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" INTRODUCTION

A large number of tree species aro pulped in the United States
and Canada. Much information is available on tho proporties of certein of
these but, unfortunately, such date are scattered in verious publications.
They have been collected for the use of students and member mills of* the
Institute. It is hoped that any errors or omissions will be brought to
the attention of the compilor and also that additional information will bo
forthcoming, so that the usefulness of the work will be enhanced. In the

fuburo it is planned that a revised editlon, including photomicrographs,
will be issued,

The compiler wishos to thank Dr. L. B. Wise of tho Institutoe
staff for ‘his aid in assembllng the chemical data,

. - Further 1nformation concerning these fibrous raw materials,
or.any others, will be furnished on groquost, if available.

Copyright, 1943, by
THE INSTITUTE OF PAPER CHEMISTRY
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EXPLANATION OF TERMS

Cormon Name. This appears at the head of each species description. In
ost cases, it is .the name favored by the U, S. Forest Service,

Scientific Name, The technical name for the tree is given in italics
(1.0,, underscored), followed by the name of the person who first used the
nane in this combination and wrote the plant description. Sometines
another person's name is given in parentheses. If so, it means that
person first applied the-second or spocific part of the name, but put i
in @ different combination, later found to bo incorrect. Scientific pames
woro originated because of the great confusion in common names, and thelr
use is govérned by 4 botanipal code of nomenclature.

Synonyms, Some of "th common. names which are not so widely known or
well chosen as the one used in tho titfo arc listed as synonyms. Accord=
ing to the U. S. Forest Scrvice Check List (U. S.. Dept. Agr., Misec, Cirec..
92. 1927), a fow spocies have as many as 30 common names,

Family Name., A famlly is a group of closcly related genera just as a
genus is compoged of c¢ldésoly related species, The family name is given
because experience hes ghown that it is convenient to think of woods in
torns of Plant Pamilies,

Ranze. Thie indicates the district or region where the spocics 1s
indigenous., Certain loecalities within the renge may not contain the
treo because of environnentul conditions. natural cnemies, or removal by
T&n .

Dinensions., Average measurcnents on mature trees are given.

Bark., A description of the appoaranco of tho bark is given, Occasion-
ally, in addition, data are avallable on tho percontage of the total
volurme of tho trunk occcupied by the bark,

Silvics. This includes a gonoral description of the tree, its on-
vironmont, its associates, and other portinent focts connectod with its
growth. .

Gross Features of the Wood. This is 2 statement of tho general
rharactoristics and propertics of the typical wood from the merchantabls
part of the troe. A hand lens (10X) is tho grentest magnification used
to obtain these data, 1In roforring to tho planes of ssction, x signifios
crosa, r signifies redial, and t siznifies tangential.

Microscopic Structure. The minute anntormy of the wood is described by
considering dimensions =znd charactoristics of the wood elcements nornsal ly
present in the species. In the future, it is planned to illustrate this
section with photomicrogrephs of the cross, radial, and tangential sec-
tions made from authentic wood sarploes.
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Nonmechanical Physical Properties. These are the several common values
=hich do not have to be determined by stress. The specific gravity 1s
uread on the oven-dry weight and the volume of the test piece when it was
ir. a green, alr-dry, or oven-dry condition. The density is given in pounds
per cubic foot for verious conditions of moisture. The moisture content
is the average for grecn wood. It is—the custom in wood industries to
relate the loss in moisture from the original to the oven-dry condifion to
the welght of the ovon-dry piece, whoreas in the pulp and paper industry
noisture is expresseod as a percentage of the original weight as it is with
cromicals. Both valuos are given. Most-woods have their cell walls
saturated and the cell Gavities froe from water {fiber-saturation point)
at a moisture content of 25 to 30% (based on the oven~dry weight). ‘Uren
the molsture content decreases below the fiber-saturation point, shrinkage
sakes place. The shrinkaéa values for wolume, radiazl direetion, and
tengential Qirection are figured on the loss in size to the oven-dry
condition based on the dimension wheng green; the shrinkage to the air-dry
condition will bo less.” Tho value for thormal expansion is a coefficicnt
por degree Fehrenhoit at ordinary tempeoraturss. The coefficients along
the grain and across the grain are given customerily. The thermal conduc-
tivity is expressed as B.t.u. per hour per square foot of material when
the temperature gradient is one degrees Fahrenheit per inch of thickness.
The clectrical resistance is expressod in megohms. The value is givon at .
moisture. contents of 7 and 12% (on the oven-dry basis), corresponding
closely to the kiln-dry and air-dry moisture contents. This small dif.
ference in moisture content causes a soveral-fold difference in resistance.

Mechanlcal 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 bs a desirable constructional material, It
must be remembered that wood is heterogencous, unidirectional, and variable
with moisture contents below the fiber-saturation point, Since the various
propertics listed arc familiar to one versed in the testing of materials,
they will not be expanded hero. Toughness is given as the drop in inches
of a 50-1b, hammer at complete failure, hardnoss as the lcad in pounds
requirod to embed a 0.Mlk-inch sphore to half of its diamoter, and
splitting strongth oy clecavability as the pounds necessary per inch of
width when splitting; all other stross values arc 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. 4ll the information available has heenr
given in the following pages. In general, the methods of the U, S.

Forest Products Laboratory have beén ussd by the various investigators,
slthough modifications have been made. Specific references are given
when feasible, and any unusual methods have boen noted.

atLologz A mowledge of the durability of wood and 1ts qusceptibility
to various diseases and insects should be helpful to woodyard and woodroom
operators, Much of this information concerns ithe forest trees and far
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ivcsge the logs. Unfortunately, there is no direct relationshlp between
the pathological resistance of a growing tree and the durability of the
wood cut from it, Cértain types of disepses do not interfere with the
uvae of wood for chemical pulping; others cause so much decay that it is
undesirable to take the log as fer as the landing deck.

Utilization. All phases of utilization .have been considered in this
corpilation. It is important to know the properties of wood and its uses
Jtiier than as pulpwood because of the competition for rew materisl in
cortain locnlities. Usuwilly an integrated or multiple-use program can be
varked out With other utilisders, espocinlly if all concerned arc intercsted

ia kooping thelr industries goipg. The production figures are the latest
snd. most reliabdle obtaiﬁﬁble.- «

Supply. This information has boon obtaircd from ostimates of tho U. S.
Porcest Sorvice and the Canadian Forest Sorvice, The data for certain
spccies and regions are much more complete and detailed than for others..

) )




BLACK SPRUCE

Scientific Name. Picea meriana (Miller) Britton, Sterms, and Poggenberg,
Synonyms. Swamp spruce, beog spruce, water spruce.-

Pemily Name., Pinaceae,

Range., Newfoundland; northern 1limit of trec growth in Canada from
Tebrador to west coast of Alaska: south within 100 miles of the coasi to
central British Columbia; e¢ast through south central Alberta and Saskatchewan,
gouthern Manitoba, northedstern Minnesote, central Wisconsin, southorn
Michizan ond Ontario, westerh New York, central Pemnsylvania, northorn
West Virginia, western Maryland to contral Now Jersoy.

Dimensions. 30 to hD foot tall and 6°to 12 inches in diamoter.

Bark, 0.25 %o 0 5 inch thick, broken into thin, flaky, grayish—brown
to roddish=brown scales with freshly exposed inner layers somewhat olivo
green in color. '

Silviecs. Tho troe has o long, straight, tapering bole, a pyrnmidal
crown, and a shallow, sproading root system. In the southern part of iis
range, this species iz usually restricted to cool sphagnum bogs: in tho
far north, it is also found on dry slopes and makes its best growth on
moist, wclledralned alluvial bottoms. It occurs in donse puro stands, or
in mixture with such species as tamarack. balsam fir, white cedar, block
ash, aspen, and white birch,

Gross Features of the Wood. Tho wood of black spruce is soft, lusirous
fino= to mediumw-grained, fine-textured, nonresinous, without charactoristice
color or taste. Tho sapwood is not distingulshable from tho heartwood: it
is neorly white $o pale yellow in colore The springwood zone is sovoral
timos wider than the summorwood: the summerwoed zone is distinet with the
noked eye but not pronounced, so that flat grain boards show only o foint
growth ring figure, In x=section the rays are vory finc and arc not
distinet with the naked eye unless they include a horizontal resin canal,
and in resection they form a fine, close, inconspicuous fleck. Both
longitudinal and horizontal resin canals are normally present. The
longitudinal canals, which are not usually visible with the naked cye
but appear as white fleclks with & hand lons, are solitary or 2 or moro
contiguous in a tangontial row and irregularly distriduted. The horizone-
tal canals arc smaller than tho longitudinal ones dut are visible with
o hand lens on the transvorse surfaco. Parcnchyns are absont.

Microscopic Structure

Tracheids. 18 to W% mu (Avorage, 33 mu) in dianmetor and 3.3 mnm in
longth; bordored pits in one row or rarely paired on the radial wallss
tangontial pitting present in last fow rows of summerwood tracheids: pits
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vading to ray parenchyma small, uniform in size, oval to angular (pici-
“grua), with distinct border, 1 to 6 (generally 2 to U) per ray crossing;
¥ tracheid pits presgent.

Resin canals.‘ Longitudinal, 30 to 85 mu in diameter; horizontal,
loss than 30 mu; thick-walled eplthelial celle, tylosolds.

Rays. Two types, uniseriate and fusiform; the uniseriate rays are
numerous, 1 to 17 cells {303 mu) high; the fusiform rays are scattered,
with one or rarely two horizontal resin canalg, 2 to 3 seriate in the
central portion, tapering fo uniseriate mergins, up to 4O cells (681 nwv)
high: ray tracheids are presgnt in all types of rays, usually restricted
to onecrow on the upper apnd lower margins, with nondentate inner walls.
Five rays per mm. tangentially on x-sechion and 28 rays per sq. mm. on
t-section, ’ '

Longitudinal parenchyma. Absent, '

Nonmechanical Physical Prbggrties

Specific gravity green volume 0.40

“ © oven-dry volume 0.45

Density, 1b./cu, T%. green 37

. \ : air-dry p 30
' oven-dry 28

Moisture content, when green: 38% based on oven~dry weight (27.5%
on green basis). ’

Shrinkage, from green condition: v, 11.6%: r, 4,1%; ¢, 6.8%.

1

Machanical Properties _ M
: Groen Air-dry
Tensile /, 1b./sq. in. 104 -
Gompressive stress at p.l, //, 1b./sq. in., 1900 Lo70
Compressive stress at p.1._/, 1b./sq. in. 290 €20
Shear, meximum stress //, 1b./sq. in. 810 1180
Statie bending FSPL, 1b./sq. in, _ 3100 o 5700 ¢
Static bending E, 1b./sqg. in. - 1.29 x 10 1.52 x 10
Static bending R, 1b,/sq. in. - 5800 10, 300
TPoughness, in. ' 2R 26~
Hardness //, 1b, ho - 680
Hardness /, 1b, 355 515

Cleavability, lb./in, width .18 265 - i
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Chenical Properties

Calorific value: 19.1 x 106 B.t.u. per air-dry cord.

Proximate analysis:

——

1.p.C.  I.R.C.

Hot-water soly., % 2,1 2.2
Ether soly., % ' ' ‘ 0.6
Alcohol-benzens soly,, % g 2.2
Ash, % S - : _
‘Lignin, = - | 27.3 27,7 ,
Methoxyl, % . 4,68 RN )
‘Methoxyl in.lignin,% 15,7 15, 5%
Pentosans, %» ' £ 12.5
Polyuronides (as 002). % 0.86
* Based on alcohol-benzene-extracted wood.
: ~

Ash {oven-dry wood), % 0

Pentosans (Bailey's method}, % 7

Lignin, % o : 27

C. & B, cellulose (Sieber-Walter method)® 62, 30:1408(1938)

Alphe~-cellulose (Gortner-McNair method),% 4b :
2

3
5
X \’Ind. Erg. Chem.
0 -
8
"Total extractives," % 7

Pathology

Resistance to decay: low +.

Red ring rot, also called ring scale, red heart, or pecky rot, is
caused by Fomes pini and is severs on spruces, Butt rot in living trees
is caused by Polyporus circinatus. Hod-brown butt rot (Polyporus
achweinitzii) occurs in heartwood of living trees, Brown cubical rot in
heartwood of living trees is caused by the sulfur fungus (Polyporus
sulfureus). Feather rot of heartwood is caused by the white root conk
{Foria subacida), Sap rot of dead trees is caused by Fomes pinicola
and Polystictus abietinus.

Bastern dwarf nistletoe is common on black spruce. Spruce stands

in northern New England and eastern Canada are often killed by the spruce
budworm, sawfly, or bark beetle.” The spruce budworm is probably the most
destructive enemy of spruce in America, The Buropean spruce sawfly .
attacks spruce. The eastern spruce bestle has caused an enormous loss
of mature spruce timber in the United States and Canada., The henlock

- budworn end hemlock spanworm attack spruce. Severe defoliation of the
lower crowns of black spruce by needle cast (Lophodermium filiforme} is
not unusual, ' .
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Utllizatlon

Use vroperties., Light, good strength for weight; does not impart
odor or coler; somewhat heavier, stronger, harder, and more durable thsn
white spruce; on account of its size it is not so important a lumber species
as red and white spruce, but it is a very valuable pulpwood and is also
used for uine timbers and similar applications. ILike other softwoode,
spruce is apt to contain compression wood,

Lunmber. Tho weod of the various eastern species of spruce is not
separated in the lunmber trade; hence, some black spruce probably finds its
way into boxes and crates, tanks and silos, sounding boards, boat building,
car cometruction, ladder stock} dimension, woodenware, scaffolding, 1light
and medium comstruction. Spruce is the standard construction material
in New Ehgland. As sawn - lumber ik Canada, spruce is second only t¢ Douglas
fir in volume of output. . %

Pulping. This species is a very wvaluable pulpwood and, although
satisfactory for any of the standard processes, is especially useful for
mechanical and sulfite pulps, -Statistics are not avallable for this one
spocies, In 1940, Eowever 2, OMB 519 cords of domestic and 963,195 cords
of imported spruce {(all spe<:1es) pulpwood were consumed in the United
States. This is about 21.9% of the pulpwood used,

Suifite process., Reduces readily; unbleached pulp is strong, of
fine texture and excellent color, yield, 48%; bleaches easily to excellent
white; usod for news, wrapping, hoolk, high-grade printing, and bond peper.

Sulfate process. Reduces readlly, unbleached puly is strong, of
fine toxturse, yield,U8%; used for high-grade kraft wrapping and fiberboard,

Soda process. Yield of unbleached pwip, 43%.

Mechaniceal process. Reduces remdily: excellent color and standerd
strength; 60 to 80 horscpower-days per ton; mny use requiring groundwood,

Other uses. In New England an 0il is prepared by the stean
distillation of the needles and twigs of black spruce. These oils arc
used as perfumes in greases and shoe blackings, and in lininents and -
other medicinal preparations,

Spruce gun is collected from-trees after 3 years of aging and used
in chewing gu end in nmedicinal preparations.

Supply. No information available on black spruce alonec.

65 billion cu, ft. of all spruces in Canada (1935).

Forest Service estimate in 1932: U71,242,000 cords of sPruce and fir
in the United States.

Forest Survey estimate in 1935: 4,348,000 cords of soruce in Upper
Michigan, .
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 WHITE SPRUCE

Scientific Neme. Picea glauca (Moench) Voss,

Syanonyms, Canadian spruce, cat spruce, skunk spruce.

4

-

Family Nanme. Pinaceae.

Range. Newfoundland; northern 1limit of tree growth in Canada from
Labrador to west coast of Alaska; south through northern Britigh Columhia
slong the east slopes of the Rockies to northwestern Montana; from cenfral
Alverta through central Saskatchewan, southern Manitobas, northern Minnesota,
central Wisconsin, central Michigan, southern Ontario, northern Few York,
southern Verment and New Hampshire to southern Maine.

Dinmengionss 60 to 70 feet tall and 18 to 2% inches in diameter.
Bark, 0.25 to 0.5 inch thick, flaky or scaly, ashy brown with freoshly
oxposed layers somewhat silvery; volume, 12.U%.

SllViCS. White Spruce forms extensive pure stands but also occurs in
nixture with aspeq, white birch, balsam poplar, tamarack, balsem fir, black
spruce, and red spruce., The best growth is made on moist sandy loan or o
alluvial soils; although found on many different sites, this species is
especially typical of streanm banks, lake shores, and adjacent slopes.

Gross Festures of the Wood. The wood of white spruce iz soft, lustrous,
fine- to mediunm-grained, finec-textured, nonrosinous, without characteristic
odor or taste. The sapwocd is not distinguishable from the heartwood; it
is nearly white to pale yellow in color. The springwood zone is several
tines wider than the sumnerwood; the summorwood zone is distinet with the
naked cye but not pronounced, so that flat grain boards shoiv only a faint
growth ring figure, In x-scction the rays are very fine and are not
distinct with the naked eye unless thoy include & horizontal resin canals
in r-section they form & fine, clogse, inconspieuous fleck. Both longitudinal -
end horizontal resin canals are normally present., The longitudinel canals,
which are not usually visible with the naked eye but appear as white flecks
with & hapd lens {10X), are solitary or 2 or more contiguous in a tangseniial
rov and irregularly distributed. The horizontal conals are smaller than
the longitudinal ones but arc visidle with o hand lens on the transverse
surface, Parconchyma oare absent.

Microscopic Structure

Pracheids, 15 to 47 mu (average, 2t to 34 ru).in diameter and 3.2 mm,
in length; borderod pits in one row or rarely paired on the radiel walls;
tangential pitting present in last few rows of sumnmerwood tracheids;
pits leading to ray parenchyma snall, uwniform in size, oval to angulaz ,
(piciforn), with distinet border, 1 to 6 (generall; 2 to 4) per ray crosse
ing; ray tracheld pite present.
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Resin canals, Ldngitudiﬁéi 25 to 102 mu (average, 5% to 61 mu) in
diameter; horizontal, less than 25 mu; thick-walled epithelial cells,
tylosoids.

s. Two types, uniserlate and fusiform: the uniseriate rays are
nunerous, 1 to 20 cells (410 mu) high; the fusiform rays are scattered,
with one or rarely two horizontal resin canals, 2 to 3 seriate in the
central portion, tapering to uniseriate mergins, wp to 30 cells (548 mu)
high; ray tracheids are present in all types of rays, usually restricted
to one Tow on the upper margins, with nondentate inner walls, Five rays
per om, tangentially .on x-section and 30 rays per sq. mn. on t=section.

Long;tudinal parenchyma Absent,

anmechanlcal Physical Properties

Specific graV1ty» ' g&eon volume 0.35
- oven-dry volume 0,38

Donsity, lb./cu,ft. green
, _ - air-dry 26

oven-dry - 24

Moisture content, when green: 50% based on oven-dry weight (33% on
green basis), :

Shrinkage, fron green condition: v, 13,7%; r, 4.7%; t, 8.2%.

Mcchanical Properties

Green Alr-dry
Compressive stress at p.l.-éz, 1b./sq. in. 1840 3380
Compressive stress at p.l. /, 1b./sq. in. 250 90
Shear, maxipum stross //. 1b./eq. in. 710 - 960
Static bending FSPL, 1b./sq. in. 2%06 5300
Static bending B, 1b./sq. in. 1.15 x 10 1.40 x 10
Static bending R, 1b./aq. in. 5100 8600
Touzhness, in. 22 22
Hardness //, 1b. ' 340 540
Hardness /, 1b, 280 420
Cleavability, 1b./in. width 155 220

Chemical Properties

galorific value: 16.2 x 106 B.t.u. per air-dry coxd,

Mannans: 7.12% [Ind. Tng. Chem. 9: 748 (1917 ],

-
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Proximate snalysis (oven-dry wood):

Chidester and
Billington (1) F.P.L.(2)

. Hotwwater soly., % 3,2 - 2,

1 2,14
Bther soly., % 0.8 1.1 1.36
Alcohol-benzene soly., % 1.8 2.3
Pentosans, % ‘ ' 11.5 12.1 12.5
Tignin, % : 30.9 . 27.8
Ce & B, cellulose, % ™ 61.1 60.6 61.85
Pentosaus, & - . - 10,4
Alpha-cellulose, % - 9 - k3.0 ho.1
Acetic acid, @ X 1.59
Methoxyl, % . S . 5.30
% NaOH soly., % T T1R.e, 10.7 11.6

£

"

Special data on holocellulose and C. and B. cellulose (3):

Lignin (bazed on extractive~free dried wopd). %
!

Holoéellulose (based on extractive-free dried wood), %

Alpha-cellulose, %
Pentosans, %

Aeetyl, %

Methoxyl, %

Uronic anhydride, %

C. & B, cellulose (based on extractive-free dried wood), %

Alpha-cellulosc, %
Pontosans, %
Uronic anhydrido, %
Methoxyl, % '

Acetyl, %

1, Toch, Assoc, Papers 20:251(1937).

2. TPorest Products Lab,, Tech. Note 235 (July, 1931).
3. Tech. Assoc. Papers 25:596(19u42),

# 3Based on holocellulose,
** Baged on C. and B. cellulose.

Pathology. See same section under black spruce.

Rosistonce to decay: low +.

13

2.9 2.5
1.2 0.4

29,0
60. 4

26.6
73.3
67.5*
12,.2%
3.19%
0.9b*
3. Gk

6l.2

T2 g%

6,2

1,02k
RIE Ll
1,619,

White spruce is very susceptible to spruce budworm. European spruce

sawfly sspeciaslly attaecks white spruce.
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Utilization

. Use properties, Light, good strength for weight; does not impart odor
or color; soft, easily worked, takes a smooth silky finish, paints well;
nails without splitting and holds nails woll; seasons fairly eagily; notod

for resiliency; not:very durable; good resonance properties.

Lunber, Mixed with other eastern spruces.

Pulping. Sihilar to black spruce, Consumption included with black
spruce. - -

Other uses. In New England an oil is prepared by the steam distillae
Attty
tion of the.needles and twigs of white spruce, These oils are employed as

verfumes in greases and shoe blackings, and in liniments and other medicinal
prepavations. N

,ﬁ‘

Spruce gum is collected from treeg after 3 years of aging and used in
rcdicinel preparations and in chewing zum.

The pliab e roots are employed by the Indians for lacing birech bvark
canoes and for making woven baskets. .

Supply. See data under black spruce,




RED SPRUCE

Scientific Name., Picesa rubra Link,

Synonym. Yellow spruce.

FPamily Woame., Pinaceas,

Rapnge, Prince Edward Island; Nova Scotia and New Brumswick south
.2along the coast to Massachusetts and inland to northeastern Pennsylvaniag
south in the Appalachians to-Worth Carolina; north through central New
York and the Adlrondacks; Quebec in the region just north of the St.
Lowrence River to the Saguendy River. It is especially characteristic of
the mountainous regions in northern Wew York and northern New Engiand.

Dimensions.' 60 to 70 fb@% tallmand 12 Ep 24 inches in diameter.

Bark. 0.25 to 0 5 inch thick, separating into cloge, irregular, grayish
to roddishybrown gcales with reddish-brown inner layers.

Silvics. The trec has a long, cylindrical bole, a broad, short crown,
and a shallow, widespreading root system. Red spruce occurs in pure stands
or in groups, and also in mixture. It is found in swamps or bogs with
black spruce, tamarack, balsam fir, and red maple, but grows much faster
on better drained flats associated with balsam fir, hemlock, white pine,
and yellow birch. Pure groups are found on upper slopes where the soil
is very thin and rocky. The best growth, however, takes place in scattered
trees which occur throughout the northern hardwood mixture on higher ground,
In general, sandy loam soils with a great deal of moisture support the
best spruce, .

Gwoss Features of the Wood The wood of red spruce is soft, lustrous,
fine- to medium-graingd, fine-textured, nonresinous, without characterig-
tic odor or taste. The sapwood is not distinguilshable from the heartwood:
it is nearly vhite to pale yellow in color. The springwood zons is severasl
times wider than the summerwood; the summerwood zone is distinet with the
naked oye and ie¢ inclined to a more clearly defined figure than white
spruce whon flat sawn., In x-section the rays are very fine and are not
distinet with the naked oyc unless they include a horizontal resin canal;
in r-section they form a fine, cloge, inconspicuous fleck., Both longi- -
tudinal and horizontal resin canals are normally present. Tho longitudinal
canals, which are not ususlly visible with the naked eye but appear us
white flecks with a hand lens, are solitary or 2 or more contiguous in a
tangential row and irrsgularly distributed, The horizontal cenals are
smaller than the longitudinal ones but are visible with a hand lens on
the transverse surface. Parenchyms are absent.

Micfoscopic Structure

Tracheids., 15 to Y0 mu (average, 26 to 32 mu) -in diasmeter and 3.1 mm,
in length; bordered pits in one row or rarely paired on the radial walls;
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irnzential pitting present in last few rows of summerwood tracheids; pits
leading to ray parenchyma small, uniform in size, oval to angular \nic1form),
with distinet border, 1 to 6 (generally 2 to 4) per ray crossing; ray
tracheid pits present. Volume occupied, 94.8%.

Besin canals. TLongitudinal, 22 to_123 mu (average, 45 to 61 ma} in
diemeter; horizontal, less than 30 mu; thick-walled epithelial cells,
trlosoids. Volume occupisd, 0.2%.

Rays. Two types, uniseriate and fusiform; the uniseriate rays are
nuncrous, 1 to 30 cells (563 mu) high; the fusiform rays are scattered,
with one or rarely two horizontal resin canals, 2 to 3 seriate in the
centrel portion, tapering.to uniseriate margins, up to 39 cells (733 mu)
high; ray tracheids are present in all types of rays, usually restricted
to ong row on the upper and lower margins, with nondentate inner walls.
Six rays per mm., tangehtlally. on x-sectian and 32 rays per sq. mm. on
t=scction, Volume occupied, 5,0%. "

Longituﬂinal parenchyma. Absent, '

Wonmechanical, Physical Propertics

Specific gravity - greon volumo 0.38 e
: oven-dry volume 0.43
Density, 1b,/cu. ft. green ' 35
: : . alr-dry
oven~dry 27

Moisture content, whoen green: U3% based on oven-dry weight (30%
on green basis). .

Shrinkage, from green condition: v, 11.8%; r, 3.8%; t, 7.8%.
Hechanical Properties

Green Alr=dry

Comprossive stress at p.l, //, 1b,/sq. in. . 19750 . 3110
Compressive stress at p.l, lb.fsq. in. 280 500
Shear, maximum stress [/, lb./sq. in, 800 1235
Stotic bending FSPL, 1b./sq. in. 3000 ¢ 5500 4
Stotic bending E, 1b./sq. in. 1.32 x 10 1,45 x 10°
Static bending R, lb./sq. in, 5900 8900
Toughness, in. " _ 23

Hardness //, 1b, ' 440 .\660
Hardness /, 1b. 365 - k6o
Cleavability, 1b./in. width 180 275

Chemical Properties

Calorific value: 18,1 x 106 B.t.u., per air-dry cord.
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Proximate analysis:
Richter (1) Jahn end - Hajny and
© Sap Heart, wise (2) Ritter (3)

Ash, ¢ 0.25 0.93 -

Hot-water soly., % 2.52 3.39

#her soly., ‘ 0.72 0.87

Zenzene soly., % 0.61

Alecohol soly., % 1.11 1.06 - 1.25

Hethoxyl, % . h.56

Pentosans, % 9.1 10.5 11.5 ‘

Lignin, % - & . 28, L 29.8 30,0 26,6

C. & B, cellulose, % . 57.3% 60,3
Pentdsans (4), ¢ = . . -'m-n , 7.1 6.7
Alpha~cellulose (&), % - o £ 78.0 72.0.
Uronic anhydride (u) % S 2.0k
Methoxyl (L), 0.k2
Acetyl (L), % 1,51

Holocellulose, % 72.9
Pentosans (5), % 13,0
Acetyl (5), % 3.21
Methoxyl (5), 1.25
Uronic anhydride (5) 9 4,36

Mannans _ _ 4.7

(1) Ind. Brng. Chem, 33:78(1941); based on ovenwdry wood.

(2) raper Ind. 10:250{1928); based on oven-dry wood.

(E) Tech, Assoc. Papers 253 596(19h2) ‘based on extractive~free wood.
(L) Based on cellulose.

(5) Based on holocollulose.

* Dorels procedure [J. Ind. Eng. Chem. 11:556(1919)7.
'Pathologz. Sec same section uwnder black spruce.
Resistence to decay: low +.

Sevore defoliation of lower crowns of red spruce by ncedle cast is
not unusual,

Utiligation
Use properties: Similer to white spruce; although siightly harder,
heavier, and stronger, the difforonce is so small that no attempt is mado~
to seoparate them in marketing.

Lumber: Uses similar to those of white spruce, Red spruce is the -
- most important castern spruce in tho United States. :

Pulping: Similar to white and black spruece.

Supply. Sec data under black spruce.
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- SITKA SPRUCE

Scientific Name, Picea sitchensis (Bongard) Carrierve.

Synonym. Tidewater spruce.

~—

gggilz Yome, Pinaceas,

Range. A narrow (50 miles) belt from Cook's Inlet, Alaska, south along
tue coast and on neardby islands to Mendocino County, California. Commercial
operations are confined from sea level to 1200 feet, although the tree is
found at. elevations as great as 3000 feet, '

Dimensions. . 180 to 200 feet tall and 3.5 to 4.5 feat in diameter,

Bark:' Thih and rarely % inch thick. broken into thin, elliptical,
concave, loosely appressed ~'silvery-gray %o purplzsh—gray scales,

Silvics., Biltka spruce trees have a long, cylindrical bole, a& short,
rather open crown, and a very shallow, widesgpreading root system, This
spocics forms extepsive pure forests in certain sections and in others
occurs in mixture with both hardwoods and softwoods. In Alaska its chief
agsociate is westorn hemlock, whereas in British Coluwmbia, Washington,
and northwestern Oregon it often mingles with Douglas fir, western red
codar, silver fir, lowland white fir, red alder, bigleaf maple, and
northern black cottonweod; in southwestern Oregon and northwestern
California it is occasionally found with Port Orford cedar and rcdwocd.

Gross Features of the Wood. The wood of Sitka spruce can be sepnrcted
from that of other spruces bocause of the color of the heartwood., The
sapwood is creany white to light yellow, whercas the heartwood is light
pinicigsh yollow to pale brown with a purplish cast, darkening on exposure
to silvery brown with a faint tinge of red. The wood is soft, somewhat
lustrous, evon- and geonerally straight—grained, medium-textured, non-
rosinous, without characteristic teaste or odor. Tlat grain boards cxhibit
o digtinet but not conspicuous growth ring, The springwood zone is usunlly
one to two timos the width of the sunmerwood, In x-section the roys ore
very fine and are not visible with the nzked eye oxcept where they include
& horizontal resin ecanal, In r-section they are darker than the background
and form a fine, rather conspicuous fleck, Both longitudinal and horizon-
tal resin canals arc normally present, The longitudinal canals are fair-
1y lovgo, appearing as white flecks in the dark heartwood with the naked
eye, sparse to falrly numerous, solitary or 2 or more contiguous tangonti-
ally and irregularly distributod. The horigontoel canals are smaller than
the longitudinal but are visidble against the dark background of hoartwood
s whitish rays., Parenchyma are absent,

Microscopic Structure

Tracheids. 18 to 62 nu (average, 36 mu) in diameter and 5.7 um,
in length; bordered pits are in 1 to 2 rows on the radial walls; tangential
pitting present in the last few rows of summerwood tracheids; pits leading
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to ray parenchyma small, unifornm iﬁusiée, oval tb angular {piciform) with
distinct border, 1 to 4 (generally 2 to 3) per ray crossing; ray tracheid
pits present. Volume occupied, 92,5%.

Resin canals., Longitudinal, 58 to 120 mu (average, 87 mu) in diameter;
horizontal, less tham 35 mu; thick-walled ep1thelial cells, tylosoids,
Tolume occupied, 0.3%,

Rays. Two types, uniseriate and fusiform; the uniseriate rays are
nunerous, 1 to 53 cells (94l mu) high; the fusiform rays are scattered,
with & horizontal resin ganal, 3 to 5 soriate in the central portion,
tapering to uniseriate mergins, up to 60 cells (1060 mu) high; ray
tracheids are present in .both types of rays, usually restricted to one
row on the upper and léwer nargins, with nondentate inner walls. Ray
parcnchyma in the heartwood gonerally with gummy infiltration., Five rays
per mi. tangentially on. X~-section and 20 rays per sq. mm. on t-section.
Volume oceupied, 7.2%. £ ’

-

Longjtudinal“parenchyma. Abgent, -

Nonmechanieal Physical Properties

Specific gravity " green volume 0,37 -
- oven-dry volume 0.42
Density, 1b./cu. ft. green 33
air-dry ' 26
" oven-dry’ 26

Moisture content, when green: 429 bosed on oven-dry weizht (304 on
green basis),

Shrinkage, from grecn condition: #, 11,5%; r, 4.3%; &, 7.5%.

Thormal conductivity: 0,68 B.t.u./hr./sq. ft. with 1° F. gradient/
inch thickness.

Electrical resistancoé 22,400 megohms at 7% moisture content,
165 megohms at 12% moisture contoent.

Mechanical Propertics

Green Alr«dry
Tensile strength /, 1b./sq. in, - 370
Compressive stress at p.l. //, 1b./sq. in, 22L0 L4780
Corpressive stress at p.Ll._f, 1b./sq. in. 340 ' 71C
Shear, maxirum stress //, 1b./sq. in. 760 1150
Static bending FSPL, 1b./sq. in. 3300 ¢ 6700 6
Static bending B, 1b./sq. in. 1.23 x 10° 1,57 x 10
Static berding R, lb./sq. in, . .. 5700 10,200
Toughness, in. - 2k e5
Hardness //, 1b. 430 760
Hardness /, 1b. 350 510

Cleavability, 1b./in. width 165 220-
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Chemical Properties

Calorific value: 15.9 x 106 B.t.u., per air-dry cord.

Proximste anaiysis:

ki

¥.P.L. Bloom, Jahn, and Wise (1)

Hot-water soly., %. 540 2.8

Ether soly., % - 0.8 0.3
Alcohol-benzene soly,, 4 .- ~ UL,5 2.3

1% NaOH soly., % ‘ 1.9

Pentosans, % . R 9.0 8.1

Iignin, % ° . ) ‘29,6 27.4

C. & B. cellulose, % . B0.5 63.3
Alpha-cellulose, 4  *-»~  "L4.B ~

e £
1. Paper Trade J. 115, no. 10:33-L0(Sept. 3, 1942); this article also
includes data on ethanolamine cellulose and the correlation between the
number of chlorinations and ligrin content in C, % B, cellulose.

?

Pathologz

Resistance to decay: low +..

Red ring rot, rcd heart (Fomes pini) in heartwood. Red root rot
(Polyporus circinatus) in living heartwood. Red stain discoloration
occurring on rough lumber, Red-~brown butt rot in hoartwood of living
trecs caused by Polyporus schweinitgzii, White mottled rot caused in
dead timbor by Fomes applanatus, '

Asemum atrum - spruce borer common in Northwest; Buprestis aurulonta -
the golden buprestid; Dendroctonus obesus ~ Sitke spruce heetle;
Dryocoetos affaber - hark beotle; Gnathotrichus sulcatus -~ ambrosia,
wood stainer of snpwood: Ips concinpus - engravoer beetlo in bark kills
trec; Melanophila drummondi -~ cambium minor; Peronca veriana - hemleclk
budworm, pertial defoliator: Pissodesg sitchensis - woevil, greetly in-
Jarious at timess Xylotrechus unduletus = beetle,

gpilization

Use properties. Works easily and tckes o smooth silvery finish;
noils without splitting end holds nails well; tokes paints and enamels
well; excellent gluing properties; large clear timber available; resilient,

Lumber. Washington, Oregon, and Cnlifornia, Airplane constructién

- (29), mi1Iwork (204), sounding bonrds (29), lodder sides, boats, boxes
and crates (50%), woodenwere, ond noveltics. Average annual production

for 1928-1937 period was 179 million bd, ft, : :

Pulping., Similar to white spruce although slightly coarser in toxture;
mechanical pulp slightly grayish in color. Yiclds: sulfite, b9%; sulfato,
Ug4: sode,¥42%; mechanicel, 9%%. Average anmual consumption for 1926-1935
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vericd was 85,000 cords in United States.

Supply. In 1930, the volume of saw timber was estimated at 11.6
hillion bd. ft. for United States, 16,1 billion bd. ft. for British
Columbia, and 18.5 billion bd., ft. for Alaska, Hore récently the United
Stutes stand has been ‘estimated at 2.6 billion cu. ft.- .




22

JACK PINE

Scientific Name. - Pinus banksiana Lambert.

Synonyms. Scrub p;ne,'gray pine, Banks pine.

!

Familz Name, Pinaceaze. o

Range. Nssentislly a Canadian and Lake States species. Fron the 3t.
fnwrence River just below Anticosti Island northwest to within 100 miles
oi the east side of Jemes Bay, around James Bay and Budson Bay to wost
rentral Mackenzie and extrome southeastern Yukon and northeastern British
Columbia, eagt through cenbtral Alberta and Saskatchewan, south central
Manitoba, central Minnesota, Southern Wisconsin, contral Michigan, south-
enstern Ontorio, northerr Wew York, Vormont and New Hampshire, to Maine
and, Now Brunswick, S

Dinmensions. 60 to 7¢ faeot tall and 10 to 20 inchos in diametor.

Bark, Thin end brown, slightly tinged with red or dark gray, and -
irrcguiarly divided into scaly ridges: wvolume, 9.81.

Silvics. Tho tree hns a scrrgegly appearance and prunes very noorly;
tho root systom is widespreading and noderately deep., Jack pine is a
pionecr tree and occurs in pure stands, or in open mixtures with aspen
and white dirch on dry, sandy soils.

Gross Featurcs of the Wood, Tho sapwood of- Jack plne is white with
a yellow tinge, ond the heartwood has a roddish tinge. The wood is
mediun hard, It has a resinous, nonchoracteristic odor and no character-
istic toste. The springwood zone is usually much widor than the darker’
colorcd summerwood; the transition is more or léss abrupt. Flat sawn
boards exhibit a distinet but not conspicuwous growth ring. In x-scction
tha roays are very fine, not visible with the naked eye, and forn o fing,
clogo, inconsplcuous flock on tho guarter surfaco. 3Both longitudlnal
and horizontal resin ecanzls are present and relatively inconspicuous with
the ncked eye, Paronchyma are absent,

Hicroscople Strucgturoc

Pracheids. Average, 28 to b0 m. in diameter and 2.4 mn, in longths,
bordered pits in one row, rarely two on tho radial walls; tangential
pitting absent; pits leading to ray parcenchynn varisdble in shape and glze,
1 to 7 per ray crossing (generally 2 to B); ray tracheic pits small ond
rogular in form, with distinct border.

Resin canals, Longitudinal, 59 to 126 nu (average, & to 95 mu) in
Jiameter; horizontsl conals smaller; thin-wnllcd cpithelilal colls.

Rays. Two types, uniseriate and fusiforn; unisoriate rays NUmerous,
ap to 27 cells {562 mw) high; fusiform rays scattered, 2 to 3 seriate in
tho central portion, tapering to uniseriste meargins, uwp to 29 cells
(575 mw) high., Ray tracheids both marginal and interspersod, the intor-




Jack Pine 23

sporsed usually being found in;the-hiéher rays; dentate inner walls,
Five rays per mm, tangentially on the x-section and 27 per sq. mm, on the
t=ngction.

Tongitulinal parenchyma, Absent,

Ponmechanical Physicai Properties

Specific zravity green volume O.Eg
' oven=-dry Yolume o,u

Density, lh./eu. ft. " green ’ : KO

) A oven-dry 29

.'.A . _-‘h
Hoisture content, whan greoen:

: 105% based on oven-dry weight (51%
on green basis), € e :

. e -
Shrinksge, from green-condition; v, 10,U%; r, 3.4%; t, 6.5%.

Mochanicsl Propertios

, Green Alr-dry
Comprossive stress at p.l(-//, 1b./sq. in. 2180 BUGO
Compressive stress at p.l. /, 1b./sq. in. . . 380 820
Shear, maximum stress //, 1b./sq. in, 760 1120 -
Static bending ¥SPL, 1b./eq. 1in, 3000 . 5000 .
Static bending B, 1b./sq. in. 0.92 x 10° 1.22 x 10
Static bending R, 1lb./sq. in. ° ' 5400 7900
Toughnoss, in. o 0 35
Bardness //, 1b. ' 380 660
Hardness /, 1b. ‘ 370 . 5%
Cleavability, lb./in. width 180 200

Chemical Prdperties

6

Calorifiec value, 21.6 x 10° B.t.u. per air-dry cord,
Fther soly., 2.70, 3.2W, 2.37, 1.91%,
Aleohol soly., 0.99, 1.7l 0.77%.

Hot-water soly,, 5.98%.




Proximate onalysis:

' Chidestor and
Chidester, et al.(1l) HcGovern (2)
F.P.L. P.P.L. F.P.L. Top Middle Butt Sop  Hoart

—

Hot-wator soly., % 4.3 3,1 3,7 3.1 3,0 E.G

1.9 .35~
. Bthoer SOl,V., % 2.1 2.]4 2e . 2.9 1'6 502
Aleoholebenzenoe soly.. % 3, g L2 a 4,0 e 6.5 7.5
Pentosans, @ - 14,0 . L0 14,0 12,6 12,2 13.2°
Lignin, % 27.0° 29,9 28,5 27,5 27,0 26. 27.0  25,5-
G, & B, collulose, % 5% 53,3 58,7 56.8_ 58.0 57 53e2 55,27
Pentosans, % - T 11,3 1l.2 10,8 8,7 11,1
;xm a=cellulose, % : * 42,8 k0 M2.2 Ml M40 39.3
1% YoOH qo’:l.y., % 134 13.9 13,2 12,9 1k.g2 12,9 15,7

Doto on holocollulose and C, & B. cellulose (3}

Folocellulosc {based on cxtractivo-fres ovon-dry wood), % 72.5
Alpha~collulose) % . 68, 3
Pentosans, % . 15,0%
Acetyl, % B 2,68
Methoxyl, & ' 1,0k
Uronic anhydride, % },00%

C. & B. colluloso (based on oxtractive-froe ovon-dry wood), % 5843
Péntosans. % L 6, Gwn
Acotyl, % 1,75%*
Methoxyl, ‘;; . 0, T**
Uronic anhydride, % . ' - 1,88w%

1. Papor Tradc J. 109, no. 13:36-42(Sopt, 28, 1939),
2. Paper Trade J. 110, no. 10:3%-L42(March 7, 10H0).
3. EHojny and Ritter, Tech, Assoc. Papers 25:5%(19u2).

* Bnsed on holoccllulese,
% Baged on ¢, and B, cellulose.

Pathologg
Rosistanco $o docay: moderately durablo.

Red heart rot is caused by Fomes pinis brown smp staing "red stain!
caused by an unimown fungus, :

-

Spruce hudworn is & serious past on open-grown stands, ospecially
working in conjunction with Jack pine sawfly; Jack pine tip moth.
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Utilization

Use properties, Works well; finishes well: holds nails well; seasons
without difficulty; low, wniform shrinkage.

Lunber, -Boxesland crates, ties.
Other uses. Ties, poles, postsg, and piles,

Pulping. Sulfate reduceg readily; unbleached pulp very strong and of
fine structure; yield, 4T#,.-

Tields: sulfite, MG% aod.a L2, mecbanical 95%.

Supply. rnotal stand of whlto, red, ond jJack pine in New England and
the Lako Statts was 50 miltion eords (1932); Y6 million cu., ft. in Upper

lchigan (1935): 15.6 billion cu., ft, of ﬁack and lodgepole pines in
Cenada (1935). |
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LONGLEAF PINE

Scientific Name. Pinus palugtrig Miller,

Synonyms. Southern yellow pine, southern pine, yellow pine, hard pine,

Fanily Wame. Pinaceae.

FRange. - Southern coagtal plain from southeastern Virginie to eastern
Louisiena, with the exception of southern Florida, and inland to central
Georgia, north central Alahsia, and central and southern’ Mississippi.
Algo in western Louisliana and extremne oastern Texas,

Dimensions. 780 to 120 feet?tall and 2 to 2.5 feot in diamecter,
u - - ) .‘ .
Bark., Coarsely scaly,'ﬁith rough.platgg on clder trees; volume, 11.6%.

Silvics. Longleaf pine is a medium-sized to large tree with a long,
clear bole, a small, open crown, and a very doep taproot with many widew
spreading, well-developed laterals. Best growth is made on welledrained
sandy soils. In the southern part of its range this species often
occupies low ridges or knolls, whereas slash pine is found in the nore
noist places, Pure open stands are typical with a small accurdation of
neaedlecs or ahort grasscs on the ground.

gross Features of the Wood. The wood of longleaf pine cannot bo
scperated from that of the other southern yollow pines; hence, the
folloW1nh description end the data under nicroscopic structuro will
suffice for all, .

The sapwoed is nearly whito to yellowish, orange white or pale
yollow, and the heartwood ranges through shades of yellow and orarge to
reddish brown or light brown. The wood is hard and moderately heavy to
heavy, .with a distinet resinous, noncharacteristic vder, and without a
characteristic taste. The transition from springwood to summerwood le
very obrupt, but the widths of each vary within wide limits. A distinect
growth ring figure is present. Rays are very fine and are not visible
with the naked oye except where they include a horizontal resin ccnal,
forming & fine, close, inconspicuous fleck on the quarter surface, Both
longitudinel ond horizontal resin canals arc prescnt., The longitudinal
ones appear aAs whitish or brownish flocks which are conspicuous or
relatively conspicuous with the naked eys, plainly distinct with a hond
lens, numerous, coafined largely to the central and outer portions of
the ring, solitary or rarely 2 to 3 contiguous in & tangential line,
generally visible as relatively inconspicuous strcaks along the grain.
Horizontal rays are less concpicuous and appear &s whitish, rolatively
inconspicuous wood rays spaced at irregular intervals on the transverﬂe
surface, Longitudinal parenchyma are absent.
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Mieroscopic Structure

Tracheids., Average, 35 to 45 ma in diemeter and 3.7 mm. in length;
boxrdered pits in one row or not infrequently paired on the radial walls;
tangential pitting absent; pits leading to ray parenchyma variable in
size and shape, 1 to 6 (generally 2 to §) per ray crossing; ray trachsid
pitg small and uniform in size, marginal and interspersed. Volume occupled,
90. k.

Resin cannls., Longitudtnal, 90 to 150 mu in diameter; horizontal,
less than 70 mu; thin-walled opithelial colls; tylosoids common in the
Lieartwood. ?olume occupied, . 8%

Rays. Two tvpes. uniseriate and fusiform. ™e uniseriate rays ore
rumerous and 1 to &+ cells High,. “The fusiform rays are scottered, with
» horizontal resian canal, 2 to L acriate £ the contral portion, taporing
to uniseriate margins, up Yo 12+ cells high, Ray tracheids occur in both
tynes of rays, marginal and interspersed; dentate inner walls; marginal
oand lnterspersed tracheids often in several rows; low rays frequontly

consisting entirely of ray trMcheids- ray parenchyma thin-walled., Volumo
cccupled, £.44, ) )

Yonmechanical Physical Properties

Specific gravity green volume 0.54
oven~dry volume 0.62

" Density, lb./cu. ft. - green 5%
over~dry - 38

Moisture content, when green° 63% based én oven-dry weight (39% on
greon basie), . '

Shrinkage from green condition: v, 12.8%; r, 5.1%; +, 7.5%.

Thermal conductivity: ©0.96 B.t.w./hr./sq. ft. with 1° F. gredicent/
inch thickness.

Blectrical rosistance: 25, 000 megchms at 7% moisture content.
270 mogohns at 12% moisture content,
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Mechanieal Propertieg

Green Alr-dry

Tensilq_é, 1b./sq. in. 330 . hyo
Compressive stress et p.l. //, 1b./sq. in. 3430 6150
Compressive stress at p. 1a_£' 1b./sq. in. 590 ‘1190
Shear, maximum stress //. 1b./sq. in. 1040 1500
Static bending FSPL, lb./sq. in, 5200 ¢ 9300 ¢
Static bending B, 1b,/sq. in, 1.60 x 10 1,99 x 10
Static bending R, lb./sq. in. . 8700 1L, 700
Toughness, in. 75 34
Hardness //, 1bv, = . ‘550 . 920
Hardness _[% 1v. - : 590 870
Gleavability. 1b./in. w1dth3 210 . 270

Chemical Properties

R

¥

Composition of ash: KgO, 10.3; Nay0,.2.3; 0a0, 37.2i Mg0, 4.2;
Po05, 2.7; 505, h.3i Cl, 0.2; 8105, RN Fo,03, 2.8; C, 1.1;
€o,, 31.5%. ' |

Calorific value: 22.0 x 106 B.t,u. per air-dry cord.

Destructive distillation: 35 gallons of crude tars and oils and
345 pounds of charcoal per ton. . _

Ethanol production: 25 gallons per ton,

Proximate analysis:

Chidestor,
ot al, (1) F.P.L. F.P.L.

hsh, & ‘ 0.37
Hot-water soly., % - 2.4 7.15 2.1
Cold-water soly., % g 6.20
14 NaOH soly., % 11.1 22.4
Tther soly., $ 2,9 6.32 2.1
Alcohol-benzene soly., % = U3
Acetic acig, 0.76
Methoxyl, % 5.05
Pentosans, % 12,4 - 11.1
¢. & B, collulose, % 58,8 5845 58.6

Pentosans, $. 10,2 8.87
Alpha~cellulose, % Ll 3
Lignin, % 27,9 - 30.8
Marmen, % 4,75 '

1. Paper Trade J. 107, no. 4:37(July 28, 1938).
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Pathology

Resistance to decay: Iintermediate.

Blue stain caused by Ceratostomella is very common in logs and lumbor.

Buprestis apricang beetle attacks injurgh, dying and dead pines;
Clalcophore beetles mine wood; black turpentine beetle (Dendroctonus
Exgpbransj; engraver beetles {Ips calligraphus end I,_grandicollis);

Utilization e

Use properties. Hard, heavy, durable, stiff, strong, tough; the
less densd type holds nails well) does not split easily, takes paint well,

Lumber. PIaning'mill‘prpductsmfframing. gheathing, trip, sash, doors,
ote.), heavy construction, bridges, poles, ﬁiles, ties, posts, boxas and
crates, flooring, props, tanks, silos, furnitwre, paving blocks, ships,
vohicles.

_ Pulping. TYiclds: sulfite, U8%; sulfate, 48%; soda, L0%; mechanicael,
95%. o L
Other uses. Turpentine and rosin (gum and wood)., Steam solvent?

6.5 gallons of turpontine, 6.2 gallons of pine oil, and 350 pounds of
rosin per ton of stumpwood,

Supply
625 million cords of all speciocs of southern yellow pins in 1433.
3.3 million cords in emstern Texas (1935), .
270 million cu, ft. in eastern Texas (1935),

1 billion bd. ft. in northeastorn Florida (1934).
1.5 billion bd, ft. in southern Georgia (193U).




SLASE PINE

Scientific Name, Pinus caribaea Morelet._

Synonym. Swemp pine. . .

Famlly Name., Pinaceas.

Raunge. Southern tip of South Cerolina through central Georgia, south
cratral Alabema, southern Mississippi to eastern tip of Louisiana, Also
j: the Bahamas, Isle of Pines, Cuba, Honduras, and eastern Cuatemala,

Dinensions, 80 to 9o'feetfta11 and 2 feet in diameter,
. }
Bark, Deeply furrowed on young treas, later becoming olated and 0,75 to
.561nches thick, with thih~paperv, orangoe or silvery scales; volume,
1)0 e . * ‘é

Silvics, Slash pine has a long, cylindrical bole, a dense rounded
erown, and a deep root system. In o0ld stands this species occuples the
moist depressions, bpt on cutover lands it is very aggressive and quickly
takes over abandoned land which is at a2ll moist.

Gross Features of the Wood. The, wood canﬁo% be separated from that of
the other southern yellow pines. See description under longleaf pine,

Hicroscopic Structure. See longleaf pine except for the following detas

Pracheids. 2& to 58 mu (average, h3 ma) in diameter,

Resin canals., 185 to 296 mu (average, 185 to 220 mu) in diameter,

Rays. Uniseriate, up to 16 cellis (385 mu) high; fusiform, wp to
27 cells (666 mu) high; 20 rays por sq. mm, on tangential surfacc.

Nonmechanlcal Physlcal Properties

Specific gravity - green volume _ 0.56
: ' oven-dry volume 0.66

' Density, 1b./cu. ft, green 58
oven=dry n

Hoisture content, when green: 66% based on oven-dry weight (%07% on
green basis).

Shrinkage, from green condition: v, 12.2%; r, 5.5%; +t, 7.8%.




-~ -Sl&sh Pine

Mechanical Pronertieg

Tensile /, 1b./sq. in.

Compressive stress at p.l. //, 1b./sq. in.

Compressive stress at p.l. /,
Shear, meximum stress //, 1%./sq. in.
Static bending FSPL, 1b./sq. in.
Static bending B, 1b./sq. in.

Static bending R,.-1b./sq. in.
Toughness, in,
Hardness //, 1b.- .
Hardness /, 1b,
Cleavab111ty, 1b. /in. width

Chenical P:_geruies, ' £

Destructive distillation: Tar, oil,

Proximat? analysis; -

" Schwartz and
. Bray (1)

Hot-water soly., % 3.9
Ether soly., % Hel
Alcohol=benzene soly., 4 bl
Fontosans, % 9,1
Lignin, % 24,9
Uronic acids, %
‘C. & B. cellulose, % 58.7

Pentosans, % _ 7.5
Alpha-cellulose, % 47.6
1% NaOH soly., % 14,7

Mannan, %

1b./s2q. in,

Green -

400
3040
£80
1000
5100 ¢

1.58 z 10

charcoal,

Chidester,

st 2l.(2)

1 9

8900
600

630
230

¥.P.L,
3.6
3.3
27.6
59,8

7450

3l

Alpadry

570
Eego
1390
1730
Q800

2,06 x 108

15,900

1080
1010 ¢
230

Hax (3)

2427 [Fower ome
2.99 | Row
12.6

28.2

0.55

Hike 5

Somposition of ather extractives.(based on original wood) (3):

Unsaponifiables, %

Rogin acids, % "
Saturated fatty acids, 3
Unsaturated fatty acids, %

Greon Wood

0,26
0.97 -
0.05
0.82

1. Paper Trado J. 113, no. 10:33(Sept. 4, 19ul).
2, Paper Trade J. 107, no. U: 37(July 28, 1938),

3, Ph. D.

h051s, The Institute of Paper Chenistry, 1943.

Sonsoned Wbod_

0,19
0,64
0,0

. Oub




."$lash Pine’ 32

Pothology

Resistnance to deczy: intermediante,

Twig ond braneh girdling conker (Atropellis tingens).
Utiilzotion. Similar to longleef pine, including turpentine and rosin,

Supply

625 million cords of all species of southern yellow pine in 1937,
1.6 billion bd..ft. in northeastorn Florida (1934),
2.7 billiom bd. ¥t, in southern Georgta (1934).

-
. : .
&';




' LOBLOLLY PINE

Scientific Name, Pinus taeda Linnaeus,

Synonyn, 01dfield pine, o

Familx Wane, Pinaceae,

Renge. Central Delaware south to central Florida and west to south~
cnatbern Texas:; thence horth to southesstern Oklahoma, central Arkansas,
olong the southern boundary of Tennesses to central North Carolins, and
unrth on the coastal ﬁia}n. Not found in tho bottomlands of the Mississipni
Hiver. ; - '

- : P _—
Dimensions. 90 to 110 feet talleand 2 to 2.5 foet irn dlameter.

Bark, Variable, on young trees scaly and nearly black; later 0,75 to
2.0 inches thick, with irregular brownish blocks; on very old irees with
reddish-brown scaly plates similar te those on shortleaf pine or red pine;
volunme, 10.53.

S3lvics, The tree is medium-gized to large, with a long, c¢ylindrical
bole, an open crown, and an extensive lateral root system. In virgin
stands loblolly pine was found typically with hardwoods along streams,
or in the bottoms, On drler soils nearly pure stands occurred, and
throughout its range various mixtures werc found with the other southern
pines. On cutover lands this specios has spread remarkably and is espccially
oggressive in forming pure stands on old fields. _ N

Gross Features of the Wood, Similar to longleaf pine,

Microscopic Structure. 8ee longleaf pine, oxcept for the following data:

Tracheids, 28 to 53 mu (overage, 38 mu) in diameter,

5. Uniseriate, wp to 19 celis (496 mu) high; fusiform,uwp to 25
cells (651 mu) high.

¥onnechanical Physical Propertios

Specific gravity . green volume R
. oven-dry volume 0.5k

Density, 1b./ecu. ft. groen . o 52
oven-dry 34

Moisture contont, whon greem:  81% based on oven~dry veight (455
on green basis). '

Shrinkago, from green conditisn: v, 12,3%: r, 4.8% t, 7.4%.




" Lodlolly Pine

kechanical Properties

Tensile /, 1b./sq. in,

Compressive stress at p.l. //, .1b./sq. in,
Compressive stress at p.l. /, 1b./sq. in.
Shear, maximum stress //, 1b./sg. in.
Static bending FSPL, 1b./sq. in,

Static bYending E, 1b./sq. in.

Static vending Ry 1b./sq. in.

Toughness, in,

Hardness //, 1b, ¢

Hardness /, 1b, } -

Cleavability, 1b./in. width

Chemical Properties £

See following page.

Pathologxp

Resistance to decey: intermediate,

Green

260
2550
4go
850
4100
1.1 x 100
7300

30
420
%50
180

34

Air-dry

%70
1820
980
1370
7800 6
1,8 x 10
12,800
30
150
690
270

Nantuckoﬁ tip moth attacks young trees; southern pire bark boetle.

Bastern gall rust and southern fusiform rust prevalent in stands con-

taining serub oak, the alternate host.

Utilization,

Use propertiss, lupber, and pulping similar to longleaf pine.

Supply

625 million cords of all species of southern yellow pine in 1933,
717 million bd, ft. in northeastorn Florida (1934).
4,5 billion bd, %, in eastern Texas (1935).

2 billion bd., ft. in southern Georgia (1934),

e e e e P kL L Ll
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Tremical Pronerties

| Proximate analysis:

Hot-water soly., %
Cold-water sol_y.. 5‘5
Ether soly.. % .
Alcohol-benzene soly., %
1% NaOH soly., % -
Acetic acid, %
Yiethoxyl, %
Pentosans, %
Lignin, %
Uronic acids, %
C. & B. cellulose, %
Pentosans, %
Alpha-cellulose, %
Mannan, 5

1. Paper Trade J. 107, no. 4:37(July 28, 1938).

F.P.L.
1.8
1.9

2.-{
9.9

12,4
28.3
8.1
45.7

5410

Chidester,

et al, (1)

3.1

2.5

3.8
13.4

\J1 =

M AD MO [ AV}
. . .
A RV -t oy

2. Tech. Assoc. Papers 25:679(19h2),
3. Ph..D. thesis, The Institute of Paper Chemistry, 1943.
. Ind. Eng. Chem.18:608{1926}.

Seasoned ™
Heartwood (2)

4,6

Ritter and Fleck (%)

) Sapwood
Max (3} Spring Sumer
L.ou 3J49 2,97
<t 3.28 ;2.18
1.83 - ‘
2,716 . -
“11.1 11,0
1,28 1.b01
- k4,085 L.18
8.8 11.6 - 11.1
27.1 + 28.1 26.8
0.79 -
5S9.0 58,1 61.2
8-78 ! 8.69 )

Heartwood
Spring Summer
7.16 644
7'5 706‘u
18,1 2] .2
1.00 111
6.17 6.88°
12.8 12.1°
46.3 2u.2
53.4  52.9
11.5 11.2

ourg ATT0TqOT
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" SHORTLEAP PINB

Seientbifi~ Wane, Pinus echinata Miller,

Syneayn.  Yedlow pine.

——

Haily Kame. Pinaceac.

Range. Staten Island wost Shrough central Pennsylvania, southern Oilo,
consral Kentvcky, southern Missouri, eastern Oklahoma, and eastern Texes.
it doses not grow ncar the Gulf Coast, in tho higher Appalacbians, or in
b immgdiate vicinity of the Migsissippl River,

Dirensions. 80 to 100 Jfeot tall and 2 to 3 feet in diameter,

Bork, Nbarly blapk, rou&hly sdalV, with snall surface pockets or holes

on spall trees; later reddish brovm ond broken into irregular flat plates,
scnly on tho surface; volumc, 1l,9%.

Silvics, The tree is mediun-sized to large with a clear woll-forned.
bols, & small narrowly pyramidal crown, and o very deep taproot. This
spocies is most common in pure or mixed stands om dry uwpland soils, On’

morc moist solls, it is froquently associated with red gum and bittnrnut
hickory,

Gross Fedturcs of tho Weod. See longleaf pine,

Microgcoplc Structuwre. See longleaf pino.

Nonnechanical Physical Pronorties

Specific grovity ~ green volune 0.46
' oven-dry voluma 0.54

Density, 1b./cu. ft. E greoen . ' . B2
x oven-dry _ 34

Moisture contont, when green: 817 bascd on oven-dry weight (5%
on ~roen bosis),

Shrinkage, fron groea condition: v, 12,35 v, W43 ¢, T.7%

Thermol conductivity: 0,98 B.t.w./hr./sq. ft. with 1° F. gradient/
ineh thickness, L
Electrical resistonco: 13,600 megohms at 7% molsture content,
255 negohns at 12% moisture content.


ITonmocha.ni.cal

" ‘Shortleaf Pine 37
iHechanical Properties
Green Alr~dry
Tensile_/, 1b,/sq. in, 320 u70
Compressive stress at p.l. //y 1b./sq. in, 2500 50
Compressive stress at p.l., /, 1%./sq. in, ko 1000
Shear, maximum gtress //, 1b./sq. in, 850 1310
Static bending FSPL, 1b./sq. in, 3900 ¢ 7700 .
Static bending B, 1b./sq. in. - 1,39 x 10° 1,76 x 10
Static bending“R, 1b./sq. in. 7300 12, 00
Toughness, in, . ' 30 13
Hardness //, I 110 750
Ha.rdness_[, 1b, ! Lo 690
pleava’oilitg,ﬂlb.fin, width 200 270
Chenical Properties £
Proximate analysisy
' T o Chidester, _
' : ot al. (1) TWP.Le
Hot~-water GOIY'. % : . 2.1 2.6
Ether soly., % 243 2.0
Alcohol~bonzeno soly., % 3.0
Pentosans, % . - 12,1
Lignin, % 26,14 29.0
" 0. & B, cellulose, % 62,2 58,8
Pentosans, ¢ . 9,5
Alvha~colluloso, % 47.2
14 NaOE soly., % 11,2

1. Paper Tfaae J. 107, no;’ﬁ:37(July_28, 1938).
Pathology
Rosistance to deéay: int;rmediato.
Wantucket tip moth attacks young trees.,
Jtilization .
Use praperties, 1umbar;“and pulping sinilar to longleaf pine.

Sugﬁlz

625 million cords of ell spccies of southern yellow pine (1933).
1.9 billion bd. ft. in castern Toxas (1935), '
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_.mdmm PINE

Scientific Name., ZPinus virginiana Miller,

Synonyms. ,Scfub pine, Jersoy pine,

Family Name. Pinaceae.

HBange. Long Island through north central Pennsylvania and southern Qhio
ty southern Indiana; south to central Alabama and cast %o Savannah.

-

Dimensions. 30 tdlho foet tall and 12 to 15 inches in diameter,
Bark.: Bark thin aﬁﬁ;smooth. eventually scaly-plated.

" gilvics. This wpecies Is.chiefly characterized by its ability to grow
on the poorest of dry.soils; abanddnoed farm lands in many localitios supgort
pure stands, Seed is produced in abundancc and shows a high percentage of
gormination, The trsde has a shallow root system at maturity.

Physical Properties -
Density, 1b./cu. ft. oven~dry 26 ‘
Utilization ' ‘

Sulfate process rodnses rapidly; yield, U5 to 50% strong
pulp; 3 Ts;lil' Hﬁl@ﬁ for bleaching,

Lumber, Little used uxcept perhaps locally,
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~ 'SPRUCE PINE

Scientific Name. Pinug glabra Walter,

Synonym, White pine. -
Family Name, Pinaceae,

ggggg. COast region from South Carolina (Santee River) to northern
M orida to northeastern Louisigna,
Dimensions.‘ZSO'%b 90 feet tall and 2 to 2-1/2 feet in diameter.

. Bark. Bark is gray,-qp old trees clogely furrowed, with narrow riagcs.{

qilvics. 1t dcewrs as a scattéreﬁ tree, or occeasionslly in p»ure groups,
on Toist, fresh, sandy loam soils intermediatz botween tho dry sandy soils
of the pine lands and thosge of alluvial origin in the bottoms, Commeonly
sgeociated with cucumher magnolia, red gum, beech, hickory, ahortleaf and
loblolly pines.




HED PINE

Scientific Name, Pinus resinosa Aiton,

Synonym, Forway pine,

et d

Fearly ¥ame, Pinaceae.
Pangs. Gentral Kova Scosia through all ¥ew Brunswick, southern Quebec,
central Ontario o souxhggstern Manitoba: scuth and east through couthe
craiera Minnesota, central Wigconsin and Michigan, southern Ontario,
northeastern‘Ohio, gouth 'central Pennsylvenia, and northeast to the vicinity
of Bystens | . : \

Dimensisns. 50 tOrEO.feeh“tall and 2 to 3 feet in dismeter.
fu
Bork, Flaky and orango red on young trses, evontually breaking wp into
levge, Tfiat, reddish-brown, suporficislly scaly plates irrcgrlarly
dinmond-shaped in outline.

Silvics. Thb tree has a symmetrical oval erown, a woll-formed, long,
cylindrical bole, and a spresding root system. TFormerly magnificent purc
and mixed stands grew in tho Loko States, Now on cutover lands red pine
appeers to be following jock pine and is often found in mixture with it,

Lo

Gross Features of the Wood. Tho sopwood is white to yellowish, and the
heartwood is light red to orange brown or roddish brown. The wood is
moderately hord and moderatecly heavy, and has a fairly strong, roesinous,
noncharacteristic odor, without a characteristic taste. The springwood
zone is generally wide; the transition from springwood to swnmerwood is
more or-less abrupt; the summerwood zone is narrow to fairly wide, darker
and appreciably denser than the springwood zone. TFlat grain boards ex-
hibit & distinet, inconspicuous growth ring. In the x—section the rays
are very fine, not visible with the naked coyo, appearing whitish with a
lens where they contain a horlzontal resin canal, and forming & fine,
closa, incongpicuous fleck on the radizl surfzce. Both longitudinel and
horizontal resin canals are present. The longiltudinal crnals arc reletively
inconspicuous with the naked cye, appearing as minute, brownish flecks,
relatively conspicuous with a hand lens, numorous, confined largely to
the central and outer parts of the ring, ‘solitary or rarely 2 to 3 con-
tizuous in 2 tangential line, not visible or forming relatively inconspie-
uous streaks along the groin. The horizontrl cannls are less consplceuous
than the longitudinal canals, appearing as whitish, radial linos spaced
at irregular intervals on the transverse surface., Longitudinal parenchynra
are absent. -

iicroscopic Structure

Tracheids. 22 to 40 mu {(average, 27 to 32 mm) in diameter and 3.4
mia, in length; bordered pits in one or twe rows on the radial walls;
tangential pitting absent or very sporadic in the last few rows of suwmor-
wood trocheids; pits leading to ray paronchyma large, windowlike, 1 to 2




‘Red Pine o)

ostly 1) per ray crdgsing} fay tracheid pits small and uniform in size,

Resin canals, 67 to 104 mu (average, 89 mu) in diameter; horizontal,
“unally less then 50 rmu; thin-walled epithelial cells; freqnently occluded
with tylosoids in the heartwood.

-

Rays. Two types, uniseriate and fueiform; the uniseriate rays ars
nuﬁorous and 1 to 15 colls (33% mu) in height; the fusiform rays aro
roattored and contain a transverse resin canal, 2 to 3 seriate in the

- central portion, tapering to uniseriate mergins, uw to 23 colls (422 mu)
in height, Bay tracheids are prosent in both types of rays; marginal
and intorsperscd; dentate inner walls. Y Tays por mnm., tangentially on
the x—sebtion- 2l to 2% rays per sq. mn, on the twngcntial surface,

« Longitudinal parﬂpchymau Absent.

onmechanical Physichl Propprties

Spocific gravity green volune 0.k
oven~dry volume 0.51
+
Donsity, 1b,/cu. ft. green _ 42 :
oven-dry 32

Molsturo content, when green: &Y% based on oven-dry woiéht {354 on
groen basis). .

Shrinkage, from green condition: v, 11.5; r, L.6%; ¢, 7.2%.

Thermel conductivity- 0.84 B.t.u./hr./sq. ft. with 1° F. gradicnt/
inch thickness, )

Hechanieal Propertios

Green Alr=-dry
Tonsile /, 1b./sq. in. 190 L0
Comprossive stress at p.l. //, 1b./sq. in. 2410 5330
Corprassive stress at p,l. /, 1b./sq. in, 360 830
Shear, meximun stress //, 1b./sq. in. 780 1230
Static bending FSPL, 1b./sq. in, 3700 ¢ 9400 ¢
Static bending B, 1b./sq. in. 1,38 x 10° 1,80 x 10
Static bending R, 1b. fsq. in. 6400 12,500 -
Toughness, in, 28 2h
Hardness //, 1b. : ' . 360 670
Hordness /, 1b, - 340 + B8O

Cleavability, 1b./in. width 160 . - 200




. Red Pine L2

Chemical Properties

Calorific wvalue: 19.7 x 106 B,t.u. par air-dry cord.’
Alcohol production: 23.gallons of ethancl per ton.

Proximate analysis:

McMillen, et al. (1)

Ash, % 0.23
Pentosans (Bailey!s nethod), % 3.2
Lignin, % ) . 2h.1
C. & B. cellulose, % ) 62.4
»+ Alpha-celluloses %  * | _ 46,1
"Total extractives," % ' £ L.k

1. Ind, Bag. Chem., 30:1408(1938).
Pathologz , |
Resistance to decay:  moderately durable. ’

Red heart rot (Fomes pini); red-brown butt rot (Polyporus schweinitzii);
brown sap stain.

Buropcan tip moth (Rhyacionia frustrana) shows evidence of becoming
a serious pest. o

TUtilization

Use propertieg. Rasy to work, takes a good finish, holds nails and

scTows well, oaslly treated with vreservatives, scasons easily, nmediun
Shr'lnk AN

Lambor. Structural timber, poles, piles, tanks, car construction,
boxzes and cratos, general millwork; lower gredes mixed with white pine
and sold as eastorn white pine,

Pulping. Sulfate process. Reducos readily: unbleached pulps vory
strong; yicld about 50%. = Yewsprint has beon made from young rod pinc
(23 yoars old) at the New York State College of Forestry.

Supply

4 billion bd. ft. saw timber in the United States (19?9)
gh million bd. ft. saw $imber in Upper Michigan (1935
.0.9 billion cu. ft. in Canada (1935).
White, red, and jack pines totaled 66 million cords "in the United
States {1933).




L3
WHITE PINE .

Scientific Wame, Pinus strobus Linnaeus.

Synonyms, Northern white pine, é&stern white pine.

Fomily Name, Pinaceae.

Range. From Newfoundlend west to sgutheastern Manitoba; south to cantral
Iowo; east to northeastern Ohio; south in the Appalachians to northern
Georglas on the coast‘fron central New Jersey northward. -

fDimenéions. 80 to 100 feat tall and 2 to 3.5 feet in diameter.
Bark, On young stens thin and stooth, dark green, soon furrowed; on
0ld troes 1 to 2 inches thick, deceply end closely fissured into norrow,
roughly rectangular blocks, minutcly scaly on the surface; volunme, 1?.5ﬂ.

" 8ilvies. The forest trec has a tall, clear, eylindrical bole, & crown
composed of several noarly horizontal or ascending hranches, and a
noderately deep root system without a taproot. Best developmont is nade .
on noist sandy loam soils, or theose with a snall proportion of clay, In
Canvda, pure stands or mixtures with red pine and spruce frequently oceur,
whereas in the Northeast, in nddition to limited pure groups, white pino
occurs on sandy loans with the northern hardwoods, red spruce, and hemlock.
Relatively little now grows in the Lake Statos whore once magnificent
stande flourished,

Gross Features of the Wood. The sapwood is white to pale yellowish.
white and the heartwood is cream coloroed to light brown or reddish brown,
turning much darker on exposure. The wood 1s soft, light, -even~texiured,
and has a slightly resinous noncharactoristic odor and no tasto. TFlat
grain boards show a faint growth ring, The springwood is usually wide and
the transition to swmerwood gradual. In the x-section the rays are very
fine, nqt visible with the naked eye except where they include a horigontel
regin eanal, forning a' fine, close, inconspicuous fleck on the r-surface.
Both horizontal and longitudinal resin canels are present, Tho longltudinal
canals appear as whitish flecks with the naked eye, nurierous, confined
largely to the contrnl and outer portions of the ring, solitery or rarely
2 to 3 contiguous in a tangential line, forning more or less prominent
streoaks along the grain. ‘The horizontal cemals appear as whitisgh, rather .
proninent wood rays spaced at-irregular intervels on the transverse surface.
Parenchyma cells are absent. '

Microscopic Structure

Tracheidsg, 25 to 35 mu in dianctor ond 3.1 rm, in length; bordorod i
pits in onoc row or occasionally paired on the radial walls, tangential
pitting presont in tho lest few rows of surmerwood tracheids; plts
leoding to ray parenchyma large, windowlike, "1 to 2 (ganerally 1) por
ray crossing; volume occupied, 9i,0%.




White Pine | ' 1y

Regin canals."Longitudinal, 90 to 120 nu in dianeter; horizontal
less than ©0 mu; thin-walled epithelilal cells; frequently occluded with
tylosoids in the heartwood; volume occupied, 0.7%.

Rays. Two types, uniseriate and fusifornm; the uniseriate rays are
vuzeroas and 1 to 8+ cells high; the fusiform rays are scattered, with a :
horizontal resin cana), 2 to 3 seriate in tho central portion, tepering
to uniseriate marging, wp to 12+ colls in height. Ray tracheids are !
pre sent 1in both types of rays, marginel and interspersed, nondontate :
inner walls, Volune occupled, 5.3%.

Longitudinal percnchyna. Absent. " | ]

Nonmechanical Physical -Properties
4 i " I - ’ :

Sgecifip'gravity T green volume 0.34

: : e ._ovonjgry volune - 0.37
Density, 1b./cu. ft: grooni : 36 i
: oven-dry 23 ‘ i

Moisture conpent, when grcen' 68% vased on oven-dry weight (40% on
green basis), )

Shrinkage, from green condition: v, 3.2%: r, 2.3%; t, 6.0%.
Thermal expansion: // 0.00000365; _/ 0.0000636.

Thormal conductivity: 0.83 B. t. u./hr /sq. ft. with 1% 7. gradiont/
inchr thickness.

Flootrical rosistance; 20,900 megohms at 7% moisture contont. ﬁ
200 mogohms at 12% moisture content.

Mochanical Properties
_ Greon Alr-dry
. Tensile /, 1b./sq. in,- ko 300
Compressive stress at p.l.pé{, 1b//sq. in, 2060 7680
Compressive stross at p.l £Q. 1n. 290 550
Shear, maximum stress //, 1b./sq. in. - 660 860
Static bonding FSPL, 1lb. /sq. in, 3100 6000
Static bending B, 1b./sq. in. 1,02 x 10 1.28 x 10
Static bending R, 1b./sq. in. - 5000 8800
Touzhness, in. B 17 19
Hardnoss, //, 1lb. - 310 500 |
Eordness_/, 1b. . 210 ' oo

Cleava®ility, 1b./in. width 140 160




White Fine

Chemical Propertiea -

Calorific value: 17.1 x.lo6 B.t.u, per alr-dry cord.

Alcohol production: - 22.5 gallons of ethanol per ton,

e

Proximate analysis:

Martin and Ritter and Fleck {2}
Bray (1) Sap - . Heart
Ash, % 0.23 0.k2
Hot-water soly.. % 4.6 5.15 7.68 ¢
Qold-water soly., %z _ 3.55 5.97Tv |
. Ether soly., % . 3.0 5.46 3.62 .
14 "WaOH soly.:'ﬁf_ - 16,2 17.2 19,2 -
Acetic acid, % -~ £ 1.68 1.,L3
Methoxyl, % - 4.16 4.6 .
Pentosans, % 10.6 9.31 8.56 -
Lignin, % 27.5 26.5 26.1
C. & B. gellulose, % 60.0 54.3 50.2 ¥
Pentosans, % . 6.8 7.1
Alpha~cellulose, % uy,0 29.6 28.8 -
Alcohol~benzene soly., % . 6.9

1, Paper Trade J, 111; no. 2%5:36{Dec, 19, 1940).
2. 1Ind, Eng. Chem. 15:1056(132%).,

Pathology

White piné blister rust (Cronartium ridicola): feather rot (Poria
subacida); red heart rot (Stereum sanguinolentum): red heart (Fomes pini)s
butt rot (Polyporus circimatus); red-orown putt rot {Polyporus sct weinltzil)

White pine weevil (Pissodes strobi); engraver beectle {Ips); Chalcoplora
virginiensis beetle; Monochamus confusor beetle.

Utilization

Uso properties, Seasong easily and shrinks 1ittle: light, soft, fine-
grained, even-textured; works easily; teakes paint, ete., perfectly;
polishes well, glues well,_holds nails well.

Lumber, U450 million bd. ft. cut annually from 1928 = 1937; leading
producers are Maine, New Hempshire, and Minnesota; planing mill preducts,
boxes and crztos, tarks, furniture, patterns, shipbuilding, general
millwork, palls, cabinets.,

5




~ White Pine _ U

Pulping. Sulfateﬁprocésé fédubas readily: unbleached pulp very
strong. Yields: sulfate, U7%: soda, 42%; mechanical, 95%.

Other uses. Excellent wood flour for linoleum.

?hite, red, and jack pines totaled 66 million cords in United Stataes
f1933). ' -

12 billion bd, ft. of white pine saw timber-in United States (1929).
813 million bd.>Ft. in Upper Michigan (1935).
2,6 bvillion cu, ft. in Canada (1935).

gt
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" PITCH PINE

Scientific Yane, Pinus gigida ¥iller.

Synonyms. Yellow pine, black pins,

-

Family Name, Pinacese.

Ronga, Eagtern Malne west to vicinity of Kingston, Ontario; south
through western Yew York to central Kentucky and northern Georgia;. north
in the Appalachians,and to the coast in southeastern Virginia,

Dimensions. 50 0,60 foet tall and 1 to 2 feot in diameter.

- )
3erks On young trees dark in color, roughened, and deeply furrowod:
+ith ago it bucomeswrather suooth and yellowish, and breaks in irregulor

lates, . &

8ilvics, This speceies 1s quite variable in form and location. It is
vory intolerant, It will invado poor, sterile sandy soils but makes its
best growth where molsturc is ndequate. It grows in fairly open, pure
stands, or in mizturo with such hardwoods as black, chestnut, and scarlet
onks, red maple, chestnut, and black locust. In Few England it is ’
comaonly a small troo growing on sandy soils with scrub oak and geoy
birch., The root system is at first deep but later becomes much more

shallow.

Bross Features of tho Wood. Most closely resembles shortlcaf pinoc.

Microscopic Structure. See longleaf vpine.

¥onmechanieal Physical Properties

Swacific gravity ‘green volure 0.L5
' air-dry volume 0.49

oven~dry volunme 0.52

Donsity, 1b./cu. ft. groen 50
oven~dry ' 3”

Moisture content, when green: 795 bascd on oven-dry weight (lik?
on groon basis).

Shrinkage from greon condition: v, 10.9%: =, 4,0%; t, 7.1%.

™

3. o . —
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Piteh Pinoe | b

Mechanical Proportios

Groen Alr-dry
Pensile /, 1b./sq. in, 280 480
Couprossive stress at p.l. //, 1b./sqe in. 1950 : 3960
Corpressive siress at p.l._/, 1b, sq. in, U50 ' 1010
Shoar, naximmn stress //, 1b./sq, in, 860 1360
Static bonding FSPL, 1b./sq. in, 3600 6 6900
Stotic bonding B, 1b./sq. in. ' 1.2 © 16° 1.43 x 10°
Tovghnoss, in.- 28 7l
Hardnoss //, 1b., - 420 700
Bardness /, 1h, ‘ 470 . 620
Gleavability, 1b /1n. width : 190 t 260

Pwthologg '3’ ‘

T o - .
Yo serious digcases, ' Deer browso young trees,

Southern pino boetlo (Dondroetonus frontalis) pitch twig noth
(Bvetria constockilana); pitch nidge (Diplosis resinicola) ‘Locontces
sawfly (Lophyrus locontoa.). .

Utillzation

Uso propertios, Moderatoly strong; medium stiffness; coarse-grainod;
rather brittle; younger trees -have largo amcunts of sapwood; rosinous
streight-grained: easy to split° easily worked: takes a good finish; takes
paint fairly well,

Luriber. Makes ~ood cormon lurber but naturally open-grown trees
have nany knots; the closo-grown trees have wood which is straight-grained,
free fron knots, and rolatively free from resin: structural work, flooring,
wharves, bridges, slack cooperage, door franmes, interior finish, wagon
bodios, furniture, boxes, crates, tics, mine props.

Pulping. Sulfate process reduces readily; unbleached pulp very
strong; yield, 4875 high-grade wrapping, fiderboard, book stock, Turpoen-
tine fronm digester rcliof.

Other uses. Tar, pitch.

Supply. ¥o data availsble.
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EASTERN HEMLOCK

Scientific Name. Tsuga canadensis (Linnaeus) Carriere.

Synonym. Hemloci, -
Fomlly Fame, Pinaceae.

Range. From northern Yew Brunswick to Lake Superior about 100 miles
north of the Soo, reappearing at Duluth; then south to south central
YWisconsin, southern Michigan, eastern Ohio, and down the Appalachlans to
northern Alabama' in tha Bagt, south along the coast to Mew Jersey,

1
Dimensiona. 60 to TO feet tall and 2 to 3 feet in dlameter.
. T e
Bark. On young treesg flaky or scaﬁy, soon with wide, flat ridges, and
on old trees heavily and deeply furrowed. ’

Silvicss The tree is medium-sized with 2 tapered bole, a ragged crown,
and o superficlal, widespreading root system, Hemlock ia found on many
types of soll but it reaches its best development in cool, moist situe~
‘tions. In the north, the common associates include white pino, red spruce,
sugar maple, beech and yollow birch; farther south, shaghark hlckory,
ycllow poplar, basswood, and white and red caks are common,

Gross Features of the Wood. Tho sapwood is buff to light brown and
not distinct from the heartwood. The summerwood frequently has a roseate .
or reddish-brown tinge. The wood is soft to medium hnard, medivm weight,
coarse and weven-greined, dry and brittle, subject to windshake, unecven-
textureod; odorless or sour when fresh, without characteristic tasto.

Flat groln boerds exhibit a distinet but not conspicuous growth ring,

The springwood occupies ab 1east two thirds of the ring and therc is on
abrapt transition to the summerwood, which is decidedly darker ond denser
than the springwoed ond varies in thickness, Normally, resin canals

arc absont and traumatic canals are rare. In the x-section the rays are
very fine, not distinct with the naked eye, and form a fine, closs, ine
conspicuous fleck on the radial surface, Parenchyma are not visible.

Microscoplie Structure

Tracheids, 28 to 40 mu in diameter and 3.0 mm, in length; bordered
pits in 1 to 2 (mostly 1) rows on the rediasl walls; tangential pitting
prasent in the last few rows of summerwood tracheids; pits leoding to ray
parenchyma small, guite uniform in size, with distinct border, 1 to B,
{gonerally 3 to M) per ray crossing: ray tracheid pits present; volume
oecupied, 0%,

Resin cennlg, Absent,
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Rays., Uniéériate, 1 to 12+ cells in height; ray tracheids present,
n,oallv restricted to one row on the nargins of the ray; wvolume oceupiad,
&0,

Longitudinal parcenchyma, Terminal and very sparse, or absent.

Tonnechanical Physical Propertics

Specific gravity greoen volune 0.38
: oven-dry volune © 0Q.b43

Density, 1b./cu,-£t, groen’ 5O
' ‘ oven-dry 27

e

uoisture content, whon green: TH? based on ovon-dry weight (haa on

greon basis)

T

Shrinkage, fron green conditloﬁ: v, 975 7, 3.0%; t, 6.85,

Thernal conductivity: 0.80 B.f.u./hr./sq. ft. with 1° F. gradiont/
inch thickness. : '
]
Mochanical Proporties,

Greon Air-dry
Tonsile /, 1b,/sq. in. |, 204 4Y
Compressive stress at p.l. //, lb?/sq. in, 2600 ' 4020
Comprossive stress at p.l, /, 1b,/eq. in. Lho 800
Shoar, maxirmum stress //, 1b./sq. in, 80 - 1060
$tatic bending PSPL, 1b./sq. in. 3800 6100 6
Stetic bonding E, 1b./sq. in. 1.07 x 10 1.20 x 10
Stetic bending R, 1b./sq. in, . 6400 8900
Toughnoss, in, 21 21 -
Hardness //, .1b. : 500 810
Hardness _[ , 1b. hoo 500
Cleavability, 1b./in. width 150 . 150

Chemical Propertios’

Calorific value: 17.9 x 106 3.%.1u. per alr-dry cord.




Bagtern Hemlock

Proxinmate analyéis:'

" Forest Products Lahoratory

¢. & 3. collulose, % 5340 52,8 56.5

Alpha~collulose, % 37.8 40,1 42,5
Lignin, 4 ‘ C 345 4.8 34,2
Pontogans, % 9.5
15 Ra0d soly., % 14,0 12.8 11.7
Hot=wator soly., 5 a.9 3.2 3.1
Alcohol-benzene soly., % .1 L0 2.4
Ether soly., # = 0.5 1.2 0.2

51

5l

4

a1

o1
0.6

Tata on holocellulose.pnd'cgh& B. cellulese [Peper Trade J., 108, no. 7:27

(Feb. 16, 1939) )¢ }

Tolocellulose (basedfﬁﬁ_extrgctive-fﬂge wood), %

»

Alpha~cellulose, % -
Pentosans,

Acetyl, %

Mothoxyl, %

Uronic anhydride, %

C. & 3. cellulose (based on extractive—ffee_wood)f %

Alpha~collulose, %

Pontosans, % i
Acotyl, %

Methoxyl, %

Uronic acid, %

# Baged on holocellulose,
*% Based on C, and B, cclluloso,

Pothology

Resistance to decay: low +.

Ferther rot (Poris subacida); dutt rot (Polyperus cireinstus); white

68,5

70 4*
8.9%
2,7
1.23%
Y, 83

56.0

77410
Iy, G

1. Gl
0. 33k
1,88%+

spongy rot (Ganoderma lugidum).

Buprestis strista beotles; spruce budworn: Melanophila fulwogutbtata

beetle; Dicerca tuberculate; hormlock spanworn (EIllopia).
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Eastern Kerlock ' B2

Utilization ' J e

Pulping. Average annusl cubt in the period from 1929-1938 was
"n00,000 cords; leading producers are Wisconsin, Michigan, Maine,

Sulfite process. Reduces fairly readily; very strong, as compared
#ith spruce sulfitey darker in color and with & docided reddish-gray
toncy fibers soriewhat coarser and nore readily hydrated in the benter;
feirly casily bleached; yleld, W,

suifate process. Roducos readily: very strong; yield, uUs%.,

YMochaniecol proéeas. Rcducos.fbirly readily; slightly reddish in
color, somewhat brittle°”50 to 60% more power required than for white
gprace, to'obtain standard }strongth; yield 95%.

“Lunber. 373 nilIiﬂh_bd;‘?tu cut annually fronm 1928-1937: leading
producers arc Wisconsin.*ﬂichigan,.PenQSylvania, West Virginia; house
construction, sheathing, leth, flooring, boxcos and crrtes, studs and
joists, ship building, bridge planks.

Uge properties. Inclined to bo splintery and cross-greined, stroagth

nodorate, shrinkage nodérate, rather aifficult to season becauso of tendcney )

to twist, pood nail holder, resists gplitting.

Qther uses., Eeomlock oil from the stean distillation of leaves and

twigs is usod os perfunes in greases and shoe blackings, ete.; tamnin fron

hark is used extensively as a tanning moterial,

Sugnlz

600 million cu. ft. in Canada.
40 million cords in the United Stetes (1933)
22 million cords in Upper Michigan (1935).

s
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WESTERN HEMLOCK

Sclentific ¥ame. Tsuga heterophylla (Rafinesque) Sargent.

Synonyms. West Coast hemlock, hemlock. ' ' *

-

Femily Noame, Pinaceae. .
Renge. Cook'!s Inlet, Alaska south along the coast to San Framcisco

Day, extending east through northern Washington and northern Idaho to
wostern Montana, o ’

Dimensions, 125 to 175 feet tall and 2 to I feet in diameter,

. . 3 : : :

Park, The bark is thin, even on the largest trees, and is separated
by deep narrow fissures’ihto broad, flet, russet-brown ridges.

. 5

Silvics. The tree haa a long, clenr, symmetrical bole, & short, open,
pyremidal crown, and a shellow widespreading root system. An abundance of
s0il and atmospheric moisturc are nocessary for. the best growth, Western
hemlock occurs in,pure, dense, even-aged forests or as an occasionnl tree
in mixed hardwood and conlferous gtands, Nearly pure, extensive forests
of hemlock occur in southeastern Alaska, coastal British Columbia, and
wostern Wachington, In the south they ere largely restricted to the
middle-upper western slopes of the Cascade and Olympic Mts. above the
‘Douglas fir belt, This Species often pro~emts cutover and burned-over
oreas formerly oceupied by other species when moisture is not a limiting
factor, because it is a constent and prolific seed producer,

~ Grgss Features of the Wood. The sapwood, which is colored a light
yellowish brown, is usually not distinet from the heartwood. Frequently
the summerwood shows a faint roseate or reddish-brown tinge. The texture
ig fine and uniform, and the grain usually straight. There is & distinct
but not conspicuous growth ring. The wood is medium hard, medium light,
dry and brittle, odorless or sour when greoen, without characteristic taste.
The springwood usually occupies at loast two thirds of the annual ring

and is lighter and lese dense than the summerwood., The transition fron
gpringwood to summerwood is more or less gradusl, In the x-section the
rays are very fine, not distinct with the naked eye, and form & fine,
close, incomspicuous fleck on the radial surface, Although resin canals
are normally absent, longitudinal strands of traumastic resin cells or wound
canals sometimes occur sporadically in tangential lines in widely separated
annval rings. Longitudinal parenchyma are not visidle.

Hicroscopic Structure

[

Tracheids. 35 to U5 mu in diameter and L.2 mm, in lergth; bordered
pits in 1 to 2 (mostly 1) rows on the radial walls; tangential pitting
present in the last few rows of gummerwood tracheids; pits leading to
ray parenchyms small, quite uniform in size, with distinct border, 1 %o
4 (generally 2 to 3) per ray crossing; ray tracheid pits present; volume

4 e
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oceupled, 91.24.

Resin canals. Normally absent.

Rays. Uniseriate or very rarely biseriste, 1 to 16+ cells in height;
ray tracheids present, usually restricted to one row on the margins of
tLe ray; volume occupiod, 8,.8%.

Longitudinal parenchyma. Very sparse and terminal, or absent.

Jonmechani cal Physical Properties

el

Specific gravity. green volumo 0.38

X e oven-dry volune 0. 44
Density, 1b,/cu, ft, _ green R
. L . - h . pven ﬂ:lt‘: 27

Hoisture content, when greon: T4E based on ovenpdry weight (429
on green basis).

Shrinkage, frop groen condition. v, 11,9%: r, 4.3%: t, 7.9%.

Thernsl conductivity' O, ?6 B.t.u./hr./sa. ft. with 1° F. gradiont/
inch thickness.

Flectirical resistance: 22,900 mogohms at 7% moistura contont,
185 negohns at 12% moisture content.

Mochanical Properties

Greon Alr-dry
Tensile /, 1b./sq, in. alo 310
Compressive stross at p.l. //, 1b. sq. in, - 53L0
Compressive stress at p.1, /, 1b./sq. in, 680
Shoar, maximum stress //, 1v./sa. in. , 810 1170
Static bending FSPL, 1b./sq. .in. 3400 € 6800 ¢
Static bonding E, 1b,/sq. in. 1.22 x 10° 1,49 x 10
Static bending R, 1b./sq. in. 6100 10,100
Toughnoss, in, ' 22 26
Hardness //, 1b. ' 520 9Lo
Herdnese /, 1b, 130 580
Cloavability, 1b./in, width 190 200

Chemical Proporties

Calorific value: 19.3 x 10° Bit.u, per air-dry cord. .

Alcohol production: 23 gollons of sthanol per ton.
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Proximate anglysis:

Forest Products Laboratory
Mcﬂoverna;&
Chidestar )
Sap Heart OCav hoawt

e 2Bs cellulose, % 59,3 58.6 58.3 59.5 62.3 58.5 59.6 58.9 57.8 59.8 56,9
Pontosans, - 6.3 £,%
4lpba-cellulose, % 42.3 2.7 43.7 ML 46,6 M1,9 4,7 3.k 3.7 L3
Li @in, % 30.5 30,3 3.2 28,9 29.8 30,2 30.2 0.1 21,8 28,8 20,5
,E:"‘J'.'f:tOSa';'lS, ‘5 9-6 9 1 007 9.3 10,2 9.”' Sol" 8.3 306 8.3
13 a0l soly., % . 13.1-13.0° ; 11,9 10.5 12.7 12,1 14k 12,2 15,67
Gotessntber 501ly., 3 2.8 3,3 h 0 2,7 2,0 2,9 3.0 2.2 3.5 2.6 H.lut
Cor solyl B 0.5 83 0.8 1.3 0.8 0.7 0.7 0.2 0.2 0.5 1.0
slooholwtenzena oy ' &
§0)¥e, # 2.8 1.9 Wl 31 2.3 2.5 2.1 4.5 2.0 5.8

1.. Prper Trade J. 107, no. 14:32(0ct. 6, 1938): sverage growth of all tymes:
¢ats also on slow, ragid, and very rapid growth classes in old and young treos,

Pathology ‘ “ .
Resistance to decay: low +.
Butt rot provalent in overmature treos or suppressed forest stand3°

brown stringy rot (Echinodontium tinctoriun) severe; butt rot (Polvnorhs
circinatus); vhite spongy rot (Ganoderna oregonenso)

, Derk stroak in wood from hemlock meggot (Chilosia slaskensig); spruce
budwors; homlock spanworn; western hemlock wood stainer {Gnathotrichus

sulcatus) mnines sapwood; green horlock looper (Yepytia phantesmaria);
temlock budworn (Pcronea verinna).

Utllizotion
Total cut estimntod as  equivolent to 1.25 billion bd. ft.
s Use properties. Wormally free fron rosin, light color, takes &

beautiful finish, holds nails and screws well, high strength, high
- shrinkego, seasons woll with care, pronounced silky sheen when dry.

Pvlnlng. 1.7 nillion cords nnnually fron 1936 1940; leading producers
are Wachington and Oregon. /

Sulfitc process, BReduces readily (more like sprucoe than castern
hemlock); unbleached pulp tough and strong (much lighter in color and,
finer in texture than eastern hemlock) yield, Ue%. -

Sulfate process, Reduces readily; unbleached pulp very strong and
tough: yield, 47%.
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Mechanlcal process, Reduces readily; good color and standard strengthy
power raunremant 10 to 15% more than that for spruce.

Lumber. 333 million bd. ft. cut annually from 1931-1940 in Washington
and Oregon: general construction, sheathing, lath, fleoring, car construction,
glack coopoerage, boxes and crates, furniture, ladder rails, siding, studs,
gash and doors, interior trim, vepeers, ties (logglng railroads chiefly).

Other uses. Bark suitable for tannin but not used because of cheaper
competitors, '

Swpply

9 billion cu, ft.. in Ganada.

23 billioh cu. ft. in thé Untted States (1939).

27% million cu. ft. in the monderosa pine rogion (1936).
124 billion bd, ft. in the United Sggtes (1940},

k_?,‘_ .
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Scientific ¥ame. ILarix laricina (Du Roi) Koch.

Synonyms. Larch, eastern larch, hackmetack,

e

Family Name, Pinnceas,

Range, Wewfoundland; northern limit of tree growth from Labrador to
Fudson Bay and northwestward to northern Yukon; south along eastern base
uf the Rockles to central Alberta; east to southeastern Manitoba, south-
eastern Minnesota, northern Illinois, and approximately on the latitude
of ¥ow York City to the cUﬁqt. Alzo in the Yukon River valley in Alaska.

Dimonsions, hO to 80 fcet twll and 1 to 2 feet in diameter.
Bork, Thin ond smooth on young stems#ilater becoming 0 5 to 0.75 inch
thick; gray to reddish brown, scaly,

Silvics. The tree 1s small to medium—sized with a long, cleer, cylindri-
cal bole, an open pyramidal crown, and a shallow, widesprceading root system.
In the southorn part of its ronge it is usually restricted to cool swamps
or sphagnum bogs, but farther north it grows best on beaches and better
drained uplands., In bogs black spruce is its chioef associate; on drier
land it occurs with black spruco, balsam fir, aspen, whitc birch, and jack

pine. TUnlike most coniferouws trees, temnrack sheds its ncedles every auntumn,

Gross Featurcs of .the Wood. The color of tho sapwood is whitish and
that of the heartwood is yellowish brown., The wood ig moderately hard
and heavy and has no characteristic taste or odor, The springwood usunlly
occupies at loast three guarters of the annual ring, and the transition to
summerwood is abrupt, Flat grain boards exhibit a dlstinet growth ring
figure bocause of the conspicuous summerwood. In the x-soction tho rays
are very fine, not distinet with the naked eyec, and form a fine, c¢loso,
incongpicuous fleck on the radial surface, Both longitudinal end horizon-
tal resin canals are presont. The longitudinal canals are small, incon~
spicuous, not visible with tho naked eye or appoaring as whitish or derk
flocks, sparse, confined largely to the central and outer portions of the

ring, solitary or 2 or more contiguocus tangentially. The horlzontzl canals

arc smaller than the longitudinal ones and appear with a hand lens as
somewhat broader, whitish rays spaced irrcgularly on the transversc
surfoce, Longitudinal parenchyma are not visible.

 Microscopic Structure

Trachoids. Average, 25 to 35 mu in diameter apd 3,6 rm. in length.
Those in the summorwood occasionally have spiral thickening. 3SBordored
pits in 1 to 2 rows on rodial rows; tangential pits present in the last

.few rows of summerwood trachoids; pits leading to ray parenchyna small,
" quite uniform in sige, with distinct border, 1 to.l2 (generally L to 6)
par ray crossing; rTay tracheid pits present; volume. occupled, 89. 0%,
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Resin canals.’ Longitudinal;.a&erage 60 to 90 mu in diameter;
horizontal, less than 25 mua, Thick-walled epithelial cells and no tylo-
soids., Volume occupied, 0,1%. -

Rays. Rwo types, uniseriate or rarely in part biseriate, and fusi-
form.,  The uniseriate rays are numerous and 1 to 16+ cells in height;
the bigeriate rays are very sparse and scattered, or absent, The
scattered fusiform rays, which include ¥ horizontal resin canal, are
? to 3 seriate in the central portion, tapering to uniseriate margins,
o to 16+ cells in height. Ray tracheids arc present in both types of
rays, marginal and very rarely interspersed, nondentate inner walls;
wnrginal usually in one Tew. Volume occupied, 10.0%.

Longitudinal parenchyma Torminal and very gparse, or absent, Volume
occupied, 0.9%. . \ -

kY

Nofimochonical Physical Properties
. - ' fp—-.

Specific gravity-. ‘ green volume 0.49
oven=-dry volume . 0.56

Density, lb:/cu. ft. - greon 47
- air-dry . 38

oven~dry _ ' 35

Moisture content, whon green: 52% based on oven-dry weight (3u4%
on groen dasis).

E

Shrinkege, from green conditfont v, 13,6%: r, 3.7%; t, 7.4%.

Mechanical Propertles

N Green Alr~dry
Tensilq_l, 1b./sq. in. 260 : 100
Compressive stross at p.,1l., //, 1b./eq. in, 2930 4730
Compressive stress at p.l. /, 1b./sq. in. Ugo 990 .
Shear, maximum stress //, 1b./sq. in. 860 1280.
Static bending FSPL, 1b./eq. in, 4200 800G ¢

Static bending B, 1b./sq. in. . 1.24% x 106 1.54 = 10
Static bending R, 1b./sq. in. 7200 11,600
Toughnoss, in. 28 23
Hardness //, 1b, Loo 670
Hardness /, 1b, 380 590
Cloavability, lb./in. width 160 230

Chemical Proporties.

Calorific valus: 2.0 x 106 B.t.u. per air-dry cord,
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Proximate analysis:;

McMillen ot al, (1)

- Ash, % 0.89
Pentosans (Bailey's method), % 5.0
Lignin, % 25,2
C. & B, cellulose, % 54,5
Alpha-cellulose, % : - 39.5
"Total extractives," 'i; 10.9

1. Ind. Eng. Chem, 30:1408(1938),

 Pathology .

W

Resistance to decay- inte%mediate.

Red ring rot {Fomes Elni) is severe, ¥

Larch sawfly {Nematus erichsonii) hog -cauged widéspread damage by
ropeated defoliation in certain localities,

]

Utilization

Uso propertios. Heavy, hard, very strong, end stiff, Extreme
variations in strength. Somowhat coarsc-grained and brittle; inclined
tc warp.

Lumber. 3 million bd, ft. cut amnually in the United States from
1928~1937 leading producers arc Wisconsin, Minnesota, Michigan, Maine;
boxes and crates, rough construction,

Qther uses, Ties, poles, posts.
Pulpine, Average snnual cut from 1928-1937 was 25,500 cords.

Sulfate process reduces readily; unbleachod pulp very strong and tough
yield, 45% high~grade kraft wropping popers ond fiberboard,

Svpply

2 million cords in tho United States (1933).
0.5 million cords in Upper Michigon (1935).
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- Scientific Namo., Psecudotsuga taxifdlia {La Marck) Britton.

»

Synonyms. Red fir, yollow fir, Oregon pine.

gpmilz Nane, Pinaceae.

Range, From centra 1 British Columbia southwostward to the coast, and
southoastwerd to the Bockios; south along the east slopos of the Rockies
to northern Kexico; then through central Arizona, eastern Yevada, soutle
westorn Idahe, northeastern Oregon, and south in the Sierra Hevada to
south centrnl Celifornia, Along the coast from British Columbia to 200
miles south of San Franciseo Boy, Along the coast it occurs from sce
level to 5000 feet, bub inlend it is usually ot an clevation of LOOO to
6000 feot., . e

A

Dimensionﬁ; 180 to 250 fbat tﬂll and ¥ to 6 feet in diametor,

Bark. On younb stems tho bark is sndoth oxcept for resin blistorss
on old trces it bocomes € to.24 inches thick and divides into thick
reddish-brown ridges separated by deep, irvegular fissures; volune, 10.6%.,

Silvices. Therp are two forms of this specles, the coast forn and the
inland forn, but only the const fornm is wged for pulping. Douglas fir is
the lorgest tree in the Pacific Worthwest. The 0ld virgin trees have an
exceptionally clear, long, cylindricol bole, either a rounded or an
irregularly flat-tepped crown, and a strong, well-developed, widespreading
latceral root system., The best growth is nnde on decp, rich, well-drained,
porous loams in regions vhore there is on abundance of both soil and at-
mospheric moisture., In its carly growth Douglas fir forns extensive,
puro, cvenwaged stands, but these are later invaded by othor spaecies,

In the Pacific Northwest its principel associates inelude western red
ceder, westorn hemlock, Sitka spruce, and lowlend white, silver, and
noble firs.

Grosg FTeatures of the Wood, The sapwood le whitish to pale yollowish
or reddish, and the heertwood ranges fronm yellowish or pale rcddish '
rollow to orange red or deep red. The wood varics considerably in hard.
ncss and weight and hos o cherncteristic resinous ofor when fresh, which
is different fron that of pine, but no characteristic taste, The springe
wood ig usunlly severnl times wider thon the swrerwood; the transition
igs abrupt. The suurerwood is pronounced, vory narrow in glow grown
stock to very wide and dense in wide rinzs., The growth ring is consvicuous.
Yollow fir is narrow-ringed, fine-greainod, uwniform-textured, moderntely
soft, and oasily worked, whereas reod fir is widc-ringed, coarscr grained,
and nore wneven-texturcd. In the k-section the rays are very finoc, not
vigible with the noked oye, and form a fine, close, inconspicuous floeck
on the rodial surface. 3Both longitulinol sand horizontal resin canals
arc presont. The longltudinal cancls are smell, barely visiblo or in-
distinet with the naked cye, but plainly visibie with & hand lens as {ark
spots or openings which arc confined laorgely to the outer half of tho
growth ring, They may be sparse and scattered, or nunorous and exhibit
rnore or leoss of o tendency toward tangential rows of 2 to 30+. The
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transverse canals are smaller and apbear with a hand lens as somewhat
broader rays spaced at irregular intervals on the transverse surface,
Longitudinal parenchyma are not visible.

Higroscopic Structure

Tracheids. Average, Y0 to U8 mu in diameter and 3.9 mm. in length.
Spiral thickening is nresent on all tracheids; bordered pits in one row
or oceasionally paired on the radial walls; tangential piltting prcsent
in tho last.few rows of summerwood tracheids; pites leading to ray peren
chyms small, quite uniform in size, with distinct border, 1 to 6 (gopsr-
ally %) per ray cressing; ray tracheid pits present: volume occupied, 92 5%

Resin canalss .Longltudinal, 60 to 90 mu in diameter; horizontal,
usually less than 25 mu in diemeter; thick-walled epithelial colls? .

‘volumc occupied, 9 2%

8, Two types, uniseriaﬁﬁlor rarely in part bisariate, and
fusiform. The wiiseriate rays are numerous and 1 to &+ cells high,

‘Bigoriate rays, if present, arc very sparse and scattered., The fusi-

forn rays aro scotiored, with one or very rarely two horizontal resin
canals, 3,t0 5 seriato in the central portion, tapering to unigericte
mergins. Ray trachoids arc present in both types, marginal and very
rarcly intorspersed, nondentets inner walls, occasionally with spiral
thickening; marginol usually in onc row. Volume occupled, T.3%.

ﬁongituﬂinal parcnchyme, Terninal and very sparse, or tbsent,

Nonme chani cal Physical P50porticsh(coast form)

Specific gravity, ' gresn volume ' 0.45
: ovon=-dry volumo 0.51
Pensity, lb./cu. ft. . green 38
oven-dry _ . 32

Molsture content, when greon: 36% basod on ovon-dry weight
(269 on green basis), -

' Shrinkege, from groen condition: v, 11.8%; T, 5s 0%;. &, 7. 8,:.

Thernal conductivity: 0.77 B.t.u./hr. /sq. ft, with 1° F, gradient/
inch thickness,

Tloctrical resistance: 22,400 megohms at 7% moisture contont,
120 mogohms ~t 12% moisture contoat.
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Mechanical Properties

Green ~ Alr-dry
Tensile_/, 1b./sq. in. 240 Ego
Compressive stress at p.l. //, 1b./sq. in, ° 3410 6450
fompressive stress at p.l. /, 1lb./sq, in, 510 910
Shear, maximum ‘stress //, 1b./sq..in, 930 1140
Statie bending FSPL, 1b./sq. in. ~ heoo . 8100
Static bending B, 1b,/sq. in. 1.55 x 10 1.92 x 10
Static bending R, 1%./sq. in. _ 7600 -, 11,700
Touzhness, in, o . 24 ' 30
Hardness //, 1b, - 510 760
Hardness /, 1b, . ' 480 670
Cleavebility, 1b./iny width _ 160 1.80

- 3 L.

Chemigal Prqpertiqu

.

See following pagg;*

Pathologz

Resistance:to docay} ‘moderately durablo,

Brown cubical rot of heartwood of living tree by Polyporus sulfureus
brown top rot of heartwood of -living tree by Fomes roseus; brown trunk rot
of heartwood of living tree by Fomes laricis; red ring rot (Fonmes pini)
particularly severe; red root ant butt rot by Polyporus circinatus: rede
brovn butt rot by Polyporus schweinitgii; string and ray rot-by Polyporus
berkoleyd; white mottled rot on dead timber by Fomos applanatus; whito
pocket rot on dead timber by Fomes higrolinitatus.,

Buprestis surulenta in damnged troes and sawn lumber; spruce budworn;
wood horer (Ergates spiculatus) in main trunk; wostern pine wood stainer
(Gnathotrichus retusus) mines in sapwood; fir tussock noth (Hemorocampa
gseudotsuggta)?hns ¥i1lled large arons; cambium boror (Melanophila drummondi):
wood borer (Monochamus scutcllatus): weevil (Pisgodes fasciabus) wide-
spread on coest; Pscudohylesimus nebulosus beetle attacks recently folled
trees; Douglas fir pitch moth (Synanthedon novaroensis) is the primary
cause of a very largo porcentage of pitch seams, pltch pockets, and gun
cheeles; two=striped timber baetle {Trypodondron divittatum) is often a
gerious pest in recontly felled timber ond injured trees.

Ttilization

Uso'propertics. Hard, stroﬂg.-easily scasoned, high cehrinkage,

Lumber. ZEight billion bd, ft. produced chiefly in Washington, Oregon,
cnd Californie; heavy structural timbers, piles, ties, flooring, construc- -
tion, goneral millwork, tanks and silos, veneor, plywood, ship building,
boxos and erates, ladder rails. -
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Douglas Fir

Chemical Propérties

Celorific value: 24.3 x 108 B.t.u. per air-dry cord.

-

Alcohol production: 20.6 zallons of ethanol per ton.

Proximate analysis:
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Pulping.

Suiggte process, Heduces readily; unbleached pulp fairly strong;
sield, on ' _

Sulfite process. Various studies; sapwood suitable [Pac. Pulp Paper
Ind, 12, no, 11:17-26{Nov., 1938)]. _

Qther uses. Oleoresin from resin canals (especially in the sapwood)
four varnish and parous plasters,

Supply -

80 billion cu. ft. in Washington and Orogon (1939).

8.4 billion cu: ft. ha Canade (1935).
hlS billion bd. ft. ostimated for the United States with 380

billién bd; ft. in the. Bacific*Coast statas.
5 billion cu. ft. in the ponderos#& pine region (1936).
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BALSAM FIR

Scientific Fame, Abies balsamea (Linnaeus) Miller.

Synonyms, 3Balsam, eastern fir,

e

Femily Neme, Pinacene,

Rgngo. Fewfoundlend:; from southern Labrador west to James 3ay, through
rorth central Manitoba and Saskatchewan, northeoastern Alberta, and south-
uestern Mackenzic to the headwaters of the Yukon River; then south along
the Rockies to south central Alberte and oast through central Saskatchewan,
southeastern Manitobdba,. gontral Minnosota, central Wisconsin, centrel
Michigan; and southorn Ontario, to the coast in New Hampshire; extonding
from Yew Ybrk down the Ap%alachlans to southwestern Virginia.

Dimansions. 4o to 60 fcot tall ofd 12 to 18 inches in diameter.

Rark. The bark is about’ 0.5 inch "thicik, dull green, later with gray-
ish patches, smooth except for numerous raised resin bdlisters, eventually
breaking up into small. reddish—brown, irregular, sealy pletes.

Silvics, -The treo is émall to mediumesized., The modorately tapering -
tole and narrow pyramidal crown, torminating in a slender, rigid, spiroliLe
tip, are supported by a shallow, widespreading root systom. Balsam fir is
a typical cold climate trce and requires abundant moisture for the best
dovelopment. In swamps it often forms pure stands dut does best in
assoclation with spruce on the adjacent flats which arc better drained.

On higher ground 1% occurs scattered in mixture with spruce, hemlock,
yellow birch, boech, and maple,

Gross Peaturce of the Wood. The wood of this specics cannot be dis-
tinguished from that of the other true firs, The sapwood is whitish to
creamy white or pale brown (especially the springwood), the summerwood
frequently kas a lavender tinge, and the heartwood is not distinct, The
wood is soft, weak, dull, light, without charaeteristic odor or taste.
It is fine-textured and straight-grained. TFlat grain boards exhibit o
digtinet but not comspicuosus growth ring figure. The springweod usually
cccupies two thirds or more of the annuel ring; the transition fron
springwood to summerwood igs wvery graduel, but the summerwood zone is
¢istinct with the naked eye. In the x-gsection the rays are very fine
and arc not distianct with the naked eye. 4 fine, close, inconspicuous
fleck is formed by the rays on the r-section, Normal resin canals are
absent, but traumatic (wound) cansls arc sometimes present; if so, thoy
are sporedic and arranged in a tangentisl row which frequently oxtonds

- for gome distanco along the growth ring, appoaring as dark stroak% along
the grain. Longlitudinel perenchymo are ebsent.
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Microscopic Structure

Trachetds, Average, 35 to NE ma in diameter and 3.5 mm. in lengtly
bordersd pits in one row or very rarsly paired on the radial walls;
tangential pitting present in the last few rows of summerwood tracheids;
pits leading to ray parenchyma smell, quite uniform in size, with distinct
border, 1 to 3 (generally 2 to 3) per ray crossing; ray tracheid pits
sometimes present; volume occupied, 94.3%r

Rays. Unlseriate, very variable in height from 1 to 30+ cells, and
made up wholly of ray parenchyma or rarely with a row of ray tracheids on
both margins, Volume occupied, 5. 7%

Longltudinal parenchymg Absent.

konmechanical Physical Proberties

L.

Specific gravity . greep volume | 0. 34
. oven~dry _ Q.37

Density, 1b./cu. ft. green _ )
, : alr-dry 2

oven-ary 23

Hoisture contenf, when green: 117% based on oven-dry weight (5u%
on green basis), .

Shrinkage, from green condition: v, 10.8%; r, 2.8%: t, 6.6%.

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

Mochanical Properties

Green ~ Alr-dry
Compressive stress at p.l. //, 1b./sq. in. 1650 2030
Compressive stress at p.l. /, 1b./sq. in. 2o HHTy)
Shoar, maxirum stress //, 1b./sq. in. 665 900
Static bending FSPL, 1b./sq. in, 2800 o Lhoo 6
Static bending E, 1d./sq. in. 1.1 x 10 1,42 x 10
Static bending R, 1b./sq. in. : 5300 8600
Toughness, in, S 17 20
Hardness //, 1b. - 320 680
Hardnosq_[, 1b, 290 395
Cleavability, 1b./in. width - 150 - 170

Chemical Prqperties B

Calorific velue: 15.5 x 106 B.t.u., per air-dry cord.

A L
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Proximate analysis: Sapwood and heartwood analyses from two trees
by Richter [Ind, Eng. Chem. 33:78(1941)1.

July Felled February Felled

Sap Heart Sap Heart

ish, 4 o, 0.25 0.93 0,33 0.53
Hot-water soly., % 1.65 %8 2.9 3.0
Rther soly., % 0.95 1,18 . 0.93 0.74%
Alcohol soly., & .75 . W3 3.3 3.7
Pentosans, % 9.7 10.6 ' 7.0 7.6
Lignin, % },' 28.7 0.7 - 28.9 31.5

Daua on holocellulose and Qa & B. cellulose by Hajny and Ritter [Tech4
ssoc¢, Papers 25 596 (1942) ]

. Iigntn (bosed on extnpg;ive—f:oe wood) % 30,1

Holocollulose (based on extractive-freb wood) % 69.9

Alpha-collulose, % 63.0%
Pontosnns, 4 . 10,3

Acetyl, % ! r 3,18%
Kethoxyl, % - - 0,58
Uronie anhydride, % ' - - L, o8*

¢, & B, cellulosoe (based on extractive-free wood), % 56, b

Pent osans, ﬁ - . 6.,0%n
Alpha~cellulose, % TO. 7%
Acetyl, 7 o 1.l
Kethoxyl, 7 . D, Blne
Uronic anhydride, % - 1.92%

* * Based on holoccllulose.
** Based on C, & B, cellulose.

Pathology
Resistance to decoy: ,iow.

Bolsar butt rot (Polyporus bolsamous) is an importent factor in
rapid deteriorntion of dead timber; foather rot (Poria subacida) is the
post common butt and root rot of halsam, causing considerable loss ond
prodisgposing infected treecs to windthrow; also vory important is heart

rot coused by Stercum s“nguinoluntun in the living trec; pltted sap rot
(Polystictus abietinus) in dead sapwood. L

Spruce budworn (Cococci funmiferana) vory destructive; Pityoktoines
sparsue beetles froquently destructive; Buprestis maculativentrus wood
boror; Dicerca tencbrosa beetle mines deed wood; Melupphils drummondi
cambiun heetle; Monochamus narnoratus beetles attack felled trees; the
spruce sowfly attacks this gpecies.

e
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Utilization |
Use properties, Soft, light coler; Ffinishes well; holds nails walls

uo taste or odor when seasoned, In properties, fir is closely similar to
spruce, though inclined $o0 be nore open in texture and nore brittle.

Lurber, 3oxes and crates, excelsior, slack cooperage, rough dinension,

Pulgigg -

Sulfite process. Reduces readily under slightly nilder conditions
than are required for spruce; unblcached pulp has good color and excellent
strongth, but is usually slightly softer than spruce sulfite; yield, UE%s
fairly cesily bleached; nows, wrapping, book, and high-grade printing
poapers, . ] e

3

Sulfato process, Reduccs readily; unbleached pulp very strongs;

yicld, 437 hig sh-grede kfaft wrapbing and fiverboord,

£
Soda procaess, Yiold; hz,.

Mechanical process, Reducas'readily; exgellgnz color and stendnrd
strength; power roguirement is 15 to 257 white spruce; yield,
95%s practicelly all uses requiring groundwood, '

Othor uscs, Canada balsan, widely usgod for medicinal purposecs
and ag a glass cenent, is nade from tho resin of the bark hligters.

Supply .

21,2 billion eu. ft. in Cennde. (1935).
%31 million cords of spruce and balsam in the United Stotes (19%3).
4,5 nillion cords of balsam fir in Upper Hichigan (1935).
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LOWLAYD 'WHITE FIR

Scientific Name. Abies grandis Lindley.

Synonyms, Grend fir, white fir. -
Family Wome. Plnaeceae.

Range.. Occurs -along the Pacific Coest fronm the northern end of Vancouver
Island south to Sen Francisco Bay; it ranges inland Just north of the inter-
nntional boundary to western Montona and occurs in north central Idaho
and northeaste“n Oregonw

Dimensions. 140 %o 160 feot in hoight and 2 to h feet in dianotor;
wednlly smaiier in the Rocikies,
!\"
Bark, The bark is snooth gray brown, with resin blisters and chalky
white blotches on young stems, On oid trunks it becomes reddish brown,
plated or more conmonly deepl; furrowed or divided into flot ridges.

Silvics. The tree has a long, clear, columanar bole, a domellke crown,
ond a Eeep, spreading oot gystem, It is found most frequently on deep,
noist, alluvial seils in gulches, alonﬂ streans, and on gentle mounbain
slopes in mixed hardwood and softwood forests; it occagionally occurs in
linited pure stands, In the rogion where it is wusually cut for pulpwood
{at low elevations in western Washington and Oregon), this species
ningles with Sitka spruce, silver fir, western red cedar, western hemlock,
Douglas fir, Oregon ash, red alder, bigleaf maple, and northern dlack
cottonwood. : .

I

Gross Peatures of the Wood. The wood of lowland white fir cannot be :
distinguished from that of the other trus firs, The sapwood is whitish to
light buff to yellowiesh brown or light brown, the summerwood frequently
with a roseate, reddish=brown, or lavender tinge. The wood is soft, light,
goenorally straight-grained, without charecteristic taste or odor if dry,
nediun and fairly uniformly texturod., Flat grain boards exhihit a conm
splcuous growth ring figure, Tho springwood occupies at least one half
of the annual ring; the transition to swmmorwood is gradual, but tho
sunnerwood is vory distinet to the naked sye., In the x-section the
roys are very fine and are not distinet to the naked eye. In the r-
section they form a fine, closo, inconspicuous fleck. Normel resin
cénals are abvsent, but trawmmtic (wound) canals are sometimes prosent;
if so, thoy are sporadic and arranged in a tangential row which frequontly
extonds for some distance along the ring, appeoring as dark streaks.along
the grain. Longitudinal parenchyna are not visible.

Mleroscopie Structure

Trocheids. Average, 32-52 mu in diancter and 3.2 mn. in length;
hordercd pits in one row or occasionally biseriate on the radial walls;
tangential pitting present in tho last few rows of surmerwood tracheidss
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pits leading to ray parenéh&ma Shail..qpite uniforn in size, with distinct
border, 1 to 4 (generally 2 to 4) per ray crossing; ray tracheid pits ab-
sant.

 Rays. Uniseriate, very variable in height ranging from 1 %o 30+
rells, consisting entirely of ray parenchyra. :

Longitudinal parenchyms, Terninal and very sparse, or absent.

Honmechanical Physical Properties

Speeific gravity - groan volune 0.37
. . Ty oven-dry volume 0.42
Donsity, 1b./eu. £, >  green L5
. ovag-dry ' 26

a

. Moisture content, when green: 94 based on oven-dry weight (L84 on
grecn basis). .

Shrinkagze, fronm green conditions v, 10.6%; r, 3.2%; t, 7.2%.

Thernal conductivity: 0.65 B.t.u./hr./sq. ft. with 1° P. gradient/
inch thicknoess, '

Electrical rosistence: 57,600 negohns at 7% moisture content.
- 180 magohms at 12% noisture contont.

Mochanical Properties

Groen Alr=dry
Corpressive stress at p.1. //, 1b./sq. in, 2640 : Li20
Compressive stress at p.l. /, 1b./sq. in. 340 620
Shear, naximur stress //, I9./sq. in. . 760 930
Stetic bending FSPL, 1%./sq. in. 3600 6 5300 g
Static bending E, 1b./sq. in. 1.30 x 10 1.53 x 10
Static bYending R, 1b./sq. in, £100 9300
Toughness, in., 22 Pt
Hardnoss //, 1b, 420 660
Herdness /, 1b, 360 koo

Cleavability, 1b,/in. width 150 190

Chenical Properties

Calofific value: 17.4hx 106 B.t.u. per air-dry cord. -

B
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Proxinnte analysis: . L
. © " Forest Products Laboratory

Sap Heart
Hotewater soly., % 2.3
Ether soly.,. % 0.9 1.2 0.3
4lcohol-benzend soly., % 2.6_ 4,1 1.5
1% ¥aOH soly., % 10.3
Pentosans, 8.9
Lignin, % . _ 27,2 27.0
C. & B. cellulose, 5. 62.8 63.0
Alpho-celiulose, % - b5,9

Pathologx _ 'Ag

L

_ﬁesispance tq decay: !101.

Overmeture trees-are frequent hodbs of stringy brown rot (Echinodentiwn
tinctorium); red ring rot (Fomes pini} kills sapwood and inner bark; write
pocket rot caused by fir hydnum in heart of living tres,

Young trees are commonly attacked by the castern spruce budworn
(Cocoecis fumiferama); dark strecks along tho grain are from the attack
of the fir bark bectlo (Melamcphila drummondi); Dicerca beetle nines ‘
dead wood:; Melasis rufipennis beetle prefers this species; Trypodendron
tinber beotle often a serious pest; Honochanus bestles; arbrosia voetles
on doad and dying trees; Tetropiunm abictly beotles.

Utilization

Uso propertics., YFo taste or odor whon seasoned; takos a good finish
and holds nails well; glues easily; seasons satisfrctorily with care;
both sapwood and heartwood resist penctration of preservatives.

Lunmboer, Averagé annual cut of all gpocios of western "white fir®
from 1931~1940 was 98 million bd. ft.; leading producers aro California
and Idaho: boxes and crates, light and medium construction.

Pulping., Averago annual consumption of all "white fir" pulpwood for
thce 10~year period from 1931-1940 was 133,000 cords.

Sulfite process, Reduces readily; unbleached pulp of excellent color
and strength; fibers sonewhat coarser than spruce; yield, 4ghs fairly
oasily bloachod; news, wrapping, book, and high-grade printing papers.

Sulfate procaess. Reduces roadily; unblesched pulp very'étrong;t
yield, 4%, : T

lMechanical process., Reduces roadily; of excellent color; mower
roquirenent is 20% eiﬁihaﬁrfgr white spruce, R “
MERE TR

dﬁggg}%.a5§st;m§tod ?t 16 :illion bd. ft.; equals about 137 of stand
and abou! 7 of true fir cut,
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... SILVER FIR

Scientific Name, Abies amabilis {Loudon) PForbes.

Synonynms., Amsbilis fir, white fir, "larch."

e

Fanmily Name. Pinaceze.

Range. - Fron southenmstern Aloska south along the coést to northern
Washington; thence along the Olympic peninsula and Cascade Mts. to
northwestern Oregon.- At sea lovel in Alaskn and Canada but at an sleva~
~tion of 1000 o 5000 feot in Washington -and Oregon, :

Dincnsions.’ Avoragp, 180 to 160 feot hiph end 2 to h foet 1n dianmoter
in the Olympic Mts., bu$ snaller olsawhora.

Baxk, Tho bark 18 ashy gray, ﬁith large, irregular, chalky-colored
blotches and resim blistors on stems loss than 3 feet in dlametor; super-
~ ficinlly ecaly on the largest trunks; volumo, 15.9%. .

Silvics, The tres has 2 long, clear. colummar bole, & pyramidal or
‘gpireliko crown, amd a deep, sproading root system. Thls .spocies is
nost abundant ‘on dosp .moist soll covoring siopos of southern and weostorn’
oxposurcs. It forms extensive pure forcsts in many localities and in
nixed stands it is commonly associatod with Sitka spruce, Dowglas fir,
lowland white fir, westorn henlock, and wostern red coedar,

Gross Features of the Wood. The wood of silver fir is vory similar in
appearance and texture to other western balsam firs, although it is sone~
what darker in color.

Hicroscoyic Features. See lowland white fir, Tracheiq length, 3,1 ﬁn.

Nonmechanical Physical Properties

Specific gravity ° . grecn volune 0.35
i ' oven-dry volume 0.k2

Density, 1b,/cu. ft, groen ‘ ' 36
air-dry = ' 27

oven-dry 26

Moisture content, when greon: 66p based on oven-dry weight (HO% on
- groen basis) . S .

Shrinkape, fron green condition: v, 14,17%: r, 4,5%; t,.10.0%,

Thernal couductivity. 0,65 B,t.u./hr. /sq_. £, with 1° 7, {:radient/
inch thicknessa.” ¥
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-Hechaniecal Proﬁérties.{

Green - = Air-dyy

Compressive stress at p.l. //, 1b,/sq, in. 2380 L660
Compressive stresg at p.l. /, 1b./sq. in. 290 ' 490
Shear, maximum stress //, 15,/sq. in. 670 1050
Static bending TFSPL, lb./sq. in, _ 3500 ¢ 6200 ¢
Static bending E, 1%./sq. in, 1.26 x 10 1,53 x 10
Static berding R, 1b./sq. in. 5700 9400
Toughness, in., ' 21 2l
Hardness //, 1b, . . : . 360 620
Hardnéss /, 1b, == _ 310 430
Cleavability, 1b. /in. width : 150 200

\*'

Chanical»?ropertiea Tk

Galorlfic valuet hiﬁ ) x'io B.t u. per air—dry cord,
Destructive dlstillation- Yields from 2% kg. of wood were 10,1
liters of pyroligneous acid, 0. 51% of methanol 2e1% of acetic acid,
2..23% liters of tar, and 19% of charcoal,
.- Proxinote ana;ystsi .

Bray, Hart in, and

’ SChwartZ (1) .F.P.I'Jc EI.J- tL-
Yot-water soly., % . 2.0 - 19 3,2
Pther soly., % 0.3 1.4 0.9
Alcohol~benzene soly., % - - 2,0 3.1
1% NaOR soly,, % ‘ 9.1 11.7
‘Pentosans, % _ 10.5 - 9.0
Liznin, % : 26.6 29,8 28,2
C. & 3. cellulose, % -3 | 59.6 60.8
Alpha-cellulose, % b, 2 Li1.%

1. Paper Trade J. 109, no. 18:29(Kov. 2, 1939).

1

Pathology

Hesistance to decay: low.

String and ray rots in roots and butts (Polyporus herkalgxi){ white
nottled rot on dead tinmbher (Fomes applanatus),

- Utilization

“
-~

‘Use pfqpérties. Light, soft, no taste or odor when seasoned, 1080
groinced ond weck, subject to splitting and finishes rathcr pporl;. § OIO
what harder and stiffer than the other truc fzrs. . -




-SilverﬂEi:_ Th

Lumber. Small house”ﬁonstrﬁéfibn,'boxes and crates, Apparently
only a snall anount cut for lumber,

Pulping. Leading prodﬁcera ore Washington snd Oregon, The pulps
nre similar to these from lowland white fir,

Supply. Most abundant of balsam firs in the Pacific Northwest.

7 billion ous ft. in Douglas fir reglon {(1933).
556 million cu., ft. in ponderosa pine region (1936).

.
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- WESTERY RED CEDAR

Scientific Name, - Thuja vlicats D, Donm,

Sznogzgs.' Red cedar, cedar,

Rl

Eanily Name., Cupressaceae.

Bange, Tron southeastern Alaska south along the coast to a point about
100 miles north of San Francisco Bay; east in northern Washington ond southe
orn British Columbia to-northwestern Montane; northwest along the wostora
slopes of the Rockies about 500 niles in British Columbiam, At sea level
to an elevation of’ 4000 feet near the coast and 2000 to 7000 feet in tne
Rockies. . X

Dimensions. 150'%6”200 feet in beipht and 4 to 8 feet in diametcr.
Bark., 0.5 to 1 inmch thick, fibrous, ¢cinnenon red on young stens, gray
on ¢ld trunks, and forming a closely 1nter1acinr network.

Silvics. The tree has a brosdly buttressed often fluted basc ond
‘rapidly taporing bole,” an.irrsgular crawn, and a shallow, widespreadinsz
root system. It 9enera11y inhabits moist fleta and slopes. This species -
 goldon occurs in pure stands but often mekes up 50% of mixed forests. On
- the coast its important associates ere Sitka spruce, westorn hemlock,
Douglas fir, lowland white ond silvor firs, In the Inland Empire, wostorn
larch, western whlte pine, wostgrn hemlock, white fir, Douglas fir, and
Engelnann spruce are its principal associatos.

Gross Featurcs of the Wood. The sapwood i ncarly white, and the heord-
wood 1s reddish’ or pinkish brown to dull brown, The wood is straight-
grained and rather coarse, hut fairly even~textured with a charactoristic
odor and faint bitter tasto. It 1s soft, dry, light, and weak, Flat
groin boards exhibit a distinet but not conspicuous growth ring, Tho
springwood zone occupies most of the ring, The transition to summerwcod
is more or less abrupt, ahd the suimerwood is narrow and hard. Perenchyna
are not visible or harely distinet with a hand lons as a narrow line in

the sumnerwood. In tho x-soction the rays ere fine and form a fine, close,

inconspicuous flock on the radial surfacs. Resin canels are absent.

Yieroscople Structuwre

. Tracheids. Average, 32 to 38 mu in didneter and 2,8 mm. in lengths
bordered pits in 1 to 2 rows on the radinl walls; tangontial pitting

pregent in the last few rows of summerwood #rachelds; plts leading to’

ray parcnchynma small, orbicular or nearly so, quite unifornm in sfze. with

Aistinet border and lenticuler orifice, 1 to y per ray crossing. ray

" trecheid pits abgent; volume occupicd 93.1%. .
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Rays., Uniseriate, 1 {0 12+ cglléghigﬁ,-consisting entirely of ray -
procnchyme end containing @& scahty gummy infiltration; volume occupied, 6.%%.

Longitudinal parenchyma. Diffuse-zonate, very variable in distribu-
tiom, ' : .

Fonmechanical Physical Properties ..

Specific grévity green volume ' 0.31

. o , oven-dry volume ‘ 0,34

Denslty, 1b./eu, £t3° green R . 27

C air-dry ' - a2

. Lo W 3 oven-dry ' . 21
Moiétﬁfe contentt_gpen grgen: 37% based on oven-dry weight (274 on

- green basis). ) . "

e

Shrinkage, from green condition: .v, 7.7%; r, 2.4%; t, 5.0%.

Thermal conductivity: 0.72 B.t.u./hr./sq. ft. with 1° F. gradient/
inch thickness, ? ‘ ' .

-
u

Nechanical Propertics = . - ' S

Green Alr-dry
Tensile /, 1b,/sq. in, 2 220
Compressive stress at p.l. //, lb)/sq. in, 2470 h260
Compressive stress at mel. /, 1b./sqg. in, 3 610
Shear, maximum stress //, 1b./sq. in. 710 860
Statie bonding FSPL, 1b./sq. in., 3200 ¢ 5300
Static bending E, 1b,/sq, in. . 0.92 x 10 1,12 x 10
Static bending R, 1lb./sq. in. : 5100 _ 7700
Toughness, in, - : : 17 17
Rardness //, 1b. : 430 660
Hardness_/, 1b, - 270 - 350

Cleavability, 1b./in, width 1o S 130

Fl

. Chemical Properties

Considerable oll,

Calorific valuo: 16.8 x ;06 B.t.u. per air-dry cord.

Pathologx-

Resistance tc decay: durablé.

-~
% -

Yellow ring rot (Poria weirii) is the most serious dscay; pocky hoart "
rot (Fomes pini) is common in overmature trees,’ and almost all very old - -
trees are hollow-butted; rod ray rot (Polyporus anceps) also on old trees. .




el

Westorn Red Cedar ' o 1

Westorn cedar Yorer, or powderworm (Trachykelo blondell), attacics healthy

living troes and mineg the mein trunk; berk beetlos (Phloeoginus punctatus

or P, sequoise) prefor felled or weakenod trees.
Meilization

Use properties, Excoptionally goed working qualities and takes a
simooth satiny finish; paints well, good gluing properties, very durable,
scasons readily, shrinka.ge low, mnalls woll, retains sizec and shape cx- -
captionally well,

Lmber. Leading 'prod.ucers arg Washington. Oregon, Idaho' polos,

shingics, posts, aiding, interior trim, boat 'build.ing. tanks, pencils,
g;rponhouaes. > X ) . .

* ulg:!gg. Sulfate _,procese reduces readily; unbleached. '_pul'p very stron{,.
. £

50 billion bd. ft. in the Unitod States..
24 billion bd, ft. in tho Douglas fir rcgion.

2 billionbd. ft..in Alaska.
82 million cu, ft. in‘ tho ponderosa pine rog:.on (1936).
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QUAKING ASPEN

Scientific Name, Populus tremuloides Michaux.

'Szgoggms. Trembling aspen, aspen,. poplar, popple.
Family Name. Saficaceae. S

Range. Newfoundland; from southern Labrador to the mouth of James Bay,
to central and northwest Mackenzie, and through Alagka north of the Yukon
River to the coast; south ‘inland in British Columbia, the higher altitudes
of the Coast range and Sierra and extensively in the Rocikiss to Mexicof
‘east through south ccntral Alberta and Saskatchewan, southern Manltoba,
eastern Dakdtas, ‘central”Iowa, and east to New Jergey; south in the
Appalachians to Kentucky ( lg range includes the western varisty).-

b

Dimensions. ‘50 to. 6" G foet in heighj snd 1 to 2 foot in dlameter,

Bark, The bark is smooth, greonigh- white to cream colored, eventually
becoming furrowed, dark brown, or gray. often roughened by numerous wartbe
like axcrescences* volume, 18.4%, .

Silvics, Uhder competibion 8 long, slender hole with a small, rounded .
crown is Eeveloped- the root system is suporficial. Although aspen occurs '
as a scattered tree in unbrokén woods or on stream banks, 1t occupies logged
and burncd areas in almost purc stands, In the northern forest on burns
its common assoclates are fire chorry, bigtooth aspen, gray bdirch, Bebbls
willow, and an understory of mapls, birch,- and beech. In the western
nmountains conifors follow aspen. '

Gross Peatures-of the Wood. The sapwood ia whitish, frequently
merging into the heartwood which is grayish white to light grayish brown,
Tho wood is soft, light, without characteristic taste and odor or with a
characteristic disegrecable odor whon moist, Ths texture is fine and
uniform, and flat grain boards oxhibit a faint growth ring figure. The
wood is semi-ring to diffuse-porous with numerous small pores, the largest
baroly visible with the naked eye in the springwood, decreasing gradually
in size through the summerwood, solitary and in short radial rows of 2
or nmoro. Parcnchyma are terminnl, with the narrow, light-colored line more
or less distinet, 7The reys are very fine, scarcely visible with a hand
lens, Aspons and cottonwoods are similar and are not separated.in the
- trade. :

Mioroscopic Structure

_ Vagsels, 100 per sq. rm., the largest 81 mu in diameter; perforne
tion plates simplo; intorvessel plts orbicular to angular, 7 to 11 m
in diameter; volumo occupied, 33.8%.
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 TFibers, Thin to medium thick(about 3 mu) walls, 10 to 27 m in
diameter and 1.05 mm, long; volume occupied, 55.1%.

Rays. Unstoried, uniseriate, up to 25 cells (48L mu) in height, 27
ar €q. mm, on the tangential surface, 9 per mm. tangentially on the x-
soction, homogeneous, 3 to 13 roughly circular pits leading from ray
crossing o vessely volume occupied, 1IT 1%.

Longitudinal parenchyma, Terminal, forming a narrow, continuvous or
interrupted line; volume -oceypled, trace.

Nonmechanical Physical Properties

Specifit gravity ' . HA groen volume , .35
L - } air-dry volume 0,38
. ¥ e i - % ovenwdry volume 0.
. ./;‘, . . 5; . R
Density, 1b./cu, it, green . 43
, ' ' air<dry . 26
oven-dry _ 25

Moisture cdhtent uhen jgreont 9ug based on oven—ury weight (48% on }
greer basis). : i _ ‘

Shrinkage, from green condition: v, 11.6%; r, 3.54: ¢, 6.79.

Mechanical Proporties

Groen Alr-dry

Compressive stress at v.l.//,-1b./sq. in. 1670 3040
Compressive stress at p.l._[. 1b./sq. in, . 220 U460
Shoar, maximum stress //, 1b./sq. in. . 660 850
Stetic bending PSPL, lb./sq. in. 3200 ¢ - 5600 6
Static bending E, 1b./su. in. ‘ 0.8 = 10 1,18 x 10
Static bending R, lb./sq. in. 5100 8400
Toughness, in, e2 21
Hardness //, 1b, " 280 510
Hardness /, 1b. : ' 300 - 350

Cleavadility, 1b /in..width , 140 - 2lo

Chemical Properties

6

folorific velue: 17.7 x 10° B.t.u. per air-dry cord,
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Proximate analysis: . L

Bray and Paul (1)

Hot-water soly., % ' 3.3 2.6

Ester soly., % . ' 1.1 1.1

Alcohol-benzene soly., % - 1.3 “e.l 2.8
Pentosans, % 18,7 22.1 21.5 19.2
C. & B, celluloge, % 62.1 bl, b 66.5 66,1
Alpha-cellulose, % - 43,2 . Lo4 54,8 ug,2
1% FalH soly., % M 16.9 ao.k 17.9 16.3

1. Paper Trade J. 11% no, 16:33(0ct. 15, 1942).

Data on holocelluloss Lud C. 8B, cellulose [Van Jeckum & Rittcr.
Paper Trade J. 108, no, T 27(1939)] .

Lignin {based on extractive-free wood), % o 17.3
Holocellulose {based on extractive~freoc wood), % . 825
»

Alpha-cellulose, & = - 61 L
Pentosans, % ' . ~ ‘ 28.2¥
Acetyl, % _ R , De53%
Methoxyl, % o l.éa*
Uronic enhydride, 3 "~ Ba

C. & B. cellulosc (based on éxﬁrgctive-free wood), 4 64,1
Pentosans, %- | _ 19,Q%*

Alpha~cellulose, % ’ T

* Basged on holdcellulose,
¥® Baged on C. & B, celluloso.

Pathologx

Resistance to decay:  low.

Butt rot caused by Armillaria mellea; Hyvoxylon poplar cankzer causes
significent losses In aspen stands; Nectria canker; white heart rot -consed
by Fomes igniarius is particularly severc on aspen and, although limited
to heartwood in living trees, will spread to sepwood of dead trees in
foresty white mottled rot caused by Fomes fomentarlus,

-

Bronze birch borer (Agrilus anxius) mines ond kills: eapen\tortrix
(Archips conflictana) eets leaves; poplar borer (Saperda calcarata) baoros
in sapwood and heartwood; forest tent caterpillar (Malacosoma disstria)
complotely defoliates aspen during occasional yeors.

-
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Utilization

. Use properties, Light in color and weight, soft, weak; works well
and tekes a good finish; good painting and gluing properties; hold nails
well, tough, close grain, straight grain, even texture,

-

Lumber., 24 million bd. ft. cut anmuelly in the United States from
1931-1G940; leading vroducers are Minmesots, Michigan, Wisconsing boxes
and crates, veneeied containers, slack cooperage, matches, plywood,
novelties. -

Pulping. The average annual cut from l931-19ﬂ0 was 334,000 cords in
the Laxe S&atoa. . \

L}

Sulfihe process.,“Reducea,rea&ilx, unbleached pulp has excellont co]or
but wsually contains small black spedﬁg which disanpear on bleaching;
snsily bleached; yield nod,

e-

Sulfate process, Yield, KO%.

Sode process, Reduces fairly rendily, bleaches easily, yield, h?%
ASPGn makes up large percontago of soda pulp.

Other uses, Excelsior (ﬁbout 50, 000 cords annually)-
Supply

12 billlon bd. ft. of queking and bigtooth aspen in the United States,
0.6 billion bd, ft. of aspon inh Upper Michigan (1935).

b4 millior cords of aspen in the Lake States (1938),

7 million cd. ft. in the pondeross pine region (1936).
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Scientific Wame. Populus grandidentate Michaux.

Syronyms, Labgetooth aspen, poplar,
Fanily Fame, Sallcaceae.

REE% . From the mouth of the St. Lawrence River west to southern
Menitoba, south to cemtral Iowa, southeast to central Tennessee ond
wastorn North Cr rolina, northeast to central New Jersey.

niménéions. '60 to 7p foet tall and 2 foet in diamstor. -

* Bnrk. Olive gfecn but Bften not readily gseparated from that of "
quaking wspen, laterébacones brownfpnd furrowed, _ _ ' i

Silvies. Very similar %o quaking agpen, with which it occurs mimed or
in scattered groups in the forest. 1% is not of such widespread distribu-
tion or of gs frequent oeeurrence, however,

iross Featurcs of the Wood., Similor to quaking aspen and not separatoed ;
in tho trade. - . - : . _ I

Microschic Structwre. Simllar to quaking espen. Fibers a#arage 1.1 - 1
to 1,3 mm, in length. . . ‘ - i

‘Nonmechanical Physierl Properties

Specifid=gravity _ ‘green volume - . 0.35
_ - _ "airedry volume _ 0.39

- oven-dry volume B 5

-Deneity, 1b./cu. ft. green 43
o air-dry a7

ﬁ~ ovenwdry 26

!

Moisture content, when green: 994 based on oven-dry weight {50%
on greenr basis).

Shrinkage, fronm green conditiog: v, 11,8%: r, 3.3%: t, 7.9%;
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Mechanical Properties .. -

Green Air-dry
Compressive stress at p.l. //, 1b./sq. in, 2020 4050
Compressive stress at p.l. /, 1b./sq. in. 250 560
Shear, maxitun stress //, 19./sgq. in.- 730 1050
Static bending FSPL, lb./sq. in, - 6 5600 6
Static bending ¥, 1b./sq. in, 1. 12 x 10 1.43 x 10
Static bending R, 1b,/sq. in, 5400 9L00
Toughness, in, . 185 - 22
Pardness //, 1b, _ 400 520
Fardness /, lh. T 370 - 420
Cleavability, 1b /in, width : . 190 220

Cherical Propprtieg

»  YCalorific valuo} ;Etz;x-los 3it.u. por air-dry cord,
P : #;

Proximate anai}éis: - : - )
- Freeman and Peterson (1) . 3Bloonm, JahnS and

L Wise 2
, - Sap Heart
Ash, % - e 0.26 0.33
Hot-wator soly., % . 3.13- - 0.99 2.4
Cold-wator soly,, 7 2.70 - 1.36
Bthor soly., % 1,02 1,03 0.86
Alcohol-benzene soly., ﬁ 2,41 2,13 2.6
Acetyl, % 5,48 : 6.07
fethoxyl, % . - 5.27 .35 o
Pentosans, % T 23,3 23.8 19.7
Lignin, % 16.3 . . 16,9 17.7
. Holoccllwlose, % 78,0 . 80.0 '
Pentosans, % _ 22.5 23,0
Acotyl, 4 5,17 5.05
. Methoxyl, % - 0,65 o D.T2 .
¢, & 3. celluloss, % 62.7 ol 4 66,3
‘Pentosans, %g_ 14,5 15.8

1, 1Ind. BEng, Chem., Anal, BEd, 13:803(1941).
2., Peper Trade J, 115, no, 10:33-50(Sept. 3, 1942); includes also
deta on ethanolamine cellulose and corrcletion betweon the number of
chlorinetions and 1ignin in Cross & Bevan celluloso.

Pathology
Resistance to decay: low,

Oftcr subject to e branch and trunk gall sonowhat globoso in shape -
and with a rough, irregular surfacs, “

Jronze birch borer (Agrilus anxius) mines and kills,
Utiligation. Soc guaking aspen.

Supply. See queking aspen.




“i:ﬁnﬁﬁaniPOPLAR

Scientific Name. Populus Salsanifera Linnacus,

Synonyms. Belm-of-Gilead, balm, tacamshac, poplar.
Panily Nems. Sallcaccas,

_ 0. - Vory sinmllar to qualking aspen but does not occur in ﬁhé
Appalachiang, or as far south in the central states, or as far west or
south in the western mommtains, = -

Dinonsions; GOJtd €0 feot in huigh£ and 1 to 2 feot 1in diamoter. |

Bark. On young séems and linbs the bark is greenish brown to reddish
1‘brown. on older, trunks aventually bocoming gray to grayish black and-
dividing into flat, scaly, or aggggy ridges separated by narrow fissuree,

Silvics, Tho troe is medium-sized with a long, cylindrical bole, a
narrow, open, pyramidal crown, and a shallow root systom. It is. character~
istic of alluvial bottomlands and river banks and is typical of northoern
Canada. In the sputhora part of its range it usually occurs in isolated
potches, . - ) - .

Gross Features of thé Wood. The wood is very similar to aspen, although
the heartwood occasionally hag e reddish-brown tinge,

Microscopic Féatures. _See quaking aspen.

¥onnechanical Physical Propertias

Specific gravity _ . green volume 0.30
air-dry volume 0.33

ovan-dry volume . 0.35

Density, 1b./cu. ft, green , 40
_ . piredry ‘ 23

i oven~-dry 22

Moisture content, whon greon: 1127 hased on oven-dry weight (53% on
green basis), ' : S

Shrinkage, from green condition: v, 10,54 r, 3.0% +, 7.2%,
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Vechanical Properties

‘ Green Alr-dry
Compreasive stress at p.l. //, 1b./sq. in. 1220 2920
Compressive stress at p.l. /, 1b./sq. in. 170 370
Stear, maximum stress //, 15./sq. in. 500 7%
Static bending FSPL, 1b./sq. <n. © 2100 4200 £
Static bending E, 1b./sq. in, 0.75 x 10° 1.10 x 10
Static bending R, 1b./sq. in, 3900 6300
Toughness, in. 1% 14
Hardness / ,‘1b.' . 240 380
Hardness /, 1b3™ ' o 230 _ 300
Glaa.vabilii:y, 1'b ./in, width ' 130 200

Ghamical Properties? |
% ) . ' .
Galorific vartie s 17.2‘x-106é§;t.u. per air-dry cord.

P S

»

Pathology

Resistance to decgy: low, _
L

Bronze birch Ebrer_(égyilus-anxius) nines and kills. ‘

Utilization

*

Tunber. Average amnusl cut of about 8 million hd, ft., éhiefly
from the Lake States; boxes and crates, veneer haskets,

Pulping. Average annual cub fronm 1931—19h0 was about 17,500 cords,
chiefly from the Lake States.

- Sulfite process, Roduces very oasily; unbleached pulp of excellont
color- very easily bleached; yield, Yo,

Sulfate process. Yield, 50%.

Soda proéess. R@duces readily, fairly oasily bleached° yield W77,

Other uses, Excelsior.

Supply. 500 million bd, ft. of saw timbor in the United States (1941).
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NORTKERY BLACK COTTONWOOD \

Scientific Name. Populus trichocarpa hastate Henry.
Synonyns. Cottonwood, baln.
Fonily Name, Salicaceae,

Range, From southern Alaska %o northern California; eastward in
Washingbton and Oregon to northwestern Hontana, then north in the Rockies
to the Yukon territory. )

Dinensions, Maxirmm in western Waghington 175 to 225 feet in height and
[ te § feet in dianejer; nexirum in the Rockies 100 feet in height.

* Shrk, The bexk is'ﬁéwny yellow to gray and snooth on yoﬁng stensy
later, it becones ‘dark gray to dyayish brown and is separated by deep
furrows into narzow flat-topped ridges.

Silvies. Torest trees have a long, clesr bole and a narrow, cylindri-
cal, round-topped crown., They usually grow on noist, sandy, gravelly, or
deep allubial soils in puro stands or groups, or occur in mixbure with
Douglas fir,” lowland white fir, and red alder, Growth 1s rapid ani the -
tree is very intolerant, oo

gross Features of the Wood. The wood is similar to quaking aspon.

Microscople Structurc. The wood is similar t6 qpaking agpen.

Honnochanical Physlenl Propertias

Spocific gravity green volune 0.32
' - airf-ﬁry volume - 0. 35

oven=dry volune 0.37

Density, 1b./cus £t. ‘greon o L6
v air-dry ol

N oven~ary o 23

Hoigturec contonﬁ, when groen: 132% based on oven-dry weight (575 on
groen basis). : :

Shrinkage, from greon condition: v, 12,3 r, 3.6%; &, 8.6

e PO
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Mechanical Proporties

‘ Greon Air=-dry
Compressive stress at p.l. //, 1b./sq, in. 1760 - . 3210
Compressive stress at p.l. /, 1b./sq. in. 200 370
Shear, neximun stress //, Tb./sq. in. 600 1020
Static bending FSPL, 1b./sq. in. - 2900 5300 ¢
Stetic bonding B, 1b./sq. in. 1.07x 106 1,26x 10
Static bonding R, ln./sq. in. 4800 8300
Toughness, in, 20 22
Hardness —/{ 1b.. | ) . 280 G
Hardness 1bew. : _ 250 - . 350
Cleavabil

ty, l‘b./in, wi.d.th _ : 170 - 220

Ghénical Proper‘bié 38}

C‘alor:.ﬁc valﬁc‘ 15 5 X '.!.06 f;.’l_i.t.u. per air—-dry cord.

'Patholo&r - '
Rosistance to d.ecay: lowe. . -

_;}_grilus populi hqg'er n.‘mes woods satin noth {Stilpnotia slicis)
foeds on leavos, ; . .

Utilization -

- Usc properties. Sinilar to aspen, but size gives tromondous ade
vantago. ) :

Iumber., 7T million bd, ft. cut annually, 1argoly fron Oregons plywood,
netches, boxos,

Pulping. Soda pulp,

Othor uses. Excolsior,
| 225 million ow. ft. in tho United States (1939).

145 million eu. ft. in Canada (1935). '

188 nillion cu. ft. in Douglas fir recgion (1933).,
19 nmillion cu, ft, in the pondorase pins rogion (1936).

I



squwm COTTORWOOD

\ .
Scientific Name. Populus deltoides virginiana (Cestiglioni) Sudworth.

-

Synonyn. Cottonwood
Fanily Weme. Salicaccac.

Range. Prom sounthern Saskatchewan to central Texas castward to Vermont
and northorn Florida, ,oxcopt in the Appalachians and in northern Michigan
and Wisconsin., Tho .type spocies, called sastorn cottonwood, is believod

to be confined chiefly to westorn Now York and tho vieinity of Lake Champlain,

Digonsions. * 80 t6 300 foet in height and 3 to b foot in diamoter,

* Bafk. The bark-4g 1igﬁt .groenish yellow on young stens, eventually de-
coning inz osh groy and ‘dividing into &hick, flattoned. or rounded ridges
separated by deep fissuros.

Silvies., In tho forest the tree ig tall, clear, and cylindricol, with
a rather wigespread crown and an extensive superficial root systen., It
Erows princinally along strsans anit water courses in nixture with various
willows, sycarmore, American elm, and some of the bottomland oaks, '

Gross Foatures of the Wbod. Similar to quaking aspen.

Microscopic Structure. Sipilar to qpaking agpen; fiber 1ength is 1,3 mn.

anmachanical Physical Properties

Specific gravity - green volume 0.37
: air-dry volune 0.0
. oven-dry volume T 0.3
Density, 1b./cu. ft. © green - 49
- air-dry 28
oven~dry 26

Moisture content, when green: 1117 based on oven~dry welght (535 on
greon basis). : .

Shrinkage, from green comdifion: v, 14.1% r, 3.9%; %, 9.2%
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Hechanicéi Properties .-

Green Alredry
Compressive stress at p.l. //, lb}/aq. in. 1740 3490 -
Compressive stress at p.l, /, 1b./sq. in, 240 W70
Shear, maxirun stress //, 1b./sq. in. 680 930

tatic bending FSPL, 1b./sq. in. - 2900 . 5700
Static bending E, 1b,/sq. in. . 1.01 x 10 1,37 x 10
Static bending R, 1b. /sq. in, : 5300 : 800
Toughness, in. 21 _ 20
Hardness //,. 1b, : i : 380 . 580
- Bardness /, .1b, S ghﬂ L

Cleavabitely, 1bv./in, width 20 210

Ghenical PrOpertdes

ulw"'

; _
) Galorific values - 16.8 z 106_B.t.u, por air-dry cord.

Proxinate anaalyaia: E
MeGovern and . Bray and
Jkeller (1) - Paul (2)
Hot-water soly., 4 2.0
Ethor soly., 3. . Ok o
. Aleohol-benzene soly., p 7 1.8 0.9
Pontosans, % . T 19,0 18.0
Lignin,” % 23,6 22.0
C. & B, cellulose, % . . 63.2 6.2
Alpha~cellulose, % 16, 75
15 ;adﬁ soly., » - - 15. ' 14,8

1, . Seuthorn Pulp Paper J. 5, no. 11:7-10(April, 19h3). :
2., Paper Trade J. 115, no. 16:33(0ct. 15, 19”2) those data are
for castern cottonwood (Populus deltpides).

Pathology L

Rosistance to-decay: low,

A white rot in sapwobd and'heartﬁood, caused by Fbmes épplanatus,
ceccurs chiefly in trees woundod ncchanically or by firo,

Bronze birch borer (Asrilus anxius) ninos and killss cottonwood boror
(Ploctrodera scalator) is noderately cormon throughout the niddle Woat
and is very destructive on living trees,

P
LY

Utilization .

Lumbor, 76 million bd. ft. of southern, castorn, and swamp cotbtonwood
cut annually, chicfly in Misgissippi, Arkansas, Louisiana, and Missourf;
boxeos and crates.
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Pulping
Sulfite process. Probably similar to aspen; yield, h?ﬁ.
sulfate process. TYield, 473, |

Soda.process. Reduces rea@}ly:'f&irl& easily bleached; yield,_h?ﬁ.'

Hechanical proceés,* Yield, 9&%: comparable in strength to commercial
groundwood., _ _ :

Other uses.;mﬁzcelsior;.ES,OOG cords annually.

ot b -
. * 3+5 billion bd, ft. in the United States.

" 104 miliios-cu, f¥..in the Yorth Louisiana delta (1933).
_ o Vel A

LA
-




~SiAMp COTTONWOOD

Scientific Neme, Populus hctergphylla Linnzeus,

Synonyms, Cottonwood, river cottonwood,
: ,

Fonlly Nemo. Salicaceae.

. BRange, On the coastal plain fron Comnecticut to northern Florida, thon’
west to wesbern Louisiona, and north in the Mississippi valley to southorn
I1linois, Indiana, snd western Ohio; also in the region west of Lako

- Champlain,
Baxk, The’barﬁtiﬁ furrowed'and somowhat_scalx.

* \Silvics. A mgdiun-sizod treo occurring gscattered tbrough the bottorland
forosts and sinmilar in’ habits togother cottonwoods.

Gross Féatures of tho Wood. Similar to qpaking aspen.

hl

Mibroscopic Featurps. Similar'td;quaking asgpen,

-

ok

Pathology:

* Resistance to decay: low.

Brongo birch borer (Agrilus snxius) mines and kills,
Utllization

Use properties Similar to southern cottonwood,

o Lunber, Similar to southefp cottonwood.,.

Pulping. Similar to southern cottonwgod.

Supply. 2.5 biliion bd. ft. in the United States.

Far
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. BLACK WILLOW

Scientific Neme, Salix nigra Marshall,

Synonym.  Willow
Family Namé. Salicacese

Renge, From southorn New Brunswick to castern North Dakota; south
to wost central Texas; east to southorn Mississippi, central Alabama,
northern Georgia fo the coast of Yorth Carolina. A southern variety
is found in southern Arkansas and Louisiana,

Dimonsiong. 36:£p Lo faethin height and 14 inches in diametor.

ﬁark. The ask is Brown to nearly black, divided into deep fissures
scparating thiek, interlacing, fipmetimes scaly ridges.

Silvics,. Tbis relatively smell troe has a broad, irregular crown and
a suporficiel root systom., The trunk has a tendency to branch not far
above thc ground, bui the form and size of the trece are much better in
tho lower Missiseippl velley. Usually this species is found on moist or
wet solls along streams or lakes, or in swamps, :

Gross Featuros of tho Wood. The sapwood 1s whitish and the heartwood
light brown to pale reddigh brown or brown, frequently with darker streaks,
The wood is soft and light without charactoristic odor or taste., The
growth rings are inconspicuoug, Thé pores are numerous and small, the
largest barely vislible with the nekod eye in the springwood, decreasing -
gredually in size through the sunmerwood, senl-ring to diffuse-porous,
arranged solitary or in short radial groups of 2 or more. Parenchyne
gre terminal, generally invisible at low megnifications. The rays are
very fine, secarcely visiblo with a hand lens, ’

Microscople Structuro

Vogsels., 30 to 120 por sq. mm., the largcst 90 to 160 mu in dianmctor:
porforation plates ‘simple; 1ntervessel pits orbicular to angular, 6 to 10
nu in diamctér; volume occupied, 38.1%.

Fibers. Thin-walled to moderately thick-walled' average. 16 to 32 mu
in diameter and 1.1 mun, in length; volume occupied, 5h Y

Rays. Unstoried, unlserlate, heterogeneous with upright cells in
1 or mere {usually 1) merginal rows and not infrequently also in the
body of the ray; pits leading to vessels restricted to the uPright cells,
fairly numerous, ani forning a nore or less reticulate pattern; volume

occupied, T.MP. .
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Longitudinal_paxencnyma Terminal. forming a marrow, continuous o
interrupted line, 1 to 2 soriate' volume. trace.

‘Nonnechanical Physical Propertios

" spocific gravity green volume ' 0,34
- ' 0 -~ ovon-dry volume 0,111

Donéity;-lb./cu. 5. greon . o
- . ovon-dry | 26

Moisturoe contEﬁt whon graoens 139% besed on ovcn—dry welght. (58@ on
groon. ba313) R

E
P

Shrinkago, frort%reen conditions v,_13.8§: r, 2.5§§ t, 7;8%;

g Mbchanical Progprtios e

_ L e Groen Ar-dry
Toneile /, 1b. /sq. in, ’ o - 460
Compressive stress at p.1l. //, 1b./dq. in. 960 - 2020
Comprosiive. strcss at p.l. 1b./sq. in. 220 480
Shear, maximum stress //, 1 ./sq. in, - 620 1050
Static Bending FSPL, 1b./sq. in. - 1800 6 3900 ¢
Static bonding B, 1b./sq, in, =~ = 0.56 x 10 0.72 % 10
Static bending R, 1b./sq. in. ‘ 3800 - 6200
Toughnoss, in. 36 20
Hardness / » 1h, - - 350 ' - 5R0:
Hardness /, 1b. ' 760 , - kso
Cleavebility, 1b./in, width 270 290

.-Ghomical'Proportios

Proximate analysis: _
' McGovern and Koller (1)

Hot-watcr solyi, % 3.6
Ether soly., % o 0.3
Alechol-benzene soly., % _ 2.2
Pentosans, ' 18.8
Lignin, % : : . 21,9
0. & B. cellulose, %. 61.6
Alpha=eclluloss, % S u6.6
'lépﬂaOH 80lys, & ¢ " 17.4

- 1, Southern Pulp Paper J. 5, no. 1l:7=-10(April, 1943).- *
Pathology h

-~

Resistanco to decay: low. o - e o &

A soft white rot caused by Dacdalce confragosa sometimes occurs on
living treos in the vieinity of wounds,
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Borer (Agrilus politus); mottled willow borer (Cryptorynchus lapathi)
girdles twigs; oyster sheéll scaléd (Lepidosophes wimi); browntail moth
(Fygmia phacorrhosa) attacks leaves; gypsy moth (Porihetria diepar)
attacks leaves; carpenter worm (Prionoxystus robiniae) bores wood.

Utiligation '

x

Use properties. Soft, wealk, modSiately light, uwniform in textwre,
and easily worked., _ .

Lumber, Hoxes, erafes, furniture, slack cooperage, core stock,
crtificial 1limbs, cabinets, vehicles.

PlﬂEiEc - Lt

'ﬁ Y- - A B 1 . . . .

Sulfito process. Re&uceg readily; unbloached pulp of excellent ecolory
foifly eadily bleacheds yield, -50%. - : '

- - o

Soda process. odﬁces readlily; fairly casy to bleach; yield, 454,

Mochanical process, About equal to‘gommercial groundwood in stroengths

dork color; yigld, 96, -

Other uses, iCharcoaf}.excelsior, .

£

Supply. 135 million cu. ft. in the North Louisiana dolta (1933).

b




9%

‘ ‘:éﬁﬁéwm - QAK

.

Scientific Name, Quercus montana Willdenow. .

Synoggg., Rock oak

Familz Yame. Fagaceae;

HRange. Southern Maine, through central Few York, northeastern Ohio,
and southern Indiann; south to central Alabama; northeastward in the
'Appnlachians to the cgpst of New Jersey,

Dlmensions. ?0 ta'&O feet in height and 20 to 30 inchos in diameter, ;

W

: hs
Berk, Brown to naarly black- very deeply ond coarsely furrowsd on
oI%er troes, .l _ _ | ]
' g - o

Silvics. The abeve dimensions are for trees on good sitos, but thisg
gspecies 1a comimonly found on dry, storile soils and rocky ridges where it
is a much smaller tree, On the poorost of these sites 1t sometimes cecurs
in open, pure strnds of limitod extent; on slightly better soil it associantes
with black oék blaekjnck ogk, chestnut, pitch pine, and other dry-soil
specios. .

Gross Featurcs of the Wood, The sapwood is whitish to light brown,
.and the heartwood is dark brown. The wood is hard, medium heavy to hoavy,
without characteristlic odor or taste, This ring-porous wood has a distinct,
consplcuous growth ring and a high ray fleck. The springwood pores arc
largo, distincetly visiblo with. the naked eys, forming & conspicupus band
1 to 3 pores in width; tyloses are present but not abundont., The tran~
sition from springwood to summerwood is abrupt or somewhat gradual; the
sunnerwood pores are numerous, small, not distinet with & hand leas,
scattorod in radlally aligned, flameeshapod tracts of lightwcolored
tissue, thin-walled. Parenchymn are vieiblo with & hand lens, forning
port of the conjJunctive tissue between the springwood pores and the rays,
composing most of the tissue in the flame-shaped areas, ususlly zonate in
fine, more or less regular, tangential lines in the outer portion of the
ring, The rays are of ‘two types, broad and narrow. The broad compound
rays are very conspicuous to the naked eye, soparated by several to mony
narrow rays, appearing on the tangentlal surface as rather widoly spaced,
staggored lines of varylng length which frequently extend an inch or more
along tho grain, forming & handsome, high fleck or the radial surface,-
The narrow simple rays aro-mch more numercus than tho broad rays, ine
distinet without magnification:

Microscopic Structure

Vessols, Summerwood vessels 20 to 120 per sq. mm.: ;argesf spring=-
- wood vessels 180°to 380 mu in diameter; perforation plates simple; inter- ?
vessol pits olliptical to orbicular, 6 to 10 mu in diameter.
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Chestnut Oak | ~ %5

Tracheids. Present, intermingled with parenchyma, forming most of
tho conjunctive tissuc between-the¢ springwood vessels and the rays and
composing part of the flane-shapod éreas in which the summerwood vessels
are embedded,

Fibers. Medium thick- to thick-wallcd frequently polatinous,
1L to 22 mu in diamater.

Roys. Unstoried, honogoneous'“%rOQd rays 12 to 30+ seriate and 150 to
100+ nu wide in midﬂle, nony cells {into hundreds) in height; narrsw colls,

very numerous,. uniserinte or oceasionnlly in part biseriste, very variable

in height (1 to 20+ colls)

Longituﬁinal_parcnchyna. Ahundant- aratrachoal. netatracheal; and
asually notatrachocal=zenato;  the paratracheal intermingled with trachelds
and digtrihuted as doécgibed above, rietatracheal restricted to the fibrous
arcag gd toward the outer portion of the ring exhibiting more or less of

‘t»ndehcy toward &g{’rogation into ﬁoncentric linos of motatracheal,

Nonnechanical Physical Propeorties

Specific gravity _ grecn volune | 057

’ ; oven~dry volune 0.67"
Density, 1lb./cu. £t . green - o 61
: oven=dry k2

, _Hoisturc contont, when green; 72% based on oven~dry woight (427 on
green basis), .

Shrinkege, fron green condition: v, 16.7%; r, 5.5%; t, R7%

Mechanical Properties

Groen . Air=dry
Compressive stress at p.l. //, 1b./sq. in. 280 - C 420
Comprossive stress at p.1. /, 1b./sq. in. 660 100
Shear, meximum stress //, 1b./sq. in. 1210 : 1490
Statie bonding FSPL, 1b./sq. in. - Leoo 6 9000 £
Static bending E, 1b./sq. in. 1.37 x 10 1.59 x 10
Static bending R, lb /sq. in. ' 8000 13 300
Toughness, 1in, : : %
Hardness //, 1b. : 970 1230
Herdness /, 1b, . 890 1130
Cleavability, 1b./in, width ' . 380 330

Chernical Properties st

Destructive distillation: mnothanol, 1.22%s acotic acid, 4.88%; tar,

10.2%; charcoal, 39.6%. L ¢ RN

Tannin in bark in commercial quontitios.’
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Pathology T | B ‘::“":

Resistance to ddcﬁy:'“intefmé&iate'+.

Golden ook scale (Asterclecenium veriolosum) doeS'éxténsivp densgo.

Utilizotion o,

——

Usc properties. Hard, heavy, stronz, fairly oasy to work, talkes
finish well, prorinent ray fleck, not durablo, good resistance to woar,

Lunber, Ono of the four principal producers of "whlte oak" lumhor,
the othérs being white, ovorcup, and swamp chestnuti piles, props, tics,
flooring, car constructiqn, cooperage, boxes, furniture, turnery, intorior
trin.‘fixturds, s&sh, dooﬁs‘ shipbuilding, vchicles, implenents, cabinets,
toilet saats, refr1gor1tors,caskets. '

* [3 RS

Pulping. Somotimes;used_for sodq&ﬁulp.
Othor usos. OCharcoal; hark is an importent native source of tennin,

. Supply. 6.83:11_111011"13&. ft. estinated *-(19&9).

il
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3LACK OWM

Scientific Nane, Nyssa sylvatica Marshall,-

Synonyms.  3lack tupelo, sour gum, tupeio,_pepperidge.

.

Ferily Nene, Xyssaccae,

Range, Southern Maine west to central Michigan; southwest fo southe
sastern Oklahoma and eastern Texas; not in central or southern Floride.

Dinonsions. 80 to 100 feet tell and 3 to 4 foet in dismoter,

~ Berk, »The bark®on- lﬁr r troes is "blocky” or with the appoarance of .
alligator .hide; volume, 1 ha. .

Silvics. This spdcigs ig conronlygfound on noist or wet sites buk
will mot live undor cxtreme conditions such as tupelo gun can stand,

Grogs Pcatures of the Wood, Theo wido sepwood is whito to grayish
white, and the hoartwood is greenish or brownish groy in color. The wood
is roderately Hord and. nediun heavy, usually with interlocked grain,
and without charattoristi¢ odor or taste. TFlat grain boards exhibit o
foint growth ring, although even under & lons the growth rings in the x-
scetion are generally indistinet. In quarter scction a distinct but not

pronounced ridbhon figurc is present bocause of the intorlocked grain. Tho

toxture is fine, Tho pores are smoll, not visible with the naked oyo,
gquitc unifortt in size, nunerous And fairly ovenly distributed, solitery
or occnsionally in short radial groups, Porcnchymn arc not visiblo, The
rays are fine, not distinet in the x-section without a hand lens, very
close and appearing to form abount half the area,

Hlerogeopic Struoture

Vessels. 80 to 180 per sq., mm., the lergest 60 to 90 mu in dismeter.
The perforation plates are scalariform with numerous thin bars, Spiral
thickening is occasionalLy present and is restricted to the tapering cnds
of the vessel segments. ‘Intervossel pits orbicular to elliptien) or '
nore frequently rectangular, in transverse rows of 1 to 54, U to 20
(mostly 8 to 10) mu in diameter. TVolume occupled, 38.M%.

Fibers. Moderately thida- to thiclk-walled; average, 20 to 32 m in
diameter and 1.8 mm.. long. Volume occupiod, hS.O%.

Rays. 8 to 13 per nm, tangentially on x=se¢ction, unatoriod, to 4
seriate, heterogeneous with the upright colls generally restricted: to
one row on the upper and lower margins and less than 60 mu high, - Volume
occupied 16. 6%.

-
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Longitudinal parenchyma Paratracheal and metatraéheal. scattered
frace, _

Yonnochanienl Phyaicai PrOperties_

Specific gravity green volume . . 016
. _ oven-dry volume G55

Density, 1b./cu, ft. groen B
- - airedry _ : 35
oven-dry . 34

Moisture content, whon green: 55% based on ovon-dry weight (35% on
greon basis). s : :

\e'

3condition' v, 13,9%; r, h.ug %, 7.7%. S

i

Elactrical rcsistan@e° 31, ?OO mquhms at 7% moisturc content

Shrinkago, from green

- 2715 mcgohns at 12% moisture content
Mechanical Propertios : .
h Y . i Green Alr=dry
Tensile /s1b, ;'sq. m.- . — 500
Compressive stress at p.l. //, 1b./8q. in.® 2490 3470
Comprossivo stress at p.i. /, 1b./sq. in, - 600 1150
Shoar, neximun stress //, 1b./sq. ine : 1100 1340
Static bending FSPL, 1b./sq. in. 4ooo 6 7300 ¢
Static bonding B, 1b/eq. in.” 1,03 x 10 1,20 x 10
Static bending R, 1b./sq.. tn, . 7000 9600
. Toughness, in. _ o ' 22
Hardness //, 1b, . . 790 . : 1240
Herdness /, 1bs ' 810
Cleavability, 1b./in, width _ 330 : 340

h Chonical Proporties
Proxinate analjsis:;

FQP -LQ

G. & Bo cellulose. % . 56 .
Li gnin, % . 28,
Hot~watér soly., % . _ 4.0
Bther soly., 4 = e 0.4
Pathology | T x t

Resistance to docay lows

Gray-olive stain on cut onds of logs caused By Lasioaphaeria pazizu&a.
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-

Forest tent caterpillar (Halacosoma disstria)

Utilization

Use properties, Pine texture, does not splinter easily, rather easy
to work, tendency to warp and twist in drying, almost white, susceptible
to blue stain, not resistant to decay, ablo to take finish, holds nails
wvell, good rosistence to wear, - _

Lunber. 103 million bd., ft. cut in 1940; leading producers aro
Louisiana, South Carclina, Alabana, Mississippi; veneers, floors, ties,
sar constructlon, boxes ahd crates, furniture, interior trinm, vehicles.
toilet seats, cigar boxes, loaundry appliances, :

Pulgigg Sulfite pro ess. Reducos readily; fairly easy to bleach;

yiold, #&%. Soda process.” Reduces readily; slightly stronger thon aspen
pulpt rather difficult.bo bloach; yield, 435, Mechanical process. -Standard
strongth; very lizht .cqlored and- fineﬁgibored- yicld, 90%.

.lEELIP lack plua tupelo gun osbinatod at 15 billion hd, ft.
' 18 million cu. ft. in, the North Louisiana dolta (1933)
358 nillidn cu. T, in southeast Texas (1935).

585 million d. ft. i% northeast Florida (1934).
1.2 billion bd. £t (includee tupeldi in southern Georgia (193L).-

LIBRARY

Instituts of Paper Chemisry
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TUPELO" GTM

Scientific Fame, Nyssa squatica Linnaeus,

EZEEEEE_' Tupelo, water tupele,
FYapily Nene, Nydeaceas, ~; :

Range. Costal plain fron southeastern Virginia to southern Texas
and wp the Mliasissippi valley to southwestern Indiana; not in central or
southern. ?lorida ‘ , :

Dinensions. 80 to 100 feet bigh a.nd 3 to 4 feot in diameter.

Jark, Thin, brown1sh ggay with scaly ridges, .

Sf&vica. The trunkﬂ%ulges charactorlatlcally at thoe base and rapidly
topers to 2 long, clear bolo. Tupolo ¥s ono of the most characteristic
of southern swarm treed and is found on sites which are periodically,
if not 2lwnys, unfer water, It occurs in almost pure stands or nixed
with cypreoss. The growth on well-drained bottomlands is rapid, whereas
thet on cxtrenely swnmp; sites is rmuch slowor.

.Gross Features of the Wood Usually sonowhat softer, lighter, and
nore porous, with morc crowded, slightly larger vessols than black gun.
Othorwise, the woods arse. the sane.

licroscopic Structurc, Within_ the linlta g1ven for hlack gun,

Wonmechanical Physical Properties

Spocific gravity gréen volune ¢ 0.6
. . oven-dry volune . 0,52

Density, lb./cu.:- £, gréen ) ' ._ 56
. air-dry : 35

ovon-dry 32

Moisture content, when green: 97% based on oven-dry weizht (495 on
greon basis), ' '

Shrinkage, from green condition: v, 12.5%; v, 4.2%: t, T.6%.

PR




Tugele Gum . o 101

Mechanical Properties

Green Afr-dry

Tensile /, 1b./sq. in. — 700
Compressive stress at p.l. //, lb//sq. in. 2690 4250
Cotpressive stressz at p.l s 1b./sq. in. 590 1070 '
-Shear, maxirum stress, //, Th, /sq. _1n. 1190 1590
Static bending FSPL, 1b./sq. in, 4200 6 7200 ¢
Static bending B, 1b./sq. in. ' 1.05 x 10 1.26 x 10
Stetic bending R, 1b./sq. in," 7300 9600
Toughnesa, in, o _ 30 23
Hardness //, ibe . o 800 1200

- Rardness /, 1b. ‘ 710 . 880
'Cleavability. 1b /in;, width L 3L0 360

Chomieal Prqperties '

¥ e L _
Destructive distilldfion: néthandg, 1.56%; acetic acid, 4.497;
charcoal, U45,9%; tar, 13,U4%, ' -

Pathology

Rpéistanpe_%o decay: low,

Diseases'and insect pésts_similar to black gun.

Utilization. Sinilar in usc propertios and uses to black guny 178
million bd. ft. cut in 194Q; black gurt. and tupolo formorly wore marketed
togotker, but reoecently thore has boon s teﬁ&oncy to sell lunber unﬁer tho
individual rane. .o

Supply. 6 billion bd. ft. in tho United Statos (1933).

T
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SHAMP BLAGE GUM

Scientific Neme. Eyssefbifloré Walter,

5222935_. 11ack gun, swanp tupelo.
Tanily Name. ﬁyssaceae. -

. Rggg « Southern Maryland to easstern Texas, but not in southern Florlds,

B LI P Sl

LA R A

Dinensions, Smalifor nediuws-sized tres.
Silvics; Grows 1n the swarpe of the coastal plain.

Chemicai PrOpertles’ }

E e : .
Proximate analyéf%: S 5.
c P.P.I. © F,P.L. F.P.L.
ﬂot-water SOIV.' % . ]'I' l‘l’ l".2 3-3
Ether soly., 7 ' 0.3 0.3 0.5
Alcohol-benzene soly;, % 2,7 2.5 3.1
Pentosans, % - ' 18.9 18,5
Lignin, % . 29.0 - 26,7 29.5
C. & 3. céllulose, % 54,73 33'2 5647
Alpha~cellulose, % ' . W40 .7 47.2
1% NadH soly., 5 L. 16,3 13,8 16.2
Utilization

Pvlping. Hécﬁanical process. Light éolored, if ground soon after -
cutting; short fibered; lacks strensth, whon compared with softwoods,
but could be used ng filler stock.

.!r‘-m
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SOUR TUFELO GUM

Scientific Name, Nyssa ogeche Marshall.

Synonyns, Sour tupelo, Ogeechee tupelo, Ogoechee lime,

Fanily Namo. Nyssaccae. -

Rango. Southern South Carolina, Georgia, and northern Florida; in
northern Florida extending westward through abeut two thirds of the

state, -

-

Dimensions, Small to medium-sized tree, |

Silvicé}?Found near thelcoast only.

* £ v e

. * T &_
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YELLOW DIRCH

Scientific ¥ame., Betula lutes Michaux f,

Synonym, Birch,
Fanlly Vane, Betulaceas. - -

Range. ¥Newfoundland; along the north bank of the St. Lawrence River .
westward to northwestern Manitoba: south to northeastern Iowa, northern
I1lineis, northern Indiana, northern Ohio, and south along the Appalachians
to northern Georgia; tHen northeast along the mountains to Delaware.

Dimeysions., &0 tb*%ﬂ feet in height and 1 to 2 foet in dianeter.

«Jarks On young stema ang. branches,’ goldon gray to bronze, seperating
at the surface and §oeling horizontglly into thin, curly, papory strips;
eventually breaking ug into reddi shebrown plates on mature trunks,

Silvics. The tres has a long, well-formed bolo, an irregularly

- rounded crown, and a shallow, widespreading root systom. This spocies
is the most Wypical of northeastern hardwoods and occurs in mixture with
sugar naple, baech. homlock, red spruce, balaan fir, end whito pinec.

Gross Features of the Wood. The sapwood is light yollow and the hoart-
wood o distinctive reddish brown, The wood is moderately hard to hard,
noderately hoavy to heavy, without charsoteristic odor or taste, Tlot
- grain boards show a faint growth ring; .The growth ring is indistinct to
the nsked eye, delineated by a fine linc of deonser fibrous tissue at the
outer margin and usually by smhller pores in the surmorwood portion of
the ring, The wood is diffuse-porous with porcs appoaring as whitish
dote to the nakod eye, the largor obviously wider than tho widost rays,
noarly uniforn in size and ovenly distributed throughout tho growth ring,
solitary or in short radial groups of 2 or nmoro. Parenchyma are not
vigible., The reys aro fine, not distinet with the naked eye but plainly
visible with a hand lens, narrower than the largest pores.

' Microscopic Structuie

Vossols. 50 to 100 per sq, nm,, the largest 60 to 160 mu 1in diarmetor;
porforation plates scalariform; irtorvessel pits orbicular to hexagonsl,
minute {2 to ¥ mu in diametor); volume occupied, 21.4%.

Fibers. Thin- to noderately thlck-walled, 20 to 36 mu in dianeter
and 1,85 mn. long; volums-occupied, 65.8%,

Rays, Unstoried, 1 to 5 seriate, homogeneous; volume-ocgqiled, 10,8%

1

-
T
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ongitudinal parenchyma Hetatracheal, paratrabheal, and terminels
volune occupied, 2.0@ ) o :

Vonmechanical Physicel Propertiés

Specific gravity _ groen veluno 0.55
| . oven-dry 0.66
Donsity, 1b./cu,” ft, o green ' : ET
' . © pir-dyy 3

ovenedry 41

Molsture content, when green: 67% based on oven-dry woight (UO% on
greon basis) : '

Shrinkpae, from,gzeen~condition: v, 16,7%; 1, T.20; t, 9.2%.

Cocfiieient of thorpal expgnsion per degreo ¥, at ordinary tomperatires:
.1, 0,0000011; r, 0.0 or,us .oooogs. .

Thermal conductivify. 1,00 Beton./hr,feq. £E with 1 F. gradiont/
inch thiclmess.

‘Blectrical »esistances " 87,000 megohns at 7n nolsture content,
. - 200 megohna at 123 moisturo content.

Hochonical Propertics ‘--
o ' Groen - Air-dry

Tensile /, 1b,/sq. in. .- . e 920
Comprossive -stress at p.l._é{, 1bs/s8q. in. 2620 6130
Comprossive stress at p.l 1b./s8q, in. - B30 1190
Sheer, maximun stress //, Ib./sq. in. _ 1110 1380
~ Static bonding FSPL, 1b./sq. in. : 4200 10,300 Lob
‘Static bonding B, 1b./sq. in, - 1.50 x 10 2,01 x
Static bending R, 1b, /sq. in. : . 8300 16, 600
Toughnoss, in, 48 55
Hardness //, 1b. o 810 1480
Hardness /, 1bs , 780 1260
- Gloavability, 1b./in.’ width 270 520

Chemical Propertioa ‘

Calorific'valusz 26.2 x 106 T.t.u. por alr-dry cord.

Destructive digtillation of heartwood:

Wisconsin Pennsylvania
* Mothanol, 7 i 1.5 o162 v
Acotic acid, % : . 6.71 6,19 ,
Tar, % 9.6 \1206 L Co
Charcoal, T; 39.0 ixe 36;”' o . &

Spocial: 0il of wintergrcen from bark of fﬁigs.
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Proxinate analysisé

Frognan apd
Ritter and Fleck (1) Potorson (B)

¥, P.L., Sap Hoart Sap Hoart Sap . Henrt

a”h,‘. ; - ~ 0v26 0o 0,18 0,23 0,11 0.5
ot-water soly., % " 40 2,98 5,69 2,10 3,96 1.30  0.29
CoLd—water 90ly., % . 1,05 B,16 1. 74 2.76 1.20 0.93
Bhher soly., o 0.6 0,48 0.81 0.8 0.99 0.36 0.%0
.Leohol=benzene soly.~,§ . S 0.97 L.89
15 ¥aOH soly. , v 19.9 16.8 20,5  19.8 21.1 S
acetie a('.'-j:d. ﬂ ' ) "‘;":_ ll'o30 . 2-3"" 1.-{8 3.75 2.83 8079 6911
Msthoxyk, . P Ty 607 5.66 B.M46 547 5,27  6.00 6,04

Pontosans, % - T 26,3 23,0 21.8 24,1 24,3 26,9  26.9

LiZnin, % s . 24,7 246 27.8 28,1 18,6 20,2

Holocellulose, % . . =~ =~ gk 79.5 7645
Pentosans, % . _ » 2645 24,9
Acetyl, % - ‘ ' 6.13 5,81
'Hethoxyl. 4 - , ‘ _ 1,31 0,93

~ Cs & 7. cellutose, 5 - 61.3 58,9 56,9 56.6 549 590 580

©  Pontosans < C12.2° 12,5 12.6 12.0 19,3 17.0

Alpha-collulqsa, 5 - 30.7 35.8_ 29.6 29.4 -

1. Ind. Bng. Chem, 15:1056(1923).
- 2. Ind, Eng. Chent,, Anol, Ed, 13%: 803(19h1)

-

Pathology
‘Reeistance to decoy: low‘+:
Red heorttstain‘ brown nmottled heart rot (Pholiota adiposa): Nectria

canker; reddish yellow sap stain: white mottled rot (Fores fonentarius)
in heart; white trunk rot (Fones igniarius)is cormon,

Pitch ray flecks causad by cembium miner (Agroryza pruinosa)
bronze birch borer (Agrilus anxius) nines wood. and inner bark,

Utilizetion

Use properties, Hard, heavy, stiff, strong, easily vensered, takos

a good polish, glues oasily, shrinksg moderately. dries easlly, weor
well,

Lumber, Annuzl use from 1931-19h0 wos 148 million bd, fH., of which 5%
was yellow, 157 sweet, and 107 papor birch; leading producers are Wisconsin '
Hichigan, Wew York, Maine, Vermont, New Hampshire; flooring, furniture, -
turnery, vengsr, cabinets, interior trin, tles, car construction, fixtures,
woodenware, vehicles, spools, toys, matches, boxes, airplanos. Most - R 4
ipportant commercial hardwood in Canada, . C
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Pulping, Sulfite process,. Reduces readily; good color; fairly :
casily bleached; yield, u5%, Soda procoss. Reduces with some difficulty;
feirly easy to bleach; yield, 424, :

Other uses. ,Dostructive distillation; charcoal; fuel; 114,900 cords
in 1537. . ,

Sggplz

Bstinmate in 1938 of 2ll birch in tho United Statos was 18,5 billien b, It.

Bstimato in 1942 of.yollow birch saw timbor in United Statoes was 10
»illion hd, £t, . '

5.6 billion cu. ft..in Cenada,

3.9 Million by ft. 4nd 24 million cords in the Lake States (1942).
SeT-villion dd. ft. in Vppor Michigan (1935).
: A ,.__:w' . 'we )

‘-;.F . ' . . &’

Ll

L]
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PAPER BIRCE -

Sclentific ¥ame, Betula papyrifera Marshall,-

Synonyms, White birch, canoe birch, silver birch. .
Famlly Name, Betulaceae.

¢, Newfoundland:; central Labrador westward across James Bay to
eastern Manitoba; south through western iinnesota, northeastarn Iowa,
northern Illinols, southern Michigan, northern Ohlo, central Pennsylvxnia,
to Long Island ‘2lso in th@ Black Fills of South Dakota.

)
_Dimensigg' 50 to 70 feet in height and 1 to 2 feot in diametor.
 Bark. The bark is dafk brown at firft, soon turning chalky to croamy
vhite, soparating into thin, papery strips; Pearly ‘black and deoply
fissured at the base of old treoos; volumo, 13.2:

Silvicg, Thig species is characteristically Canadian and oceurs in
tke northern Unltod States only in moist, ceol locations, The tree has
e long, cylindrical-bole, an irrogularly rounded crown, and o shallow
root system. It occurs as a scattorod trec in the mixed coniforous-
hardwood forests of the north, mixed with white pine, red spruce, white
spruce, balsam fir, maple, beoch, ycllow birch, and black ngh., In soue
places, with white spruce and balsam fir, 1t comprises a large part of
‘the permancnt forest., On burned arcas veory commonly a mixture of white
birch and aspen is found, especially if tho sito is moist,

Gross Foatures of the Wood. The wood is very similar to yollow birch
in appearance, exeopt that it is usuelly whitor in color.

‘Microscopic Structﬁrc. Similar to yblloﬁ birch oxcopt in volume occupied.
‘Yesscls. 10.6% |
Fibors, 75.7% !

Loqﬁiﬁudinal varenchyma, 2,0%,

Vonmechanical Physical Propertics.

Speeific gravity groon volumo 0.8
. ovonedry volume 0460
Density, 1b./cu, ft. - groon = 50" E

ovonwdry . 37
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Moisture content, when.green:. 65% based on oven-dry weight (39% on
green basis)s . .

Shrinkage, from green condition: v, 16.2%; r, 6.3%: t, 8.6%.

Yiechanical Propertics

Greon Aralry

Compressive stross at p.l. //, 1b./sq. in, 1640 7610
Compressive stress at p.l. /, 1b,/sq. in, - 340 740
Shear, moeximum stresg.//, 1b,/sq. in, - gho 1210
Static bending FSPL, 1b./sg. in. , 3000 ¢ 6900 6
Static bending E, 1b./sq. in. . 1,17 x 10 1.59 x 10

- Staticebinding R, 1b, f%ﬁ in, | 6100 12,300

Poughness, in. Lg : 34

' Hirdneds,//, 1b, e Y o 470 890
Hardnese /, 1b, . -, = k- 560 910
Cleavabi ity. 1b./4n. width . 210 540

Chemical Pfqpertiea

Calorific value: 23,4 % 106 B.teus per air«dry cord.

Proximate analysis: o

B o Freoman
. and

_ Peterson (1) Rlcbtor
FCPQLOI. FoPnL. "F.PQI& F.P.LC Sap Heart (2)

Ash, % : o.2% 0,21
Hotwwator soly., % 2.7 2.8 . 31 2,1 2,39 2,15 1.8
- Cold-water soly,, 4 ’ 1.28 1,12
Tther soly., % 1.0 - 0.9 1.0 1.0 0,79 2,19 1.7=3.5
Alcohol-benzene soly., % 9,2 5.8 3.2 3.31 6.4k 2,103
1% ¥aOH soly., % 19.3 20,8  17.3 :
Acotyl, % . : - 1.2 7.6
Hothoxyl, % _y £.10 5:75
Pentosans, % i | 26,5 28.8 28,6 21.9=c3%.6
Lignin, 4 25,7 23,8 26,3 26,8 17.6 19,6 22,5-25.)
Holocsllulose, % ! 76.6 709 :
Pontosans, '3 B _ - 28,5 25.7
Acetyl, % - : 6,01 5,29
Methoxyl, % . . 0.97 0.95
C. & B. cellulose, % 60,6 - Bl.4 60,0  60.L 55.6 KL.O
Poentosans, % . B 18,0 14,0
Alpha~collulose, 4 41,6 39,7 43,9 _ »ot

1.  Ind., Eng. Chem., Anel., Ed, 13'803(19h1) ' ‘
2. Ind, Eng. Chorm. 33:78(1941); extromes of 7 samp1e3° sapwodd and -
heartwood data also given, '

e
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Pathology

Resistoance to decay: low +.

Brown rot (Polyporus betulinug) in dead sapwood; red heart sté.in;
wrown mottled heart rot (Pholiota adiposa); Nectris canker; reddish yellow

sap stain: white mottled heart rot (Jonmes fomentarius).

Pith ray flecks caused by cambium miner (4, Agromyza vruinesa): bronze
birch borer (Agrilus enxins) mines wood and ‘inner bark, _

-

Utilizati.on

Use properties, * Works yell under tools and, nlthough not as strong
_as yellow «'b:!-,rch iS'q_uite o strong. tough, serviceabls wood,

»

Lum'bar. Only. 10% \'of “pirch 1um'ber gq,t in the United States; turnery,
toothpicks, spools, toys.

Pulpingz. Sulfite process. Reduces readily; poor color; fairly easy
%o bleach: yield., 45%. Soda.process., Reduces with somo difficulty:
fairly ocagy to bloach* yield, 424, Mechanica.l process, Short--fiboerod,
wonk, highly absorbent; yield; 90-95%.

Other nses. TFuel; bark for native canoes,

Estimate of birck for the entire United States was 18,5 billion bd, f%.
in 1938, '

7 billion cu. ft. in Canada,
1.2 billion dd. ft., and 12.5 million ccrd.s in the Lake States (1933)

300 million bd. ft. in Upper Michigan (1935)
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* BEECH

Sclentific Name. PFagus grandifolis Ehrhart,

Synonyme, American beech, red beech,

e

Family ¥ane, Foagaceas.

Range, rom Eova Scotia and New Brunswick west to the Soo and sastern
half of the upper peninsula of Michigan, to southeastern Oklahoma and
sagtern Texas: not found in central or southern Florida.

Dimensions. 70 to ‘80 feet in height and 2 to 3 fest in diameter,
s
Bavk, Thin. smoothgwgnd 1ight blue gray in color.

Silvies, Under forest conditions a” clear. stralght, nassive trunk is
devaloped, The root system ie shallow and extengive, This species attains
its best development in the lower Ohlo valley and at lower elevations in
the southern Appalachisns in nixture with basswood, yellow poplar, black
cherry, ash, sydamore, and bottomland ocaks. It does not grow on the main
bottomlands of tho -lower Mississippl River valley but on branch bottons
of stroams in the pine types. In the north it usually assoclatos with
naple, birch, and hemlock. . : :

Grogs Peatures of the Wood., The sapwood is whitlsh and the heartwood
whitish with s reddish tinge to raddish brown., Ths wood 1s moderately
hard, ncdium heavy, without characteristic taste or odor, The wood is
diffuse~porous with distinet growth rings dolincated by a dark line or
band of donscr suonerwood. Flat grain boards exhibit a faint growth B
ring figuro. Porcs are small, indistinet without a hand lens, usuelly .
erowded and largest in the springwood, decrcasing in number and sizo through
the central portion of the growth ring, scattered and very small in the
late summerwood, Parenchyma are not visible with a hand lens or zonate
in the late. swmeoerwood, the lines then appearing very finely punctate.
The rays are of two types, compound and simple, the broad ones plainly
visible with the naked eye. and the narrow rays, fline, not visidle without
pegnification.

- Microscopie Structure

~ Vessels, 50 to 200 per sq. am,, the largest 60 to 90 mu in diameter;
tyloses present in the heartweood:; perforation plates simple or those in
the smaller vesscls occasionally scalariform: intervessel plts round to_;
elliptical, 6 to 20 ma in diameter.

Fibera. Thick-walled, 16 to 22 mu in diameter and L. 2 I, 1ong.
S Uhstoried homogeneous or with marginal upright cellao COM=

pound rays 15 to 25+ seriate, 1 to several mm, high; narrow rays much nore
numerous, 1 to 5 seriate, up to 500+ mu high,
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Longitudinal parenchyme, Abtbdant, metatracheal and metetracheale

zonate, the lines of the latter nore evident toward the outer margin of
the ring. )

Nonmechanical Physieal Properties

Specific gravity green volume - ' 0.56
oven=dry volume ' 0.67

Density, 1b./ou. f%. Zreen ' - , '5h
| n airedry | - i

- oven-dry 42

Moisture content; Gh%% green: SU4% based on oven-dry weight (35% on
green basis). * : .

r

7'_},-. . “ . .
Shrinkage, from green condition: pv, 16.3%: r, 5.1%; ¢, 11.0%,

, Goefficlent -of t};érml expansion peor degree T. at ordinary terperatures:
// .o0000i4; ./ .00003u1 '

Mechanical Propertios ' '
. Green Alr-dry

Tensile /, 1b./sq. in, - , L - 1010
Compressive stress at p.l. //, 1b7/sq. in. - 25%0 4880
Comprossive stress at p.l. /, 1b,/sq. in. - 670 1250
Shear, maximum stress //, 1%:/sq. in.- 1290 2010
Static bending FSPL, 1b./sq. in. ) - U300 ¢ 8700 .
Statie bYending B, 1b./sq. in. - 1,38 x 10" 1.72 x 107
Static bendinmg R, 1b./sq. In. . 8600 14,900
Toughness, in, ) . ; w3 N
Hardness //, 1b. : : 976 1590

. Hardness /, 1b.- oL 850 1300

Cleavability, 1b./in. width 410 490

Chemical Properties

Calorific value:: 27.:.-8 x 106 B.t.,u. per alr-dry eord,

Destructive dlatilletion:

Methanol, % - _ 2.0 2.2 :
Acetic acid, % 5.6 5.8

Tar, % . 9.7 9.1 _
Charcoal, % 43,1 4o.6 .

Aleohel production: 6 gallons of ethaziol ver ton,

s
iars
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Proximﬁte analysiss .

Freemen & Peterson (1)

, - Sap - Heart
Ash, % - 0.31 o.g'{
Hot-water soly., % 2,17
Coldwwator soly., % 2,33 0.23
Ether soly., % 0.20 0.57
Alcohol~benzene soly., % - 137 0.91
Acetyl, % . 7.13 _ 6.0
Mothoxyl, % = .., 6,28 - B,k
Pontosans, % » ?'} 25.6 ol %
Li@lin, % N ’ . 2006 ; 22.3
*Holodollulose, 5',» BRI S , 76,2 76.9
Pentosans, R ' o 24.5 ; 23.5
Acetyl, % . 5el5 5.76
Methoxyl, % : < 0.95 1.2u
¢. & B, collulose, % 60.8 - 60.7
Pentoaans, % . S 17.9 18.3

1. Ind Bngzs Chen.. Anal, Bd, 13: 803(19M1)
- Pathology
Resistance to decay: low +.

014 trees subject to heart rof: cull high, beech bark disease (Hootria
sp.) kills nany trees; grayish-olive stain on ends of logsy white mottlod
heart rot (Fomes.fomentarius) But nostly on dead timber; white heart ;ot
{Fones igndarius) - especially severe in Adirondacks,

Wooly beech scaie (Cryptococeus fagit) gives an opening for tho
cntrapee of beech bark disease,

Ytilization

. Use properties., Hard, heavy, strong, difficult to season, finishes with
o snooth hard surfoce, holds glue well, high shrinksge, not very rosistant
to deeay, close-textured, holds shape well, good nail holder, good re-
slgtance to wear,

Lumber, 91 million bd, ft,-out anmunlly from 1931-1940; leading
producers are Wost Virginia, Ponnsylvania, Ohio, Indiana, and New Yorkp
flooring, furniture, turnery, ties, boxes, woodonware, vehicles, ntdrior

trin, laundry apnliances, toys, butcher’s hlocks, shuttles, hobhins, tollet
soate,
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: Pulping. Average annual- cut fron 1931-19%0 was 26,000 cords; re=
ﬁgces with slightly more difficulty than aspen; easy to Pleach; yield '

Othor usss. Destructive distillation (114,000 cords in 1937): :
charcoal; fuel; medicinal tar creogote; fruits could be used for hog feen |
and vegetable oils: veneers (10 million bd. ft. annually). o

Supply

9’ billion »d, 24, in the United. States (1939).
1 billiom cu., £%. in Canada.
1 hillion ba, ft; in Upper Michig«n (1935).

3

» 1. A
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CHESTNUT

Scientific Nanme, Castaneca dontata (Marshall) Borkhrusen.

Synonynsg, .Amérfcan chestnutl, aswoei chesinut,

Fanily Nane.. Fagzaceae

Range. From southern Maine west to southeastern Michigan; southwost to
northesstern Arkanses; west through northern Mlesiseippi, central Alohana,
northern Georgis, to western South Carolina' northeast in the Appalachien
and Piedmont rcglons to‘pelaware.

)
gimensions. 70 to 90 feet in height and 3 to 4 feet in diemctor.
Bark, Dark brown~and sh&llow-fisdhrod into brocd, flat ridges.

Silvics, Unfortunately tho- chestnut blight hag all dbut wiped out this
frst=growing species., Whether eventually resistant sprouts or hydrids
will develop 1y a moot question. The resistance of the wood to decay
nokos logging posgible” loqg after the death of the trea,

Grogs Features of tho Wood. The narrow sapwood of chestnut is whitish
to light brown, cnd the hoartwood is grayish brown to brown and darkens
with age. The wood is moderately soft, light, not strong, without a
characteristic odor but with a nild astringent tasto. -Tho growth rings
nre conspicuous &s a rosult of tho ring-porous structure. Tho springwood
porcs arg very large, plainly visible with thoe naked eye, forming a broand,
conspicuous band geveral porés in width; the transition from springwood to
sunnorwood is sabrupt: the summerwood pores.are small, arranged in obligucly
rodicl (flamo-shaped) patches of light tissuo which sre not so obvious
in narrow rings. Parenchyme ere indistinet. The reys are very fino,
harely wvisible with & lons, '

Microscopic Structure ’

-

‘Vessols., In sunnerﬁood 80 to 130 per sq. mm,3 largost springwood
vossols 240 to 360 ru in dismeters perforation plates simple, or those
in the sumnerwood vessels occasionally scalariform; intervessel pits orblcu~
ler to clliptiéal, & to 18 ru in dienmcter; volume occupled, 39.8%,

" Tracheids. Present, confined to the vicinity of tho springwood s
vessols, ;

Fibors, Thin-welled, 16 to 34 mu in dismeter and 1.0 nn, loﬁg,
volurc occupied, U6, 8%.

Razs. Unsteried, uniseriate or rerely in port bisaviato homogencous'%
volume occupied, 11, 9% .
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Longitudinal pererchyma. -‘Prratracheal sparse and restricted to
occagional c¢ells; metatracheal iz sbundant, egpecially in the swmerwood}
volume occupied, 1,5%.

Honmechanical Physical Properties

Specific gravity - . green volume - Q.ko
: . Bven=dry volume 0.45

Densitj. ib./éué'ft. ' green , ' 55
- B ‘airedry .30
ovens=dry . - 28

Moisture content, yhen green: 122% based on oven~dry weight (55% on

groen basis).
- .‘ .v' . ‘

. Shrinkage, from\green conditide: v, 11.6% r, 308 &, 6.7%. .

Goefficient of thermal expansion per dagree F.: // 0.0000036;
L o 0000181.

Mechaniqal PyoPertieg_

_ Green Alr-iry

Tonsile /, 1b /s in ' - 460
Compressive stress at p.l. //, lb//sq. in, 2080 3780
Compressive stress at p.l, /, 1b./sq. in, 380 760
Shear, maximum stress //, 1b./sq. in, 800 . 1020
Static bending FSPL, 1b./sq. in, 3100 6 6100 6 '

~ Static bending B, 1b./sq. in. 0,97 x 10 1.23 x 10
Static bending B, 1b./sq. in, . 5600 : 8600
Toughnese, in. - 2h 19
Hardness //, 1b, . L 530 . 720
Hardness b - . . 420 : U]
Cleavabilit

y._lb./;n. width o 240 . 250

Chemical Properties:
Calorific value: 20,2 x 106 B.tous per air-dry cord,

Destructive distillation: methanol, 0.90%; acetic acid, 5.50%;
tar, 4.7%: charcoal, u7.6%. ‘

Sﬁecialz Tannin obtained from wood by leaching with water.

o
EY

Pathology
Resigbance to decay: durable.

Chostnut blight (Endothia parasitica), a bark disease. bas almost
extorminated chestnut and so far the numerous sprouts which come up have
beon killed back after reaching a certain size; brown. friable rot




. Chestmut BV

(Tolyporus s;pragg_) on heartwood« vhite pocket rot CPolyporus croceus) on
1iving or dead; spongy butt rot (Polyporus frondosus) of heartwood; Stiumella
ronker; white pock:et rot {Hymenochaete rubiginosa) on dead decorticated
chestnut.

Very susceptible to insects and worme: chestnut borer (Aﬂlus
wilireatus) mines and kills; Balaninus weevil destroys nut; Columbian timber
Deetie (Corthylus columbianusj bores in sapwood; Parandra brunnea beetle
donages telegraph and telephone poles.

Utilization. Eatimaterl annual cuk from 11929-1933 for all purposes was
1Tg'y) million bd., - ft' o

) Use p_ro;gertiea. Work:s easlily, seasons well, tekes o good finish,
*moderate strengbbrend welght, very. durable, beautiful grain and color,
straight—grained, fiust be nalledfrarefully,

Lu.m'bar. Averaga annual cut ‘from 1931-19110 wag 78 million bd, ft,.;
leading producers are North Carolina, West Virginia, and Virginia; core
stock, caskets, interior trim, furniture, boxes, poles, posts, props,
and tiea,

-k

- Pulping. -Average cut in 1940 was 75,000 cords; leading producers are
Tennesses and North Carolina; either unextracted or extracted chips are used,
unextracted chips being cocked by the soda process and extracted chips
by the kraft ond semichemical procoesses,

Other uses, Tannin from wood—chief domestic source of vegeta'bl_e
tannin (41,000 long cords used anmnually from 1937-1940); distillation.

Supply. Estimetod stand of live timber in 1934 was 4.5 billion bd. ft. of
sewlogs and 20 million cords of smaller materisl; an indefinite anount of
standing dlight-killed timber. Possibly 904 of the stand 1s loeated in
Wost Virginia, North carolina, Tennessee, and Kentucky.

Ao
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 CUCTMBER TRER

Selentific Name, Megnolia acuminata Linnaesus,

Synonyns, Cucurber, cucumber ragnolis.
Forily Name, Magnoliaceée.

Range, Central New York westward through southeastern Michigan,
northern, Indians, southeastern Illinois, southern Mizsouri, to eastern
Oklehona; eastword through southern -Arkansas, central Mississippl, central
Alabama. to northern Georgia' north in the Appalachians to New York.

Digﬁnaions. 80 to 90*feot in helght and 3 to k& feet in diameter.

\.

Bark. The brown bark is fissureqkinto narrow flaky ridges.

Silvics. Thie modium—sized.-rather intolerant treoc has a gtraight;
clear bole and a deep but wldespreading root system, It is usually
found on moist, deop, fertilec soils of Ioose texture in mixture with
white ook, pild g2k, hickory, black gum, beech, ash, and yellow poplar,
It reaches ite beost development in the southern Appalachians but is nowhere
an abundant qpecies.

Gross features_of the Wood, The sapwpod 1s whitish and the heartwood

- yollow or greenish yellow to brown, Tho wood 1s soft to mederately hard,
nedium heavy, with no characteristic odor or tamste. The growth rings are
distinctly delineated by a whitish line of terminal parenchyma. The :
diffusomporous wood has small pores, indistinct without a2 hand lens, quite
uniforn in size; fairly evenly distributed throughout the ring, solitory
or in radial groups of 2 or more, Parenchyna are terminal and plainly
visible with the naked oye. Tho rays are distinct with the naked oyo in
tho x-gsection, neafly uniforn in width,

Microacqpic Structure -

Vessels. 60 to 12@ per sq, om,, the largest 30 to 100 mu in dlameter;
 perforation platcs simple; intervessel pitting scalariform (the pits
linear or rarely elliptieal), 12 to 50 ma in diameter- volume occupled,
38 6,@0 .

Fibers. Thin~ to modorately thick-walled, 28 to HO mu in diameter
and 1 b mn, long; volume occupied, 47.5%.

we. 4 to 7 per mm, tangentially on the x-section, unstoried, 1 to .
5 (mostly 1 to 2) seriate, homogonoous to hoterogenecus, wherse ‘hetorogencous
" the upper and lower margins generally consisting of one row of upright
colls loss than 60 mu in height; volumo occupied, 13, 9% S

Lonﬁitudinal parencbyma. Teruina.l. 1 or more seriate. Tracec.
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 Honnechanical Physiesl Propsrties

Specific gravity ‘ green volune 0.4
oven~dry volume 0.72

Density, 1b./cu, ft. green 49
HAiredry 3y
oven-dry 32

' Moisture content, when greens £0% based on oven-dry weight (LU% on
green basia) : : :

Shrinkage. fron green condition: v, 13.6%: T, 5.2%; t, 8.8%.

Coefficient of therﬁml expansion per dogree F.: // ,OsOOOOQBQS;
[ 00000529, s v |
- *ﬂ "
Bloctrical resistancc. h} 700 negohns at 7% noisture contont.
435 nogohre at 12% moisture content.

? .
Mechanical Properties. . .

E T . - Greesn Al r=Qry
Pensile /, 1b,/sq. in, _ o - 660
Compressive stress at p.l. //, 1b,/sq. in. 2810 . gl
- Compressive stress at p.l. /, 1b./sq. in, ¥10 . 710
Shear, maximum stress //, Ib./sq. in. 990 1340
Static bending FSPL, 1b./sq. in. - k200 8000 6
Stetic bending B, 1'b./sq. in, . 1,56 x 10 1,82 x 10
Static bending R, 1b./sq. in, : _ 7400 12, 300
Toughness, in, _ 30 o )
Hardness //, 1lb. . 600 950
Herdness /, 1b, ‘ 520 700
Cleavahility, 1b./in. width 260, 290

Chemi cal Propertiesf?

Pontosans, 17.7%,

Use propertics. Easily worked and finishes with o satiny luster, takes

stain well, fairly easily dried although it has 8 slight tcndency to
warp and twist,

Lumber. Abouwt 1/2 million bd. £5, sold as such, the rest as yellow
poplar- boxes, furn1ture. siding. vohicles, fixtures, venotian blinds,

' Pulging.

Swlfite process. Reduces roadily: dark colored and rather difficult
to bleach, Soda process. Reduccs falrly readily; rather difficult to blehch.

HEEEEI ¥o data availabloe,
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EVERGREEN MAGNOLIA

. Scientific Name., Megnolio grandiflora Linnasus.

Synonyrg. Mognolia, southern megnolia, big laurel,

~

Torily MWape., Hagnollaceae.

Renge. Southoastern North Oarolina to southeastera Arkansas to
southeastcrn Texas, bux not in the southern half of Florida.

Dimﬁnsions. 60 to=80 feot in height and 2 to 3 feot in diameter,
:aark.. “The scaly 'barln"is 1ight brown to gray.
Silvics. Thig Qdﬁiumhsizod trosghas a tall, straight bole and a
- somowhat pyrapidal crdwn, It is ustfilly found on the drier sitces of the
southern bottomlands in nmixture with yellow poplar, beoch ash, rcd gun,
oaks, and hickories,

Gross Foatures of tho Wood. Very similar to tho cucwber trec, but tho
hoortwoed is said to be &arkor gcnerolly. .

Microscopic Structure. 51m11ar to cucunber tree with the following
_oxception3°

Vessels. Porforation plates scelariform with 6 to 10 stout barsy .
spira T thick: ening pregsent.

Fibors. Length, 1.7 nn.

Nonngchanical Phyéical Propertics

Specific gravity . . . green volume : 0.46
. oven-dry volune - 0,593

Donsj-ty' 1bo/cuo ﬁto B groen . : 59
o o air-dry - 35

oven~dry 33

" Moisture content, whon green: 105% based on oven-dry weight (51%
on greon bosis).

Shrinkage, from grecn condition: v, 12,3%; 1, 5.4%; t._G.G%.i

Y




Efergrean Megnolia | 121

Yochanical Properties

Green Alredry
Tensile /, 1b./sq. in. o -— 740
Compressive stress at p.1. //, 1b./sq. in. 2160 H20
Compressive stress at p.l. /, 1b.fsq. in. - 570 1060
Shear, naxioun stress //, 1b./sq. in. - 10h0 1530
Static bending FSPL, 1b./sq. in, 3600 ¢ . 6800 6
Static bending ®, 1b,/sq. in, - 1,11 x 10 1,40 x 10°
 Static bending B, -1b,/sq. in. = 6800 . 11,200
Toughnoss, in. aa : © Bh- ' 29
Hardness //, 1b. . _ g - 780 1280
Rardnose /, 1ba. &' - o 740 1020
Cleavebility, 1b./in} width 340 43

L

hd r v -
Chemicnl Propertis¥®? . . .
Ash 0+ 560%. - '
- Ash conposition: K,0 - '1'1.87, naao - 2,52, a0 - 23.64, Mg0 = L,89,
, _ _

P05= 531, S0z = 3.6, 61 - 0.23, 510, = 7.32, Fe,05 - 1.60, 0 = 17.22,

00, - 22,16%.

Pethology., Decey ceused by Fomes geotropus.

Utilization

Use properties. Similar to the cucurber tree.

Lunber, 27 nillion bd. ft, marketed as magnolia, others incluiod
with poorsr grades of yellow poplar (1936); leading producers are
Louisiana, Texas, Florida, 'end Miasissippi.

Pulping. Probably similar to the cucumber tree.

Other usos. Ornané;ntals.

Supply. ¥o data avallable.
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SWEE? BAY

Scientific Nano. Magnolia virginiang Linnaeus and its southern varicty,
Hognolia virginiens allstralis Sargont.

Synonym,  Wnito bay. - o -
Familz Hﬁﬁe. Ma@noliacoae. | “

Rango. . Contral New .larsoy sou'ohwestwa.rd to south central Arka.nsas
. end eastern Toxag,.

Dimenshorig. Rarcly oxc?eds 25 foct in hoight, oxcopt under moro
favd??ﬁianaaﬁ-itions in tho south when it roaches 50 feet or moro.
b
Silvics. Thisg smll j'.ree oceurs crgcfly in the swarps or othor noist
places along thoe coast..
Wood characteristics. Probably sinilar to the cucumber tree or over—
green nagnolia. , . T

Ghemicﬁl'Pr0portiéa _ff%

Collulose by 5% HNO. nothod, Y4,2%: alpha-cellulose. 34.,0% [Chen
end Comeron, Ind. Eng. Chén, 34 22&(19&2)]

Utilization -
Pulping

Sulfite p‘ro&ess. Reduces rcadily; r poor color; easily bloachcd. Soda
Mocess. -Reduces reaﬁlly- rother difficult to bloach.

Supply. No data nvailablo. .
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. ¥ELLOW. POPLAR

Scientific Name. Liricdendron fulipifera Linnaeus,

Synonyms, Tulip tree, tulip poplar, whitewood..
Fanlly Nhne. Magnoliaceas,

- Rhode Island west through central and weatern New York to
southern Michigans south through easterh and southern Illinols, southeastern
: _ Higsouri, eastern Arkansaa, to northeastern Louislana: then east to
? northern Florida, -h&

Dimensions. Avoragd %1zed old treea 100 foet tall and U to 6 feet in
dilneter, i . _ _
[ - . E“
Bark, On young treos the bark 15 dark grecen and smooth, with small
white spots, soon breaking wp into long, rough, interlacing, rounded
furrows saparated by ashyhgray fissures; innar bark is bitter and aromatic.

Silvics. 'The troe'has a straight trunk, a small oblong crown, and a
docp, widospreading root system.. It is commonly found on moigt dut welle
dreined soils of loose texture and at loast moderate depth. This spocles
"ig usually assoclated in nixture with hickory, chestnut, magnolia, black
walnut, buttornut, white pine, whito oak, basswood, and black cherry,

Gross Features of the Wood, ™ The sapwood is wide in young trees but
narrow in virgin ones; 1t is whitish, often variegated or striped; the.
heartwood 1s clear yellow to dark yellowigh, greenish, or pinkish brown.
The wood is soft to moderatoly hard, moderately heavy, wniforply textured,
and has no characteristic taste or odor, The growth rings are distinetly

* delineated by a whitish line of terminal parenchyma. The wood is diffuse~
porous with small pores which are invisible without a lens, fairly uaniformly
distributed throughout the ring, solitary and in radial groups of ‘2 Or nora.
Parenchyma erc terminel, ‘the line plainly visible to the naked eye. The
reys are dist:nct wlth: tha naked eye on the xwgection, nearly wniforn in
width,

Microscople Strueture

Yessels. 60 to 180 per sq. mm,, tho largest SO to 130 . in diancter;
perforation plates scalariform with 6 to 10 thin dbars; intervessol pits
orbicular (or angular) to elliptical or rarely linear, 6 to 20 mu 1n
diameter; volume occupied, 36.6%.

X
-

Fibers. Thin- to moderately thick-walled, 24 to 40 mu in diameter and
1. 9 nr, long: volume occupied, 49.2%. . L N
:
s, U4 to 7 per mm. tangentially on the. x-section, unstoried, 1 to 5

(nostly 2 to 3) seriate, homogeneow to heterogencous (one row of upright -
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ciallg on the upper and 10wer nargins, less than 60 mu high); volunme occ*mied.
14,2%, .

Longltudinal parenchyna, Terninall, 1l or Imors seriate. Trace,

Yonmechanical Physical Properties _.

Specific gravity - green volume 0.&5'
‘ oo , ' ovon=dry volune 0
Donsity, 1b./cu. 4, green ' 38

' -oven-dry et

Moia‘tum content. whdn groen: 64% based on ovon~dry welght (39% on

grogn brsis). \
Shrinkage. froo' green conditianﬁi v, 12, 3% r, 4.04: t, T:1%.

. X .

Goefficiant of thermal expansion’ per ﬂ.egrae F.': t, 0,0000166;
r, 0.00001%7. .

Electrical resiatancg_. 24, 000 me,gohms at 7% moisturs content.
: 250 negohns. at 1255 noisture content,

Mechanical Propertiss

L Green - Alr-dry’
Tanaile_é, 1b./sq. in. ’ L e 520
Compressive stress at p.l. 7/, 1b./eq, 10, = 1930 - 3550
Compressive stress at p,l.. lb./sq. in, 338 580
Shear, mextmun stress //, T5., eqo in.. . 7 1100
Static bending PSPL, 1b./sq. in, 3400 ¢ 6100 .
Static bending B, 1b./sq. in. . | 1,09 x 10 1,50 x 10
Static bending R, 1b./sq. in. ‘ - 5400 9200
Toughness, in, ' : i8 : 20
Hardnoss //, 1b, . 390 60
Hardness ./, 1b. . - 340 150

Cleavability, 1b. /1n. width .. 20 280
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thenical Propefiies

Proxinate analysiss ' o : o f

Ritter and Fleck (1) Bray and Paul {2)

Sap Heart, Sap Heart ~ Sap  Sap

ish, % 0.48 0.39 - 0.3 o.’?
Cold-water asoly,, % 1,29 1,50 1.45 1.

Hot-weter soly., %. .. 1 98 2,08 = 2.51 2.89
Ether soly., % s 0,27 0,43 0.13 0.58

1% ¥oOH soly,, % 6 7 7.7 16,9 17.6 16.7 16.9
hcetic acid, % | 3,12 2,89 333 2.73 .
Methdxyl, % ° 3 5.8l 5.8 5,89 6.03 C
L entagans, % 21,7 21.6 20.0 20,2 . 18,4 - 18,8
ignid, % = % 23'1. 22,2 . 23,9 23,7 23,1  23.9
C. & B, cellulose, % 5%.1 59.&% 58,0 59.5 = 58,1 520
Alphawcelluloss, % 29,1 36,5 19,9 - 21.8 .
Pentosans, % . 10.3  10.b 11.5 11.5 . 15.5 19,0

1. Ind, Egg Chen. 15:1056(1923),
2. Paper Trade J. 1&5, no, 16: }3(0ct. 15, 19”2)

Pathology
Resistance to dccay:- internediate.

Blue stain: pink étain- Nectria canker; white flaky rot of sap nnd
hoartwood caused by the oystov mushroon (?1eurotus ostreatus)

' Columbian tinber bectle (Gorthylus columbianus) mines: sapwood- tulip_
troe scale (Toumeyolla liriodendrij.

o Utilization

Uso propertics. Soft, even-textured, tendency toward brashness,.
light, easily worked, voneors oasily, takes and holds point excoptionally
well, soasons casily, holds shape exceptionally well, -

Lumbor Average annual cut from 1931-1940 was 215 million bd, ft.;
leading producers are Virginia, ¥orth Carolina, and Georgia; furniture,
boxes, fixtures, core stock, car construction, siding, vehicles, interior
trim, pattorns, cabinets, woodenware, caskets, toys, cigar boxes, instrue-
nents.,

ulping. 92,000 cords used in 1936 o - v
Sulfite proccss. Reduces readily; poor color; difficult to bleachs
yiold, W7%. . Soda procoss, Reduces fairly readily; stronger than aspen; . .
Rirly oasily bloached; yield.. usd, S
Supply ‘

38,7 nillion cords-in the United States (1933).
10 billion .bd-o. fto . '
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| . RED GUM’

Scientific Name. Liquidambar styraciflua Linneeus,

. Synonyms. Sweet gun, 1iquidambar, gum, sap gum, hazelwood.
Fanily Name, Hamamelidaceae.

e, Commecticut souphwestward through the Ohio velloy to southoestorn
Oizlahora and eastern Texag; not foumd in the southern half of Florida, This
spe cles grows also 1n central and southern Mexico ond Guatenala.

e

ﬁimensiogs. 80 to 129 feot in hoight and 3 to.lt feet in diamatar.

!
Bark: gxrayish brown and deeply furrowad into narrow, omawhat roundad
flaky ridges., Y e .
. K.

Siivies, Thia is a typical southern bottonland species and occurs for
the most part on rich, moist, alluvial soils, although it is widely dise
tributed on a great variety of sites with the exception of poorly drained
locations, At its best this is a large tree with a long, straight bole,

a small oblong or pyramidal crown, and a shallow widespreading root systen,
Red gum is very imtolerant, . \ '

Gross Features ef_the-Wood.' The sapwood is white. froquently with a
pinkish tinge and ofter discolored with bluish sap stain., The heartwoed
is pinkish gray to varying shadeg of reddish brown, the darker grados
frequsntly with darker streaks of pignent” figura. The wood 1s moderately
hard, nmedlun heevy, frequently with interlockoed grain, without charactor-
istic odor or taste. A faint growth ring is evident and occasionslly
irrogular darker streaks in "figured" gum, . The diffuse-porous wood ras
small pores invisible with the naked eye, quite uniform in size throughout
the growth ring, numerous and frequently crowded, solitary or in short
radial groups. Parenchyma arc not visible. The rays are not distinet with
the naked oye, are very close and apparently form half the area on the
transverso surface, Longi%udinal traunatic {wound) gum -ducts are somctines
prosent in tangential rows which usually appear at wide intorvals, frequsntly
occluded with white depogits.

Microscopie Structure

Vesgels, - 120 to 180 per sq. rn,, the largest 60 to 95 mu in disneter;
perforation plates scalariforn with neny bars; spiral thickening pregent,
restricted to the tapering ends of the vessel segments; intorvessel pits
in transyerse rows of 1 to 3, orbicular to elliptical or linear through
fusion, 6 to 30 mu in dianeter; volume occupied 54.97. _

‘Gun canals. When present, they are arranged in & unisoriate tangential
row, with angled orifice. o . 4
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Fiver tracheids. Hoderately thick-walled 20 to ho mu in diameter,
with consplcuous borderéd pits 7 to 9 mu in diameter and 1. T mi, long:
volume occupled, 26.8%.

Rays, 6 to 9 per mm, tangentially on the x-section, ﬁnstoried; 1 %o
3 (mostly 1 to 2) seriate, mostly heterogeneous; upright cells in 1 to B+
vows, 30 to 100 mi in height; volume.sccupied, 18,34,

Longitudinal parenchyma Paratracheal and metatracheal. sparse,

Wonmuchanical Physical Properties

L

Speqlfic gravity green volume 0. 44
L L e - ovenedry volume 0.53
Lo 1 . _
» Dengity, 1b./eu. ft. - green 50
) [ - gyon—dry- 33 .
F3 N

Moisture. content, when green: 81% based on oven-dry welght (453 on
green brsis).

Shrinkage, from greeh conditiong. v, 15.0%: r, 5.2%4; ¢, 9.9%.

S - ]
Electrical resistance: 38,000 megohms at 7% moisture content,
' - 160 megohms at 12% moisture content,

Mecinanial Propertiocs

. N Groen Alr-dry

Tensile /, 1b./sq. ia. - ' ' 800
Comprossive BLYOSS &t Paie //, 1b./sq. in. 2230 1700

- Comprosaive stress A% o.l _Z. 1b./sq. in, 460 : 860
‘Shear, moxinva stress //, 1b./sqs in, . 1070 _ 1510
Static bonding FS'T, 1b./sq. 1n. 3700 8100 - 6
Static bending B, 1b./sq. in, - 115 x 106 1,49 x 10
Static bending R, 1b, /sq. in, - 6800 - 11,900
Toughness, in, 33 e
Hardness //, 1b., = 630 g50
Herdnoss /, 1b, ' . 520 . 690

Cloavability, 1b./in. width _ 330 - 3%

Chemical Properties

Calorific value: 17.7 X 106 Bt u. per air-dry cord.

Destructive distillation of heartwood' methanol, 1.76%; acetio»ﬁbid.
5.70%; ter,-11.7%; charcoal, 36 8% ' o

Alcohol productions 11.0 gallons of ethanol per ton, -




 Red Gm - 128

Proximate enalysis;

- Private
F.P.L. Fr.P.L, Qommunication
Fot-water soly., % .. 2.5 : o 6.8
Bther .soly., % : I ret
Alcohol~benzene soly., & 2.0 4,2
Hethoxyl, % ‘ 4,61 63,
Pontosans, : 20.7 -2 I 17.9
Lignin, % o 2l.4 - - 23,5
Methoxyl, % ' 20,2
C. & B, cellulose.'ﬁ 60,5 59,0
Reritosans, % 13.7 11,2 .
Aﬁpha—cellulose. % X ) Uy,
» 14 NaOR soly., Hs. - > 12,0 24,9
. £

Patholdgz "
Rosistance to decay: internediato,

Groen mold caused‘by\Penicillium; grayish-olivo stain on onds of logs;
blue stain; Polyporus adjustus causes a white rot and considerable loss on
red gum loge and stored lumber; Polxgtictus hirsutus is a white rot on
sapwood.

-

Forest tont catarpillar (Malacosoma disstria) and evergreen bagworn
(Thyridopteryx ephemeraeformis) Gefoliate,

Usilization. Estimated avarage annual consumption for all purposes in
. recent years was-900 million bd, ft.

Use properties. Tends to.warp unless dried carofully, modsrately
heavy and strong, splits easily afier kiln-drylng, sap stain, interlocked
grain which gives a ribbon stripe on quartering, sometimes figured with
color, fine-textured, beautiful gatiny finish, easily gtained, voneers
woell, glues well, good nail- and screw=-holding qualities, easily worked,
hoartwood very difficult.to penétrate with prosorvatives, proportion of
sap and heart lumber in typleal logs of delte region is 3 to 2.

Lumbgr., Avorage annual cut from 1931 to 1940 was 430 million bd, ft,.
(second o oak); leading producers aro Louisiana, South Carolina, Arkansas,
and Mississipni' furnitwre, interior trim, cabinets, vehicles, boxes,
fixtures, woodenware, boot and shoe findings, laundry appliances, cigar
boxes. butcher?s blocks, props, ties,

.
Y

Pulping.

Sulfite process. Reduces readily; dark colored end.rather difficult tg
bloach; yield, 46%. ' . .

Soda process, Reduces fairly roadily; rathor difficult to bleach;
yleld, “S%P ' S :
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s

Other uses. Storax gun from bark of living trees; formation induwced
by cuts and wounds which expose the surface of the wood; veneer (258 mililen
bd, ft, annually)- slack cooPerage (90 million bd, ft. annually). :

Estimated stand for the United States in 1938 was 25 billion bd. ft.
320 million cu. ft, in tho Worth Loulsiann dolta (1933).
620 million cu. ft, in southeastorn Texas (1935},
474 million bd. f,t. in northeastern ¥lorida (1934),
1 billion bd. ft. in southorn Gcorgia (1934).

"»§
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. SYCANORE

Scélentific Name, Platanus occiﬁsntalis Linnaocus.

Syponyms. Buttonwood, buttonball tree, plane tree.

oy

Fanily Nane, Platanaceae.,

@, Southorn Maine through northern Few York, southern Ontarioc,
central Michigan, south contral Wisconsin, to southeastern Nebraska; south
to central Texas and in. the cast down to northern Florida.

Dinensions. Oommonly over 100 feet high and 3 to 8 feet in diameter.

Bank.,: The bark on yoéng branchos 1s creany white, soon turning brown;
chdTactoristically mestled {brown and whito) by the exfoliation of the
outer bark exposing t¥g lightor laydte bencath: the bark near the dase of
older trees is often-entirely brown and scaly, -

Silvics, This tree is ome of the conmonest of strean-bank and bottomland
gpacies. The’root systenm ig superficial. Its sssoctates include Anerican
© 8ln, the soft maples. bur oak, red birch, cottonwood,: and willows, '

- Gress Featurea of the wbpd. The sepweod 1g whitish to 1light reddish
brown, end the heartwood is & light to dark roddish bdrown. The wood is
noderately hard, medium heavy, gonerally with interlocked grain, with no
characteristic taste or odor. Tho growth rings are distinet, delineated
by a narrow banl of lighter tissue at the outer margin, The wood is
diffuse~porous with small pores, indistinct or barely visible with the
naked eye, numerous and frequently crowded, Parenchyma are not visibloe,
The rays are coiparatively wide, conspicupus with the neked eys, nearly uni.
form in width, close, appearing as short, closely packed lines on the
tangential surface; forming e high, reddish-brown or silvery flock on the
radial surface.

-
hl

Microscqpic StructUre‘

Vessels, 100 to 1&0 per sq. mm,, the largoest 60 to 100 mi in aiameter*
perforation plates simple for the most part, occasionally scalariform with
a few bars; intorvessel pits elliptical to orbicular, Ik to § mu in dismoter; -
volume occupied, S1.9%.

Fibers. Moderately thidkﬁwalled. 20 to 36 mu in diameter and 1.6 mm,
long, volume occupied,; 28,9%. - .

Razs. Unstoried, U to 1U seriato. w to 3+ mm, An height homogeneous,_
volume occupled, 19.2% '

Longitudinal“parenchyma. Paratracheal and motatracheal; tha”param E
tracheal areo restricted to occasionsl cells, never forming a sheathy the
netatrachoal are abundant, scattored and zonate in short. lines which
e;hibit no rogularity.
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Nonmechanidal Physical Pro;pertieé

Specific gravity ‘ green volune RIS
: oven—dry volume 0.54
Dengity, lb./pu. ft. ' green 52
" : air-dry 32

oven-dry 3

Moisture content, when greens . 8353 based on oven#-drx weight (45% on
green basis). - . . o '
Shrinkage, from green condition: v, 14.2%; r, 5.1%; ¢, 71.6%.

Mechafiival Properties }

- I r : P .
. & Green Mr-dry
Tensile_[. idb, /sq. in. —— 720
Compressive stress at p.1, //, 1b./sq. in, - 2400 3710
Compressive stress at p.l. /, 1b./sq. in, U0 860
Shear, maximm stress //, 1b./sq. in, 1000 )y (VI
. Static bending FSPL,. lh./sq. in, : 3300 . 6U00 ¢
Static bending, E, 1b./sq. in. - -+ 1.06 x 10 S 1. x 10
Static bending R, 1b./sq. in. B 6500 10,000
Toughness, in, _ 26 26
Hardness //, 1b,’ 700 920
Hardness /, 1b. . 610 770
i

Cleavability, 1b ./in. width 330

Chemical_ProEQrties '

. calorific'vaiug: 18,5 x 100 Botets p;r air-dry cord.
_ | Pontosans: 21; 6% . |
Alcohol'productidﬁ; '9,7 gallons of.ethanﬁl per ton. '
Pathology. ”
Resistance to decays low.

Anthracnose caused‘by Gnomonie vensta severely attacks leaves and
twigss evergreen bagworn (Thyridqpteryx ephemeraeformls) defoliatos,

Utilization. Total annual cut estimated at 35 nillion bd, ft., - -

Use propertiss, Moderately hard but not strong, somewhat difficult
to work, sometimes brittle, often with interlocked grain which glves a

ridbon stripe on quartering, shrinks moderately, inclined to warp bub is

~ emsily k11n—dried.-
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Luxber, Average snmual dut' 22 million bd, ft. from 1931.19U0; lending .
producers are Miseissippl, Louisiana, and Arkansas; boxes, secondary
furnlture, interlor trin, vehicles, fuplements, veneers, laundry sppliances, -
butchor's blocks,

ulpi Lng. Chip when wet,
Sulfite procdss. Reduces readily; easily Dbleached.
Soda process. Reduces readily; fa.i.-rly_ easy to bleach.

Supply, No data avalladle,

e

™

ek
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SUGAR WAPLE

- /

Scientifig Hhme. Acer saccharum Marshall,

Synonyms, rHa;d-mipie, rock maple,

Family Name. Aceraceae,

&, Southern Newfoundland and the mouth of the St. Lawrence River
west to northern M:nneaota- south to northeastern Texas- east to northern.
Georgia and north in fﬁe Piedmont region to Vew Jerseoy.

Dimegsions. 60‘to 80 feet in height and 2 feet in diameter.
X

;Barkq The gray bark is yery variable. being deeply furrowed, with
long, 1rregu1ar, thfﬁi plates’ or riiges, aometimes scaly, volume, 13.?5

Silvics. Under fbrest conditions this tree develops a clear, straight
full bole with a shallow &and widespreading root system, Best growth occurs
‘on moist, fertile, well-drained solls, but the species will persist on
more sterile sites, - In the northern hardwood forest, yellow birch, beech,
hemloclk, and white pine<&re common associates; farther south, suger maple
is found mixed with the:central hardwoods such as basswood, ash, yellow

aplar, hickorics, and oaks, This species is very tolerant.

Groas Features of the Woed. The sapwood, which is several inches wide
in mature trees, is whitish with & roddish tinge; the heartwood is light
reddish brown. Tho wood is hard, medium heavy to hoavy, uniformly textured,
with no characteristic taste of odor, The growth.rings are usually fairly
distinct, délinented by a narrow, darker line of denser fibrous tissue,

which gives a faint growth ring figure, Occasional samples show bird*s-
eye, curly, or wavy grain. The wood is diffuse-porous with small pores,
indistinet without & hand lens, quite wniform in size, ovenly distributed
throughout the growth ring, solitary or in sghort radial groups of 2 or morc,
. Parsnchyma are not visible. The rays ars of two widths; the brqa& rays

ar¢ visible with the naked eye, fully as wide as the largest pores, forming
a pronounced close ray-fleck on the quarter surface, appearing on the
tangential surface as short, crowdod lines which are visible to the neked
sye; the narrow rays are scarcely visible with a band lens,

¥Mieroscople Structure

Vossels, U0 to 80 pef'sq. ‘mm,, the largest 76'to %0 mu in diametef;
perforation plates simple; spiral thickening present; intervessel plis
orbicular to hexagonel, § to 10 ma in dismeter; volume occupied.;al 0%,

?ibers. Thin-. to medérately thick-walled, 16 to 30 mm in diameter*
volume occupicd 61.1%. :

. Reys. Unstoried, essentially homogeneous; the broafer rays 3-to 8 o
(mostly % to 7) seriate, up to 800+ mu in height; the narrow rays 1 to 3
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-(m;;ly 1) seriata. usually less than aoo wu in height- volume occupied,
17. '

Longitudinal parenchyma Sparse, terminal paratradheal and metat1acheal
Trace,

anmechanical-Physical Properties —

Specific gravity groen volumo ‘ 0.56

' - .  oven-dry volume 0.68
Dohéity, 1b./cu. f%; - green. . . . : ' 56

) ST © airedry R 1

\=~ S oven-dry S 42

- - . # - . . . .
- Hoiqture contantxwwhcn green' 58% based on oven-dry weight (37% on
green besi ). R g . S

Shrinkage, from groon conditions v, 14,95 r, 4.9 ¢, 9.5%

Coefficient of thermgl expansion per dogroe F.: // 0.0000012;
_/ 0,0000602. , - |

7

| Phormal conductivity: 1.16 B',t.u.'/h:./sq“. ft.with 10 F, gradiont/inch
- thickness, ' . ) ' : o _

Eloctriecal resistance: 72;&00 megbhméﬂat Tﬁ noisture content.
: 108 negohns ot 12% moisturc contont.

Hochand cal Proporties

Groen Alr-dry
Conpressive stross at p.1. //, 1b./sq. in. 2850 ' 5390
Compressive stross at P-ladi' 1b./s8q. in. . 8OO 1810 -
Shear, naximun stress //, 1b./sq. in, - . 1460 2330
Static bending FSPL, .1b./sq. in. o 5100 ¢ 9500 6
Static bending E, 1lb./sq. in. " 1.55 x 10 1.83 x 10
Static bonding R, 1. /eq. in. . 9400 15,300
Toughness, -in. o ' 39
Hardness //, 1b. ' 1070 o 18u
Hardness /, 1b.. . - 970 1450

Chemical Propertics

Calorific value: 29,0 x 106 Botols por air-dry cord.

-

Destructive distillation: methanol, 1,94%; acetic acid, 5.42%; tar,
12,45 charcoal, 39.8%. - -

Alcohol prbdubtion: 9 gellons of ethanol per ton, -

Special: chemistry of maple sap and syrup.
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. t.
L X PR .

Proxinate analysis: 7
o o Freeman and Peterson (1)

- F.P.Ls,  F.P.L. Sap Feart

Ash, % 0. 44 . 0.32 0.8
Hot-water soly., % 4,36 3L 2.08 1.20
Cold-water sdly., % 2.65-- : 0.81 0.52
Bther soly., % 0.25 2.3 0.1 0.%9
" Aleohol-benzene soly., % 562 1,31 1,22
Acetic acid, % TRRITS 6.56 T
Methoxyl, % 7.25 634 6.50
Pentoaans, 23,2 21.3 22,8 . 23.0
Lignin, % . 23,2 20.3 21,8 -
Holocellulose,\ﬁ & 72.3 - 76.0

Pantosans. % 22.7 22.6
. heetyl, 4 N F.12 4,05
Methoxyl, 4" . . . - 0.83 0.97

C. & B, cellulose; % 60.8 = 56,8 60,4 60.3

Pentosans, 3 1,8 . 16.0 1,3

1% ¥aOH soly., % 17.6 19,7 :
Alpha—celluloso. 4 -k,

L. Ind. Eng Chem.wﬂnal. Bd. 13: 803(19l+1)

Patholog

Resistance to decay: low +a

Green stain (mineral stresk): reddish—yellow stain of sapwood; sofi,
gpongy white rot of heartwood cawsed by Eydnun septantrionsle; the irnortant.
goft, white rot of heartwood caused by Fores connatus,

Green—stripod naple worn (Anisota rubiecunds) defoliates; flat=hoaded
apple~tree borer (Chrysobothris fermorata) nines outer wood; pitted ambrosi
heotle (Corthylus punctatiesinug); maple borer (Glycobius speciosus) .Jinus
wood; forest tent caterpillar (Malacosoms disgtria) defoliates; naple
cage-boaror (Paraclenensia acerifoliells) mines loaves; pigoon horntail
(Tronex columba) mines wood,

Utiligation '

Use properties. Hard, heavy, splend4d reosonance; works well, taking
a fine smooth: surface and a high polish; glues well, holds nails and scrovs
woll but is difficult to nail; easy to finish; very strong and stiff; not -
durable; scasons slowly: shrinkage fairly high; heartwood moderatelyvdlffi-
.cult to penﬂtrate with a proservative' good. resistance to wear, =

Lunber. Average annual cut from 1931-1940 was 373 miilion hd. £,
Michigen hes been leader sincoe 1899, Wisconsin second, end Ponnsylvanio, : ¥
West Virglinie, or Tew York third; flooring, car construction, boxes, =
furnitwrs, turnery, interior trin, vchioles, implemonts, rmsical instruments,
firtures, rofrigerators, shuttles, athlotic goods, toys, boot and shoe
findings, toilet seats, woodenware, millwork, bowling alleys end pins,
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rpools and bobbins, -
Pulping. Average annual consumption from 1931-19&0 was 77,000 cords.

Sulfite précess. Reduces very easlly; excellent color; 'bleé.ches aasil#:
sield, Uu4, '

Soda process. Reduces with some difficulty; rather d.ifficul’t'to 'bléa.ch;
vield, L4,

Othier uses. Fuel; destructive distillation (110,000 cords annua.] 1y);
charcoaly syrup; sugarg-veneer (32 million ’od.. ft. annually})e

Supply .Sugar mple-is the predominant maple in all states whore ma.ple
grows & is estimatod top meke up throe fourths of the total stand, Tho
total stq,nd. is estimated at 25 billion bd. ft.: henco, 18 'billion bd. £t
are hard’ maple, ¥ ot _

.. : g_
6.7 billion 'bd. *ft in Upper Michigan (1935),.
3+7 billion cu. ft. of all maples in Canada,.
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RED mm

'Scientific Name, Acer rubrum Linnaeus,

Synonyms, Soft meple, swamp maple, scarlet maple.

ﬂamilz YWame,  Aceracenc,

. Southern ¥ewfoundland and mouth of the st. Lawrence River to the
Loke of thﬁ Woods: souxh .t9 eastern Texas and eagt to the Atlantic coost.

i

Dimen51on5. 50 to 70 feet high nnd 1 to ? feet in diameter.

3ark, . Smooth and liéhu gray on young trees, eventunlly breaking up into
longb narrow, scaly plates aqparatod by shallow fissures.

811V1cs. The tree is medium-aizedﬁwith a long, fairly clear bole; an
irrogular or rounded &rown, and a shallow root system., It is characteristic
of swamp sitee and is associated with dlack ash, black gum, cottonwood,
amorican elm, and the bottomland oaks, In the north it is also found on
drior locations with whitd pine and the northern hardwoods.

Gross Features-of the Wood. Tho wide sapwood 1s white and the heartwood
is light brown to brown with.2 reddish tinge, sometimes with a faint
purplish cast. The wood is soft to mederately hard, medium heavy, without
characteristic odor or taste.  Tho growth rings arse not very distinct,
delineated by a narrow, darker line of denser fibreous tissue, The wood is
diffuso~porous with small pores, indistinct without a hand lons, evenly
distributed tlr oughout the growth ring, mostly solitary or in short radial
groups of 2 or mgre. Parenchyma are not visidlo. The rays are visgible
with tho naked eye, intergrading in width, -the broadest about as wide as tho
largaest pores, forming a pronounced close ray fleck on the radial face,
appearing on tho tangenttal surface ag short crowded lines which are
visible wit.hout magnifi cati on. .

Microscqpic Structure

" Yesgols. 30 to €0 per 6q. mm,, the largest 60 to 80 mu in diamoter;
poerforation plates simple; spiral thickening present; intervessel pits
orbicular to hexagonal, % to 10 mu in dtameter. Voluma oecupied, 18,0%.

Fibers., Thin~ to mo&erately thlck-walled 16 to 30 mu in dlameter and
0. T mr, lotg; volume occupied, 68. 7%

. . TUnstoried, essantially homogenoous; 1 to 5 seriate, TVolumé
occupiod, 13.3%. . . :

Longitudinal parenchyma, Sparse, terminal, paratfacheal. ond :
netatracheal, trace. . i : &
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Ebnmechanical Phyaical Prgpprties ?

Specific gravity .green volunme . 0,19

_ S _ oven=iry volume 0.55
- Density, 1b./cu, ft, green SRR 50
T Gy 3u

Molature content, when green: 63% based on oven-dry weight (39% on
groen basis),

Shrinkage, from greea condition: v, 13.1%; r, 4.0%; t, 8.2%.

Thermal conﬁuctivityq 1,04 B.t. u./hr /sq. ft. with 1° P, gradiont/
ineb thickhass. i 3

Mechanidal Properttet 7j"; o
_ Groen Alr-dry

Compressive stress at p.l, / 8q. in. 2360 U650
Compregsive stress at p. g9, in.. -~ 500 12l
Shear, naxémum stress . sq. in. 1150 1350
Static bending FSFL, 1b, /sq. in, . - 3800 6 6
Static bending E, 1b,/sq. ins ) S 1.39x10° 1. eu x 10
Static bending R, 1b./sq. in. - 7700 13,100
Toughness, in, : 32 32
Hardness //, 1b. B _ 780 S 1430
Hardness /, 1b. . 700 950
Cleavebility, 1b. /in. width : i 290 500

Chenical Propertias

Calorific velue: 24,0 x 106 3.t.u, per air-dry cord,

Destructive distillation: nethanol. 1.69%: acetie acid, 6,30%; ter,
12,1%; charcoal, U1.2%. : - '

Pathology. Rosistance:-to decay: low +.
Utilization N
Use properties. The wood of red maple is very similar to hard meple

but is not so hard, strong, or hoavy as that specloes, althongh in theso
rasPects it 1s superior to 311ver naple.

Lunber, About 6 billion bd. ft. of soft maples cut ammually, Upes
are practicelly the same as those for hard rmple and, oxcept for tée most
exacting requirements with respect to hardness and strength, they are not

differontiated in commercial application; secondary furniture, boxes, bofly
franes, veneer baskets, ironing boards, woodenware, ties, €lack cooperago, .

-8
]

FR
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Pulping

Sulfite process, Reduces very easily; rather poor color; easily
bleached; yield, 4ud, _ .

LTI

Sods process. FReduces very easily: falrly easy to bleach; yield 423,

.

Qther uses. Fusl; charcoal,
Supply. 800 million bd. ft. in Upper Michigan (1935).
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Scientific ¥ame, Acer.saccharinum Linnaeus.

Synonyms, S6ft maple, white maple, -

o

Family Neme., Aceraceze,

Range. Central New Brunswick through southern Quebec, southern Ontario,
central Michigan, central Wisconsin, to central Minnesota; south through
southeastern South Dakota to northeastern Oklahoma, southeastward to
western Florida- then porth but not on the immediate coast.

Dimgngions. 60 to 80$feot high and 2 te 3 feet in diameter.

* ¥ e A

Bark, Silvery grayron young treeg, later breaking up into long, thin,
$caly P. plates waich aze “upattached at“%hc ends.

Silvics. Tho tree is medium-sized and usually has-a short bole which
divides noar tho ground into soveral wpright branches: the crown is
widespreoding ‘and the root systom shallow. This spocies is a characteristic
hottomland one.

Grass Eeaturea_of the Wood, Similar.t6 those of red maple,

Mieroscople Structure, Similar to rod nmaple, Ths following volumes
are given, howover. vessels, 21:4%: fibers GB 7% rays, 11.9%.

Ronmechanical Physical Proporties

- Specific gravity . groen volume O.Lk

: : ~ oven-dry volume 0.51
Donsity, 1b./cu. ft. greon 45
' - - oven=dry 2

Shrinkage, from greon conditions v, 12, 0% r, 3.0%; ¢, 7.2%.

Moisture content. whon groon: 66% based on ovon-dry weight (40% on
green basis), B

Thermal conductivity: .1.04% B.t.,u./hr./sq. £ with 1° P. gradiont/
inch thickness. -
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) & .

Mechanical ?ropertiesf

Green - Alr=dry
Tensile _{ 1b./s8q. in. : L - - 500
Comprossive stress at p.l. //, 1b./sq. in. 1930 1360
Compressive stress at p.l, /, 1b./sq. in. 460 a10
Shear, maximom stress //, 1b./sq. in, - 1050 1480

N §tatic bonding FSPL, 1b./sq. in, 100 ¢ 6200

. Static bending B, 1b./sq. in. 9?4 x 10 1.1% x 10
Static bending R, 1b, /sq_. in, - 5800 - 8900
Toughnoss, in. - . 29 25
Bardness //, 1bs o 670 _ 11k
Bardness /, 1b. . : : 590. 100
Oleavabi y. Ihs/in. width : 300 ° 340
} ' ' : .

- Gheﬂi cal Propert les

Jow

talorific valuez 21, 7 x 10 !s toa, per air-dry cord,

Pento-aans: 22.1%,

;ﬂ;chhol‘producpiozi: 1Lk gnllons of e‘aﬁanol_ per ton,
Pafholo_ﬂ, ‘Resistance to docay: .1ow +.. |
Utillzation - | |

. Uso proportios. I;ight_ in color, and considerably softer, lighter,
and weaker than sugar maple. Infcrior to red maple,

Lumber. M:I.xed with red ‘and sugar maplas, excopt for most exacting
uaes.

Pulping. Probably similar to red maple
Other uses. Fuelj charcoal,

Supply. No data available,




PR

“YELLOW BUCKEYE _

Scientific Name, Aesculus octandra Marshall,

Synonyms. Buckeye, sweet buckeye.
Fanily Neme, Hippocastahacaae.

Bange.' Southwestern Pennsylvania west to northern Missouri, southesastorn
Kansag, eastarn Oklahoma and northeastern Texas; esst to northorn Georeza-
north in the Appalachians. , :

Dimensions.- 60 ﬁou90 feet tall ard 2 to 3 feot in diameter.
+« Bawk, Wo 1nf.omation~avanab1e. , ,

Silvies. Bcst develonment is %Ede on deop fertile soils in the mountains
- of Tennegssec and North Carolina, whore i% occurs in mixture with other
bardwoods. In the northern pert of its vangoe 1t is a bottomland speciesy
farther south it loavas the stream banks and sscends high mountalnous

- slopes whefe it is. 1oca11y sonetimes ono of the principal species in the
stand. ,

@Gross Features of the'qud The sapwood is white to grayish whito,
grodually merging into the heartwood which is creamy white to pala yellow-
ish white, frequontly with grayish strooks of stain. The wood is light, goft,
straight-grained, ond is difficult to" eplit; it is weak and not very stiff,
It hos no charactoristic taste or odor. Tho growth rings are not visibla
or barely distinet and delincated by o light-colored line, gensrclly norrov,
" The diffuse-porous wood has numorous minute pores not visible without &
hand lons, noerly constant in size, and guite evenly distributed throughout
the growth ring, solitary ‘and in radial groups of 2 or more. FParconehyma aro
not visible or barcly visible as a light line terminating the growth ring.

- The raye are vory fine, scarcely visible with a hond lens, -close and ofton
spparcntly forming holf of the arca.on the cross scction, ugunlly storied
-end forming fine ripple marks on the tangentinl surface. _

Hicroscople Strucﬁure _
 Jossels. 120 to 200 per 8q., mm,, the largest YO to 80 mu in diamoter;
porforation plates simple; spiral thickening present: intervessel pits
orbicular to angular, 6 to 12 mu in diameter,
Fibers. K Thin-walled, 16 to 30 mu in diamcter and 0.9 mm. long.
Rdzs. Usually storied, uniseriante, homogeneous to heterogencous,
Longitudinol peronchyma. Torninal and paretracheal; the terminal if

& more or less continuous, 1 or more soriate line; paratracheal sparse,
restricted to cceasionel cells, : _ . - :
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Nonmechanical Physical Préperties

Specific gravity © green volume . 0433
- ‘oven=dry volume - 0,38
Density, 1p./cu.-ft. green 49
= alr-dry ' 25

oven-dry . el |

Moisture content. when greon: 1141% based on ovenwdry waight (5% on
green basis), .

.-

Shrinkagc, from ,groen. condition: v, 12,0%: r, 3.5%: ¢, 7.8¢4.

N

I‘eghani cal Properti’?es

* F « . Green Alr-dry
Tensile /, It fsq. in. E ' - - 520
Comprossive stross at p.l. //, 1b./sq. in. 1680 3010
Comprossive stress at p.l.. /, 1bv./sq. in, 210 Lk
Shear, maximum stress //, Ib./sq: in, 660 960
Statie¢ bending ¥SPL, 1b./sq. in, ' 2600 6 5100 ¢
Static bending E;“1b./sq, in. . 0.98 x 10 1.17 x 10
Static bending R, 1v, /89, ine - : Ygoo - - 7500
_Poughness, in, : 18 “16.

. Herdness //, 1b. _ 260 _
Hardness /, 1b. 290 : 358
Cleavebility, 1b /in. width - 180 2

Patholog

Resistatice to docay: low.
‘Blue stain .common.

, White-markod tussock moth [Homerocmnpa loucostig_) dofelintes; oyster
shell scaleo (Lapid.osaphes ulm.)

L}

Ptilization !

 Use propertles., Light, soft, straight-grained, weak, difficult to
split, not vory stiff, little or ne flgure, heartwood not distinct bluo
stain ccommon . during saasoning, low raosistance to wear, .

Lumber. Cut 1.3 million bd, ft in 1933; leading producers are
Tennessoe, North Carolina, Indiana:; boxes, cigar boxos, woodenwm:c “and
novelties, toya, specialty millwork, signs, artiﬁcml limbe,

Pulping., Frobably similar to Ohie ‘nuckaye.

Supply. No information availeble.
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" 'OHIO BUCKEYE

i

Seientific Neme. Aesculus glabra Willdenow,

Syronyms. Buckeys, fetid buckeye.

Panily Name. Hippocastanacese. -

Renge. Central Pennsylvania west to northeastern Nebraska; south to
central Oklahoma and southern &rkansas* east to western North Carolina;
north in the Appalachians.

Dinonsions. Snallar than yellow huckeya.
Barki' Yo infornatibn available,

Silvics. & neéfi'-um—sized. trae.ESimilar in habits to yellow buckeye.

arosa Features ‘of tha Wood, Similar to yellow bunkoye.

Microscopic structure, Similar to-yellow buckeye.

»

Physical Proporticss Similar to yollow huckeyo,

Pathology. Similar to yollow buckeye.
‘Utiligation | '

Use p:qpefties. Simiiar-to yollow buckeyo.

" Lumber, . Mixed with yellow buckeye, but relatively littlo onters the
trado becauss of its limited range and Bmall size,

.Pﬁlgigg.

sulfito process, .Reduces ioadily: the pulp is silver gray in color
and is rather difficult to bleach.

Soda nrocess. .R;duces fairiy roadily; the pulp is rather difficult
to Dbleach, - S

Suply. Mo data afai;able.

e
PIE
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., BASSWOOD

 Sclentific Namo. Tilia glabra Ventenat.

Synonyms. .Linn, American linden.

LY

Femily Name. Tiliacoac, ' B

_ Range, MNew Brunswick to the eastern shore of Loke Superior, and from
i6s western shore to sputhoastern Manltoba; south to eastern Kansas and
southern Missouri; in.the East, alorg the coast $o Delaware and inland
throvgh the Appalachians and Ohio valley to Kentucky.

Dimbnsions. 70 to Sp feet in hoight and 2 to 3 feet in diametor.

Bark, On young-dreeg’ é}een or graylsh green, later breaking up into
- ————r
narrow rldges, somewﬁa+ sealy on the surface,

Silvies, Thic tree has a long, ‘clear, cyliqdrical, sometimos bLttrcsscd
bole, e, and a deep but widespreadihg root system, Best ovolopmont is renchod
in the. southern part of~its range where it occurs on deep, moist soils in
nixzture with othor hnr&wooda- in the Horth it grows on drier, more rocky
sltes. <

Groaa Featuros of t ] Wood. The sapwood is whitish to croamy white or
pale brown, merging more or less gradually into the darker hoartwood which
is palc brown, somotimes with & reddish tinge, It is soft, light, straighte
grained, fine, cven-textured, “with & faint charocteristic odor on a frozh-
cut surface, and tostoless, Growth rings are fairly distinct, pores
numerous, emall, distinetly visible with a hand lens, quito ovenly dis-
tributed, solitary and in radial or tangential groups of 2 or mOTe,.
Parcnchyma vwre not distinct or barély visibdlo with a hand lens, zorate,
The rays are variable in width, the broader rnot distinet in $he cross
section without a hend lons, forming high, scattered ray flocks on the
quartoer surface,

-

Microscopic Structuro

Vossels., 100 to 160 per sq. mM., tho largest 60 to 160 mu in
diameter; porforation plates simple; spiral thickening present; intervessel
pits orbicular to angular, 5 to 7 mu in diamoter; volume occuplod, 55 69.

F1hers. Thinewalled; 2M to %5 -mu in diareter. and 1.1 mr. in length-'
voluné occupied, 36.1%. .

s, Unstoried, of twoe widths; drocd rays 1 to 6 seriatd;-ﬁpfto
1.2+ mm, in height, esscentially homogzeneous; narrow rays uniscriate for
the nost part, much lower than the brosd rays {mostly less than 300
high), the colls nearly uniforn in size dbut h1ghor than those in the. = &
broad rays. Volume occupied, 6,1%. . . :




, - Basdwood

16

Lcngitudinal parenchyma Abundant ‘metatracheal-zonate, the lines

numerous - and uniseriates;. volume- ocbupied, 2. 2%.

anmechanical Phgsical Properties

sPecifiq gravity _ gféen rolune
‘ - oven~dry volume
Density. 1h./cu. ft, green
- oven~ary

0,30

0.37
o
26

Hoisture contontguwhen 2reon! 105% based on oven-dry wolght (51§_on

zreon basig),- |
Shfinkage, from gregn conditions v, 15,8%;

>

-

Hochanical Prqpert1as

'Tensile_[. 1b./s4.- 4ne

Compressive. stress. Bt pils //, 1b./8q. in.
Compressive stress at pel.e lb.fsq. in,
Shear, maximum stress //, b./sq.'in.
Stotic bending FSPL, 1b./sq, in.

Static bonding B, 1b./sq. in,

Static bending R, lb./sq. in,
Toughnose, in,.

Hardness //, 1b,

Hardness £, lve

‘Gleavebility, 1b,/in, width -

"Ghemibgl Properiies

r, 6.6%5 b, 9.5%

Elehtrical res&éﬁance‘ 36, 300 megohms at 7% noisture content,
“ 5 megdhms at 12% moisture content,

Calorific value: - 17.0 x 106 B.t.u, per air-dry cord,

Proximate ana1y31a. '

. FJP.L,
AS]J, % ’ 0056
Cold~wator soly., % 2.12
Hot~water soly,, % - 4,07
Ether soly., % - 1,96
1% ¥aOH soly., % = 23.8
Acectic acid, 4 _ 5.79
Methoxyl, % - 6.00
_Pentosens, % ' 22.1
Lignin, % - : :
Ca & B. cellulose, % 61.2 . .

Alpha~celluloss, %

Green Al radry
- 350
1690 3800
210 450 -
600 990
.20 g 5900
1,04 x 10 T1.46 x
: 5000 8700
16 .16
290 20
250 10
150 230

MchMillen, ot al. (1)

0.37

CLABLT

41,9

1

1. Ind, BEng, Chem. 30:1408(1938); F.P.L. modified methods.
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Pathology h
Resistance to decay: 1low. -

- Brown mottled rot (Pholiota adiposa) in heartwood; soft spongy rot
(Cellybian velutipes) in sopwood; dark streak strain; Nectris canker,

White-narked tussock noth’ (Heme';ocar:r‘pa l_eucostigna)- destroys Leaved,
Ubilization - |
Total anrm.al cutm%out 100 nillion bd ft.

Use pr ertiea. Soft. 1ight. straight-;rrained., casily worked. sapwooi
has oleﬁi'*vhite appearanks, scagsors without difficulty, smooth finigh, o
- tofes® a@d holds paints exeq}lantly, not durable. good sluing and nail~ o
holding propertiae.*"‘j _ f!;

Lumber, 4verado annual cut- 69 million bd: ft. from 1931—191|-0, K0%
fron ¥igconsin and Mmhlgan, leading producers are Wisconsin, Michigen,
- West Virginia; boxes, baskets, ecrates, Qairymen's supplies, furnituwro,
caskats, Hondles, louniry appliaonces, refrigerators, toys, vonetian blinds,
plane keys. trunks, wooq,pmsork and novclties.

Pudping. Appfoxinately 5000 cords used an.nually. almost cor:pletoly -
- by the soda procoss,. ' o :

Sulfite process. Very shivy; cannpt be bloached eﬁtiafactorilé. |
Seda process. Reduces roadily; fairly easy to bleach. |

Other uses., Excolsior, hand carving, modelling, ﬂour—'barrel beads,-
thicl: meor as furnit'u:rc core.

'y bill:r.on bd, ft., in the United States in 1938.
2 billion bd. ft. in the Lake States (1938),
. 375 riliion cu, £4. in Conada {1938),
0.5 pillion bd. ft, in Upper Michigan (1935).
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WHITE BASSWOOD

Scientific Name. Tilla hoterophylla Ventenat.

Synonyns. Easéwood, Linn, YWahooy ' p
Fanilx Wana. Tiliacéae.

Ronge. Typically.a southern spocies found fronm southcastern Indiars,
southeast through West Virginia, the Plednont region of the Carolinas,
and Georgia, to wegtegn Florida and central Aladamp; north to central

Kmtuc&}f‘ _ ; _
b Silvics. In stzﬂ»andfstlvical features it is similar to basswood,

?tilization. In Gﬁe propertiesggnd uses it is sinilar to basswood;

. B MIJHAUX RASSWOOD

Sciontific Name, Tilia hokerophylle michouxil (Nuttall) Sargent.

Synonym. White basswood,”
Famiéz ¥amo. Tiliaceaa

Rengo, Central Pennsylvania, southwestora New York, southefn-Ohio $o
northaastern ¥igesbari and northwestern Arksnsas; oast to central Alabana
nnd northorn Georgia; north in the Appalachians to Pennsylvania, '
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