _x, lb./sq.. in. 
Shear, maximum stress. //, lb./sq.. in. ' 
Static bending JSPL, lb./s<i. in-
Static "bending E, lb./sq.. in. 
Static bending R, lb.-/s.q.. in. 
Toughness, in. 
Hardness //, lb. ^..^- •• 
Hardness _x, lb. ,/ f 
Cleavability, lb./in. width 

Pathology 
•>. 

Resistance to decay: „«^ow. 
I "* 

Brown stringy .rot caused by Indian paint fungus (Echinodontium 
tinctorium); dwirf mistletoe (Arceuthobium camuylopodum); branch canker 
(Phoma abTotina). 

Spruce budworm (Cacoecia fumiferana). 

Utilization 

Similar to lowland white fir, page 71. Apparently only 3 small amount 
enters the trade. 

Sup-ply 

1.9 billion bd. ft. in the United States (1939 estimate). 
600 million bd. ft. in Washington (1936). 
200 million bd. ft. in Oregon (1936). 
252 million cu. ft. in Washington and Oregon (1936). 

1690 3740 
310 600 
610 1020 

2400 
0.86 x 10 6 0.90 x 10° 

4400 7100 
9 16 

280 470 
' 220 400 
130 140 ' 
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Scient i f ic Mame. Africa nobi l l s Lindlcy. 

Synonyms. "Larch," red f i r . 

Family Name. Pinaccae. 

Range. Coast range and Cascade Mountains of Washington and Oregon. 
2,000 to 5,000 feet i n e levat ion. 

Dimensions.. 90 to 120 feet t a l l and 20 to 2k inches in diameter but 
larger t r ees are not uncommon. 

Bark. Gray and smooth ^or many years , with prominent r e s i n b l i s t e r s , 
eventually dark gray, ^often tinged with purple and broken up in to th in , 
nearly rectangular p la tes separated by^deep f issures on old t runks; about 
1.5 inches th i ck . " e 

Si iv i c s . The t r ee ' ha s a long, c lear , columnar bole, a domelike crown, 
and a moderately deep and spreading root system. Best growth i s made on a 
deep, moist, cool s i t e , although good growth i s made on poor s o i l s i f 
abundant moisture i s present . Noble f i r occurs in mixture with other 
conifers e i the r s ingly or i n small groves. The pr inc ipa l associates are 
Douglas f i r , western hemlock, s i l v e r , white and alpine f i r s , sugar and 
western white pines :,and western red cedar. This f i r i s i n to l e ran t . 

Gross Features of the Wood. The wood of noble £ i r has the same 
general cha rac t e r i s t i c s as the other f i r s -but has somewhat of a reddish 
t inge , which i s caused by the pale reddish springwood and the slow growth, 
which brings the darker bands of summerwood close together . I t thus 
resembles western hemlock, and cannot be distinguished from t h i s species 
without a compound microscope. Specimens of rapid growth resemble white 
and lowland white f i r very c losely . See descript ion of lowland white 
f i r , page 69. 

Microscopic S t ruc ture . See descript ion of lowland white f i r , page 69. 

Tracheids. Length, 3*6 mm. 

Honmechanical Physical Propert ies 

Specific gravi ty green volume 0.35 
a i r -dry volume 0.38 
oven-dry volume 0.^0 

Density, l b . / c u . f t . green 30 
a i r -d ry 26 
oven-dry 22 

Moisture content, when green: 36$ based on oven-dry weight (26$ on 
green b a s i s ) . 
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Shrinkage, from green condition; v, 12.5$; r, 4.5$; t, 8.3$ 

Mechanical Properties 
Green Air-dry 

Tensile J^m lb./sq. in. 250 220 
Compressive stress at p.l. //, lb./sq. in. 2420 4960 
Compressive stress at p.l. _2, lb./sq. in. 540 640 
Shear, maximum stress //, lb./sg,.~ln. 750 980 
Static bonding 55PL, lb./sq. in. 5600 6600 " 
Static bending B,. lb./sq. in. 1.27 x 10b I.58 x 10° 
Static bending R, lb./sq. in. 5800 10,100 
Toughness, in. 19 25 
Hardness //, lb. 530 690 
Hardness _2, lb. \ 290 410 
Cleavability, lb./in. * width 150 150 

Pathology '-.->- x 

f... 

Resistance to decay: low. 

Indian paint fungus (Echinodontium tinctorium) on overmature trees. 

Utilization ' • --̂  
t ~* 

Use properties. Similar, to Sitka spruce in strength properties. 
Otherwise similar to other true firs, although color is usually redder. 

Pulping 

Sulfite process. Reduces readily, excellent color and strength, fibers 
fine and tough, easily bleached; yield, 47$. 

Sulfate process. Reduces readily, strong; yield, 48$. 
Mechanical process. Reduces readily, excellent color and standard 

strength; power requirement 20$ less than spruce. 

Lumber. Much larger pieces of clear, straight-grained material can 
be obtained from this species than from the other true firs** 

Average annual production approximates 7.5 million bd. ft. Principal 
uses are planing mill products, boxes, Venetian blinds, ladder rails. 

Supply 

8.6 billion bd. ft. in the United States (1939 estimate). 
5.6 billion bd. ft. in Oregon (1936 estimate). 
5.0 billion bd. ft. in Washington (1936). 



J*7S 

CALIFORNIA RED FIR 

Scient i f ic Name,, Abies magnifies k* flhrray. 

Synonym. Red f i r . 

Family Name. Pinaceae. 

Range. Southern Cascade Mountains in Oregon; coast range i n northern 
California and. western slope of the Sierra Nevada. Occurs a t elevations 
from 5,000 to 10,000 fee t . 

Dimensions. 15-0 to 180 feet t a l l and h to 5 feet i n diameter. 

Bark. Smooth and chaUQr on young stems; k t o 6 inches th i ck on old 
trunks and divided by d.eep furrows into rounded or plated reddish-colored 
r idges . 

• ' ' . • ' " t 

Si lv i c s . The t ree has a s t r a igh t , c lear , s l i gh t ly tapering bole and 
a short , narrow, round' topped .cone crown. Best development i s on cool, 
moist, gravelly or sandy <eoils i n sheltered ravines or on protected 
slopes but commercial s ize i s reached on much poorer s i t e s . Red f i r 
occurs i n pure fores ts above the t r a n s i t i o n zone and i n mixture. In 
the northern part of i t s range i t s associates include Douglas f i r , sugar 
and ponderosa p^nos a t lower elevat ions, and mountain hemlock and lodge -
pole pine a t higher levesls^ In the Sierra Nevada i t s neighbors are white 
and Shasta f i r s , l&Lgepole, Western white, ponderosa, Jeffrey and sugar 
pines, b ig t ree , and, mountain hemlock. This species i s i n to l e r an t . 

Gross Features, of the Wood. Resembles the wood of noble f i r in having 
a more reddish t inge than the other species of western balsam f i r s . See 
descript ion of lowland white f i r , page 69. 

Microscopic S t ruc ture . See descript ion of lowland white f i r , page 69. 

Tracheids. ^ength 3-3 inm. 

Nonniechanical Physical Properties 

Specific gravi ty green volume O.37 
a i r -d ry volume 0.39 
oven-dry volume 0.1+2 

Density, l b . / c u . f t . green kS 
a i r -dry 27 
oven-dry 23 

Moisture content, when green: 108$ based on. oven-dry weight (52$ 
on green b a s i s ) . 

Shrinkage, from green condition: v, 11.8$; r , 3.8$; t , 6.9$. 

E lec t r i ca l r e s i s t ance : 31*600 megohms a t 7$ moisture content. 
150 megohms a t 12$ moisture content. 
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Mechanical Properties 

Green Air-dry 

3k0 350 
• kko 850 
920 1050 
1*100 7200 . 

1.59 x 10b 1.06 x 106 
7200 . 

1.59 x 10b 

6000 11,200 
22 23 
390 1090 
380 530 
190 190 

Tensile _/, lb./sq.. in. 
. Compressive stress at p.l._/, lb./sq.. in. 
Shear, maximum stress //, l"b. /sq.. in. 
Static "bending,I3PL, lb./oq. in. 
Static bending 25, lb./sq. in. 
Static bending R, lb./0(l» in« 
Toughness, in. 
Hardness //, lb. 
Hardness _£, lb. 
Cleavability, lb./in. width 

Pathology • t 

• Resistance to deca^y: low. 
* • • • 

Dwarf mist letoe (Ar'ceuthobium camffirlopodum). 

U t i l i z a t i on 

Use p roper t i e s . Similar to other balsam f i r s , although wood color 
most closely resembles noble*fir . 

Pulping 

Sulfite process. Reduces fairly readily, very strong, fairly easily 
bleached; yield, kTfr. 

Sulfate process. Reduces readily, very strong; yield, k8f>. 
Mechanical process. Reduces readily, color slightly reddish, standard 

strength; power requirement 20$ more than spruce. 

Supply 

10.5 billion bd. ft. in the U. S. (1939 estimate) includes Shasta red 
fir. Of this 8,0 billion, bd. ft. in California and 2.5 billion bd. ft. in 
Oregon. 



Scientific Name. Abies magnifies var, shastenBis Lemmon. 

Synonym. Shasta fir, 

Family Name. Pinaceae, 

Range. Coincides with California rod fir. 

All the properties of this variety correspond to those of the type 
species given in the preceding description, page 193* 
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Scientific Name. Sequoia Sempervirens (iambert) Endlicher. 

Synonyms. Coast redwood, Sequoia. 

Family Name, .Taxodiaceae. 

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

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

Bark. Reddish brown to cinnamon red, deeply furrowed, fibrous, 
3 to 12 inches thick./ 

SiIvies. The tree has-a clear, tall, buttressed, and moderately 
tapering bole, a short, narrow, irregularly conical crown, and a 
moderately deep and wide-spreading" root system. Redwood is res­
tricted to the California fog belt and is the dominant species in 
this region. Areas with over 80$ are extensive and, in the moist 
flats, 90$ or more of t|ie timber is of this species. The principal 
associates dre Douglas fir, Sitka spruce, grand fir, western, hemlock, 
tan oak, ma drone, red Slder, and California laurel. Vigorous stump 
sprouts arise from the old stump. Redwood is a very tolerant tree. 

Gross Features of the Wood. The wood of redwood is soft to 
moderately hard, generally straight-grained, coarse-textured, and 
without characteristic odor or taste. The sapwood is almost white 
and very narrow in old trees. The heartwood is clear light red to 
deep reddish brown.. The grain is even in old slow growth or uneven 
in second growth. The springwood zone is usually much wider than 
the suramerwood zone. The transition from springwood to summerwood is 
generally abrupt. The darker suramerwood is very narrow in old growth 
to very wide in sprout second growth. The growth rings are distinct. 
In the x-soction the rays are coarse for a coniferous wood, generally 
visible with the naked eye because of their lighter color as compared 
with the background, and forma fine, close, relatively conspicuous 
fleck on the radial surface. Normal resin canals are absent, but 
traumatic (wound) canals are sometimes present; if so, they are sporadic 
and arranged In a "tangential raw, appearing as euav'is: B-tveaiss aioi5§ -th.0 
grain. Longitudinal parenchyma are abundant, scattered, readily 
visible in the sapwood with a hand lens and sometimes with the naked 
eye because of their contents, inconspicuous in the dark-colored 
heartwood. 

Microscopic Structure 

Tracheids. Up to 80 mu (average, 50 to 65 mu) in diameter and 
6.2 mm. in length; bordered pits in 1 to 3 (generally 2) rows on the 
radial walls; tangential pitting present in the last few rows of 
sunmerwood tracheids; pits leading to ray parenchyma fairly largo, 
quite uniform in Bize, oval for the most part, 1 to k (generally 2 
to 3) per ray crossing; ray tracheid pits absent. Volume occupied, 
91.2$. 
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Rays. Uniser iate and ra ther .Jfre^uently par t ly b i s e r i a t e , con­
s i s t i n g en t i r e ly of ray parenchyma, up t o kO c e l l s (800 mi) i n 
height . Volume occupied, 7*;8fe"'- • 

.Longitudinal Parenchyma. Metatracheal-diffuse, so l i t a ry or 
occasionally 2 or more contiguous tangent ia l ly , conspicuous "because 
of t h e i r dark resinous contents . Volume occupied, l .C$. 

Nonmechanical. Physical Properties'" 

Specific gravi ty green volume O.38 
a i r -dry volume O.iK) 
oven-dry volume 0,42 

Density, lbv/cu. f t . green 50 
,, "> , " ?• t air-dry 28 

oven-dry 25 

Moisture content 5 when green: ̂ 112jb based on oven-dry weight 
(53$ on green "basis\. v~ 

Shrinkage, from green condition: v, 6.8$; r, 2.6$; t, k.h$* 

Thermal'conductivity: O.76 B.t.u./hr./sq.. ft. with 1° F. 
gradient/inch thickness.' 

Electrical resistance:" 22,^00 megohms at 7$ moisture content 
100 megohms at 12$ moisture content 

Green Air-dry 

0.86$ 

Mechanical .Properties 

Tensile _/, lb./sq. in. 
Compressive stress at p.l. //, lb./sq.. in. 
Compressive stress at p.l. __£, lh./sq.. in. 
Shear, maximum stress //, lb./sq.. in. 
Static bending• ESPLy lb./sq.. in. 
Static bending E, lb./sq.. in. 
Static "bending R, ib./sq.. in. 
Toughness, in. 
Hardness //, lb. 
Hardness _/, lb. 
Cleavability, lb./in, width 

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

Chemi ca 1 Propert 1.0 s. 

Tannin content: in heartwood, 12.2$; in sapwood, 1.15$; in hark, 

260 2kO 
3700 ' M560 
520 860 
800 9h0 

W O 6900 
l l80 13^0 
7500 10,000 

21 19 
570 790 
1+10 i+80 
170 150 
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Proximate analyses: 

•'• F . P . L . 
Heartwood 

Dore(l) L 
Sap 

ewis(< 
Hear! 

ABh, $ 0.21 
Hot-water so ly . , # 9-86 2.8 11.3 
Cold-water eo ly . , # 7.36 
Ether so ly . , $ 1;«7 
Vf> NaOH so ly . , # 20.0 
Acetic acid , jo 1.08 
Methoxyl, # 5.21 
Pentosan, $ 9^3 12.9 12.0 
Lignin, y> 3k.2 3^5 33.8 36.il 
C. and B. ce l lu lose , $ 1*8.5 5^9 56.0 53.^ 

Pentosans, $ ' x 8.85 
Alpha-cellulose, # ' 38.2 
Benzene so ly .v^ 1 0.3^ 
Alcohol so ly . , % > * • ' • . ^•39 1.9. 13.2 
Mannan, •$ 3.21 
Galactan, # 0,50 
Alcohol-benzene so ly . , $ 1.6 .12.1 

(1) J. Ind'. Ehg. Gheim 12:^76(1920). 
(2) Mech. En^. 65:5l5fl9^3); pentosans, lignin and cellulose 

based on, extractive-freo wood. 

The amount of hot-water solubles in various parts of a redwood tree 
were determined by Sherrard and Kurth, Ind. Eng. Chem. 25:300(1933). 

Utilization 

Use properties. Durable, low shrinkage, 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, resistance to fire good. 

Pulping 

Sulfite process. Reduces readily but unevenly, fairly strong 
but brash, shivy, dark in color; yield 5&/>. * 

Sulfate process. Reduces readily, fairly strong; yield, kOfa* 

lumber. About 300 million bd. ft. average annual production 
from 1931 to 19^-0. Used for general millwork, caskets and coffins, 
tanks, boxes, furniture, bridges and trestles, shingles, stadium seats, 
siding, greenhouses, silos, vats. 

Other uses. Shakes, stakes, bark insulation, bark fiber, plastics, 
novelties. 

fo.pj&y 

About 1+0 billion bd. ft. (19^0 estimate), mostly in California. 
57 million bd. ft. in Oregon (1933). 
11 million cu. ft.'in Oregon (1933). 

36.il
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- SWEET BIRCH 

Scient i f ic Name. Betula lenta Linnaeus, 

Synonyms. Birch, black "birch, cherry birch, mahogany b i rch . 

Jfemily Name. Betulaceae. 

Range. Southern Nfeine west to southern Michigan, south through eastern 
Ohio, eas tern Kentucky and eastern Tennessee t o northern Georgia, thence 
northeastward t o thejpoast i n southern New Jersey. 

Dimensions. 50 to ,60 f t . t a l l and 1 t o 2 f t . i n diameter. 

Bark. On young tree's reddish brown to nearly black, with prominent 
horizontal lent ice ls . ; on mature t rees brownish black and breaking up into 
la rge , th in , i r r egu la r , scaly p la t e s . Wintergreen o i l i n the inner bark 
of stems and r o o t s , 

S j l v l c s . The t r ee develops a long, c lear bole with a deep, wide-
spreading rpot system. , Beep, r i ch , moist, well-drained so i l s are preferred 
although the t r ee i s ,s4so found on rocky s i t e s . This species occurs as a 
scat tered tree* with maples, basswood, beech, oaks, and yellow poplar. I t 
i s moderately, tolerant . Best development i s reached in Kentucky and 
Tennessee. 

Gross Features of the Wood. Similar t o yellow bi rch , page 104. 

Microscopic Structure . The wood of t h i s species i s not dist inguishable 
from tha t of yellow birch, page 10l+. 

Fibers . Length, 1,5 mm. 

Rays.. Volume occupied, 16,6%. 

Nonmechanical Physical Propert ies 

Specific gravi ty green volume 0J60 
a i r -dry volume * 0?65 
oven-dry volume 0.71 

Density, l b . / c u . f t . green 57 
a i r -d ry k6 
oven-dry kh 

Moisture content, when green: 53$ based on oven-dry weight (55$ on 
green b a s i s ) . 

Shrinkage, from green condition: v, 1 5 . ^ ; r , 6.5$; t , 8.5$. 

LIBRARY 
Institute of Paper Chemistry 
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Me chanlca1 Properties 

Green Air-dry 

Tensile Jj lb./sq. In. *O0 950 
Compressive stress at p.l. //, lb./sq. in. 2680 6330 
Compressive stress at p.l., jL.lb./sq. in. 580 13^0 
Shear, maximum stress //, lbT/scL. in- 1240 22^0 
Static bending FSPL, lb./sq. in. < 4800 10,100 , 
Static bending E, lb./sq.. in. 1.65 x 10° 2.17 x 10° 
Static bending R, lb./sq. in. . . 9^00 16,900 
Toughness, in. 48 47 
Hardness //, lb. 1070 I960 
Hardness _2, lb. , 970 1470 
Cleavability, lb./fri. width 300 640 

Chemical Properties e 

Oil of wlntorgreen (containing 98 to 99$ methyl salicylate) can be 
prepared from the bark, ^st of the birch oil is produced in Connecticut 
and Tennessee. 

,i 

Pathology . ' "^ 

Resistance ~to decay: low +. 
Brown cubical rot caused by birch conk (Polyporus betulinus). 

Utilization 

See yellow birch, page 106. 

U3e properties. A little higher in strength values than, yellow birch 
and also with darker hcartwood. Takes a beautiful polish. 

Supply. Sec yellow birch, page 107. 
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RIVER BIRCH' 

Scientific Name. Betula nigra, Limaeus • 

Synonyms. Red "birch, birch, wator "birch, black birch. 

family. Name. Betulaceae. 

Range. Southern New Hampshire/northern Jtessachusotts, Long Island and 
southward east of tho Aiicghenies to western Florida; to oast Texas, and 
north through eastern Oklahoma, eastern Kansas, central Iowa, southern 
Minnesota, southern Wisconsin, and eastward through northern Indiana, Ohio, 
and Pennsylvania, to-southern Now York. Not in the Appalachian or Ozark 
Mountains. 

Dimensions. 70 to §0 feet tall and 2 to 3 feet in diameter; usually 
much smaller. 

Bark. Salmon-pink, papory, lai&r becoming coarsely scaly. 

Silyics. This species is most common along stream banks throughout 
its range, and occurs mixed with sycamore, elm, soft maples, cottonwoods, 
and willows. The trunk often divides 15 or 20 feet from tho ground into 
several arching branci^s. 

Gross Features of the Wood. The wood of river birch is said to have 
abundant pith flecks but in other respects it is similar to yellow birch 
(page lOi}-). It may be slightly softer, lighter, and weaker than yellow and 
sweet birch. 

Mjcr.oscopic Structure. Indistinguishable from yellow birch, page lQlj-. 

Rays. Volume occupied, 15.8$. 

Pathology 

Brown cubical rot caused by birch conk (Polyporus betulinus). 

Utilization. Only small amount enters trade; turnery, woodenware, shoelasts. 

Supply. No separate information; see yellow birch, page 107. 
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Scien t i f ic Name. Bctula populifolia Marsh. 

Synonyms. Wliitc "birch, oldfield "birch. 

Ifamlly Name, Betulaceae. 

Range. The Maritime* provinces „and the north bank of tho, S t . Lawrence 
River t o the eas te rn end of Lake Ontario, southward t o northeastern West 
Virginia, and eastward to the coast . 

Dimensions. 20 to 30 feet t a l l and 15 inches i n diameter. 

Bark. At f i r s t "brownish, soon grayish white, exfol ia t ing very l i t t l e 
in comparison with tha t of paper "birch; "black t r i angula r patches usually 
present on the ' t runk ttolow the branch inse r t ions . 

S i i v i c s . Therro"ot system i s shallow and the bole usually poorly 
shaped and limby, with an i r regu la r , open, pyramidal crown. I t w i l l grow 
on tho poorest s o i l s and has seeded in large a reas , where i t i s associated 
with pi tch pine and scrub oak. On be t t e r so i l s i t occurs with oakB and 
white pine. I t a l so associates widely with rod maple. 

•i 

Gross Features ofiffftio Wood. Similar to yellow birch (page 104) but 
usually sof te r , l i g h t e r , and weaker. Abundant p i th flecks in evidence. * 

Microscoplc ; ,Structure. The wood of t h i s species i s not dist inguishable 
from yellow b i rch , page lOlj-. 

g ibers . Length, 1.5 mm. 

Rays. Volume occupied, 9.3$. 

Nonmechanical Physical Properties. 

Specific gravi ty greon voluno 0.^5 
a i r -d ry volume 0.51 
oven-dry volume 0.55 

Density, l b . / c u . f t . green , h6 
ai r -dry 35 
oven-dry 3^ 

Shrinkage, from green condition: v, 1^.7$; r , 5.2$. 

Mechanical Propert ies 

Green Air-dry 

Compressive s t r e s s a t p . l . / / , lb . /eg . . - in . 
Compressive s t r e s s a t p . l . _ / , lb./sq.. i n . 
Shear, maximum s t r e s s / / , lb./sq., i n . 
S t a t i c bending, FSPL, lb./sq.. i n . 

1080 2670 
250 920 
- 13^0 

1800 5500 
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Mechanical Propert ies (Continued) 

S ta t i c "bending E, l b . / s q . in* 
Sta t ic bonding R, l b . / s q . in . 
Toughness, i n . 
Hardness / / , l b . 
I&rdnoss j£, l b . 

Pathology; 

Resistance to decay; low. 
Brown, cubical rot caused by birch conk (Polyporus betulinus); white 

mottled rot caused by ̂ tinder fungus (Femes foiaentarius). 
Gray birch is highly favored by gypsy moth (Porthetria dispar). 

Utilization. luel. Linkted volvqae finds way into trade as substitute 
for paper birch; clothes pins, spoc&s, shoe pegs, toothpicks, 

Supply. No data available. 

Green Air-dry 

O.U x 106 1.15 x 101 

1+900 9800 
59 35 * 

1+30 680 
1+80 760 
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RED A£DER 

Sciontific Nome, Alnus rubra Bongard. 

Synonyms. Aldor, Oregon alder, western alder. 

Family Name. Betulaceac. 

Range.. Along coast from southeastern Alaska to Santa Barbara, Cali­
fornia. In the island and coastal forests. 

Dinensions. 80 to 130 feet tall and 10 to 36 inches in diameter, 

Bark. Thin; grayish^ white, pale gray, or blue gray at the surface, 
smooth or covered with small warty excrescences; on large trees breaking 
up into largo flat plates of-* irregular contour; inner bark bright reddish 
brown. *,. 

A' \« 

Silyics. The forest tree has a clear, symmetrical, slightly tapered 
bole, a narrow dome-like crown, and a shallow, spreading root system. 
Best growth is made on moist, rich bottom lands, slopes, and benches, 
although many trees are found on dry gravelly soils. This species occurs 
in pure stands or̂  in mixlire with Douglas fir, Sitka spruce, western hen- , 
lock, western red cedar, black cottonwood, and bigloaf maple. It is 
essentially a coastal species. Red alder is one of the first species to 
appear on burned and logged areas, 

Gross, Features of the Wood. The wood is flesh colored to light brown 
with a reddish tinge; the heartwood is not distinguishable from the sapwood. 
It is straight-grained, without characteristic odor or taste, diffuse-
porous, and with distinct growth rings because of the whitish or brownish 
line at the outor margin. Bie pores are small, indistinct without a hand 
lens, solitary and in short radial groups of 2 or more. The longitudinal 
parenchyma are indistinct. The rays are of two types, narrow-and broad. 
The narrow rays are closely spaced and not visible with the naked eye. Tho 
broad rays are at irregular intervals (often at wide intervals), not sharply 
delineated and relatively inconspicuous to the naked eye in the x-section, 
and as much as an inch along the grain on the t-surface, 

Microscopic Structure 

Vessels. 70 to 110 per sq. mm., the largest 70 to 100 mu in diameter; 
perforation plates scalariforn with 15+ thin bars; intervessel pits orbicu­
lar to oval, quite widely spaced, fairly small (k to 6 mu in diameter). 

Fibers. Thin- to moderately thick-walled, 16 to kO mu in diameter and 
1.2 mm. long. 

Rays. Unstoried, homogeneous; the narrow rays uniseriate or rarely in 
part biseriato; the aggregate rays consist of units similar to the narrow 
rays, and of included fibers and vessels. 
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longitudinal Parenchyma. Intratracheal, metatracheal-diffuse, and 
occasionally terminal ; the paratracheal parenchyma sparse, r e s t r i c t e d 
t o occasional c e l l s ; the notatracheal-diffuse parenchyma sparse to 
f a i r ly abundant, the ce l l s so l i t a ry or in short t angent ia l rows of 2 or 
more; the terminal parenchyma, i f present, form an interrupted unisor ia te 
l i n e . 

Honmechanical Physical Properties 

Specific gravi ty ~~ green volume 0.37 
a i r -dry volume 0.4l 
oven-dry volume 0.43 

Density, l b . / c u . £ t . green 46 
a i r -dry 28 
oven-dry 23 

Moisture content, when green: 98$ "based on oven-dry weight (49$ 
on green b a s i s ) . r — "" 

Shrinkage,, from green condition: v, 12.6$; r , 4.4$; t , 7«3#. 

Mechanical Propert ies 
;> 

: '̂ 5 Green Air-dry 
i • * * • 

Tensile ^ l b . / s q . . i n . 390 420 
Compressive "stress a t p . l . / / , lb. /sq. . in . 2620 1*530 
Compressive s t r e s s a t p . l . _ / J lb./sq. . i n . 310 540 
Shear, maxinum s t r e s s / / , lb. /sq. . i n . 770 1080 
Sta t ic bending FSPL, lb./sq. . i n . 3800 , 69OO 
Sta t i c bending E, l b . / s q . in . 1.16 x 10° I .38 x 106 

Sta t ic bending R, lb. /sq. . i n . 6500 98OO 
Toughness, i n . 22 20 
Hardness / / , l b . 550 980 
Hardness ^ 2 , ' l b . 440 590 
Cleavabil i ty , l b . / i n . width 220 2?0 

Chemical Propert ies 

Calorif ic value: 17.4 x 10" B. t .u . per a i r -d ry cord. 

Proximate ana lys i s : R i t to r and Fleck ( i j 
Heartwood 

Spring Summer 

Cold-water so ly . , # 3.02 3.03 
Hot-water so ly . , # 4.01 4.16 
lio UaQH so ly . , f 20.5 21.2 
Acetic acid, # 3.69 3.60 
MDthoxyl, $ 5.18 5.55 
Pentosans, $ 22.4 " 23.4 
Lignin, # 24.7 23.0 
C. and B. ce l lu lose , j> 58.4 57.2 

Pentosans,. $ 22.8 22.9 
( l ) Ind. Jhg. Chem. 18:608(1926). 
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Itatholoffy 

Resistance t o decay: low, 
White trunk r o t caused "by the false t inder fungus (Foiaos i gn i a r iu s ) . 

U t i l i z a t i on , 

Use p roper t i e s . Straight-grained, c lose- and uniform-textured, 
easy to work, moderately l i g h t , moderately sof t , l i t t l e tendency to s p l i t 
in na i l ing , modorate nail-holding power, glues s a t i s f a c t o r i l y , takes and 
holds paint s a t i s f a c t o r i l y , moderately large shrinkage, d i f f i cu l t t o bend, 

fylpiftfl 

Soda process, ReeLuces read i ly , f a i r ly easy t o "bleach; y ie ld , U2$. 
Sulfate process . Reduces readi ly , f a i r ly ea3y t o "bleach; y ie ld , lf2$. 

h 
lumber. Average annual production 23 mil l ion "bd. ffc, from. 1931 to 

191*0; furn i ture , 

Supply 
•\ 

1.5 billion bd. H . in Oregon (1936). 
0,5 billion bd, ft, in. Washington (1936). 
X.k billion cu, ft. in Washington and Oregon (1936). 



2CR 

WHITE ALDER 

Scient i f ic Name. Alnus. rhombifolia, Nut ta l l . 

Synonyms. Alder, mountain a lder . 

Family Name. Betulaceao. 

.Range.. From northern Idaho to the eastern, elope of the Cascade 
Mountains of Washington, then south through Oregon and California, e s ­
pecial ly in the mountains. 

Dimensions. 50 1̂o 80 feet t a l l and 18 to 36 inches in diameter. 

Bark. Dark "brown, divided in to i r regular p la tes covered by th in , 
appresoed scales". *-~ 

S l l y i c s . Tho t r ee ha3 a s t r a igh t , c lear bole , a ra ther broad, open, 
dome-like crown, and a shallow and spreading root system. Pure stands 
occur only along the stream banks and in canyon bottoms when moisture 
i s p len t i fu l but r a re ly where the stream flow i s in te rmi t t en t . Sycamore, 
bigleaf maple, dogwoo«|, and ash are the chief associa tes when white alder 
occurs in nixfed f o r e s t s . 

Gross Features of the Wood. Bale yellow brown; otherwise s imilar to 
red a l d e r . 

Nonmechanical Physical Properties 
Specific gravi ty a i r -dry volume 0.41 

Density, l b . / c u . f t . a i r -dry 26 

U t i l i z a t i o n 

Very l i t t l e used; probably mixed with red a lde r . 

Supply. No data ava i lab le . 



208 

BED MY 

Scient i f ic Name. Persca borbonia (Linnaeus) Sprengel. 

Synonyms. Bay g a l l s , l a u r e l - t r e e . 

Eamily Name, Iauraceae. 

Range. Coast region from Virginia t o Jlorida and the Gulf region to 
eastern Texas; northward through Louisiana to southern Arkansas, 

Dimensions* 60 feet t a l l "by 3 foot diameter, maximum s i z e . 

Bark. Grayish "brown, fissured into f l a t , firm r idges . 

S i lv ic s . Evergreen.. Occurs typical ly in swamp areas and on pine barrens. 
In swanpy areas assogiatcs include*-pond, s lash and lob lo l ly pines, swamp 
black and red gums, pond cypress, southern white cedar, and loblo l ly bay; 
on beach dunes and calcareous hummocks, l i ve oak, cabbage palmetto, southern. 
red cedar, evergreen magnolia, l aure l oak, red maple, and ho l ly . 

Gross Features of -thp Wood. Diffuse porous, moderately hard, moderately 
strong, takes fceautifuT-polish, reddish-brown heartwood and l i gh te r sapwood. 

Nonmechanica'^ Physical Properties 

Specific gravi ty a i r -dry volume 0.6^ 

Density, l b . / c u . f t . a i r -dry U0 

U t i l i z a t i o n . Local use only; i n t e r io r tr im, cabinet work. Ornamental 
value. 
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- . smwp BAY 

Scient i f ic Nape. Persoa pa lus t r i s (Rafinesquo) Sargent. 

Synonyins. Swamp rod-bay, "bay. 

Family Name. Iauraccao. 

Ran^c. South At lant ic and Gulf region from North Carolina to southern 
Florida, Alabama, Mississ ippi , and eastern Louisiana. 

Dimensions. 60 feet t a l l hy 12 to l6. inches in diameter, maximum s i ze . 

Bark. Eeddish brown> furrowed into prominent and ra the r firm r idges . 

S i lv i c s . A smair 'evergreen wit^ an i r regula r crown. This species i s 
found typ ica l ly i n swamp areas and'"on pine "barrens. I t s associates are the 
same as those, of red hay. 

Gross "Features of the Wood. Diffuse porous, hard, heavy, strong, c lose-
grained, compact, t akes 'a smooth polish, orange-"brown heartwood and huff-
white sapwood. *' " ^ ' ' . , 

Nonnechanical Physical Propert ies 

Specific gravi ty a i r -dry volume 0.6k 

Density, l h . / c ^ v f t « a i r -dry kO 

Ut i l i z a t i on . Larger s izes used local ly for i n t e r i o r t r im, furni ture , boat 
bui lding. 
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BIGLEAF MkPLE 

Scientific Name. Acer macrophyllum Pursh. 

Synonym. Broadleaf maple, Oregon laaplo. 

Family- Name. Aceraceae. 

Range. Coast of British Columbia- and west slopes of the Cascado 
Mountains in Washington and Orogon to southern California in the coast 
range and Sierra Nevada, 

Dimensions. 60 to 80 feet tall and ,1^ to 30 inches in diameter. 

Bark. Light gray "brown and smooth on young stems, but becoming darker 
and deeply furrowed on old trunks, 

, Silyics. The forest trqe has a straight, cloar bole, a rather narrow 
crown, and a shallow^' wldespreadin^ root system. It is found on a variety 
of soils throughout its range but n&kes its best development on rich 
bottom lands. . Usually it occurs in. mixture with Douglas fir, western 
red cedar, western hemlock, red alder, black Cottonwood, grand fir, and 
California laurel but in sections of southwestern Oregon it is the principal 
species. This species Is tolerant. 

- -3*5 
I "* 

Gross Features of the, Wood. The sapwood is reddish white, sometimes 
with a grayish cast and the heartwood is pinkish brown. The wood is 
moderately hard,"'generally straight- but occasionally wavy-grained, without 
characteristic odor or taste. Iho rather indistinct growth rings are 
narked by a narrow light line of fibrous tissue. The wood is diffuse-
porous with moderately small to medium-sized pores, indistinct without 
a hand lens, evenly distributed throughout the growth ring or somewhat 
more numerous in the early springwood, mostly solitary or in short radial 
groups of 2 oi* more. The rays are visible with the naked eye and inter-
grade in width, the broadest being about as wide as the largest pores. 
They form a pronounced cloBe ray fleck on the r-surface and on the t^surface 
are visible with the naked eye as short crowded lines. The longitudinal 
parenchyma are not visible. 

Microscopi c Structure 

Vessels. 30 to 80 per sq. mm., the largest 80 to 120 mu in diameter; 
perforation plates simple; spiral thickening present; intervessel pits 
orbicular or angled through crowding, k to 10 mu in diameter; gummy de­
posits not infrequent. 

Fibers. Thin- to moderately thick-walled, 16 to 30 nx in diameter 
and 0.8 mm. in length. 

Rays. Unstoried, 1 to 5 (mostly 3 to 5) seriate, essentially homogoneous. 
Volume occupied, 18.1$. 
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Longitudinal Barenchyiaa. Sparse, terminal , paratracheal , and 
meta t r a choa 1-di f fuse • 

Nonmechanical Physica1 Propert ies 

Specific gravi ty green volume O.kk 
a i r -d ry volume 0.1*8 
oven-dry volume 0,51 

Density* l b , / c u . f t , $?een 1*7 
a i r -d ry 3^ 
oven-dry 32 

Moisture content, .... "when green: 72$ based on oven-dry weight (1*2$ on 
green b a s i s ) , 

Shrinkage, .« from £reen condition: v, 11.6$; r , 3.7$; t , 7 .1$. 

Mechanical Propert ips 

Tensile _/, lb./sq. in. 
Compressive stress at p.l. //, Ib./sq.. in. 
Compressive stress at p.l. mJmf lb./sq.. in. 
Shear, maximum stress //, lb./sq.. in. ' 
Static be'nding E S P I ^ lb./sq.. in. 
Static bending E, iM/aq., in. 
Static bending R, lb./sq. in. 
Toughness, i'toi. 
Hardness //, lb. 
Bardness _/, lb. 
Cleavabi l i ty , l b . / i n . width 

Pathology 

Resistance to decay: low + 

Utilization 

Use properties. Generally straight-grained but occasionally wavy-
grained, moderately heavy, moderately hard, works moderately well with 
tools, polishes well, takes paints and stains readily, difficult to glue, 
shrinks moderately, growth rings not very distinct. .4 

Palpinft. No data. 

Lumber. Furniture, handles, fixtures, woodenware, and novelties, 
Production in 19^0 about 7 million bd. ft. 

Other uses. Veneer (plain and figured). 

supply.* 

500 million bd. ft. in Oregon (1933). 
235 million bd'. ft. in Washington (1933). 
1+55 million cu« ft. in Washington and Oregon (l933)« 

Green Air-dry 
600 5**0 

2510 1*790 
550 930 

1110 1730 
1*1*00 6600 
1100 1450 
ikOQ 10,700 
23 28 
760 1330 
620 850 
320 1*00 
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BIACK MAPLE 

Sc ien t i f i c Name. Acer nigrum Michaux. 

Synonym. Hard maple. 

Samily Name. Aceraceao. 

Bailee,. Southern Quebec southwest throu^i southern Michigan t o north­
eastern South Dakota; south t o Missouri, and. in the east through western 
Connecticut and southeastern Pennsylvania t o Kentucky, 

Dimensions. 60 t o 80 feet t a l l and 2 feet in diameter. 

Bark. More corrugated than tha t of sugar maple. 

Nonmechanical PHysical Properties 
•" Jr ' '' "' ' ' fi." 

Specific gravity green volume 0.52 
air-dry volume 0.57 
oven-dry volume 0.62 

•) 
Density, Ab./cu^t. green 54 

air-dry 40 
oven-dry 39 

Moisture content, when green: 65$ based on oven-dry weight (39$ on 
green basis). 

Shrinkage fron green condition: v, l4.C$; r, k.8f>; t, 9-3#« 

Mschanical Properties 

Tensile J^ lb./sq. in. 
Compressive stress at p.l. //, lb./sq.. in. 
Conpressivo stress at p.l. J£, lb./sq.. in. 
Shear, maximum stress //, lb./sq.. in. 
Static bending FSPL, lb./sq. in. 
Static bending E, lb./sq.. in. 
Static bending R, lb./sq. in. 
Toughness, in. 
Hardness //, lb. 
Hardness J/j lb. 
Cleavability, lb./in. width 

Black maple is very similar to sugar maple in habit and wood properties. 
The woods are not separated in the trade, in fact, cannot be. For information 
not specifically given here the reader should consult sugar maple, page 133 • 

Green Air-dry 
720 670 

2800 4600 
740 1250 

1130 1820 
4100 ' 8300 , 

1.62 x 10° 1.33 x 10° 
8300 , 

1.62 x 10° 
7900 X3,-300 

48 1*0 
940 1700 
81+0 1180 
430 420 
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XCBLOLLy BAT 

Scient i f ic Name. Gordonla lasianthus, (Linnaeus) E l l i s . 

Synonyms. Tan "bay, "black l a u r e l . 

Family Name. Theaceae. 

Range,. Coast region from southern. Virginia to Florida and west in the 
Gulf Coast region to the Mississippi River; inland in Georgia t o Augusta. 

Dimensions. 75 fSet t a l l "by 18 inches in diameter, maximum s i z e . 

Bark. Reddish broVn, deeply fissured into long, firm, rounded or 
narrow-topped r idges , J 

S j j y i c s . A small evergreen tre^e of secondary importance, with ra ther 
upright "branches and* narrow top, found in wet s i tua t ions i n associat ion 
with southern white cedar, pond pine, cypress, swamp black gum, sweet bay, 
red bay, s lash pine, and s imilar moisture-loving species . Occurs as a 
shrub in unfavorable condit ions. 

i 
Gross Features o f ' H e Wood. Light, sof t , not s trong, eas i ly worked, « 

diffuse-porous, reddish-brown heartwood and wide pinkish-white sapwood. 

Nonmechanicaj Physical Properties . 

Specific gravity a i r -d ry volume 0.^7 

Density, l b . / c u . f t . a i r -d ry 29 

U t i l i z a t i on 

Lumber. Small loca l use in cabinet making. 

Other uses . Bark for tanning. 
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" BIACK ASH 

Scient i f ic Name, Fraxinus nigra Marshall. 

Synonyms. Brown ash, hoop ash, swamp ash, water ash. 

Family Name. , Oleacoae. 

Rango.. From northern shores of Gulf of S t . Lawrence west to south­
eastern Manitoba; southward to Delaware, Virginia, West Virginia, southern 
I l l i n o i s and Indiana, Iowa." Not in Maritime provinces. 

Dimensions.. UO to 50 feet t a l l and 1.5 feet i n diameter. 

Bark. Grayish, r e l a t i ve ly smooth, l a t e r shallowly furrowed or, scaly. 

S i l v l c s . The-tree has ;a ra ther poorly shaped bole , a small open crown, 
and a very shallow, .fibrous root system. I t occurs along stream banks 
or swamp borders in associa t ion with white cedar, balsam f i r , red maple, 
yellow birch) American elm, and black gum. I t reaches best development 
i n northern Michigan and northern Wisconsin. Black ash i s in to le ran t . 

Gross Features of-the Wood. The very narrow sapwood of black ash i s 
whitiBh t o l i g h t brown,' and the heartwood i s dul l grayish brown t o brown. 
(darker than in white a sh) . The wood i s medium hard, moderately strong, 
straight-grairie.d, without charac te r i s t i c odor or t a s t e . The wood i s 
r ing porous with d i s t i nc t growth rings which are frequently narrow. The 
springwood pores are la rge , d i s t i nc t to the naked eye, and form a band 
2 to h pores in width; the summerwood pores are small, barely v is ib le to 
the naked eye, s o l i t a r y and i n r ad ia l groups of 2 or 3> r a r e l y joined 
l a t e r a l l y by parenchyma in the l a t e summerwood. The t r a n s i t i o n from 
springwood to summerwood i s abrupt. The longi tudinal parenchyma, i s 
v i s ib le with a hand l ens , forming a narrow sheath around the pores in the 
summerwood, and r a r e l y un i t ing them l a t e r a l l y . The rays are ind i s t inc t 
or hardy v i s ib le t o the naked eye. 

Mi crop c opi c Structure 

Vessels. In the summerwood 8 to 30 per sq.. mm.; l a rges t springwood 
vessels 160 to 260 mu in diameter; perforation plates* simple; intervossel 
p i t s orbicular to short-oval or occasionally somewhat angular through 
crowding, 5 t o 6 mu in diameter. Volume occupied, 11.6^. 

Tracheitis. Confined to the v ic in i ty of the springwood vesse l s . 

Fibers . Thin- t o fa i r ly thick-walled, 12 to 22 mu i n diameter and 
1,3 mm. long. Volume occupied, 69.1$. 

Rays. Unstoried, 1 to 3 s e r i a t e , homogpjicous. Volume occupied, 12.0$. 
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longitudinal Parenchyma. Paratracheal , r a re ly paratracheal-
confluent i n tho la to summerwood, and terminal; sheath of para t rachea l 
parenchyma around the summerwood vessels un iscr ia te for tho most par t ; 
terminal parenchyma fa i r ly abundant, grading in to the t i s suo of the suc­
ceeding growth r ing , not forming a d i s t inc t l i n o . Volume occupied, 7,0$. 

Nonmechanical Physical Propert ies 

Specific gravity green volume O.lj-5 
a i r -d ry volume 0.^9 
oven-dry volume 0.53 

Density, l b . / c u . f t . green 52 
a i r -d ry 3^ 
oven-dry 33 

Moisture content, when green: 85$ "based on oven-dry weight (k0o on 
green b a s i s ) . T " " 

Shrinkage,\from green condition:, v, 15.2$; r , 5.0$; t , 7.8$. 

Thermal expansion: 0.0000053. 
v 

Mschanical Propert ies .. 

Tensile, _/, lb./sq. in. 
Compressive stress at p.l. //, lb./sq. in. 
Compressive stress at p.l. _Jj lb./sq. in. 
Shear, maxinun stress //, lb./sq. in. 
Static bending FSPL, lb./sq. in. 
Static bending E, lb./sq. in. 
Static bending R, lb./sq. in. 
Toughness, in. 
Hardness //, lb. 
Hardness _/, lb. 
Cleavability, lb./in. width 

Chemical Properties 

Calorific value: 22.6 x 10 B.t.u. per air-dry cord. 
Destructive distillation: pyrolignoous acid, 3^»6$; tar, 10,2$; 

charcoal, 39.3$. 

Pathology 

Resistance to decay: low+. 
Sapwood attacked by powder post beetle ductus species). 

Utilization 

Use properties. Dark colored heartwood, fine grain, pleasing figure, 
seasons well, holds shape well, excellent bending qualities, medium heavy, 

Green Air-dry 
U-90 700 

1690 •l£20 
• lj-30 9^0 

860 1570 
2600 , 

1.0k x 10b 
7200 A 

1.60 x 10° 
6000 12,600 

33 35 
590 1150 
520 850 . 
280 380 
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medium. hard, splits easily, shrinks considerably. 

Ijmber. About 15 million bd. ft. average annual production from, 
1931 to 19^0, which was 20$ of total ash cut; interior trim., cabinet work. 

Other uses* Basket making by Indians. 

Supply. Approximately 1 billiorr-bd. ft. in the lake States (1935)• 
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NORTHERN CATALPA 

Scientific Name. Oatalpa spociosa Warder. 

Synonyms. Catalpa, hardy catalpa, western catalpa, cigar tree. 

Family Name. Bignonia coae • 

Range. Through Bouthorn Illinois and Indiana, western Kentucky and 
Tennessee, southeastern Missouri, and northeastern Arkansas, Naturalized 
in eastern U, S., especially in southern Arkansas, western. Louisiana, 
and eastern Texas. 

Si Ivies. The bole is well forned if grown on good sites "but otherwise 
is liable to "be crooked. ̂  The tree is an inhabitant of bottomlands, whore 
it occurs scattered in mixture with other well-known bottomland species, 
Th£s species is intolerant". ̂  Growth is rapid and close stocking necessary 
for good pruning. # 

Gross Features of the Wood. The very narrow sapwood is pale gray, 
and the heartwood is grayish brown, with a lavender tinge. The wood is 
moderately soft, moderately light, straight-grained, with a faint, non-
characteristic odor and without characteristic taste. The growth ring3 
are distinct as a result "of the ring porousness, and generally wide. The 
springwood pores are large, distinct with the naked eye, arranged in a 
band 3 to 5 or more pores in width, somewhat lighter in color than the 
denser summerwood; the summcrwood pores are small, arranged in snail 
groups which are further aggregated into interrupted or continuous Con-*-
centric bands toward the outer margin of the ring. The transition from 
springwood to sumnerwood is abrupt, or more or less gradual. The longi­
tudinal parenchyma is not distinct, or associated with the pores and 
thon distinct and zona to toward the outer margin of the ring. The rays 
are usually indistinct, with the naked eye but are plainly visible with 
a hand lens. 

Microscopic Structure. 

Vessels. In the sumnerwood 8 to 20 per sq.. mm., the largest 160 to 
210 mu in diameter; pcrfoiation plates simple; spiral thickening present 
in the small vessels in the summerwood; intervessel pits orbicular or 
nearly so, 6 to 8 mu in dianeter. Volume occupied, 19.6$. 

Fibers. Thin walled, 20 to 52 mu in diameter and 0.6 rxi. in length. 
Volume occupied, 6k.5$. 

• Rays. Unstoricd, 1 to 6 (mostly 2 or 3) seriate, homogeneous to 
heterogeneous. Volume occupied 13.3$• 

Longitudinal Barenchyma. Baratracheal and paratracheal-zonate, the 
zonate parenchyma more frequent near the outer margin of: the ring and the 
outermost band not infrequently devoid of vessels. Volume occupied, 2.6$. 
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Nonaochanlcpl Physical Proportics 

Specific gravity, 

Dens ity, lb:. /cu • ft. 

green volume O.38 
air-dry volume 0.1*1 
oven-dry volume 0,42 

green 1*1 
-air-dry 29 
oven-dry 26 

Moisture content, when green: 72$ based on oven-dry weight (1*2$ 
on green "basis), 

7.3$; r, 2.5$; t, 1*.#. Shrinkage, from, green condition: v, 

Mechanical Properties 

• ' g . 

Tensile _/, lb./sq. in. 
Conpressivo stress at p.l. //, lb./sq. in. 
Compressive stress at p.l. _j£, lb./sq. in. 
Shear, naxinun stress //, lb./sq.. in. 
Static "'bending FSPL, lb./sq.. in. 
Static bending E, lb./sq. in. 
Static bonding R, lb./sq. in. 
Toughness, in. 
Hardness //, lb. 
Hardness _/, lb. 
Cleavability, lb./in. width 

Green 

1*30 
ll*50 
320 
680 

2700 
81*0 

5200 
35 

1*20 
410 
220 

Air-dry 

570 
2740 
570 
1130 
14-700 
1210 
9^00 

27 
650 

• 550 
300 

Ri t t e r and Fleck ( l ) 
Sapwood Heartwood 

Spring Sumner Spring Sumner 

Chemical Propert ies 

Proximate ana lys i s : 

Cold-water s o l y . , $ 
Hot-water so ly . , $ 
l<f> NaOH so ly . , $ 
Acetic acid , $ • 
Methoxyl, $ 
Pentosans, $ 
Lignin, $ 
C. & B. ce l lu lose , # 

Pentosans, $ 

( l ) Ind. Eng. Chen. 18:608(1926). 

Pathology 
N. 

Resistance t o decay: very durable. 
White spongy ro t caused by rainbow conic (Polyst ictus ve r s ico lo r ) . 
Catalpa sphinx moth (Ceratonia cata lpae) ; catalpa nidge 

(itonida ca ta lpao) . 

9.12 7.29 7 . 5 1 2.69 
12.1* 1 0 . 1 11.7 5.26 
3^.5 28 .0 3^.3 2i*.2 
3.33 1*.1*5 3.39 1*.07 
k.kk I4..IO 4.97 3.37 

22.1* 22.1* 21 .3 21.5 
23 .6 18.7 21*. 3 19.1* 
50 .4 56 .5 50.1* 58.5 
25.9 2 2 . 1 21*. 8 21.2 
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Utilization 

Use -properties. Straight-grained, moderately light, nodcratoly 
soft, low shrinkage, figure distinct, very durable, 

^lpi"fl 

Sulf i to process. Reduces fa i r ly readi ly , decidedly pinkish in 
color, frequently specky, very d i f f i cu l t to "bleach; y i e ld , 47$« 

Soda process. Reduces- readi ly , fa i r ly easy to bleach; y ie ld , k2$>t 

Lunber. Used loca l ly in general construction, i n t e r i o r f in ish , 
cabinet work. 

Other uses . Fonce posts , r o i l s , fuel . 

Supply. No inforaat ion a v a l l a t e . 
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SOUTHERN CATALPA 

Scien t i f ic Nano. Catalpa h i ^on io ides Walter. 

Synonyms. Catalpa, Indian "bean, bcantreo, oatawha, ci@ar t r o c . 

Family Name. Bignoniaceac. 

Ran^o. Southwestern Georgia, western .Florida, cen t ra l Alabama, Mississippi, 
and southwestern Missouri. Widely cul t ivated for ornament and na tural izod 
i n oastern U. S. as far north as southern Now York. • 

Tftis species i s very s imilar to northern catalpa in habi t and wood 
proper t ies . 

•r _ ^, " 
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OAKS 

The important oaks arc l i s t e d according to a general izat ion of ranges. 
Note i s nade whether tho. species; ia a Eonber of the rod or white oak group. 
A white oak (chestnut 'oak) i s described in de t a i l on page 9^» 

South At lant ic and Gulf Coastal Plain in addi t ion to varying d i s ­
tances north in the Mississippi Valley: 

Ovorcup oak (Quercus lyrata-Waltcr) - white 
Swanp chestnut oak (Quercus prinus Linnaeus) - white 
Live oak (Quercus virreiniana Ki l ler ) - red 
Shunard rod oak (Quorcus shupardii Buckley) - red 
Southern red oak (Quercus rubra. Linnaeus) - rod 
Swanp X'od oak (Quercus rubra paapdaofolia ( E l l i o t t ) Ashe) - rod 
Cherrybark oak (Quorcus rubra leucpphylla Ashe) - rod 
Nuttal l oak (Quorcufl n u t t a l l i i ftilnor) - rod 
Turkey oak (Quorcus catosbaoi Michaux) - rod 

. Water oak X Quercus vnirera Linnaeus) - red 
Laurel oak (Quorcus iaurifqilia Michaux) - rod 
Willow oak {Quoreus phellos Linnaous) - rod 

The general region oast of the Groat Pla ins , including the Coastal Plains: 

^Whit6 oak (Quorcus alba Linnaeus) and i t s va r ie ty , lo t i loba 
Sargont - white 

•XPost onk (Quorcus s t o l l a t a Wangenhoin) - white 
^Black ook (Quer cus' volutina La Marck) - red 

Blackjack oak (Quercus oarilandica Muenchhauscn) - red 

Wot on the Coastal Pla in; in gonoral, north, eas t , or cen t ra l : 

"'Chinq.ua pin oak (Quercus imohlenber/di Engelnann) - white 
^'Bur oak (Quercus nacrocarpa Michaux) - white 
^Chestnut oak (Quercus tiorftana Willdenow) - white 
•̂ Swonp white oak (Quercus bicolor Willdenow) - white 
^"Northern rod oak (Quercus borPalis Michaux) and i t s varioty naxino 

(Marshall) Ashe - rod 
S c a r l e t oak (Quercus coccinca Muonchhauson) - red 
""Pin oak (Quercus pa lus t r i s Maonchhauson) - rod 

Jack oak (Quercus e l l i p so ida l i s Hi l l ) - red 
Shingle oak (Quercus inbricaria Michaux) - rod 

Pacific Coast: 

Oregon white oak (Quercus ^arryana Douglas) - white 
California black oak (Quercus kellortftii Newberry) - rod 

Gross Features of the Wood. The wood of a white oak i s described under 
chestnut oak (page 9k), This descript ion wi l l suffice for a l l the white 
oaks. The following table shews how the rod oaks d i f fe r fron tho whito 
oaks without giving d e t a i l s . 



Oaks 222 

White Oaks Sod Oaks 

1. Heartwood rich light Thrown to 
dark "brown, without flesh-colored 
cast. 

2. Transition fron springwood to 
suHDerwood generally abrupt. 

3. Springwood pores r.in the 
heartwood usually occluded with 
tyloses. 

k* SuDoorwood pores "barely 
distinct with a hand-lens,v 

thin-walled, nore or JLees 
angular. 

1. Heartwood pinkish or pale 
reddish "brown. 

2. Transition fron spring-
wood to sunoorwood gradual 
to noro or less abrupt. 

3. Springwood pores in the 
heartwood usually open. 

k, Sunnerwood pores plainly 
visible with a hand lens, 
thick-walled, rounded. 

Microscopic Structure 

Fibers . Length, l.k na. 

Nonnechanlcal Physical Properties 

Specific gravi ty , connorcial white oak: 

contiercial rod oak: 

green VOIUDO 
a i r -d ry volurie 

green volune 
a i r -d ry volune 

o»59 
0.67 

0.57 
0.63 

Density, l b . / c u . f t . , contiercial whito oak: green 
a i r -dry 

co-nnercial red oak: green 
a i r -d ry 

63 
^7 

6h 
kh 

Moisture content, when, green: Conncrcial white oak--7C$ based on 
oven-dry weight (kl$ on green bas i s ) ; commercial red oak--80$ based on 
oven-dry weight (W/fc> on green b a s i s ) . 

Shrinkage, from green condition: 

cormcroial white oak, v, 16.0$; r , 5.h$; t , 9.3$. 
commercial red oak, v, \k,Bp; r , 4.3$; t , 9*0$. 

Thermal expansion: / / 0.0000027; J. 0.0000302 

Thorrnl conductivity: 1.21 3 . t . u . / n ^ . M « f t . with 1° F. gradient / 
inch th ickness . 
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Elec t r i ca l r e s i s t ance : 

commercial white oak: 17,400 megohms a t 7$ moisture content 
80 megohms a t 12$ moisture content 

caaaorciQl red oak: 14,400 megohms a t 7$ moisture content 
125 megohms a t 12$ moisture content 

MQ.chnnical, Proporti,08-

i / f 

Tensile _/^ l b , / s q . inc, 
ComjpresciTe s t ress at p . l c / 

l b , / s q . jin, 
Compressive s t ress at Prlr,_/., 

i"b^/#qs in/" 
Shear, maximum at ress 1 ' , l b . f 

- sq. in . 
S ta t ic bending IPSPL, l b . / s q . i n . 
S ta t ic "beading Er l b . / s q . in . 
S ta t ic "bending R, I b . / sq , in . 
^oughrcess, in, 
Hardness /./, l b . 
fterdness _2, Ib0 
Cleavabil i ty, l b , / i n . width 

uommercial Waite Uak Commercial Red Oak 
G-reen Air-dry Green Air-dry 

760 760 735 630 

29I+O U350 2590 4610 

850 J 4i0- 800 1260 

1270 IS90 1220 .1830 
4700 r 7900 fi 

1.20 x 10 1.62 x 10 
4400 r 8400 4700 r 7900 fi 

1.20 x 10 1.62 x 10 1.36 x " LO 1.81 x 
sioo 13,900 8500 14,400 
42 39 43 43 

1110 11+20 1050 1U90 
1070 1330 1030 1300 

430 420 400 too 
1300 
430 

10 

Chenjca 1 Pr opart ie a 

Calor i f ic value: white oak, 30.6 x 10 B . t . u . per a i r -dry cord 
red oak, 27.3 x I06 B . t . u . per a i r -dry cord 

Proximate ana lys i s : White oak. 

E i t t e r and Fleck ( l ) 
Heart Sap Heart Bird and Ri t to r Sap (21 

Ash, # 
Cold-water s o l y . , $ 
Hot-water soljr., cp 
Ether so ly . , C/J 
1$ NaOH so ly . , # 
Acetic acid, $ 
Msthoxyl, c/o 
Pentosan, # 
C.& B.cel lu lose , 

Pentosan, # 
Alpha-cellulose,# 
Lignin, ch 
Methoxyl in l ign in ,$ 
Holocellulose, $ 
(1) Ind. Sng. Chen. 
(2) J . An, Chen. Soc 

# 

0.57 0.li-3 0.37 0.42 
2.55 7.33 4.27 4.76 
lull 10.2 5.73 6.60 
0.24-6 0.71 0.65 "0.6g 
21.1 25.8 21.7 22.7 
3.44 2.59 2.47 2.97 2.37 
5.95 6.18 6.02 5.64 6.44 
23.3 21.8 21.7 22.1 18.7 
49.5 48.7 53.2 52.1 
24.7 24.2 24.8 24.5 
33.7 32.7 28.6 27.6 
-32.3 32.7 31.1 31.3 23.4 

2.2.4 
75.6 

15:1056(1923) 
. 59:802(1937) • 
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Bathology 

Resistance t o decay: white oaks, intermediate +. 
red oaks, low +. 

Utilization 

Total cut is equivalent to 2.4 billion "bd. ft. 

Use properties. Straight-grained, heavy, hard, strong, stiff, machines 
veil, finishes smooth, holds nails well, tendency to split, average in 
glueing, high abrasion resistance, difficult to season, pronounced figure, 
high shrinkage, beautiful ray fleck on quarter surface, white oaks durable 
but red oaks not durable. Rapid-growing, second-growth oak is generally 
stronger, harder, and} tougher than old-growth timber which is finer-
grained, softer^ more easily worked and takes a finer finish. 

Pulping. Sulfate process: 'Reduces readily, rather difficult to 
bleach; yield, 38$. 

Lumber. Commercial white oak lumber is chiefly white oak, chestnut 
oak, and swamp chestnut oak. Commercial red oak lumber is chiefly northern 
red oak, southern rod- oak, swamp rod oak, and Shumard oak. Oak is the 
principal hardwood used in the United States; the average annual production 
from 1931 to 19^0 was 1.2 billion bd. ft. Used for flooring, vehicle 
and car construction, goneral millwork, furniture, boxes and crates, 
cabinets, ships and boats, handles, caskets and coffins, and agricultural 
implements • 

Other uses. Ties, fuel, tight cooperage, posts, mine timbers, poles, 
piling, sliced veneer. With exception of fuel and veneer, red oak needs 
treatment for these uses. 

Bark of some species of oak is an important source of tannin. 

Supply 

38 billion bd. ft. of white oaks in the United States (19^0 estimate). 
45.7 billion bd. ft. of red oaks in the United States (19^0 estimate). 
95 million bd. ft. and 98O thousand cords in Canada (1935). 
9.0 billion bd. ft. in Louisiana (1936). 
k>6 billion bd. ft. in North Carolina (1938). 
3.3 billion bd. ft, in Georgia (1936). 
'3.0 billion bd. ft. in southeast Texas (1935). 
636 million bd. ft. in northeast Florida (193*0. 
6k million bd. ft. in northern Michigan (1935). 



SCIENTIFIC NAMES 

Collective Index of Parts I and II 

Abies amabilis 

Abies balsamoa 

Abies condolor 

A"bies grandis 

A"bies lasiocarpa 

Abies magnifica 

Abies magnifica var. 

Abies nobilis" 

Acer macrophyllum 

Acer nigrum 

Acer rubrum 

Acer saccharinum 

Acer saccharum 

Aesculus glabra 

Aescuius octandra 

Ainus rhombifolia 

Alnus rubra 

Betula lenta 

Betula lutea 

Betula nigra 

Betula papyrifera 

Betula populifolia 

Castanea dentata 

Catalpa bignonioides 

} 

Page 

72 

65 

186 

69 

189 

193 

shastensis lg5 

191 

210 

212 

137 

i4o 

133 

ihk 

.11+2 

207 

204 

199 

104 

201 

108 

202 

115 

220 

Catalpa speciosa 

Eagus grandifolia 

Fraxinus nigra 

Gordonia laslanthuo 

Ia r ix l a r ic ina 

Larix occidental is 

Liquidambar s tyracif lua 

Liriodendron tu l ip i fe ra 

Afegnolia acuminata 

Magnolia grandi flora 

Magnolia virginiana 

225 

Page 

217 

111 

214 

213 

57 

177 

126 

123 

118 

120 

122 

Magnolia virginiana a u s t r a l i s 
122 

Nyssa aquatica 

Uyssa biflora 

Nyssa ogeche 

Nyssa sylvatica -

Persea borbonia 

Persea palustris 

Picea engelmannii 

Picea glauca 

Picea mariana 

Picea rubra 

Picea sitchensie 

Pinus'banksiana 

100 

102 

103 

97 

208 

209 

181 

11 

7 

15 

18 

22 
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Pinus cari"baea 

Pinus clausa 

Pinus contorta 

Pinue echinata 

Pinus glabra 

Pinus lambertiano 

Pinus monticolai 

Pinus jpalustris 

Pinus ponderosa -

Pinus resinosa 

Pinus rigida 

Pinus rigida var. serotina 

Pinus strobus 

Pinus taeda 

Pinus virginiana 

Plata nus occ.identalis 

Populus balsamifera 

Populus deltoides virginiana 

Populus grandidontata 

Populus heterophylla 

Populus tremuloidc3 

Populus trichocarpa hastate 

Pseudotsuga taxifolia 

Quercus alba 

Quercus alba var. latiloba 

Quercus bicolor 

Page Page 

30 Quercus borealis 221 

173 

170' 

Quercus borealis var. 
maxima 221 

36 Quercus catesbaei 221 

39 Quercus coccinea 221 

163 Quercus ellipsoidalis 221 

159 Quercus garryana 221 

26 Quercus iinbricaria 221 

tS6 Quercus kelloggii 221 

ItO Quercus laurifolia 221 

hi Quercus lyrata 221 

175 Quercus macrocarpa 221 

hi Quercus marilandica 221 

33 Quercus montana 91+, 221 

38 Quercus muehleribergii 221 

130 Quercus nigra 221 

Qk Quercus nuttallii 221 

38 Quercus paluotris 221 

82 Quercus Jjhollos 221 

90k Quercus prinus 221 

78 Quercus rubra 221 

86 Quercus rubra leucophylla 221 

60 Quercus rubra pagodaefolia 221 

221 Quercus shumardii 221 

221 Quercus stellata 221 

221 Quercus velutina 221 
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Pago 

Quorcus virginiana 221 Tilia hetorophylla 

Salix nigra 

Sequoia Bempervirene 

91 

196 

Tilia hetorophylla 
lnichauxii 

Tsuga canadensis 

Thuja plicata 75 Tsuga heterophylla 

Tilia glabra v
 } 1̂ 5 Tsuga mertensiana 

£. 

•} 
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COMMON NAMES 

Collective 'Index of Parts I and II 

Pago Page 

Alder 204, 207 Ca l i f o rn i a sugar pine 163 
Alpine f i r 189 Ca l i fo rn ia whi te f i r 186 
Alpine hemlock l8iF- Canadian spruce 11 
AmaMlis f i r 72 Canoe b i r c h 108 
American beech 111 Cat spruce 11 
American c h e s t n u t 115 Catalpa 217, 220 
American l i n d e n 145 Catawba 220 
Aspen 78 Cedar - 75 
Balm 81*, 86 Cherry b i r c h 199 
Balm-of-Gilead - " % 84 Cherrybark oak 221 
Balsam 65,189 Chestnut 115 
Balsam f i r *_,.„. ' ->• 65, 186 Chestnut oak 94, 221 
Balsam poplar 8k Chinquapin oak 221 
Banks pine 22 Cigar t r e e 217, 220 
Basswood 145, 148 Coast redwood 196 
Bas ta rd pine 175 Cottonwood $6, 88, 90& 
Bay 209 Cucumber 118 
Bay g a l l s f 208 Oucumber magnolia 118 
Bay pine 175 Cucumber t r e e 118 
Beantree 220 Douglas f i r 60 
Beech 111 , Eas t e rn f i r 65 
Big l a u r e l 120 Eas t e rn hemlock 49 
Big loaf maple 210 E a s t e r n l a r c h 57 
Big too th aspen 82 E a s t e r n whi to p ine 43 
Bi rch 104, 199, 201 Engolmann spruce 181 
Black a s h , 214 Evergreen magnolia 120 
Black b i r c h 199, 201 Eot id buckeye 144 
Black gum 97, 102 Grand f i r 69 
Black l a u r e l 213 Gray b i r c h ( 202 
Black maple 212 Gray pine 22 
Black oak 221 Gum 126 
Black pine 47, 170, 175 Hackmatack 57 
Black spruce 7 Hard maple 133, 212 
Black t u p e l o 97 Hard pine 26 
Black wil low 91 Hardy c a t a l p a 217 
Blackjack oak 221 Hazelwood 126 
Bog spruce 7 Hemlock 49, 53 
Broadleaf maple 210 Hoop ash 214 
Brown ash 214 Idaho whi te p ine 159 
Buckeye 142,144 Ind ian bean 220 
B u l l pine 166, 175 Jack oak 221 
Bur oak 221 Jack pine 22, 170 
But tor iba l l t r e e 130 J e r s e y pine 38 
Buttonwood 130 Larch 57, 177 
Ca l i fo rn i a "black oak 221 " l a r c h " 72, 191 
Ca l i f o rn i a r ed f i r 193 Large tooth aspen 82 
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Page Page 

Laurel oak •'". 221 Red alder 20^ 
laurel-tree . 208 Red bay 208 
Linn 1^5; iU8 Red boech 111 
Liguidambar 126 Red birch 201 
Live oak 221 Red cedar 75 
Loblolly "bay 213 Red fir 60, 191, 193 
Loblolly pine 35 Red gum 126 
Lodgepole pine 170 Red maple 137 
Longloaf pino 26 Red oak 221 
Lowland white fir 69 Red pine 1*0 
Magnolia 120 Red spruce 15 
Mahogany "birch 199 Redwood 196 
Marsh pine 175 River birch 201 
Michaux basswood ' . IkS River cottonwood 90A 
Montana larch 177 Rock maple 133 
Mountain alder 207 Rock oak 9k 
Mountain hemlock 10t Sand pino 173 
Mountain larch ifr Sap gum 126 
Mountain spruce 181 Scarlet maple 137 
Noble fir 191 Scarlet oak 221 
Northern black cottonwood 86 Scrub pine 22, 38, 173 
Northern ca£alpa 217 Sequoia 196 
Northern rod oak 221 Shasta fir 195 < 
Northern white pine hi Shasta red fir 195 
Norway pine ko Shingle oak 221 
Nuttall oak 221 Shortleaf pine 36 
Oak 221 Shumard red oak 221 
Ogeechee lime 103 Silver birch 108 
Ogeecheo tupelo 103 Silver fir 72 
Ohio buckeye Ikk Silver maple 11*0 
Oldfield birch 202 Silver spruce 181 
Oldfield pino 33, 173 Sitka spruce 18 
Oregon alder 201* Skunk spruce 11 
Oregon maple 210 Slash pine 30 
Oregon pine 60 Soft maple 137, 1̂ 0 
Oregon white oak 221 Sour gum 97 
Overcup oak 221 Sour tupelo 103 
Paper birch 108 Sour tupelo gum 103 
Pepperidge 97 Southern catalpa 220 
Pin oak 221 Southern cottonwood 88 
Pitch pine - hi Southern magnolia 120 
Plane tree 130 Southern pino 26 
Pocosin pine 175 Southern red oak 221 
Pond pine 175 Southern yellow pine 26 
Ponderosa pine 166 Spruce pine 39> 170, 173 
Pondosa pine 166 Sugar maple 133 
* Poplar 78, 82, 8^ Sugar pine 163 
Popple 78 Swamp ash 211* 
Post oak 221 Swamp bay 209 
-Quaking aspen 78 Swamp black gum 102 
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. Bago Ppge 

Swamp chestnut oak " -221 Water oak 221 
Swamp cottonwood 9QA. Water spruce 7 
Swamp maple 137 Water tupelo 100 
Swamp pine 30 West Coast hemlock 53 
Swamp rod oak 221 Western alder 204 
Swamp red-bay 209 Western catalpa 217 
Swamp spruce 7 Western hemlock 53 
Swamp tupelo 102 Western larch 177 
Swamp white oak 221 Western red cedar 75 
Sweot bay 122 WoBtern whit© pine 159 
Sweet "birch 199 Western yellow pino 166 
Sweot "buckeye 142 White aldor 207 
Sweet chestnut 115 White basswood 148 
Sweet gum <v't 1 2 6 White bay 122 
Sycamore 130 White birch 108, 202 
Tacamahac 84 White fir 69,72,186, 189 
Tamarack 57, lf7 White maple 140 
"Tamarack" •.. 170 White oak 221 
Tan hay 213 White pine 39, 43, 159 
Tidewater spruce 18 White spruce 11, 181 
Trembling as^pen 78 Whitewood 123 
Tulip poplar 123 Willow '91 
Tulip tree 123 Willow oak 221 • 
Tupelo 97, 100 Yollow birch 104 
Tupelo gum 100 Yellow buckeye 142 
Turkey oak 221 Yellow fir 60 
Virginia pine 38 Yellow pino 26, 36, 47, 166 
Wahoo 1̂ 8 Yellow poplar 123 
Water ash 214 Yellow spruce 15 
Water birch 201 
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"EKHATA IN FT. 1 

Slash pino, pago 31, The data In the column headed Max (3) un'der proximate 
analysis should be lowered one row. 

Balsam fir, pago 68. In mechanical process pulping the powor requirement 
is 15 to 25$ more than spruce. 

Lowland white fir, page 71. In mechanical process pulping the powor ro-
auitement is 2C$ more than spruce. 

Black .gum, page 97. VesBel pits in transverse rows of 1 to 5+, not 1 
to $h. * 

Beech, page 113. Acetyl # in holocellulose from hoartwood is U.76, 
not 5.76. 

( 


