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INTRODUCTION

A lasge number of tree species are pulped in the United
States and Canada. Much information is available on
certain of these species but, unfortunately, such data are
scattered in a-wide variety of publications, This book
brings together this scattered mfurmatlon from sifvics to
pulping propertles.

Several sections have been enlarged in this new edition,
and information has been added on bark, including
structure, physical properties, and chemical composi-
tion. As in the previous edition, the range of a species is
shown on a map when feasible, Information on four
exolic species that are planted i the United States has
“also been added; these are Ewcalyptus spp., Ailanthus
oitissima (allanthus), Alnus glutinosa (Eusopean black

alder), and Papulu§ albg (white poplar).

The author and revisers acknowledge with thanks the
assistance received from members of The Institute of
Paper Chemistry staff in assembling the data. Special
thanks go to Dean W. Einspahr, John D. Litvay, Thomas
J. McDonough, and the Editoriai, Photography and
Duplicating staff.

Five summary tables are located at the back of the book.
These are Table | — Tracheid Dimensions and Decay
Resistance, Table 1 — Wood and Bark Specific Gravity,
Table V) — Calarific Vidve of Wood and Bk, 7ebik 7V

— Chemical Composition of Wood, and Table V —
Chemical Compeosition of Bark.
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 Uniits of Measurement - -

Both Enghsh and metnc units are gwen wherever
possible. :

Tree Name

The commeon name, scientific name and synonyms were
largely taken from the USDA, Forest Service Agriculture
Handbook no. 519, 1978 (thtle, E. L, Jr. Irnportant
Forest Trees of the Umted States), '

The general area in which-the species s indigenoids is
shown on a map when feasible. Altitudinal range is also
given if limiting and available, as well as the acreage

. covered. 1t must be remembered that certain’ localities
within the range may not contain the tree because of
environmental conditions, natural enemies, or removal
by man.

Dimensions

Average dimensions of mature trees are given,

- Pathology

Major disease and insect enemies of each species are
briefly mentioned. Much of this information concerns
. the trees and far less of it, the logs. Unfortunately, there
! is no direct relationship between the pathological resis-

. tance of a growing tree and the durability of the wood
* cut from it. Certain types of diseases do not interfere
i with the use of wood for chemical pulping; others cause
- 0 much decay that the tree is useless,

_ . Gross Features of the Wood

The general characteristics and properties of the typical
wood from the merchantable part of the tree are given.
When the planes of section are described, x signifies
cross, r signifies radial, and t signifies tangential.

Microscopic Structure of Wood and Bark

The minute anatomy of wood and bark is described with
dimensions and characteristics normally present. Weight
factor and fiber coarseness data have been added where
possible. Photomicrographs illustrating wood and bark

EXPLANATION OF TERMS

out the report. A

structure at.highet

species may: be:
Chemistry, mclu ;

milling;. -bark tougtm_egg sjmnsth, and wood!bark
adhesion, This work was d_ne under the Institute's
Project 3212, “Bark and Wood Properties of Pulpwood
Species as Related 0. Separatlon -and - Segregatlon of
ChlplBark M:xtures"._ i

Physical Propéri.ie'sﬁaf'wg@q:__' |

Several common val ues do not have to be determined by

stress. Specific gravity is. based on the oven-dry weight
and the volume of the material when it was in a green,
air-dry, or oven-dry condition. The density is given in
pounds per cubic foot for various conditions of moisture
and aiso as pounds.of dry wood substance per cubic foot
volume when green. Much information has also been
added on specific gravity variation within the tree and
changes in specific gravity due to fertilization, geo-
graphic location, etc.

The moisture content is the average for green wood. It is
the custom in wood industries to relate the loss in
moisture fram the original to the oven-dry condition to
the weight of the oven-dry piece, whereas in the pulp
and paper industry moisture is expressed as a percentage
of the original weight as it is with chemicals. Both values
are given as well as relative sapwood and heartwood
moisture content where available.

\

Mast woods have their cell walls saturated and the cell
cavities free from water (fiber saturation point} at a
moisture content of 25 to 30% (based on the oven-dry
weight). When the moisture content decreases below the
fiber saturation point, shrinkage takes place, The shrink-
age values for volume, radial direction and tangential
direction are figured on the loss in size to the oven-dry
condition based on the dimension when green; the:

shrinkage to the air-dry condition will be less.

Physical Properties of Bark

Information on the specific gravity and moisture cantent
of bark has been added when available. in many cases,
specific gravity is given for the inner and outer bark, as
well as the total bark,




Chemical Composition of Wood and Bark

Much information is available in the literature, particu-
.larly on the composition of wood, and not all of this
information can be included if the book is to be kept to
a reasonable size.' Representative information is given,
and the reader may utilize the literature cited to obfain

more information,

Pulping

. Descriptions of pulping processes have been kept brief

and, again, the readet is encouraged to read the articles
cited for more information.

e B b




QUAKING ASPEN

' Scientific Narme Populus tremitloides Michx.

Synonyms Trembling aspen, ‘aspen, poplar, - popple,
golden aspen, mountain aspen

" Family Ng_me Salicaceae

Range The most widely distributéd hardwood in North

--America, with a range extending from Newfoundland
and Labrador west across:Canada along the northem tree
limit' to' northwestern- Alaska.- The southern boundary
extends from -New Jersey westward. to lowa and then

northwestward to- British Columbia. It is also found in .

the mountains of western United States, in. northern
Mexico and in scattered locations in- western Virginia
and northern Missouri. Aspen is the most widely
distributed forest type in the Lake States, covering
about 13 million acres (5.3 million ha) (7). The total
acreage in the aspen-birch type in the northern forests of
the United States is approximately 23.7 million acres
{9.6 million ha) (2). :

Silvics Growth and development of .aspen is strongly
influenced by soil conditions and, on medium and better
quality sites, aspen can reach 70-80 ft (21-24 m) in
height by-age 50: These soils are usually porous, loamy,
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* humic and rich in lime. However, aspen can also be
found on rocky, shallow soils, sandy areas and heavy

clay soils. The species. is very intolerant and with -

competition a long, slender bole with a small, rounded
crown s developed; the root system is superficial,
Although aspen occurs as a scattered tree in unbroken
woods or. on stream banks, it occupies logged. and
burmned areas. in almost pure stands. In .the northern
.. forest on burns its common_assocrataes are pin cherry,
- bigtooth  aspen, gray birch, willow, and an understory of
'maple, birch, and beech. In the Lake States on sandy
soils_jack pine, aspen and white birch mixtures -are
common On better soils an understory of balsam. fir or
white spruce aceurs frequently. In the western moun-
tains this species commonly occurs in nearly pure stands
but may be associated with birches, alders, balsam
poplar, and lodgepole .or ponderosa pine with an

understory of tolerant conifers, Reproduction by seed |s'

very good and root sprouts are frequent.

Tree Dimensions Srnall to medmm—sued tree 50-60 ft
{15-18 m} tal} and 1-2 ft {3061 cm) in diameter,

Pathology Resistance to decay: low

Because of its thin bark and shallow root system, aspen
is subject to fire damage, to storm and ice breakage and
windthrow. Small trees are frequently browsed by deer
and- moose and may be girdled by rabbits or mice.
Hypoxylon “canker (Hypoxylon mammatum) is con-
sidéred 1o -be the most serious disease -of aspen. in the

Lake States and occurs widely fiom the Rocky Moun-.

tains eastward, although-it is less serious in the Rocky

Mountains; - Cankers .found on quaking: aspen in the -

; include Cenangium singulare, Cerato-
cystis fimbriatd; Cytospora chrysosperma and Hypoxy-
fon mammatum. The Nectria canker {Nectria galligena)
-is common in the Northeast and Lake States, Another
important disease of quaking aspen is the heartrot
(Phelfinus igniarius) which is often responsible for the
short: economic life of aspen in the Lake States and
Northeast {3). Common leaf spot syndromes can be
caused by the fungi, Venturia populina or V. tremulae,
and Marssoning populi. In the West, Sclerotinia bifrons
-causes a leaf spot on trees of all ages (4).

Insects attacking' quaking aspen include the poplar borer
(Saperda . calcarata) and the forest tent caterpillar
(Malacosoma . disstria). The poplar borer is a primary
insect, causing mortality by girdling small trees beneath
the bark. The forest tent caterpillar may cause a serious
reduction in growth through successive defoliations,
Quaking -aspen is also a favored host of the gypsy moth

(Lymanrria d:spar) and the. satm mmh (Srﬂpnotfa
salicis). The large aspen tortrix. (Arch!ps conflictana) also
causes periodic defoliation. The .aspen agrilus (Agrilus
firagus) is a secondary insect which attacks weakened
trees but cannot camplete development in vigorous
trees, : - : :

Gross Features of the Wood . The sapwood is whitish to

- cream cotored, frequently merging.into the heartwood

which is whitish creamy to light grayish brown. The

~ wood is soft, light, without characteristic taste and odor, -

or with a characteristic disagreeable odor when maist.
The texture is fine and uniform, and flat grain boards
exhibit a faint growth ring figure. The wood is semiring

o diffuse-porous with numerous small pores, the largest
barely visible with the naked eye in the springwood,

decreasing gradually in size through the summerwood,
solitary and in short radial rows of 2 or more.
Parenchyma are terminai, with the narrow, light-colored
line more or less distinct. The rays are very fine, scarcely
visible with a hand lens.

Microscopic Structure of the Wood -

Vessels. Early springwood vessels are solitary or in
clusters of 6 or more. They are approximately 95-100

o gm in diameter. These large vessels are immediately

adjacent to the terminal band and are separated by 1-3
rows of fibers. The vessels in the latewood are smaller
and average approximately 60-70" um in diameter, They
appear in smaller clusters and are separated by as many
as 8-10 rows of fibers. There are between 85 and 180
vessels per sq mm. Perforation plates are simple; inter-
vessel pits orbicular to angular. Volume occupied,
approximately 34%.
; N
Fibers. Average, 1.04 mm (0.4-1.9 mm) in fength and
10-27 pum in diameter. Cell wall thickness 2-3 pm.
Weight factor 0.45; coarseness 8.59 mg/100 m. Volume
occupied, approximately 55%. Gelatinous fibers, which
have a cell wall thickness more than double that of
normal fibers, are quite common in this wood species.
Einspahr, et al. (5}, in a study on 17-year-old trees
growing in a natural sucker stand, found that fiber

_length in the outer portion of the tree is quite high near

the base, increases moderately up to a height of 6.5 ft (2
m), and then decreases with increasing height. At all
heights sampled, mean fiber length increased outwards
-from the pith to.the cambium,

Rays. Unstoried, uniseriate, ub to- 25 celis {481 um) in
height, 27 per sq mm on the tangential surface, 9 per
mm tangentially on the x-section, homogeneous, 3 to 13




H Mi T !.nL ZJI‘ Ilj.ﬂr

" T B e : - . E St =
- -SEM Crass Sections of Quking Aspen Showing Normal Wood (Left and Tension

- roughly clrcular pits Ieadlng from ray crossmg to vessel '

\nolume occupned approx lmately 11%.

Long!tudina,' Parenchyma Termmal forrmnga narrow, '

continuous or mterrupted line;: volume oceup|ed trace.

Gross Featyres of the Bar_k Aspen bark |s_ varlable in
appearance from smooth and light colored to rough and
dark. The normal bark is smeoth and gray, with a
typically waxy feel. The rough, dark bark apparently
results from mechanical injury or attack by fungi and

lichens (6) or from a combination of both outside

stimulation and natural formation (7). Rhytidome
~ formation may appear in very old trees, principally at
their bases. For pulpwood diameter trees (6-10 in or

15-25 cm dbh), the bark of the bole typically consists of
about 80% inner bark and: 20% outer bark. However, on
rough-barked trees the percentage of outer bark may run
as high as 40%. Bark volume averages about 18%.
Covington (8) found that in New Mexico the bark of
quaking aspen appears green- at higher altitudes and

~chlorophyl) conoentratlons are inversely correlated with
altitude. At lower altitudes, higher chlorophyll content
is masked by a white bloom of dead periderm cells.

_Altitudinal gradients in reflectance. of bark could be

5

adaptnre At hlgh altntudes, more Inght would be avallable -
for ¢cortical .photosynthesis and' for raising bark
temperatures during winter. At low altitudes, -trees
would be protected from high bark temperatures and
injury from sunscald. :
Microscopic Structure of the Bark - _ -
Young Bark, The cell arrangement of the mner bark
{secondary phlaem) is the same for both mature and
young bark except for the rather late de\relopmerlt of
~fibers in young bark, Although the scattered fibers may
i appeas- early, the formation of tangentnal bands of
sclerenchyma cells has oecurred as late.as 6-8 yearss of .
_age in branches (7). The outer bark of Young stems
" includes an epiderm|s which is one row of compact <ells.
The next layer, the periderm, includes ‘several. distinct
layers. The widest area, the phellem, has uniform_
thin-walled rectangular cells, compactly arranged. This
layer makes up about 2% by weight of the dry bark. The
cortex occupies a greater portion of the bark in young
stems than in the mature trunk. The outer part of the
“cortex has thiick cell walls with large interceliular spaces.
Cortical parenchyma forms the bulk of the cortex. In
" older branches, some cortical parenchyma become

:.|1i1imi=i;dlmﬂ'!j;~i.ufé. b mﬁiﬁih T OIS -
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lignified. Sclereid grou ps are absent in very young stems

wlth scattered groups of- f bers gradually appearlng 1n3

Aubes’ ére .Iarge dlameter (40-50 ,um), thm-walled cells:
‘whose mdwldual sieve, tube elements are approxlmately :

800 pm in length, They are normally surrounded by
small: dlameter, th1n-wal|ed ‘companion cells and
parenchym& cells. The inner bark of quaking aspen is

] ct@rlz d by tangential ‘bands, 2-10 cells in width, of
oem fibers; The bands may be discontinuous near the

of-2- 4 pm. These fibers have an
0X ately 1 mrn The dnstnbutlon
& ea 5 from the ‘cambial. zone

of phloem fibers. - d
toward the penderm
total- innier bark with only 6% at the outer fimit. The
stlereids. range from none ih the greater part of the inner

bark to 28% at the outer part of the inner bark. The
percentage of sclereids in the total Inner bark averages

15%. Harder, et al. (9) found a fibrous yield of 8% when
quaking aspen bark was pulped to a solids vield of
-33.8%. The homogeneous, uniseriate phloem rays are
- distributed uniformly throughout the inner bark.

Peridérm. Structurally, the last-formed periderm in the
outer bark of mature trees, as in ‘the young stem,
" consists of one layer of cork cambium (phellogen) and
two to three layers of phelloderm and layers of cork
{phellem). The periderm may be divided into three main
types: (1) the thin-walled cells, which are rectangular to
nearly square in shape and about 30 gm to 50 pm in
diameter as shown on both cross and radial sections.
This type of cell amounts to approximately 40% of the
total periderm; (2) the thick-walled cells are about the
same shape and size as the thin-walled cells with distinct
simple pits and often containing a resinous substance;
.(3) the sclereids are often found in small groups more or
“less tangentially connected and scattered at the outer
part of the phellem in the older trunk. These sclerified
cells occupy the smallest percentage of the total

periderm, usually less than 10%, but the numbers can be -

quite variable. These three kinds of cell types in mature
periderm have no definite pattern of distribution,
although the thin-walled fayers generally alternate with
~ the thick:walled layers and the sclerified cells are often
. - assaciated with the thick-walled cells.

Cortex. The cortex in aspen retains its position from
the young to the old trunk, and its cells have about the

Thé: fibers are approximately 18-20 um-
ey'-have a cell wall thickness of 8-10.um’

oem. fibers make up 25% of- the'

young stage, except for their size
ts. The coftex can occupy up
c_kness ‘of bark. The cortical

nchyma, the . dilated.
yima, together with

attered g'oups

Photomlcmgraph of Quakmg Aspen Macerated Bark Retained on
0-Mesh Screen. Illustrated are Phloem Fibers (PF), Sieve Tube
Elements (5T) and Sclereids (8). Magnification - 35X

Physical Properties of Wood

Green volume 0.35
Air.dry volume _ 0.38
" Qven-dry volume 0.40

Specific gravity

Density, Ibfcu ft

(kgfeu m) Green 3 (689
Airdry 432
Owen-dry

Oven-d ry weight
per green volume

Density, IB!cu ft | .
22 (352)

ct demarcatnon from_the_ L




Einspahr, et al. (70) found that the specific gravity of a
6-year-old .quaking aspen sucker stand which was
fertilized and irrigated for 3 years was only moderately
reduced even though volume grdwth was 140% greater
than . on the control plot.

Einspahr, et al. {77}, in a study on 17-year-old trees
growing in a natural sucker stand, found that specific
gravity was highest in the butt, decreased with increasing

height and leveled off at heights from 4.56.5 ft (1.4-2.0°

m) for annual rings near the cénter of the tree. At most
sampling ‘heights, specific gravity was high near the plth

lower 3-5 rings -out from the center and then: mcreased :

from tJ'Iat pomt out toward the camblum

Other publ-lcatlons relating to specn‘ic gravity include
Maeglin (72), Besley (73), Pronin {74), Einspahr, et al.
{15), Brown and"Valentine (76), Valentme (77), and
Einspahr and Benson (18)

Percent shrinkage, dried to 0% moisture content: r - 3.5,
t-6.7,v- 11 5.
Peri:ent moisture content, when _Igreeh'

Green basis.
© Oven-dry basis

Pércen; moisture content
_oven-dry basis (79)

Chemi;él Composition of Wood

Proximate Analyses

F.PL. (26)

193 192'-'
785 78.9

488 . 501

ngnln, % '
Holocellulose, %
- C. & B. cellulose, %
Alpha-celiulose, %
Hemicellulose, %
Ash, % :
Pentosans, %
Acetyl, %
Methoxyl, %
Moisture content, % -
Solubility in

Alcohol .

. -Alcohol-benzene, % --

Ether, %.

1% NaOH, %
- Hot water, %

-Cold water, %

- Water, %

BT

28
11
72
15

188

P . ..!Ilu RS

5

95
113

Heaft@ood
Sapwood

Marden, et al, (20} found that the mean moisture
content of wood varied from 82.5% in the summer to
111.0% in the winter on an ovendry basis,

Other publications relating to moisture content include
Besley (73) and Erickson (27). | '

Physical Properties of Bark _
Specific gravity Inner bark 0.40
green volume Outer bark 0.55
| S Total bark 0.50
- Density (100% moisture Green weight/
content) green volume 1.15
Specific gravity oven-dr :
© weight & volume {22 ¥ 0.73

Other publications relating to bark specific gravity
include Hafe (23) and Lamb and Ma.rden (24]

Marden, et al. (20). found t;h' _

content of bark vatied: fr o
64, S% in the winter on an ovendr: ’
Other pubhcatlon's- _re_la-t_-m'g ._to moisture content: include
Erickson (27) and Smith and Kozak (25).
_ Clermont and Aung
Ritter (27) -~ Schwartz (28) (29)
17.3 18122 16.9
79.5 80.3b . 71.7
63.5 . e =
51.0 49-.430'; 508
- 21.182 .
0.3 0.38 2 1
2.5 17.2 10.5
5.1 3.4 -
53 547 -
- 514 -
- — 1.49
1.5 — 0.16
i.0 1.89 0.59
- 193 : 12.7
2.0 275 -
1.0 - 1,48 -
— SRR 1.72
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Uronic anhydride, % — -

- In hemicelluloses

Pentosans, % - wi

Uronic anhydride : - - -

‘Hexosans ‘
(by difference) - -

aCorrected for ash.
bCorrected for ash, lignin, and extractives,
CCorrected for ash and lignin,

Musha and. Goring (30) found the Klason lignin content

to be 0.195 and 0.183 gfg and acid-soluble fignin to be
0.031: and 0:030 g/g (separate analyses). Bray and Paul
{37) give analyses, and Van Beckum and Ritter (32) give
‘data on holocellulose and C.&B. cellulose. Methoxyl
“content is 20.5% (33). Ether solubles are 1.0-2.7% of
whole wood (34, 35). The wood contains 3.0%
alcohol-benzene extractives (36).

Summative Anial fysis .

| - Wiseeral. (37)
Total extractives, % 43
Lignin, % . 18.1
Acetyl, % 34
Alpha-cellulose, % 51.2
Hemiceliuloses, % 212
Summation, % 98.2

Carbahydrates, Wise et al. (37}, using a modified
Hag_lund»Bratt method, fou_nd 1.5% mannan.

Extractives The ether extract of whole wood is 2.28%
~ (based on solids}. The content of vanillin, syringalde-
~hyde, p-hydroxybenzaldehyde, vanillic acid, syringic
acid, p-hydroxybenzoic ~acid, p-coumaric, acid, and
ferulic ‘acid is given for whole wood, sapwood, heart-

_wood,-and rootwood by Pearl and Beyer {38). Browning -

and Bublitz (39) found ether extractives to contain 2%
resin acids, 72% free fatty acids, and 18% unsaponifi-
" ables, whife Buchanan et al, (0} found them to contain
2% resin acids, 5% free fatty acids, 66% fats, and 19%
unsaponifiabies. For information on fatty acids and resin
acids see Swan (47). Pearl and Harrocks (42) identified
neutral materiais from the benzene extractives. For
information on hot wateér extractives sce Pear} and
Darling {43). For steam vofatile components of extrac-
tives from heartwood sce [44)

' - For general mformat:on on extractives see Pearl {(#5} and
Rowe and Coniner (46).

The ammonia-base acid sulfite spe'nf liquor was ether-
extracted and found to contain vanillin, syringaldehyde,

4.97 - . -

691 ' C-
16.5 -

14.4 -

hydroxybenzoic acid, behzoic acid, vanillic acid, and
other identified and unidentified compounds. (47}, Saw-
dust and spent Jiguor from NS5C pulping were analyzed.-
for content of ether extractives and for vanillin, syringal-
dehyde, and hydroxybenzoic acid. Spent liquor from
sodium-base.- acid suifite pulping was analyzed for ether
extractives and for vanillin, syringaldehyde, p-hydroxy-
benzaldehyde, vanillic acid, syringic acid, p-hydroxy-
benzaldehyde, vanilfic acid, syringic acid, p-hydroxy-
benzoic acid, and pcoumaric acid (48). Three isomeric
lignans wete isolated from spent sulfite liquor (49).
Seven crystalline aromatic compounds were isolated
from the ether-soluble pertion of the hydrolysis liquors
which were obtained from sawdust (50).

Other Informotion. For an analysis of elements see
Young and Guinn {57} and Younget al. (52).

Chemical Composition of Bark’

Proximate Analyses
Chang and
Mitchell (53)

Ash, % ' . -~ 28
Methoxyl, % 4.75
Sotubility in

Alcohol, % 118

Benzene, % : 40

1% NaOH, % : 220 -

Hot water, % ' 4.7

The bark contains 3.9% ash (54) and 5.2% ash {36).

Carbohydrates, Bark contains 4-O-methyl giu-
curonoxylan {55). It contains a galactoglucomannan that
contains galactose, glucose, and mannose. Chang and
Mitchell (53} have analyzed reducing sugars from
extractive-free bark,

Extractives. Bark contains 9. 23% ether extractives (38}
and 15% alcohol-benzene extractives (37). Hot-water
extractives fractionated with ethyl acetate contained -
salicin, trichocarpin, salireposide, salicyl alcohol, pyro-
catechol, 2,6-dimethoxy-benzoquinone, and cinnhamic




acid (43). Glycosides in agueous extractives of diploids:

and triploids were cormpared (56). For hot water
extractives in bark, .see Pearl and Darling (57); for water
extractives from bark, see Pearl {45). For information on
extractives. see Pearl (58), Pearl and Beyer (38), and
Rowe and Conner (46).

Other !nformanan The: bark ~contains salicin, gluco-
sides such as populin, tremuloidin, salireposide, and
" grandidentatin, acids such as benzoic, p-coumaric, vanil-
lic, “syringic, ferulic, and p-hydroxybenzoic acids,
phenols such as. salicyl alcohol and pyrocatechol, and
sugars such as glucose, fructose, and sucrose (59}, Pearl
(60) reports on other aromatic compounds from bark,
The bark contains 1.9% calcium and 0.03% silica (as a
percent of ovendry weight of the bark) (36).

Pulpinﬁ .

Chem:m'ec{mhiéaf. The impregnation of _chipé ‘with a
mixture of sodium sulfite and sodium hydroxide prior to
refining substantially improves brightness (67).

Holapufpfng. Alkaline pretrea.tmeht, sodium chlorite
acidified with glacial acetic acid, and alkali extraction.
give pulps in higher yield than kraft pulp and:pulps that
" are higher in burst strength, breaking length, and lower

‘in tear factor. Pulp propertnes are given for ethanol-water
pulps (62). :

Kraft. The wood is pulped easily; it is easiiy_ bleached,
" requiring 5.65% total chlorine for 80 G.E, brighthess at a
permanganate number of 14.0 (63). The pulp hydrates

quickly, is about 65% as strong as spruce except for

folding endurance (64, 65, 66). The kraft pulp yield is
54-64% (67). Keays and Hatton (68) found a yield of
. 57.1% 4t a permanganate number of 12.5 and quality
equivalent to commercial bleached and unbleached
hardwood kraft pulps: For unscreened kraft pulp yields,
seé Bella and Hunt (69). A two-stage process of
pretreatment with HyS before keaft pulping gives un-
bleached pulps similar in strength and beatability to
polysulfide pulps; they -are brighter than polysulfide
pulps {70). The natural variation of pulp and paper-

making properties between clones was studied by Van -

Buijtenen et al. (77). For kraft pulping information see

Hunt et al. {72) and Hom (73). Quaking aspen is a

“principal ingredient with other hardwoods in bleached
kraft- pulp. Newsprint and. fine papers are made from
kraft pulps (74). The yield for bark is 33.8%. .

Magnefite, A bleachable semichemical pulp has-a some-
what lower bleached pulp burst and tear resistance than

S I
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the normal bleachable NSSC pulp; a semichemical pulp
suitable for corrugating medium is equivalent to NS5C
pulp {75).

. Mechanical, The wood is readily pulped to a yield of

90%; it requires about 25% more power than for white
spruce and is from 50-65% lower in various strength
properties than spruce or fir; its color is good and it is
readily bleached. It is used in book papers, tissue papers,
and heavy structural boards (76, 77, 78, 79, 80, 81, 82,
83, 65, 84, 85, 86, 87, 88). Groundwood is used for
fiberboard. '

Neutral Sulfite Semichemical, Pulps are particularly
bright and strong. They are used in corrugating medium,
board filler stock, and coarse wrapping paper. A
bleached grade has been used in book papers and
experimentally ‘in glassine. It is readily bleached by
chlorine or sodium peroxide (89, 90, 97, 92, 93, 94, 95,
96, 80 97 98).

Others. Watet andlor stearn (99) Com

Soda. |s fairly readily pul ' ed
weak and bleaches .easily y
softness, and absorbency to- et Its: [afmclpal use is
with bleached:. sulﬁte pulp m ﬂae manufacture of book’

" paper, and: some is used i tlssues partlcularly facial

tissues (700, 101, 702, 80, 103, 82, 98, 104, 87, 105).

Sulfite. The wood is readiiy pulped, yield is good, the

“pulp hydrates quickly, i of excellent color, usually

contains .:small black specks- which disappear on
bleaching, is. easily bleached, has a strength 50% lower
than spruce, and does not have~the opacity or bulk
characteristics of soda pulp. It is used in small amounts
in newsprint, mimeo, tissue, writing, and book papers
(706, 80, 107, 108, 82, 83, 87). :

Utilization of Wood and Bark The woaod is similar to
that of Populfus grandidentata. 1t is light in color, soft,
generally straight grained, fine, and unlformly textured.
It has a characteristic odor when wet and'is odorless and
tasteless when properly dried. It shrinks moderately and
can be air dried or kiln dried satisfactorily. If wetwood
or pockets of high moisture content are present,
however, the affected- zones may collapse, check, or
remain high in moisture after .the normal drying
schedule. Tensionwood may cause warpage. Because
aspen wood s light, it has low strength, [t is also
moderately stiff and is moderately low in shock resis-
tance. It seldom splits when nailed and has excellent
nail-holding ability.
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Calorific Value of Wood

17.7 x 10% BTU per air-dry cord.
5785 BTU/Ib air-dry
3215 kg cal/kg air-dry

Calorific Value of Bark |

8430 BTU/Ib
4685 kg caifkg

271 814 BTU,h't3
1938 kg calfm?

Chemical Uses of Bark. Salicin is used in pharmacy,
chemistry, and biology (59).

Other Uses of Wood, The wood is used-for boxes and
crates, farm building construction, core stock material,
fumiture, novelties, woodenware, excelsior, matches,
plywood, factory and dimension lumber, preservative-
treated products, fiberboards, particle boards, and
anima! feeds. Wood has been fed to sheep (709).
Sawdust can be treated with fungus and NaGH for
improved digestibility for rumen organisms. :

Bibliographies A bibliography on world literature
relating to Populus, 1964-1974, has been oornplled by
Hart {770).
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BIGTOOTH ASPEN

Scientific Name Populus grandidentata Michx.
Synonyms Largetooth aspen, poplar, popple

Family Name Salicaceae

Range Northeastern United States and southern Canada

arLfF. of

Silvics Very similar to quaking aspen, with which it
occurs mixed or in scattered groups in the forest. It is
not, however, of such widespread distribution or of as
frequent occurrence. Reproduction by seed is very good
and root sprouts are frequent. This species seems to
-require a less fertile soil with a higher sand content for
good growth than does quaking aspen. From its occur-
rence on knolls and drier sites, it appears to require the
better-drained, better-aerated soils. Bigtooth aspen is
_rated as very intolerant.

Tl.'ee.Dim'ensions Medium-sized tree; 60-70 t (18-21 m)
tall and 2 ft (61 cm) in diameter,

Pathology Resistance to decay: low

Because of its thin bark, bigtooth aspen is susceptible to
fire, particularly at a young age. The species is also
subject to windthrow and tops break easily from ice and
snow. Hypoxylon canker (Hvpoxylon mammatum),
which is so damaging to quaking aspen, is somewhat less
so to bigtooth aspen. The heart rot, Phellinus igniarius,
attacks bigtooth aspen to a lesser extent than it does
quaking aspen but is still a serious problem. Several
species of fungi that produce cankers on larger trees
belong to the genus Nectria. Other fungi reported to
frequently cause cankers on bigtooth aspen include Poria
laevigata, Valsa sordida and V. nivea. Common leaf spots
can be caused by Venturig tremulae. Bigtooth aspen and
its hybrids also appear to be particularly susceptible to a
leaf disease closely resembling Plagiostoma populf.

Defoliators that attack bigtooth aspen include the forest
tent caterpillar (Malacosoma disstria), the large aspen
tortrix {(Archips confiictana), the satin moth (Sti/pnotia
saficis), and the gypsy moth (Lymentrig dispar). The
most important of these is the forest tent caterpillar and
it occurs over most of the range of bigtooth aspen. The
poplar borer (Saperda calcarata) attacks trees of all ages,
with trees between 2-6 in (5-15 ¢cm) in diameter most
likely to be heavily infested. Another poplar-gall saperda
which feeds on young trees, causing breakage, is Saperda

concolor.

Gross Features of the Wood Similar to quaking aspen.
Sachs, et al. (7) found that wetwood derives primarily
from bacterial infections, Invasion of sapwood vessels by

bacteria probably proceeds from initial root infections.

Microscopic Structure of the Wood Similar to quaking
aspen. Einspahr, et al. (2) describe the variation in fiber
length among bigtooth aspen and its hybrids,

Gross Features of the Bark Olive green but often not
readily separated from that of quaking aspen; later
becomes brown and furrowed,

Microscopic Structure of the Bark Similar to quaking
aspen {3}, :

Physical Properties of Wood

Green volume 0.35
Air-dry volume 0.39
Oven-dry volume 0.41

Specific gravity




Density, Ibjcu ft

(kgfeu m) Green 43 (689)
Air-dry . 27 {432)
Oven-dry 26 (416)
Density, lbfcu ft  Oven-dry weight
(kgfcum) - per green volume 22 (352)

Publicaiions_relating _td specific gra#ity include Erickson
(4}, Maeglin (5}, and Pronin (8).

Percent shrinkage, dried to 0% moisture content: r - 3.3,
t-79,v-11.8.

Percent moisture content, when gréen

Green basis - : : , 50
Oven-dry basis : ' _ 99
Physwal Properties of Bark L
| Specific gravity oven-dry . _ .
' welght&\'olume ' S © . 066

Chemical Composition of Wood

Proximate Analyses

Freeman and
Peterson (8)  Bloom etal.
Sap Heart - (9)
 Lignin, % 163 169 117
" Holocellulose T '78.0 80.0 -
Pentosans, % =~ - 225 230 -
Acetyl, % o 817 505 -
Methoxyl, % 065 072 -
C. &B. cellulose, % -~ 627 644 = 663
Ash, % 026 033 @ -
Pentosans _ :
Total,% - 233 238 19.7
‘In cellulose, % 145 158 -
Acetyl, % : 548 607 - -
Methoxyl, % - 527 535 =
- Solubility in- ; g
- Alcohol-benzene, % 2.41 -2.13 26
Ether,% 102 -1.03 0.86
Hotwater,% .. 313 099 24

'.'.cc|d_wate.¢,'j%'__ﬁ__ 270 136 ¢ -

Bloom -et. al. (9) also include data ofi ethanolamine
cellulose and correlation between the number of chlori-
nations and lignin in Cross & Bevan cellulose, Isenberg et
al. (70) found the wood to contain 2.1-2.4% alcohol-

13

benzene solubles; W.|':I.E)|e wood contained 0.9-1.0% ether

‘solubles, sapwood contained 1.0% ether solubles, and

heartwood contained 1.0% ether solubles,

Extractives. For general information on extractives see
Pearl {11). For information on aromatic compounds, see

Pearl (72)

Chemncal Composution of Bark
Extractives. For information on water extractives see
Pearl {771}; for aromatic compounds see Pearl (72); for

phenolic glycosides, see Rowe and Conner (73).

Pulping

. Soda, Wood _is pulped readily and is falrly easily

bleached.

Sutfite. ‘The wood is readily pulped, is of excellent
" color, and is fairly easily bleached,

"'Utmzation ‘of wood and Bark It &s generally stralght

grained, fine, and tniformly textured. It has a charac-

teristic odor when wet and is odorless and tasteless when

properly dried. It shrinks moderately and can be air
dried or kiln dried satisfactorily, 1§ wetwood or pockets
of high moisture content are present, the affected zones
may collapse, check, or remain high in moisture after the
normal drying schedule. Tensionwood may cause
warpage, Because aspen wood is light, it has low
strength. It is also moderately stiff and is moderately
low in shock resistance, 1t seldom splits when nailed and
has excellent nail-holding ability.
~

Co!oriﬂc Value of WOod

18.2x 108 BTU[alr-dry cord :

- Other Uses of Wood. Most- aspen is used for pulp

products such as book and specialty papers, newsprint,

" -and insulation board. Most aspen lumber is remanu-

factured into boxes, crating, pallets, furniture parts,
lumber core, and interior trim. A small volume is used
for panel stock, match and core stock, excelsior,
particleboard, paper roli plugs, and turned products,

Bibliographies A bibliography on world literature
relating to Populus, 1964-1974, has been compiled by
Hart {74). :
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BALSAM POPLAR

Scientific Name ' Populus balsamifera L. |

-Synonyms Iéalm,_., .balm-of—.Gileqd, bam, . tacamahat,

hackmatack, cottonwood

Family Name Salicaceae

Range Alaska, Canada, Lake States to Connecticut and
the northern Rockies. The variety, st/bcordatq, occurs
mainly in New England, New York and northéern
Michigan. -

Sitvics: - The tree is medium sized with along, cylindrical
bole, a-narrow, open, pyramidal crown, and a shallow

root system. It adapts to a variety of soil textures but .
' nieeds abundant meisture and a'cool to cold climate, It is
“characteristic - of alluvial bottomlands and river banks
““and i typical of norther Canada where it occurs in pure
* stands, or mixed with willows, alders, birches and black

and white spruces. In-the southern part of its range, it
usually occurs in isolated patches. In-the Lake States, its
associates-are aspen, balsam fir, white-cedar, and paper
birch. Balsam poplar frequently reproduces by means of

‘root suckers. It is rated as intolerant. :

Tree - Dimensions 60-80 ft (18-24 m) tall and 1-2 ft
{30:61 ¢m) in diameter :

Pathology Resistance to decay: tow

Young trees, because of their thin bark, are susceptible

ot

e e

to fire, although mature trees are relatively fire resistant.-
The species is not as subject to loss from disease as the
aspens. Heart rot caused by Phellinus igniarius and butt
rot-by Armillariefla mellea are common decays in balsam
poplar, although the loss from these rots is less than it is
in the aspens, Leaf spots, rusts and blights are common

* but generally are not damaging, -

sl ;
Ll

i
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The most serious insect pest of balsam poplar is the
poplar-and-willow borer (Cryptorhynchus lapathi), an
introduced species. Small trees may be completely

girdled . or seriously weakened. The poplar borer -

(Saperda calcarata) -also attacks balsam poplar. The
forest tent caterpillar {Malacosoma disstria) will feed on
balsam poplar but it is not a préferred species. .

Gross Features of the Wood Similar to aspen, but
coarser in texture, somewhat darker, and devoid of
luster. Discoloration due to incipient decay is more
prevalent.

Microscapic Structure of the Wood

‘Vessels. 30-145 per sq mm, the largest 75-150 gm in.
diameter; - perforation plates simple; intervessel pits
orbicular to oval or angular, 9-13 um in diameter.

Fibers. Thin to medium walls, 2340 um in diameter.
Length, about 1.2 mm,

Rays, Unstoried, uniseriate, ess'emially homogeneous.

Longitudinal. Parénchyma. Terminal, formmganarrnw
continuaus, or interrupted line.

Gross Feature§ of the Bal_fk' ‘On young stems the bark is
greenish brown to reddish brown; on older trunks
eventually becoming gray to grayish black and dividing

into flat, scaly, or shaggy ridges separated by narrow -

fissures. Bark averages 17.5% of the rough volume of
- roundwood (7).

Microscopic Structure of the Bark (2) Rhytidome
~ formation is distinct and is-composed of alternate layers
- of secondary phloem and -periderm in the outer bark.
Periderms are thin and phloem fibers occupy most of the
secondary phloem in the outer bark.

Physical Properties of Wood
Specific gravity Green volume . B 0.30
Air-dry volume 0.33
Oven-dry volume 0.34
- Density, Ibfeu ft _
 {kgfeum) Green - 40 (641) -
T sk Adredry 23 (368)
A5 =e T Ovenedry - 21 (336)
'.'I)Iensity,-ilbfw fl -+ Oven-dry weight |
-per green volume 19 (304)

(kg/cu'm)

A publication relating to specific gravity is Maeglin (3).

Percent shrinkage, dried to 0% moisture content:.r - 3.0,
t-7.1,v-10.5

Percent moisture contefit, when green

" Green basis - ' - 53

Oven-dry bagis 112

Mean seasonal moisture content on an ovendry basis
varied from 129% in the summer to 139% in the winter

{n.

‘Physical Properties of Bark Mean seasonal moisture

content on an ovendry basis varied from 89% in the
summer o 81% in the winter (7).

Chemical Compositioh of Wood

_Extmcﬂves. For general information on extrar.twes see

Pearl (4)

Chemical CMpdslfion of Bark '

Extractives. For information on hot-water extractives

of bark see Pearl and Darling (5}; on water extractives,
Pearl {6); on extractives, Abramovitch et al, {7). Chloro-
form and ethyl acetate extracts of green bark contain 3
glucosides: salicin, trichocarpin, and salireposide; other
glucosides were detected (8).

Other Infarmation. For information on aromatic com-
pounds see Pearl (). Bark contains salicortin, tricho-
carposide, populoside, salicylosalicin, arid dihydro-
myicetin (70).

- Pulping

Groundwood. Newsprint of average strength and
opacity is made from 90% groundwood of 105 freéness

. and 10% southem pine semibleached sulfate pulp of 530

freeness. Pulps of high strength. and brightness (64-67%6)
and low opacity {85-88%) and freeness of 360-485, 630,
and 500 were made from 60% cottonwood groundwood
and 10% southern pine semibleached sulfate pulp mixed
with 30% of either chemigroundwood- or NSSC ar cold -
soda pulps. Papers made. of 75% groundwood and 25%
other cottonwood pulp had a-burst strength equal to
that of commercial papers and.lower, tear. -strength.
Willow groundwood -as 30% of ihe; fusish, although
darker and much weaker than.cottonwipd groundwoo

gave paper of good strength and.sifficient brightness




{71). Groundwood can be bleached with i-|¢0,.-|t can

be used for fiberboard.

Kraft, Pulp mixed with Alnus rubra kraft pulp gave
satisfactory duplicating and offset printing paper.

* Utilization of Wood and Bark

17
Calorific Value of Wood
17.2 x 10° BTU/air-dry cord

Chemical Uses of Wood, Balm-of-Gilead, used in cough
medicine, is derived from the buds (72).

Bibliographies A bibliography on world literature

relating to Populus, 1964—19?4 has been oomplled by ..

Hart (73).
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EASTERN COTTONWOOD

Scientific Name Populus deltoides Bartr. ex. Marsh.

Synonyms Southérn cottonwood, eastern poplar,
Carolina poplar, necklace poplar, alamo

Familif_ N_arﬁe Salicaceae '

Range : Eastern cottonwood grows throughout most of
" the-eastern half of the United States with the exception

of the_ higher Appalachian areas. Found along. streams .

and bottomlands, its range extends from southern
Quebec and - Ontario west to southeastern Narth Dakota,
south through western Kansas, Oklahoma and southern
Texas, to northwestern Florida and Georgia, Its best
commercial development occurs on the alluvial bottom-
lands of the lower Mississippi River and its tributaries.
Cottonwood is seldom found at elevations of more than
1520 ft (56 m) above the average level of nearby
~ streams. : '

Silvics In the forests this medium- to large-sized tree is

tall, clear and cylindrical with a rather widespread crown-

and an extensive superficial root system. It grows
principally along streams and water courses in mixture
- with - various  willows, sycamore, and some of the
bottomiand oaks. Abundant and continuous moisture
throughout the growing season is as important to
cottonwoed as is the texture and fertility of the soil.
Humid climate and moist, medium-textured soil with

good inte'mal.drainage' promotes the best growth. of
cattonwood.

Tree Dimensions 75-85 ft (2326 m) tall and- 2-3 fi
{6191 cm} in diameter, However, free-growing trees on
good sites can exceed 120 ft (37 m) in height at age 30.

Cottonwood is rated as very intolerant,

Pathology Resistance to decay: low"

Cottonwood is very susceptible to fire and a fire of
maderate intensity will kill trees 6-10 in in diameter (7).
Diseases appear to be of minor importance in cotton-
wood stands. Canker diseases are most. severe on poor
sites and under conditions of environmental stress {2).
The pioneer organism in canker discases is Septoria
musiva. Cytospora spp. usually invade the Septoria
cankers, Septoria musiva may also cause leaf spots and
can reduce growth through premature defoliation,
Cottonwood is also subject to the leaf rust (Melampsora

..medusa) above latitude: 40°. This rust’ may .cause

defoliation, weakening the tree, and predisposing it to
other pathogens. . :

One of the most serious insect pests of cottonwood
plantations and natural stands is the cottonwood leaf
beetle (Chrysomela scripta). The adults and larvae feed
on foliage and young stems, reducing tree growth and
vigor. Another destructive insect is the cottonwood twig
borer {Gypsonoma haimbachigna). Larvae feed in termi-

_ nal tissues on both the main stem and lateral branches.
" Heavily damaged trees develop crooks or a number of

forks. Clearwing borers (Paranthrene dolfii and P.
tricincta) also cause serious losses in plantations, the first -
by damaging the tree base and the second by apfacking
the terminals, An additional borer of cottonweod is
Saperda colcarata, attacking trunks of trees 3 years and

older {2).

Gross Features of the Wood The general structure of
the wood of eastern cottohwood is similar to that of
aspen but coarser in texture, somewhat darker, -and
devoid of luster. The wood is semiring to. diffuse porous.
The growth rings are distinct.but inconspicuous and
often very wide. The small xylem vessels are barely
visible with the naked eye in the earlywood and decrease-
gradually in size throughout the latewood: The vessels
are solitary or in radial .roa{s_-_pf"-;wo._o( mote.
Parenchyma are terminal, the light-coloted lines being
more or less distinct. The rays are very fine, .scarcely
visible with a hand lens and are unstoried, uniseridte, and
essentially homogeneous. :

T
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Microscopic. Structure of the. Wood See the description
for balsam poplar,

Vessels, Earlywood vessels are 100-150 g in diameter
while latewood vessels are about 1/2 this size, Vessel
elements vary  in..number from 30-145 per sq mm,
Isebrands {3} found that vessel percent.increased at most
heights with increasing age of the annual increment in
two dominant 2l-year-old - trees. Within-an annual
increment, vessel percent incréased with height.

Fibers. Average, 1.0-'mm in length and 25-40 gm in
diameter. Cell walls thin to medium thick, Weight factor
0.45. DeBell, et al. (4) found no significant changes in
fiber length three years after treatment when N was
applied to a 9-vear-cld plantation. lsebrands and

.Be_nsend (5) studied the incidence and structure of

gelatinous fibers in rapid-growing cottonwood. They
found that all samples removed from each pair of rings
in disks cut at 8 heights in each of .two trees contained
some gelatlnous fibers, although the incidence was
particularly high.in samples from the upper Ievels of the

bole, The last few-rows of cells in each growth ring were

devoid of gelatinous fibers, Posey, et al. (6}, in studying
natural variation in fiber length of gastern cottonwood,

found that fiber length decreased from east to west,

Bhagwat (7) found that the application of N, P, K and
mulching significantly increased the fiber Iength and the
double-wall hickness of

SEM Cross Section of Cottonwood, Shdwiné Transition from
Earlywood (Top) 10 Latewood (Bottom). Magnification — 220X

walls Itfalled o.produce .
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any significant effects on-the percent of cross-sectional
area occupied by the lumens of fibers and the amount of
gelatinous fibers in the wood, Other publications related
to fiber dimensions include Jett and Zobel (8), Kaelser
(9), Einspahr, et al. {73}, and Isebrands {7 7). '

Gross Features of the Bark Thin, smooth and light
yellowish-green in young 'stems, the bark of eastern
cottonwood becomes ash-gray with age, dividing into
thick, flattened or rounded ridges separated by deep

fissures, In structure, the barks of species of Populus are

alike, especially the secondary phloem.

Microscopic Structure of the Bark In general eastern
cottonwood bark is rather similar in structure to quaking
aspen and blgtooth aspen except’in the perlderm

Peridenn The last-formed perlderrn consists of a Iayer
of phellogen, 2:3 layers of phelloderm and layers of thin- -
and thick-walled phellem or cork. The phellem s
comparatively loose in arrarigement, Small .groups of
sclerified-cells are ‘often associaued with the th1ck-walled
cells, or close to-them,

Sieve Tube Elements. The thin-walled sieve tubes may
be solitary but are mostly in small groups of 2-5.
‘Togéther with companion cells and phloem parenchyma,
they are bounded radially by uniseriate rays and
tangentially by bands of sclerenchyma or phloem fibers,
Sieve tubes are oval to polygonal i crosé section and
vary from 25 gm to 50 gm in diameter. Quite variable,
sieve tube elements are usually 600 gm to 1 mm long.
-~ o

Parenchyma. Parenchyma cells are distributed in a
more os less reticulate formation among the sieve tubes.
On cross section, these cells are’ round to oval and
average approximately 20 gm in diameter.

Phjoerii Fibers. Narrow tangential bands” of phloem
fibers, closely and evenly spaced, are characteristic of
the inner bark of eastern cottonwood, The bands of
fibers average approximately 60 um in radial dimension
and consist of mostly 3-4 fibers in radial rows,

“Occasionally, a small portion of the band may be more

than 200 pm in width and consist of 10-12 fibers in
radial rows. On cross section, the phloem fibers are
polygonal in shape and average approximately 20 pm in
diameter at the broadest portion, The cell walls are very
thick, about 10 pm, and the lumen is narrow, approx-
imately 2-3 um. The fi bers .average approximately 1.0
mm in length, Harder, et al. {72) found a fibrous yield of
9% when eastern cottonwood bark was pulped to a
solids yield of 35.4%.
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Sclereids. Small groups of thick-walled sclereids appear
in the outer part of the inner bark.

Physical Properties of Wood o

Specific gravity Green volume ' 037
Air-dry volume ' 0.40
Oven-dry volume : 0.43
Density, Ibfcu ft o
{kglcu m) Green 49 (785)
o Alr-dry 28 (448)
. .Overl -dry 26 (416)

Denslty, !b,(w ft . Oven-dry welght
(kg!cu m) _'per green volume 23 (368)

Bhagwat (7) found that the application of N, P, K and
‘mulching significantly increased the specific gravity of
the wood. DeBell, et al. {4) found. that specific gravity
decreased by 3% three years after treatment when N was
applied to a 9-year-old plantation. However, this slight.
reduction was far outweighed by Increased volume
growth, Posey, et al. (6}, in studying natural variation in

Acld % ' -

'Moore and ‘Effland (79) report the proximate analysis of
“rings.. ‘2:20 “of different trees. The alcohol-bénzene
© gxtractives content is 1,4% (20), and the ether solubles is
0.30.4% (21, 22).

gravity increased from east to west. Farmer and Wilcox
{73) determined that wood near the cambium. - was
denser than. that near the pith or middle of stems and
that a relatively low cotrelation existed between density
of juvenile and later-formed woaod. A: slight negative
relationship was observed between specific_gravity and
mean -annual diameter increment, Other publications
relating to specific gravity include lsebrands (77},
Einspahr, et al. {70}, Jett and Zobel (8), Walters and
Bruckmann (74}, and Maeglin (75)."

Percent shrinkage, dried to 0% moisture content:* r -
3.9,1-9.2,v-14.1.

Percent moisture content, when green *

Green basis B 53
Oven-dry basis m

Physical Properties of Bark

Specific gravity Inner bark 0.29
green volume Quter bark 032
' Total bark - 0.31

Density (100% moisture Green weightf

fiber length of eastern cottonwood, found that specific content) green volume 0.81
" Chemical Composition of Wood
Proximate Anaiyses _
| McGovern and Brayand ~ Musha and
Keller (76) Paul {77} _ _Gn.r}ng (18)
Lignin, % 236 20 N
Klason lignin; % - o o 0234
C, & B. cellulose, % - .63.2 -65 2 e S -
" Alpha-cellulose, % 46.5 415 AR ™
- Pentosans, total, % .- 1%.0 180 L o =
Methoxyl, % - S : 1,20
_ Solubility in. S ' e
Aicohol-benzene,%. 18 09 T
Ether, % . . 04 e e =
1%NaOH, % . 154 148" | =

'Orher !nfonndtron For inorganic elements see Oster-
haus et al. (23) Ce

o

*These data are for southern cottonwood (Popufus
deftoides var, w;yimana) S




Chemical Compaosition off'Bark .The ash content s
6.2%; alcohol-benzenie extractives,. 7.9%; calcium, 2.5%;

sifica, 0.18% (calculated as percentage of ovendry weight *
of the bark) {20). For inorganic elements see Osterhaus

etal, {23).

Extractives, The bark oontalns phenolic glycesides
(24).

Pulping

Alkgline, is bleached with difficulty; the breaking

length and burst strength are slightly higher than for
- gum, and tear strength is low {25)

Cold soda, corrugating boards were somewhat stronger
than boards made from oak pulp, and they had a
Congora value of 77.4 b, (26)

Groundmo_d. The wood is suitable for groundwosd .

‘pulping, particulasly for use as a coarse grade in

insulating board and as fine grades for groundwood book -

and specialt‘y papers.

Kraft._The wood is.readily puiped, and the yield.is high

" {27). The yieldfor bark is 35. 4%.

Mechonicaf The, wood is readlly pulped and color |s'

fair; pulps satnsfactory for. certain furnishes can be
obtained on various stone surfaces with moderate energy
_ consumption. by adjusting the grinding pressures, pulps
are suitable partlcularly for use as a coarse grade in
insulating baord and as fine grades for groundwood book
and specialty papers (28, 29, 30, 37).

Neutral Su!ﬂte Semichemicof Chldesﬁer (32} studied
the influence of pretreatment with acid, neutral, ahd
alkaline liquors and of bleaching on yield and properties;
"he 'clescribes the uses of pulps. See also Rue et 2l. {33).

Soda  The wood is readily pulped yleld is high, and it
is fairly easily bleached (27 34)
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Su!ﬁre. The wood is readily pulped and the vield is
normal {35, 36).

Other Information. The light color of the pulp requires
littte bleaching for most uses. The pulp is used in the

~ manufacture of high grade book and magazine paper.

Utilization of Wood and Bark

Use Properties of Wood. The wood is comparatively
uniform. :in  texture, generally straight grained,
maderately light in weight, moderately weak,
moderately limber, moderately soft, difficult to season,
is relatively  easy to glue, is difficult to work without
producing - shipped  or fuzzy grain, has moderate
shrinkage, and is prone to warping. It has low. nail- .
holding ability, does not split easily, and holds paint
well. It is without characteristic odor or taste when dry.

Calorific Value of Wood

16.8 x 10% BTU/air-dry cord
Calorific Velue of Bark

162,545 BTU/fi3
1160 k cal/m?

Other Uses of Wood, Cottonwood is used for lumber,
veneer, plywood short bolts, and feod containers.
Lumber and veneer go mainly into nailed and wirebound
wood boxes and crates. Lumber and veneer are also- used.
for interior parts of fumiture, plywood, agricultural
implements, woodenware, and matches. Bolts are used
for small articles and prefabricated furnityre parts.

Bibliographies A bioliogreph_y on world Titerature
relating to Populus, 1964-1974, has been compiled by
Hart (37). A selected bibliography on cottonwood has
been compiled by Applequust (38).
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BLACK COTTONWOOD

Scientific Name Populus trichocarpa Torr, & Gray

Synonyms California poplar, balsam cottonwood,
western balsam poplar

: Fmily Name. Salicaceae

Range Extends from Kodiak Istand and southeastern
Alaska southward along the Pacific Coast to mountain
areas in Baja California, Mexico and eastward in a
triangular area throughout most of British Columbia to”
south-central Montana,

Silvics The tree has a long, clear bole and a narrow,

¢ylindrical, round-topped: efown, Within the -range- of
black cottonwood, the climate varies from relatively arid
to humid; and soils, from moist gravels and sands to rich

humus-and occasionalty clay. In drier areas, this species

is found usually on bottom land, along stream banks and
pond edgss, and at the foot of moist mountain slopes. It
requires abundant moisture, nutrients, and oxygen aera-

tion and a soil pH of 60-7.0 for cptimum growth, Black

- cottonwood is. found in mixture with -Dougas-fir, grand
fir, alders, maples, and willows, The species is rated as
very intolerant, : -

Tree Dimensions The talfest westem broadleaf tree.
Trees reach 45 ft (14 m) in height and 12-13 in (30-33
cm} in diameter at 82 years of age on Montana sites, and

. mature in 75 years in California with maximum diam--

eters of 24 in (61 cm) and heights of 60 ft (18 m).
Exceptional growth- has been found in the Fraser Valley
of British Columbia where individuals reached 32.5 in
{83 cm) in diameter and 120 ft (37 m) in 27 years and
studies have shown the species 10 grow well up to 200
years of age. o S '

Pathology Resistance to decay: low

Black cottonwood is frequently injured or killed by late
spring frosts. Because of its thin bark, it is also highly
susceptible to fire damage. The main diseases are 2
canker of young trees caused by Vabe (Cytospora)
sordida and fungus decay in old or damaged trees (7).
The occurrence of Valsa sordida’is closely related to tree
vigor. Black cottonwood is among the poplar species
that -develops a wetwood condition in which the wood is
not only. high in-moisture but is darker than normal and
has a pH on the alkaline side (7). " :

The satin moth, Leucoma (Stiipriotia) salicis, feeds on
black cottonwood although its damage has been re-
stricted- by the combinition of introduced and native
parasites. A sawfly attacking black cottonwood is the
poplar leaffoiding sawfly (Phyllocolpa bazemani). A

cambium borer found .in Montana and Alberta is

‘Laspeyresia populana.

Gross Features of the Wood The ood of black
cottonwood is medium textured and moderately light to
light. The whitish sapwood frequently merges into the
grayish white to light grayish brown heartwood. Incon-
spicuous growth rings are narrow to wide with
numerous, small pores gradually decreasing in size
through the latewood. The wood is semiring to diffuse
porous. Parenchyma are terminal, appearing more or less
distinct as a narrow, light-colored line, =~

Microscopic Structure of the Wood See the description

for balsam poplar,’

Fibers, ' Avesage, 1.38 mm in lefigth and 23.40 umin
diameter (2). Thin to medium-thick cell walls. Weigh
factor 0.45.

Vessels, 30-145 per sq mm, averaging 0.58 mm in

Tength and up to 75-150 um in diameter. -
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Rays.' Scarcely visible with a hand lens, unstoried,
uniseriate and essentially homogeneous, -

Gross Features of the Bark  The bark is tawny yellow to
gray and smooth on young stems. Ht later becomes dark
gray to grayish brown and is separated by furrows into
narrow, flat-topped ridges. Double bark thickness
_averaged_' 9.6% as a percentage of the diameter outside
bark for all sections (3).

.Micrtﬁcopié Structure of the Bark The mature bark of
* P, trichocarpa is similar to that of P. balsamifere and P.
- heterophylio and differs from the bark structure of ather

species of Popufus by the distinct formation of a
rhytidome which is composed of alternate layers of
secondary phioem and periderm in the outer bark. The
inner bark is composed of thin-walled sieve tube
elements which may be solitary but are mostly in small
groups of 2-5 together with companion cells and phloem
parenchyma, These cells are bounded radially by
uniseriate phloem rays which are essentially homoge-
neous . and tangntlaily by bands of phloem

sclerenchyma, composed principally of typical phloem - .

fibers. The cross section of the fibers is polygonal and

" they are approximately 20-25 um in diameter, The fiber -

cell walls are thick, about 10 wm. Harder, et al. (4)
found z fibrous yield of 12% when black cottonwood
bark was pulped to a solids yield of 26%.

Pﬁyéii:ail. ﬁroﬁertiﬁ 61’ Wood .;.
Specific gravity . Green volume - - 032
S0 0T Alr-dry volume - : Q.35
o - Ovendry volume .- 0.37
.Densl lb[cu fo.. ' S
{k cum} - ‘Green 46 (737
© o Airdry 24 {384
Oven-dry : -23 {368
.Densit ,Ib!cu ft  Oven-dry weight-
{kgfeu-m} - per green volume 20 (320)

Okkonen, '_e.t..'_al. {5) determined. that specific gravity
increased wit’h'increa’sing height in the tree.

An addmonal. publlcanon relatmg o spemﬁc gravity has

- been |ssued by the U.S, Forest Service {6). .

Percent shrmkage, dried to 0% moisture content: r - 3, 6,
t- 8 6,v-124.

Percen_t moisture content, when green

Green basis . ' ' 57

“Oven-dry basis _ - S 132

Percent moisture conteiit

oven-dry basis (7)
Heartwoo;i : ; 162
Sapwood _ 146
Physical Properties of Bark
Specific gravity Inner bark . 0.38
green volume -Quter bark 0.42
Total bark .40
Density (100% moisture -~ Green weight/
content) ' green volume  1.04
Specific gravity oven-dry
weight & voiume (8} 0.60
Chemical Composition of Wood
mefmate Analyses
' Fahey and
Martin (70)
Lignin, % _— 21.4
Holoceltulose, % ' o . 750
Alpha-cellulose % oo _ 49.1.

) ¥ ' . ) h 0.5
Pentosans, % i 19.2
Solubility in . : :

Alcohol-benzene, % : 2.7
- Ether,% ’ . 0.7
1% NaOH % _ 18.0
‘Hot water, % ' 2.6

An ash content of 0.3% was reported b§ Rapson et af,

{77), and a!cohol-benzene extractives of 2.3% by LP.C.
(72).

| - N
Carbohydrates. For information on cell wali poly-
saccharides see Shafizadeh and McGinnis (73).

Other Information. The wood contains 1.8% tannins
(74)..

* Chemical Compo_sition.of Bark

_ Proxfm!g Anafyse_s
| LPC. (12)
Sohuntiy i %0
ubility in : :
Alcohal-benzene, % - 200
Calcuum,%a 1
Silica, %2 0.08

aAs a percent of aven-dry weight of the bark.

e et s et e




Extractives, Trichoside is a hot-water extractive that is
soluble in ethyl acetate {75}; for hot water extractives of
green bark see Estes and Pearl (76); for extractives see
Pear! (77}; Peart and Darling (78) and Rowe and Conner
{79). :

Other Information, The tannin content is 4.796.(1'4). .

Pnlping

Kraft. The wood is easily pulped, yield is high, strength
of pulp is low, and the pulp easily beaten, Kraft pulps
required 16,0 and 11.5% active alkali for a permanganate
number of 10.4 and 15.6, respectively; the  corre-
sponding pulp yields were 53.2-and. 56.2%; cottonwood
pulp with a permanganate number of 15 had higher
strength. retention :than the pulp with permanganate

number 10; pulp with 2 permanganate number above 15

retained 93% of its strength; bleached cottonwood pulp
retained 79-93% of its strength. Bleached pulps could be
used with other pulps to make duplicating paper {70).

Mechanical. The wood is fairly readily pulped, color of
pulp is excellent, and strength is about that of western
hemlock. Groundwood can be bleached with ZnS, Q4 or

H;0,; twostage bleaching with H,0, followed by

 Zn$, 04 gives brightness of 75.0.

~ Soda. The wood is readily pulped.

Sulfite. The wood is readily pulped, yield is high, and
strength is low (20).

Other Information. The light color of the pulp requires
little bleaching for most purposes.
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Utilization of Wood and Bark

Use Properties of Wood. The wood is comparatively
uniform in texture, generally straight grained,
moderately soft, moderately weak, and moderately light
in weight. It is weaker than eastern cottonwood. It has
moderate shrinkage and is prone to warping. It is glued
satisfactorily, has low nail-holding ability, does not split
easily, and holds paint well. It has 2 sour oder when
moist and is odorless and tasteless after it is seasoned,
The gelatinous fibers known as tension wood cause
fuzzy grain when the logs are sawed into lumber or cut
into veneer; this tension wood causes buckling of veneer
as soon as it is cut and often shrinks abnormally during
drving. '

" Calorific Value of Wood

15.5 x 10% BTU/air-dry cord
Calorific Value of Bark

219,125 BTU/ft? -
1560 k cal/m?

Other Uses of Wpod. Cottoriwood is used for lumber,
veneer, plywood, short bolts, and excelsior. Lumber and
veneer go mainly into nailed and wirebound wood boxes
and crates. It is used for food containers. Lumber and
veneer are also used for interior parts of fumiture,
plywood, agricultural implements, woodenware, and
matches. Bolts are used for small articles and prefab-
ricated furniture parts. Pulp is used in the manufacture
of high-grade book and magazine paper.

Bibliographies A bibliography on “world literature
relating to Populus, 1964-1974, has been compiled by
Hart {27).
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BLACK WILLOW. -

Scientific Name Salix nigra Marsh.
Synonyms Swamp willow, westetn black willow

Family Name Salicaceae

Range “Eastern United States.

Silvics This small tree has a broad, irregular crown and.

a superficial ‘root system. The trunk has a tendency to
branch not far above the ground, but the form and size
.of ‘the tree are’ much better in the lower -Mississippi
Valley. it will grow on almost any soil but its shallow,
wide-spreading roots need an abundant and continuous

supply of moisture and it is usually:found along streams.

or lakes or in swamps. Best growth is achieved where the
average yearly rainfall is 51 in (130 cm). It occurs-in
pure stands or in mixfure with southern. cottonwood,
swamp privet, water locust, river birch, sycamore, and
red maple, It is rated as very intolerant,

" Trée Dimensions 3040 ft (9-12 m) tall and 1218 in

(3046 cm). in diameter, On the best sites. in the

- Mississippi Valley, the tree will reach 140.ft.(43.m) in
height and 4 ft (122 cm) in diameter,” '

Patholdgy: Resistance to decdy:low -« - = * ¢

More than 80% of the rot in’ blaék'-\'érillow is caused by

top and branch rots and many trees are hollow (7). The
most important trunk rot of willow in the north is
Trametes suaveolens. Willow blight is the most impor-
tant disease of black willow and it resutts from the .
combined effects of two pathogens, Fusicladium
(Poliaccia) saliciperdum and Physalospora miyabeana. In
severe cases, defoliation is almost complete and, after
several years, trees can be killed.. Black willow is also
susceptible to Texas root rot (Phymatotrichum
amnivorum) and bacterial wetwood.

The cottonwood leaf beetle. (Chrisomela scripta) feeds:
on black willow and severe infestations can cause

considerable .- damage, The willow sawfly, Nematus

(Pteronidia} ventralis- and N, saficisodoratus also attack -
willow, occasionally causing heavy defoliation. Willow is

also -subject to attack from the poplar borer (Saperda.
calcarata) and oyster shell scale (Lepidosaphes uimi). .

Gross ‘Features of the Wood The sapwood is whitish
and the heartwaod light brown to pale reddish brown or =
grayish brown, frequently with darker streaks. The wood-

is moderately soft and moderately light without charac-
teristic odor or. taste. The wood .js usually straight

grained . and -the growth rings are inconspicuous., The

pores are. numerous-and small, the largest barely visible:
with the naked eye in the springwood, decreasing

gradually in size through the summerwood, semiring to

diffusesporous, arranged solitary or in short radial groups

of 2 .or more. Parenchyma are terminal, generally-

invisible at low magnifications, The rays are: very fine,

- scarcely visible with a-hand lens, - :

Microsco'pic Strucmré of the Wood

Vessels. - 30-120 per sq mm, the largest 90-160 um in-
diameter; perforation. plates simple; intervessel pits
orbicular to' oval to--angular, 6-10 pm in - diameter;
volume occupied, approximately 38%. Wooten and
Taylor. {2} found that vessel voluime generally increased -
with distance from the pith and with increasing height
and that slow:growth zones:-had a high proportion of.

. vessel tissue,

Fibers. Thin walled to moderately thick walled (2.4-3.9
gm); average, 16-32 gim in diameter and 1.1 mm (0.5-2.3
mm} in length; volume occupied, approximately 54%.
Wooten ‘and Taylor- (2) found that long fibers are
thicker-walled than - short fibers and that fiber length,
fiber wall thickness and. fiber diameter increased with
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distance from the pith at all heights. According to
Taylor and Waoten (3), there was a decrease in average

fiber length from 1.21 mm at the 5-foot (1.5 m) level to
1.00 mm at the 75-foot (23 m) level,

Rays. 'Unstoried, uniseriate, heterogeneous with upright

cells in 1 or more (usually 1) marginal rows and

frequently. also in the body of the ray; pits leading to
vessels restricted to the upright cells, fairly numerous,
" and forming a more or less reticulate pattern; volume
occupied, approximately 7%.

Longitudinal Parenchyma, MWarginal, forming a narrow,
continuous or interrupted line, 1-2-seriate; volume,
trace. .

Gross Features of the Bark Brown. to nearly biack, the

bark is divided into deep fissures, separating thick,
interlacing " ridges. The total. thickness of bark on old
trees varies from 1-2 in. The outer bark is soft and rather

~ fibrous white the inner bark is light creamy _ygll_aw,.

turning -darker after exposure. Bark thickness is sig-
-ni_ﬁ_can_tly correlated with cubic volume of each log (€).

Micsoscopic Structure of the Bark

Inner Bark.. The inner bark is characterized by a very
abundant supply of lignified phloem fibers. They occur
in- somewhat obligue tangential lines of varying lengthis,
These lines begin immediately outside the cambial zone
and are separated radiafly by simifarly orfented bands of
tissue, composed: of sieve tube' elements, companion
cells,..and longitudinal. parenchyma. These phloem cell
types are only somewhat distorted and are not really
crushed, -even. at the outer -bark, Phloem rays are
uniseriate, ‘and they maintain almost perfect radial

~ alignment, The alternating tangential bands of fibers and
other phloem cells are spaced relatively close, but
_between groups of every seven or so bands of fibers,
there appears a phloem band about twice the normal
width of similar adjacent bands. and containing ne fiber,
It is conceivable that these nonfiber-containing regions
serve as growth markers for the periodic (perhaps
annual) addition of secondary phloem. The secondary
phloem amounts to approximately 81% of the tissues in
the total bark (5).

Outer Bark.. The auter bark of black willow consists of
relatively concentric periderms, The phelloderm is only
1-3 cells wide and the phellem cells number about 5-10.
The latter are thin-walled with apparently very little
contents, Tannin does appear to fill most of the few
phelloderm cells, however, especially in the outer {older)

periderms. As the periderms dre manufactured, regions
of secondary phloem are cut off to the outside,
including fibers, Parenchyma here seem to dilate some-
what and many sieve tube elements are still uncrushed,
giving a somewhat expanded appearance to the rhyti-

- dome in comparison to the inner bark,

Physical Properties of Wood

Specific gravity Green volume 0.34
Air-dry volume 0.37
Oven-dry volume 0.40
Density, I6/cu ft
(kgfeum) = Green 51(817)
“Airdry 26 (416)
Oven-dry 25 (400)
Density, Ibfcu ft  Oven-dry weight

(kg/cum) - pef green volume 21 {336)

- Taylor and Wooten (3) found that specific gravity

increased tinearly with tree height. According to Taylor
(6), there ‘was no significant relationship between growth
rate and specific gravity. Specific gravity was positively

“related to fiber wall thickness, Wooten and Faylor (2)
- found that high specific gravity was associated with low

vessel volume,

Percent shrin'kage,'dried to-0% moisture content: r - 4.4,

t-77,v-144.

Peroent mcusture content, when green

Green basls ' S - 58
Oven-dry basis ' 139

Physical Properties of Bark

Specific gravity Inner back - -0.40
green volume Outer bark 0.28
o Total bark . 0.34
Density (100% moisture | Green weight/
content) ' green volume  0.67
Specific gravfty oven-dry )
weight & volume (7) - - - 037

Choong and Cassens (4} found 2 moisture content of '
11.2% with a standard deviation of 25.2% in willow
species_growing in Louisiana.
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Chemical Compositio"n of Wood

Extracrwes. Isenberg et al {8) found the whole wood
to contain 03% éther solubles, and The Institute of
Paper. Chemsstry {9) found alcohol-benzene extractives
to be 2.6%. For inforfation on- extractives see Rowe
and Conner (70).

-Chemical- Composl_t'ion- of Bark:

Proximate Analyses

Charig and
1.P.C. Mitchell {77)
Ash, % . 6.3 .o 60
Methoxyl, % - 3.74
Solubility in a . RO
‘Benzene, % C= SR
Alcohol- benzene % 89 - =
Alcohol, % - 3.8
1% NaOH % - 23.8
Hot water, % - 4.8

I.P.C. (9) found bark to contain 1.8% calcium and 0,08%
silica (as a percent of ovendry weight of the bark).

Carbohydrates. For reducing sugars from extractive-
" free bark, see Chang and Mitchell {77)..

Extractives. Tannin could be extracted from the bark.
Pulping

* Kraft, The wood is readily pulped, and the yield is high
{12).

Mechanical. The wood is readily pulped, and the dark
color [imits its use (73, 74).

Neutral Sufﬁre Semichemical, Chidester (15 ) studied
the influence of acid, neutral; and alkaline pretreatment
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and bleaching -on vield and mechanical properties; he
reports the uses of pulps.

Soda. The wood is pulped readily to yields of 45-50%

- and is fairly easy to bleach (72, 76).

Suifite. - The \a\;ood s readlly pulped, yield is 50-55.%,

pulp is of exoellenl color and it is fairly easily bleached
(17,16). "

' Urlization of Wood afid Bark The wood is Soft and

very weak in bending stress and crushing strength, It is
moderately light, and uniform in texture. Its nail-holding
ability is low and, due to a2 somewhat interlocked grain
does not split readily. Shrinkage during seasoning is
moderately large, and care must be exercised during the
drying process to prevent warping.. It has excellent
ability to stay in place ence properly. seasoned, The
wood is. not durable under conditions favorable to
decay. It is used foi millwork and household furniture,
shipping. containers, doors, veneer, cabinetwork, toys,
cutting boards, picture frames, sfack cooperage, excel-
sior, charcoal, pulp and paper, woodenware, wooden

. shoes, polo balls, and artificial limbs. It is desirable for
-carving,

Calorific Vafue_ of Bark
7170 BTU/Ib
3985 k calfkg

151,960 BTU/ft®
1080 k cal/m?

Chemical Lises of Bark. Bark is a source of salicin, used
medicinally as an algesic (70). ¢

Other Uses of Bark, Bark tea is used as a folk remedy

for colds accompanied by fever {70).
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YELLOW BIRCH

' Sc;entuﬁc Name Betula a)fegbaplensfs Britton
Synonyms 'G-r'ay birch, silver birch, swamp birc;h
Family Name Betulacea

" Range Newfbuntilan'd to Minnes;:ta, south in ‘the

Appalachians. Much of the yellow birch s found in the
maple-beech-birch type and this type covers 32 million

acres {13 million ha) or about 9% of all the forest land in -

the eastern United States (7).

i quer

_ Silvics - This medium-sized tree has a long, well-formed
bole, a small, irregularly rounded crown, and a shallow,
widespreading root system. One of the most typical of
the northern hardwoods, this species occurs in mixture
on sandy loam soils with sugar maple, beech, hemlock,
red spruce, balsam fir, and white pine. Yellow birch is a
prolific seeder, usually producing some sced annually,
and very large crops at irregular intervils. The species is

-rated as intermediate in tolerance,

Tree Dimensions - -60-’70 ft . (18-21'rh) tail and 1-2 ft
(3061 cm) in diameter, - .

Pathology : R'esis_t_énc'e'-no .'d‘e‘cay.:. Iﬁw-!-."
See paper b.i'rch,';as-. the same diseases and insects attack

both species. Yellow birch is also a favored species for
attack by the gypsy moth (Lymantria dispar).

N IIEl e . -.l"l-..!‘:f‘.lkxul.{l.;;-t}l:'..j i b

“Gross Features of the Wood The sapwood is Iighf

yellow and the heartwood a distinctive reddish prown,
The wood is moderately hard to hard, moderately heavy
to heavy, without characteristic odor or taste. Flat grain
boards ‘show a faint: growth ring. The growth ring is
indistinct to the unaided eye; delincated by-a fine line of
denser, fibrous tissue at the outer margin and.usually by
smaller pores-in the summerwood portion-of the ring.
The' wood . is- diffuse-porous, with porés. appearing as
whitish dots to the unaided eye, nearly uniform in-size
and_evenly " distributed throughout “the: growth ring,

solitary or in short, radial grotps jof 2 or more.
Parénchyma cells are not visible. The rays are fine, not
distinct with the unaided eye but plainly visible with a
hand lens, narrower than the largest pores.

Microscopic Structure of the Wood

Vessels, 50-100 per sq mm, the largest 60-160 um in
diameter; .perforation plates scalariform; intervessel pits
orbicular to broad oval to anguiar, minute (2-4 pm in
diameter); volume occupied, approximately 21%,

Fibers, Thin to moderately thick walled, 20-36 um in
diameter and 1.5 mm (0.8-2.7 mm) long; weight factor
{unbleached kraft) of 0.60; volume occupied, approxi-
mately 66%. - : '

Rays. Unstoried, 1-5-seriate, homogeneous; volume
occupied, approximately 11%.

|
!
k
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 Longitudinal Parenchyma. Apotracheal-diffuse and in
aggregates, paratracheal and marginal; volurme occupied,
approximately 2%,

Cross Section of yellow birch, a diffuse-porous weod. Shown
are portions of five growth rings and one false growth ring.
Vessel diameters in this species are farger than ray widths.
Magnification — 45X

Gross Features of the Bark On young stems. and
branches the bark is golden gray to bronze, separating at
the surface and peeling horizontally into thin, curly,
papery strips; eventually breaking up into reddlsh brown
plates. on mature trunks; volume approximately 10%.
According -to Clausen and Godman (2}, annual ring
measurements showed trees with typical smooth or
peeling bark otitgrew rough-barked trees at all ages. An
addltlonal pubhcaﬂon on bark volumes is Millikin (3).

Microscoplc Structure of the ‘Bark (4)

Young Bark, Perlderm shows contmuously developed
phellem cells which are rather uniform in size, shape and
thickness of cell walls. The cortex consists of a few
layers of collenchymalike cells close to the phelloderm,
and ‘ordinary cortex celfs. Cortéx cells are’ parenchy-
" matous in nature and containplastids and tanniferous
substances, Crystals are often present. ‘Some cells may
become- lignified, A circular ‘zone of sclerenchyma
appears.at the boundary. between cortex and secondary
phlgem.. It is composed of sporadic. groups of primary
phloem fibers mixed with sclereids. Secondary phloem
appears in the young bark as in mature bark, except for
the absence of sclereids.

-Mature Bark.

L b

Periderm. The first periderm on the main trunk is

~ developed continuously for at least 30 years. Phellem

cells are rectangular in shape on both cross and radial

_sections, and hexagonal on tangential section. Phellem

cells are about 10-25 um high. Cell walls are even in
thickness and suberized. Under regular growth condi-
tions, the phellem of yellow birch is developed generally
uniformly.. Only. at the peeled portion or connected with
lenticels are there, some very loosely arranged phellem
cells. Their shape -tends to be oval rather than rectan-
gular as shown on cross séttion. The periderm accounts
for 20.1% of the tissues in the total bark. '

Cortical Region, Persistent up to the middle age of the

_tree. Cells at this region remaining in the mature bark are

the cortex cells and sclereid band. Cortex eells are still
parenchymatous and contain abundant tanniferous sub-
stance and occasionally erystals, Among the cortex cells,
there are abundant. intercellular spaces and cavities

‘formed. The sporadic sclereids are also increased.

Steve Tube Elements, Sieve tubes in the secondary

phloem are arranged in small groups interrupted by the
phloem: parenchyma and rays, Sieve tubes within the
space confined by the contiguous rays and parenchyma
cells are often aligned in 1-3 layers, A tangential layer of
sieve tubes between two rays usually has 2-5 sieve tubes,
They are polygonal in shape, tending to be oval and

 tangentially elongated. The length of sieve tube elements

is variable, from 480-1025 um with a mean length of

© 827 um, The ends of sieve tube elements are gradually
" pointed, Sieve tubes amount to 30.6% of the tissue

elements of the secondary phloem,

Parenchyma. Phloem parenchyma cells in the. sec-
ondary phloem are reticulately distributed, and occa-
sionally sparadic. They' are mastly in single layers but
sometimes, locally, 2-3 in a short radial row. A

" parenchyma strand is usually composed of 8-10 cells.

Cells contain tannlferous substances and sometimes
_sohtary crystals;

Sclerenchyma. Sclerenchyma’ cells in the secondary
phloem are mainty sclereids which are transformed from
parenchyma strands and some ray cells, A sclereid group
is usually initiated from a few sclerotic parenchyma cells
and gradually more surrounding cells are involved. A
large group often consists of 20-30 cells. They are
irregular in shape and size but-not much branched. Their
cell walls are very thick with distinct lamellate layers and
simple pits, Cells often contain sirigle crystals, Sclereids
account for 221% of the tissue elements of the
secondary phioem.
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Rays. Phloem rays in the secondary phloeri are mostly Percent shrinkage, dried to 0% moisture content r-7.2,
3-seriate and up to 4-seriate. Rays close to the cambial t-9.2,v-16.7,

~ region are mostly about 20 cells and 300 um in height
“and about 50 pm wide as shown ontangential section.

\ Percent moisture content, when green
They become dilated towards the outer bark. The rays '

are Homogeneous. Cells contain tanniferous substances Green b_as_is_ L ‘ gg
and some ray cells may become sclerified. . Oven-dry basis :
" Physical Properties of Wood Percent moisture content
R ' ' s oven-dry basis (6)
Specific gravity Green volume 0.5 ) _
Air-dry volume 0.62 Heartwood o 4
Oven-dry volume 0.66 Sapwood : : 72
Density, tbicu ft - o : :
kgleum) G!'e;n _ i; g;g - Besley {7} obtained average moisture contents of 42%
- g:.:.enl-.gl'ry L A lesd for winter, 45% for spring, 37% for summer and 40% for
o, . T o fall. .
Denslty, bfcu ft  Oven-dry weight ) .
(k?-("“ m) _ Per green "01‘-'“"3 ’ 34 {545) _ Physual Propemas of Bark.
Al‘l addmana! publlcation on SD&CIFI: gravity fS Ma:eghn Specific gr av|ty oven.dry -
(5) S : weight & volume (8 _ 0.74

"Chemical Composition of Wood

Proximate Analyses
" Clermont and F.PL. Freeman and Peterson {11 : Aung
o L Schwartz (9) (10} = . Sap Heart o (12}
s ngmn % e T T 18812 o 227 18.6 c202 .- 1986
“Holocellulose’ % - : 7860 . 725 795 76.5 : - 786
C.&B, oellulose % ' ' — ’ - 594 - 584 -
. Alpha-cellulose, % N . -42,55¢ K 510 - - . - 478
__Hemlcelluloses,% . 26,574 : - - — B
CAsh,% ' T 026 08 . o 0.5 © 047
" Pentasans S _ ' : _ ' . L
Total, % T - 202 226 . . 269 269 © 330
In holocellulose,% o - e - © 265 249 ' -
. InC.&B. cellulose,% § - : - .. 193 - 170 -
~Acetyl,% . 545 - 879 . 641 -
'Methoxyl % 5.80. . - 6.01 - 6.04 -
- Solubility.in- B T . . ' _
- .Aloohol-benzene,% . 26 .0.97 189 - 010
~ Alcohiol, % 2 - - T 3.39
' Ether,% : 1.43 0.8 0.36 . 030 ’ 0.55
1% NaOH, % - . 1955 154 - o~ - 165
‘Hot water, %" = 985 27 130 1.29 : -
Cold water, % : 1.59 - 120 - - 093 : L -
Water, % ST L - - - - 1.30
Uronic anhydride; % 4.58 - - ' = -
 In hemiceltutoses R
" Pentosans, % ' o 57od - - - -
“Uronic anhydride, % - " 13,79 - - -

Hexosans {by’ dlfference),*% 19. 3d

'aCorrected for ash,

-bCorrected for extractives, ash and hgnm
CCorsected for-lignin and ash.

dAs % of moisture-free hemicellulose. -
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Ritter and Fleck {73) report sap- and heartwood
analyses from two trees, Richter (74) gives analyses of
sap- and heartwood of two trees felled at different times
of the year. Musha and Goring (75) report a klason
lignin content of €.207 gfg, acid-soluble lignin, 0.027,
and. methoxyl, 1.50. Young (76) found the xylan
content -of unextracted stem wood to be 16.26% of
._oven-dry wood,

Extructives. Heartwood was éxtracted with light petro-
leun ether, acetone, and ethanol, and extractives were
identified (77). For information on extractives see Rowe
and Conner {18).

.Orﬁer fnformat;on For the dlstnbutlon of gum: see

Koran and Yang (19). For information on free fatty
acids see Hemmgway (20).

Chemical co_mposit'ion of Bark

- Proximate Analyses
Chang and
_ Richter (27}  Mitchell (22)
Lignin, % 41,7 365
Ash, % - 29 1 7
Methoxyl % - — 3.46
Pentosans, % . 1748 166 —
Solubility in : o :
Benzene, % ' — - 4.3
~ 95% Alcohol, % - - 108
Ether, % - - 1.7 —
- Acid-alcohol, % - - 123 -
‘Hot water, % - 59 23
- - 28.4

15 NaOH

_Chang and Mitchell {22) found that the content of
volatiles in oven-dry bark was 76.5%, fixed carbon was
21.0%, and ash was 2.5%; they also report an ash
content of 2.3%.in the ultimatic analysis.

Corbohydrates. Reducing sﬁgars from _-'extr.active'-free '

bark are reported by Chang and Mitchell (22).

Extractives, The bark was extracted with. light petro-
leum ether, acetone, and ethanol, and extractives were
identified (77). For information on extractives see Rowe
and Conner {78).

Pulping

-~ Acid Suifite. The yield is 44.8%, and chlorine require-
ment is 5%; for mechanical properties see Richter (27).

Chemigroundwood. The treated wood is ground with
50-65% of the power. required by and double the
production rate of spruce; the pulp is 3-4 times as strong
as ordinary spruce- groundwood. The yield is 85-90%

{23).

Kraft. The wood is pulped. easily; 14% chemical is
consumed: for a yield of 56.9%; it is easily bleached,
requiring 6.2% total chlorine for 80 G.E. brightness ata
permanganate number ‘of 14,0 (72). For other pulping
information see Hatton (24). -

Mechanical, Pulps are short fibered, Energy consump-
tion is reasonable, and strength is low (25, 23, 26, 27,

- 28). Refiner groundwood is improved by treatment with
‘NaOH and Na, S0, (29).

NSSC The pulp is particularly bnght and strong. It has
potential use as a partial substitute for chemical pulps in
paper products, including newsprint and other ground-
wood-sulfite papers, in addition to being used in
corrugating medium and coarse wrapping paper {30, 26,
37). A bleached grade prepared by conventional
chlorine-hypochlorite bleaching has been used to advan-
tage experimentally in glassine and in groundwoed and
other book papers.

Soda, Is pulped with some difficulty; yield is normal,

- and the pulp is fairly easy to bleach (32, 33, 27,.34, 35,

36, 37).

Suifite. The wood is readily pulped, yield is normal,
and color is dark yet readily bleached to give soft bright
pulps of high opacity. Burst strength is about 80% that
of spruce, and tear ‘strength is low.. When pulped green
the wood contains waxes which may cause trouble
similar to that of pitch (38, 33, 39, 27, 34, 36). The
screened yield of unbleached pulp is 45%. The wood has
been pulped experimentally with a sodium sulfite liquor
buffered with sodium sulfate to produce a pulp with a
burst strength near that of softweod sulfate pulp

- Other fnformat!o?r- .See sweet: blrch

UtiIilation of Wood and Bark

Use Properties of Waod. The wood:is hard, heavy, stiff,
strong, easily veneered, takes a good polish, shrinks
moderately, dries easily, and wears well. The wood is
difficult to ghue and is glued more easily with synthetic-
resin glues than with natural glues. It must be dried
carefully to prevent checking ar_td'-wzirbing. The fumber
has a tendency to split during nailing; once it has been
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nailed, the nail-holding ability is excellefit. The wood is
difficuit to work with hand tools and can be readily

shaped by machine.

Calorific Value of Wood

26.2 x 10 BT U/air-dry cord
5790 BTU/Ib air-dry

o 3215 K calfke 'air-dry

Cafanfr‘c Value of Bark

9200 BTU/o.d. Ib
5110k _callkg oven- dry
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Chemical Uses of Wood, The wood is used for alcohol
production: 37 gallons of 95% alcohol per ton by the
Madison process. It is also used to produoe acetate of

'I|me charcoal, tar, and oils,

Chemical Uses of Bark. The bark of twigs yields oil of

wintergreen, With the advent of synthetlc products, the

use for this purpose is decreasing,

" Other Uses of Wood, The w00d is used for veneer, ties,

cooperage, fuel, fumiture, boxes, baskets and crates,
woodenware, handles, shuttles, spools, bobbins, iooms,

laundry appliances, sash, doors, general millwork. See

also sweet birch,
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PAPER BIRCH

Scientific Name Betula papyrifera Marsh.

_ Synonyms White birch, ¢anoe birch, silver birch

Family Name Betulaceae

Range Paper birch, with its varieties, has a transconti-
nerital range extending from northeastern. United States

. through most of Canada to Alaska, reaching northward

almost to the limit of tree growth. In the United States,
‘although paper birch is mest abundant in the northesn
New England area, it is common in the Lake States and
New York and is also found in scattered localities of
‘other northern states and on a few high mountains in

~ West Virginia and North Carolina. Growing stock volume

of paper birch in the United States is approximately 7
billion ft3 {.20 m?). Of this, 43% is in Alaska, 29% is in
the Northeastern States, 27% is in- the Lake States, and
1% in the Pacific Northwest (7). o

 Silvics This medium-sized tree has a fong, cylindrical

bote, an irregularly rounded crown, and a shallow root
system, It occurs as a scattered .tree in the mixed
coniferous-hardwood forests of the north, mixed with

_white pine, red spruce, white spruce, balsam fir, maple,

beech, yellow birch, and black ash. In some areas, with

~ white spruce and balsam fir, it comprises a large part of

the permanent forest, On burned areas very commonly. a
mixture of paper birch and aspen is found, especially if
the site is moist, Growth and development - of paper
birch are dependent on climate and soil conditions.
There is a wide tolerance in pattern and amoiint of
precipitation, but, in general, paper birch grows best
with short, cool summers where the average July

temperature does not exceed 70° F (21° C) and where '
there are cold winters with ground snow cover for long
periods. Well-drained sandy loam soils encourage the
best deveiopment, aithough shallow, stony soils and even
bog and peat soils are common. Podzol soils, a result of
relatively cool climate, high rainfall, and good drainage,
are the usual sites of paper birgh. It is rated as- intolerant,

Trée Dimensions 50-70 ft {15-21 m} tall and 1-2 ft
{3061 ¢m) in diameter. An occasional tree on the best
sites may exceed 100 ft (30 m) in heiglit and 30 in (76
cm} in diameter,

- Pathology Resistance to decay: low+

Paper birch is susceptible to a condition known as
logging decadence where vigor is lowered as a result of
opening stands, To prevent this, no more than a third.of
the basal area of a stand should be removed, A similar

condition is birch dieback and the -cause of this
condition is still unknown, although it is probably
related to stress factors. The cause of most.cankers on

‘paper birch is_}Vecrn'a- galligena and these cankers are

common on low-vigor trees. The most common root rot

“is caused by Armillariella melfea, while important heart

tots include Phefiinus igniarius, Poria obligua, Daedaleq

unicolor and Stereurn murrayl.

The most important borer attacking paper birch is the
bronze birch borer, Agrifus anxius, and control depends
upon removal of weakened and mature trees. It is
frequently associated with both dicback and logging
decadence, although it is not considered a cause of those
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two problems. The forest tent caterpillar {Malacosoma
disstria) can be a serious enemy at times, although the
most spectacular outbreaks are generally associated with
other hardwoods, Other defoliators include the birch
skeletonizer (Buccirlatrix canadensisella), leaf mining
sawflies (Fenusa pusilia, Heterarthrus nemoratus, and
Profenusa thomsoni).

Gross Features of the Wood Similar to yellow birch,
but usually somewhat lighter in color. The wood of
paper birch varies in.color from a whitish-yellow or light
reddish-brown sapwood to dark or reddish-brown heart-
wood. Growth rings are frequently indistinct and pores
appear as whitish dots to the unaided eye. Paper birch is
straight grained and classified as a diffuse porous wood.,

Microscopic Structure of the Wood See yellow birch.

Fibers, Average 1.8 mm in length. Cell wall thickness of

unbeaten, unbleached pulp .fibers was 3.75 um (2).
Weight factor (unbleached kraft} of 0.60 and coarseness
of 13.08 mg/100 m {2).

Gross Featurés of the Bark Dark brown at first, the
bark of paper birch béecomes chalky to creamy white,
separating into thin, papery layers. It is generally smooth

along most of the trunk with local areas of peeling, and -

~ especially in older trees, it ‘becomes nearly black and
deeply fissured at the basal end of the trunk. The regular
layers of the periderm are easily’ dlscermble in cross
‘section ‘and the inner.bark (secoridary ' phloem) and
© cortical-regions are light yellowish-brown in color with
conspictious sclereid groups. Bark volume averages about
13%. According to Smith and Kozak (3); double bark
thickness averaged 8.2% as a percentage of the diameter
outside bark for all sections. Other publications on
thickness and volume of bark include Hale (4) and
Millikin (5).

- Microscopic Structure of the Bark

Young Bark. The periderm’in the outer bark consists of
-continuously developed and compactly arranged phellem
or cork cefis of rather uniform size, shape and cefl wall
thickness and large cell cavities. One to two layers of
phelloderm. ‘vsually. occur on the inner side of the
phellogen. Lenticel openings may extend through the
periderm deep into the cortical region. Abundant
sclerotic cortical cells appear in the cortex, which
consists of a few layers of collenchymalike cells and
ordinary cortex cells aligned more or less in tangential
rows, The cortex cefls are of a parenchymatous nature
and contain plastids, tanniferous substances and often

T T

crystals, Except for. the lack of sclereids, the secondary -
phloem appears in young bark as in the mature,

Mature Bark,

Periderm. The periderm is imade up of two different
forms of phellem - cells. The radial dimensions of one
form show distinct striations, Although the tangential
diameter and- height of both cell types are about the
same, the radial diameter of the narrow cell form is
about 5 pm -and the broad form, 12 pum and up, The
seasonal growth of the trunk corresponds more or less to
the alternate growth of the phellem cells, and the

" boundary between the two types can account for the

“peeling” of the bark of periderm. According to Chang
(6), the periderm accounts for 32.5% of the tissues in
the total bark,

Cortical Regjon, Persists up to middle age. With
abundant intercellular spaces and increased sporadic
sclereids, the parenchymatous cortex cells are like thase
of the young trees,

Jnner Bark, The inner bark of mature paper birch is
composed of sieve tube elements, parenchyma and ray
celts and thick-wailed scierenchyma cells or sclereids
arranged in large groups. There are no fibers in the inner
bark. Sieve tubes, aligned in 1-3 tangential layers, are '
polygonal in shape and vary in diameter from 20-60 pum,

© depending on direction of measurement (radial or

tangential) and in tength from 520-1250 um. Patterns of
sieve tube groups-are formed by the distribution of the
phioem ray cells. Phloem parenchyma cells are more or
less. circular in cross section with an average diameter of
20 um and heights of 100-150 um. These reticular cells
are distributed throughout the secondary phloem and
some are transformed to form large groups of sclereids
with adjacent sclerified ray cells. Phloem rays are
homogeneous and generally 3-seriate. Conspicuously
broader than in the xyiem, the rays average 15-28 cells
and approximately 300 pgm in height near the cambium,

Some ray cells become sclerified, having developed a .

lignified secondary . wall. These transformed ray and
" parenthyma i:ells_forrh the sclerenchyma cells or sclereid
 groups. Very thick walled and irregular in size and shape,
20-30 cells form a large sclereid group. The groups of
sclereid cells generally are separated from the cambium
by 5-6 rows of sieve tubes,

Physical Properties of Wood
Spéciﬁb_ gravity . Green volimeé 0.48

= ATr-dry volume : 0.55
Oven-dry volume - 0.57




' Density, Ibjcu ft
(kg/cum) . Green

~ Airdry

Oveni-dry

Density, Ib/cu ft ~Oven-dry weight
kg/cum} . - per green volume

38 (609

50 {801
36 (577

30 (481)

Additional pu.bl ications on deﬁsity include Besley (7)

and Maeglin {8).

Percent shrinkage, dried to 0% moisture content: ¢ - 6, 3

t-8.6,v-16.2.

'_Pe'_r;:r,nt rnoi'stpré content, when green

Green basis
Ovsen-dry basis

Peroent moisture content .
oven—dry basis (9}

* Proximate Analyses -

Lignin,% - -
Holocelluiose, %
C. & B, cellulose, %
. Alpha-celluluse, %
Hemicellulose, %
Ash, %
Péntosans
Total, %
in holocelhslose, %
InC. & B. cellulose, %
- Mannan, %
- Acetyl, %
. Methoxyl, %
~ Xylan, %
. Moisture’ content,% s
Solubﬂ:ty in .

Alcohol-benzene, %

Ether, %
1% NaOH, %
Hot water, %
‘Cold water, %
Alcohol, %
- Water, %
- Acid-alcohal, %
Uronic anhydnde %
© Cellulose, %.
In hemicelluloses
Pentosans, %

" "Uronic anhydride, %

FPL
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L ig4
771
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39
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Heartwood 89
Sapwood ’ 72

Bestey {7) obtained évera’ge mojsture contents of 45%
for winter, 46% for spring, 40% for summer and 43% for
fall, '

Physical Properties of Bark

Specific gravity - “nner bark 0.57
green volume ' Quter bark 0.54
o ; © Total bark 0.56
Density (1 00% moisture . Green weight/ |
oontent) green volume  1.16
Specific gravity oven-dry

Wetght& volume (IO N .69

Addltional mforrnatlon on “bark spemfic gravity can be

~ foundin Lamb and Marden (H)

Chernical Composition of Wood

Freeman and
Peterson (13)
Sap Heart
A72 0 198
766 . 709
556 510
024 0.2
28.8. 28.6
180 140
Co212 16
6,10 . 575
3.31 6.44
L0792,
2.39 2
1.28 1

(I |

(I T T [y o Y%

l
|

g
|

MW O

Clennont and o Aung YGUﬂEe .
Schwartz (74) - Tum_el,l.(lS) ey 7y
18482 - 194 - 17 189
©79.3b - -80.6 .
4097¢ - 48 42 -
27252 - Z -
029 0.24 035 0.2
1 22,0 239 22.6 -
- - C 15
4.94 - - 4.4
593 - _ .
S : - — 24:6
5‘58 R — — —_
- _\.“ . 0.09 -
236 - - 016" -
20.1 149 171 -
271 1.7 - -
2.02 1.1 - -
- - 1.35 -
- - . 0.96 -
4. 463 — 46
_186 - - 455
75.99 - — -
13.84 - _
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Hexosans (by

difference) - - - -
BCorrected for ash. '
bCorrected for ash, l:gnm and extractives.
cCorrected for ash ‘and Tignin.

dAs % of the moisture-free hemicelluloses.
€Based on extractive-free wood.

Young {78} found the xylan content of stemiwood to be

21.85% of the oven-dry unextracted wood. Richter (79}
. gives analyses for several samples. Musha and Goring

{20) found: the ‘Klason lignin content to-be 0,212 and

© 0:199 g/g, acid-soluble.lignin, 0 048 and 0.048, and MeO
~ tobe 1.52 and 1.55.

'Ca:ﬁaﬁ;'drares Young (17) found the gélaetan cnntent

of wood to be 0.6%, glucan, 44.7%, and arabinan, 0.5%
(based on extractive- free wood)

Extractives
Composmon of ether extractwes

Buchanan Buchanan

Mutton etal . etdl
S en k) @
Resin acids, % B v -
Freefatty acids; % =~ 9 . . 22 o
Fats, % - ' ' 52 61 . 59
Unsaponnfuabtes % . 32 - 16 36
Richter 1.P.C.
(24) - (23)
. Solublhty in. ' o
_ Alcohol: berlzene % 2;8-6.4 . 4.0
_ Solublllty in Ether '
“Whole wood, % , 1535 L
.. Sapwood; % oo 0830 - -
--Heartwood, % . 2.2-3. 9 -

Wood has been extracted w:th Ilght petroleum ethen
acetone, and edianol (26}

Ea& information-on fatty ‘acids and resin acids see also
Swan (27) 0.

éxtractives, see Rowe and Conner (29).

' -Oﬂrer !nformaﬂm For an analysns of elements in the _

complete tree and in trunk wood see Young et al. (29)

- and Young and Guinn (30).

- matter, _
~ hydrogen, 0:3% nitrogen, 33.8% oxygen, no sulfur (32},

Chemical Composition of Bark '

Proximate Analyses
Chang and .P.C.
Mitchell (37) (23)
Ashj'% S o LS . 2.4
Methoxyl, % : ' 4.04 -
Solubility in
Alcohol-benzene, % — 17.0
Benzene, % 9.4 -
95% alcohol, % 10.5 -
1% NaOH, % 23; -

Hot water, %
Other ash contents are 1.7% and 1.8% {32),

Extractives. This is a rich source of betulin (26); other
extractives soluble in light petroleum ether, acetone, and
ethanol have been analyzed. For mformatlon on
extractives see Rowe and Conner (28).

Other _.Informaﬁon. The bark contains 80.3% volatile
18.0% fixed carbon, 57.4% carbon, 6.7%

0.7% calcium, and 0.06% sitica {as a percent of ovendry-
weight of the bark} (25).

. For an analysis of elements in bark see Young {33} and
- Young etal. {29).

Pulpmg Birches may be pulped by practlcally all of the
commercial pulping processes. Mechanical pulp is not
well' siitéd for most uses because of the short fiber
length and_low pulp strength Although sulfite, sulfate,
and. soda pulping can-be used, the best yields and
strength._ propertigs.. result from :the sulfate method,
Various types of papers.can be made,

A!cohbf and 50,." This h"as been used at high pressure;
the wood has-also been. pulped with acetic acnd and 50,

(34).

Chem:gmmdwoad This is mederately low in strength
and is usually blended with softwood groundwood and
sulfite pulps to make. newspnnt The yield varies from
80-95% (35). :




Kraft.. The wood ‘is pulped easily; dié pulp is easily
bleached, requiring 4.70% total chlorine for 80 G.E.
brightness at a permanganate number of 13.1 {36). The
strength is about 75%- that of spruce except for folding
endurance {37). For information oh kraft pulping see
Legg and Hart (38) and Horn (39). Burst strength is
77%, tear, 62%, fold, 41%, and tensile strength 86% of
that of spruce at 5-R 550-600. Kraft pulp seems to have
the best overall strength properties of any hardwoods.
The purip is equivalent to 75% that of spruce (35).

Groundwood. The pulp is short fibered and low in
_strength, Although it is light calored, it has a pinkish
tinge; energy consumption is relatively low. It is suitable
for use in newsprint at up to 30% of the furnish; 50% of
this furnish is P.B. neutral suifite semichemical pulp and
the rest is softwood groundwood pulp. The content of
birch groundwood was gradually increased in papers of
different weights and grades; the energy per cord'was no
higher than that required for softwood. The pulp
strength was lowered when ‘more than 10% of the
groundwood furnish' ‘was birch; printing papers were
* satisfactory with. up to 20% of birch groundwood. Birch
' groundwood- has also been substituted for about 1/2 of
the spruce groundwood in a groundwood-sulfite
toweling paper. The absorbency was tripled white wet
strength was lowered and dry ‘strength was not lowered.
It can be used as filler stock in the manufacture of book
and magzine papers and newsprint (40, 47, 37, 42, 43,
44, 45). Refiner groundwood is improved by treatment
with NaOH and Na,; SO, {46).

Sulfite. The wood is- easily reduced, yield is normal,
~and. color: is poor but.fairly easy -to bleach. The pulp.is
ccmsideped to be nearly ‘the equal of hemlock sulfite
'pulp in strength. The use of green wood may cause
troubles because of excessive wax;. seasoning usually
__el_lr_nmates this difficulty (47, 37, 48, 24, 45]. Birch
sulfite pulp approaches the softwood. sulfite pulps in
strength, having 75% of the burst and 90% of the tear
strength of spruce at S.R. 550-600. Except for the
highest strength papers, bll‘Ch sulfite ‘pulps.can be used in
the same papers as softwood sulfite pulps. Sodium
_bisulfite pulps are not weaker than,NSSC pulps prepared
with much larger proportlons of chemlcals (49). Ten

percent of sodium sulfite was used to make semi- -

‘chemical: pulp WIth mproved strength characteristics;
the properties: were furthér improved by bleachlng in
three stages with 16% chlorine {50). The chlorine
requirement for. acid sulfite puips is 5%; for mechanical
properties see Richter (24).
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. Semichemical. The wood can be pulped with sodium

suffite and sodium bisulfite (57). The pulp is compara-
tively low in strength {36).

NSSC, This pulp is particularly bright and strong (52,
38, 53, 54). Herbst and Marshall (55) report on bleached
pulp properties. NSSC pulp is used in corrugating and
coarse wrapping paper, and it makes lithographic paper
of good quality, It is used as a substitute for chemical
pulps in newsprint and other groundwoaod sulfite papers.
Newsprint -has. been made with 20-60% birch sulfite
semichemical pulp with -varying amounts of spruce and
birch groundwood {36). -

Oxygen-sbdfum B!carbonafe. This has been used in a

© 2-stage process.

Soda. The wood is reduced with some difficuity; the
yield is normal; the pulp is fairly easy ta bleach {56, 57,
45, 58). Bleach requirement is 15-20%. High-yield cold
soda pulps are colored brown (59). The color is resistant
1o the action of strong bleach.

Utilization of Weod and Bark .

Use Properties of Wood. The wood is éésily'ered

with tools-and, although not as strong, heavy, or hard as

yellow birch, it is quite a strong, tough, serviceable
wood. It has a fine, uniform texture, and the surface has
a smooth, white appearance. It is relatively easy to dry
and shrinks considerably during drying, The lumber has
a tendency to split during nailing; once it has been
nailed, the natl-holdlng ability is excellent.

Ca!oriﬂc Va!ue af Wood
23.4 x 10° BTU/air-dry cord

Calorific Vialue of Bark

360,590 BTU/ft?
2570 k calfm*

\ .
10,310 BTU/od. Ib
- 5730 k calfkg aven-dry

Other Uses of Wood, The wood has been used for
cooperage, crossties, and hardwood distillation equip-
ment. It is used principally for fumber, veneer, pulp-
wood, fuelwood, and small tumned products. The veneer
products include ice cream sticks, picnic spoons, tongue
depressors, and toothpicks. Tumed products are
bobbins, clothespins, spools, broom handles, dowels,
shoe shanks, shoe pegs, and toys.
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SWEET BIRCH

Scientific Name Betula lenta L.
Synonyms Black birch, cherry birch, mahogany birch
Family Name Betulaceae

Range Northeastem United States; southern Maine
southward to northern Alabama and Georgia.

wrARR

Silvics - This medium-sized tree has a graceful, spherical
crown, a long, clear bole, and a deep, widespreading root
system. Deep, rich, moist, well-drained soils are
preferred although the tree is also found on rocky sites.
Sweet birch occurs as a scattered tree with maples,
basswood, beech, oaks, and yellow-poplar. Best develop-
ment is reached in Kentucky and Tennessee, The species
is rated as intermediate in tolerance,

Tree Dimensions 50-60 ft (15-18 m) tal and 1-2 ft
{3061 cm} in diameter, ' S '

Pathology Sweet birch is refatively free of disease. The
most damaging disease is the Mectria canker {Nectrie
galligena), Grant and Spautding (7} consider that the
bending of twigs from ice and snow create cracks
through which this canker can enter. Chief heart rotters
of sweet birch are Phelfinus igniarius and Poria obliqua.
Because of its thin bark, sweet birch is easily damaged
by fire. :

Sweet birch is occasionally attacked by several leaf-
feeding insects. These include the birch tube maker

" (Acrobasis betulelta), the birch skeletonizer (Bucculatrix
canadensisella), the oriental moth (Cnidocampa
flavescens), the gypsy moth {Lymantria dispar), and the
dusky birch sawfly (Croesus latitarsus).

Gross Features of the Wood Similar to yellow birch.
Microscopic Structure of the Wood See yellow birch,
Fibers, Average, 1.52 mm in length.

Vessels. Average, 0.97 mm in length.

Gross Features of the Bark The bark is reddish brown
to nearly black on young trees, with prominent, hori-
zontal lenticels; an mature trees it is brownish black and

breaks up into large, thin, irregular, scaly plates. Winter-
green oil is present in the inner bark of stems and roots.

Microscopic Structure of the Bark

Periderm, Phellem cells basically the same as described
for yellow birch {2).

Physical Properties of Wood

Specific gravity =~ Green volume Q.60
Air-dry volume (.65
Oven-dry volurne . 0.7

'Density, Ibjcu ft :
{kgfeum) - Green 57 (913)
o Air-dry 46 ({737)
_ Oven-dry . 44 (705)

Density, Ibfcu ft Oven-dry weight

(kgfeum) per green vohime 37 (593}

Percent shrinkage, dried to 0% moisture content: r - 6.5,
t-8,5,v-15.6, : ' .

Percent moisture content, when green

Green basis | 35

Oven-dry basis 53
B o
Percent moisture content
oven-dry basis (3)
Heartwood 75
Sapwood : 70

Chemical Compositibn_ of Wood

Extractives. Heartwood was extracted with light petro-
leurn ether, acetone, and ethanol; extractives are lupeol,
betulin, methyl salicylate, beta-sitosterol, beta-sitos-



terol-beta-D-glucoside, acetyl -'mélhyl bétulinate, and
procyanidin {in low yield) (). For inforination on
extractives see Rowe and Conner (5).

Chemicél"_Cohdposition. of -Bark’

Exrract;'ves. Bark was extracted wnth Iight petroleum
_ether, “acetone, and ethanol exXtractives are ' lupeol

(015%), betulin  (0.05%), 'methy! " salicylate, beta-

=sitosterol, lupenone, and procyanidin (in low yield) (4).
For iinfofmation on éxtractives see Rowe and Conner

().

Pulping 3_ir¢hes fnay be pu Iped by practically all of the
‘commercial processes. Mechanical pulp s not well suited
for most.uses-because of the short. fiber length and low
pulp strength. Although sulfite, Kraft and soda pulping

"can. be used, the best yields.and strength properties

result from the kraft process..

Literature Cited -

1 Grant, T, ].;_"-‘S_paulding, _' P. _Phyi_ppathoiogy
_29'351 8(1939} ' '

2 Chang, Y P. TAPP! Monograph Series No 14
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' 3 "USDA, Forest Service. Agnculture Handbook No.
C 72,1974,
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- Paper pulp from birch - is used in varying amourits with

other ‘pulps to produce boxboards, book and newsprint
paper, paper toweling, and corrugated paper.

Utilization of Wood and Bark

Use Properties of Wood. The wood is hard, heavy, stiff,
strong, easily veneered, takes.a beautiful polish, is easily
glued, shrinks moderately, dries easily, and wears well. It
is a little higher in strength than yellow birch and also
has darker heartwood. All of. the birches shrink con-
siderably in drying. Birch lumber has a tendency to split
during nailing; once it has been nailed, the wood has
excellent nail-holding ability?.

Chemical Uses of Wood, Twigs are used for birch oil.
Birch beer is made from sap,

Other Uses of M-’ooa' Birch is used. principally. for
lumber, veneer, pulpwood, fuel, small-tumed products,
cooperage, crossties, and - hardwood dlstlllatlon equip-
ment. : s

4; <Seshadri, T.. &} Vi v Es
- 104): 897-398(Aprll- 1971)..

5. Rowe, ). W.; Conner, A, H.U.S. Dept. Agr., Forest
Prod. Lab., Gen, Tech. Rept. FPL-18.1979. 67 p.
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RIVER BIRCH

Scientific Name Betula nigra L..
Synﬁnyms Red birch, black b‘irch-,. water birch
F’aniily- Name Betulaceae |
Range Easterm United States. The only birch at low
altitudes in the Southeast, :

Silvics This medium-sized tree has a trunk which often
divides 15 or 20 ft (5-6 m} from the ground into several
arching branches, River birch, the only low elevation
birch in the South, is most common atong stream banks
‘throughout its range and occurs mixed with sycamore,
eliiis, soft maples, cottonwoods, and willows,

Tree Dimensions 30-60 ft (918 m) tall and 12 ft
{3061 ¢m} in diameter. -

Paﬂadlogy- Resistance to decay: low+

. The principal leaf disease of river birch is anthracnose
(Glocosporium betularum). There is no practical control
for this disease under forest conditions, except possibly
to allow better air movement and sunshine around the
trees. River birch is susceptible to the common Nectria

canker, (Nectria galligena), but is of less importance on -

this species than on other birches. It is also attacked by

the eastem mistletoe (Phoradendron serotinum). The

trunk rot (Fomes robustus) is common on river birch,

River birch is an.important-host: for the borer, Agrilus
betulae, It is also attacked by .the cambium. borer .
{Phytobia pruinosa), causing: defects known as pith-ray
flecks. Leaf feeders .on. river birch include Acleris -
logiana, dusky birch sawfly (Croesus fatitarsus), birch
leaf-mining .. sawfly. (Heterarthrus nemoratus) and the
gypsy moth (Lymantria dispar).

Gross Featl_l'res of the Wood Similar to yellow birch,
Microscopic Structure of the Wood See yellow birch,

Gross Features of the Bark Salmon pink, papery, later
becoming coarsety scaly and gray to gray brown,

'Microscopic Structure of the Bark See yellow birch,

Periderm, Phellem cells are basically the same as
described for yellow birch (7). '

Physical Propesties of Wood Maeglin (2) obtained a

mean core specific gravity, based on 8 trees, of 0.52
(green volume, oven-dry weight).

Hicks, et al. (3) found a ;trbng'er linear .relationship

between - stump diameter and specific gravity than

between stump diameter and dbh growth rate or age.

Physical Properties of Bark

Specific gravity oven-dry : . .
weight & volume (4) _ 0.70

Pulping See sweet birch,
Utilization of Wood and Bark

Use Properties of Wood, Probably similar to yellow
birch, - -

Other Uses of Waod- Oniy 2 small amount of woo& is
used for lumber, It is used for turned items, wooden-
ware, and shoelasts, :

Literature Cited
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GRAY BIRCH

Scientific Name Betula populifolia Marsh, |
Synonyms White birch, wire -Bich, oldfield birch
Family Name Betulaceae . |
Range Norﬁeast and Maritime provinces.

gAY

MTAlI»

™

Silvics  This small tree has a'poorlly formed, limby bole,
-an irregular, open, pyramidal crown, and a shallow root -
system. 1t will grow on the poorest soils and has s¢eded .

in large areas, where it is associated with pitch pine and
scrub oak. On better soils it occurs with oaks and white
pine. It also associates with red maple. Gray birch _is
rated as very intolerant.

Tree Dimensions 20-30 ft (6-9 m) tall and 15 in (38
cm) in diameter,

Pathology Resistance to decay: low

Leaf diseases are of little importance in gray birch. Gray
birch is subject to the same stem diseases as the other
birches but none of them develop as conspicuously in
gray birch, probably due to the shorter life of the
species, A large number of fungi rot the central cylinder
of mature or damaged trees, including /nonotus
obliquus, Daedalea unicolor, and Phellinus igniarius.

" The bronze birch- borer. (Agrilus anxius) will attack gray -

birch, although.it is not a preferred species. Gray birch is
subject to many leaf feeders, inciuding the )apanese
beetle {(Poplilia japonica), the birch leaf-mining sawfly
(Heterarthrus nemaratus), the elm sawfly (Cimbex
americana), and the gypsy moth {Lymaniria dispar).

Gross Features of the Wood Similar to yellow birch but
usually softer, lighter, and weaker, Abundant pith flecks
in evidence, - : : S

: Pércéliti-éhri_hkige',:-ﬂtié

Microscopic Structure of the Wood See yellow birch.
Average fiber length 1.26-mm.

Gross Features of the Bark The bark is at first
brownish, soon grayish white, exfoliating very little in

‘comparison with- that of paper birch; black triangular

patches are usually present on the trunk below the
branch insertions, Besley {7} found the bark to amount
to 12% of the rough tree weight.

Microscopic Structure of the Bark The bark of gray
birch shows the same fundamental structure as that of
paper birch (2).

Physical Properties of Wood

Specific gravity Green volume 0.45
Air-dry volume ' 0.51
Oven-dry volume 0.53

Density, Ibfcu ¥t
(kg/fcu m) Green 46 (737)
Air-dry 36 (577)
Oven-dry 33 (529)

Density, lofcu ft  Qven
{kgfcum) -~ p
d-to 0% sivisture contént:.
v-14.7. B o
Percent moaisture content, when gréen

Green basis _ 39
‘Oven-dry basis _ 63

Besley (7) discusses the moisture content of gray birch.
Pulping

Kraft. Stems pulped without bark had a kappa no. of
22.1 and yield of 45.6%; strength properties are reported
for bleached and unbleached pulps; process variables
were studied (3). In another study Chase (4) found a

yield from barked -stems of 46% at a permanganate no,
of 16, ' :

NSSC. The whole tree above the stump except for
foliage gave pulps with good strength properties {5).

Utilization of Wood and Bark

Use Properties of Wood. These are probably similar to
the properties of paper birch.

Other Uses of Wood. A limited volume of wood finds
its way into the trade as a substitute for paper birch; it is
used for clothes pins, spools, shoe pegs, toothpicks, and
fuel. '

T

Bl F oo b it gl
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RED ALDER

Scientific Name Alnus rubra Bdni&

Syno_nym{ O_r_eg@ .aldelr,_"_western_ ald_er,; Pacific coast
alder . ' )

Family Name Betulaceae

Range .Confined .to the. Pacific coast - reglon from
southeastern Alaska southward to latitude 34° in
southern California.. It is generally found no fur'ther
inland than 100 miles {160 km) and at elevations no
higher.than 2500 ft (762 m).

Silvics The forest tree has a clear, symmetrlcal slughtly '

tapered bole, a narrow, domelike crown, and a shallow,
spreadmg root system. Best growth is made on inoist,

rich bottomlands sldpes, and benches although many-
trees are found on’ dry gravelly s0ils. The codstal region -

supplies the high humrdlty or anpual: rainfall in éxcess of

25 in that is’ requlred for good develdpment Tempera- '

ture extremes vary greatly in the losg; noﬂ:h-soulh span

with minimum. temperatures below zero,:or-near: zero for -

extended periods of time, Ilmltlng its range, Seils are not

a. serious llmmng factor except.-as they ..affect - soil

moisture. -Alder plantings contribute to the. physu:al -and
chemical improvement of soil as its nitrogen- rich-foliage

decomposes rapidly and soil fertility increases through -

symbiotic fixation of nitrogen by oorganisms. contained in

the root nodules, This species occurs in pure stands or in

-mixture with Douglas-fir, Sitka spruce, western hemlock,

western red-cedar, black cottonwood, and bigleaf maple.
Red alder is a prolific seeder and is one of the first

species to appear on burned and logged areas.

Tree Dimensions 80-130 ft {2440 m) tall and 1-3 ft
(30-91 cm) in diameter. Maximum volume in red alder
stands. obtalned in 50—70 years, - :

Pathology Resistanoe o decay Iow

Red’ alder is. excep'ﬁpnally' free..of disease.” The only
noteworthy. disease is white heart rot (Phelfinus
igniarius), which is particularly prevalent on.in |ured trees
and in: overmeture stan ds. '

The forest tent caterplllar (Malacosoma d:ssm’a), the
mast ‘widély distributed and destructwe tent caterpillar
in North America, will attack red aldef, Ancther tent
caterpillar. found on red alder Is. the . western - tent

‘caterpillar (M. cahfom!cum) Two sawflies attack red

alder; the alder.woolly sawfly {Eriocamipa ovata) and the
striped- alder sawfly (Hemrchraa crocea). These defoli-

~ ators. may slow growth but. generally do not cause

mortality.

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

Mu:roscoplc Structure of the WOod

Vessels. 70-110 per sq mm, the Iargest 70-100 #m in
diameter, 0.85 mm (0.70-1.01 mm) long; perforation
plates scalariform with 15+ thin. bars; intervessel pits
orbicular to oval, quite widely spaced fairly small (48
um ip diameter).

Fibe:s.- Thin to moderately thick walled, 1640 gm in
diameter and 1.2 mm Jong. '



50

Rays. Unstorled; the narrow rays uniseriate br tarely in
_ part biseriate; the aggregate rays consist of units similar
- the narrow rays, and of mcluded fibers and v&ssels

Longitudfna! Parenchyma Paratracheal apotracheal- :
diffuse, and in aggregates; the paratracheal parenchyma
sparse, restricted to occasional cells, the apotracheal-
diffuse parenchyma sparse to fairly abundant, the cells
salitary or in short tangential rows of 2 or more;

Cross section of red alder sllowmg portions of three_growth
nngs. Also \usible is z large, agregste ray. Mngnmcatwn 30X

Gross Features of the. Bark Red alder bark is thin,
smooth: andashy-gray with frequent warty excrescences
‘on. the surface and yellowish to reddish-brown in areas
where the inner bark is exposed. On old trees and the
basal ‘part of -the trunk, the bark becomes rougher and

tends to break-into long shallow plates. On 35-year-old

trees, approximately 10-in in diameter, bark thickness
averages about 0.2 in. On cross section, there is a narrow
layer- of periderm, 2 narrow line of light yellow cortical
sclerenchyma and a broad - portion of reddish-brown
secondary phloem with conspicuous light yellow sclereid
groups more or less tangentially atigned, and aggregate
phloem rays associated with those in the wood.
According to Chang (7), rhytidome formation was not
found in the bark. Double bark thickness averaged 7.0%
a5 a percentage of the dlameter outside bark for all
SECthﬂS (2}

Mltmscoplc Strucmre of the Bark

Young Trees or Branches. The bark is composed of a
periderm, thin-walled, suberized phellem cells, p_heliogen
and - approximately two layers of phelloderm. It also
cantains a cortical region with some sclereids bounded

by a few layers of collenchyma cells, primary phloem
tissues crushed within a band of sclerenchyma, and

~ newly formed secondary” phloem tissues in the arrange-

ment of the mature:bark. The cortical cells are parenchy-
matous and often’ contain ‘tanniferous substances and
occasionally solitary crystals, Lignified cortex cells and
sclereids. form the sclerenchyma band, and sporadic
sclereids are found in the secondary phloem tissues.

Mature Bark. The mature bark consists of a periderm, a
persistent cortical region and the secondary phloem..

Periderm. Only one band of periderm, composed
mainly of thinwalled phellem cells, appears in middle-
aged trees, Decomposed phellem cells, containing
abundant large granules of unknown substances at the
outer surface of the bark, may explain the spotted warty
excrescences. The cells in the continuously developing
layers of phellem are rectangular in cross and radial
sections with a rather narrow radial diameter, often only
5 pm wide, The periderm band is completed by one
layer of phellogen and 2.3 layers of thin-walled,
regularly aligned parenchymatous phe!loderm cells that
join with the cortex.

Conical_ Region. In mature trees, the cortical région is
persistent with a zone of sclerenchyma as in the young
stem,

Secondary Phioem. The secondary phloem consists of

~ sieve tubes, parenchyma, sclerenchyma and phloem rays.

It amounts to 86% of the tissues in the total bark (7).

Sieve Tube Flements, Sieve tbes, in 2-3 fayers, are
arranged in regular groups of 10-20, alternating with
parenchyma bands and interrupted by sclereid-groups in
the areas confined by the phloem rays, Retaining their
original size and shape throughout most of the inner
bark, they are long and cylindrical with sloping ends.
Their tangential diameter varies from 30-60 um and their
total length, from 0.71-1,29 mm, with an average length
of 1.03. mm. Companion cells, in a strand of 6-8 cells,

~are often associated-with the sieve tube elements at the

narrow dimension. The older, functionless sieve tubes
often become lignified.. Sieve tubes amount to 35% of
the tissue elements qf_.t_he_;gconda:y.phlogm {1).

- Parenchyma. Often containing tanniférous substances,

phloem parenchyma are variable on cross section, from
10-20 pm in their-radial dimensioh and 20-3Q um in
tahgential - diménsion, and -usually 150 fm high in a
strand, These cells may-become lignified, retaining their
original shape and cavity size, and sometimes become
sclerotic, initiating the formation of sclereid groups.




Sclerenchyma. Sclérenchyma in_ red ilder bark is
. confined to three types of ‘scléreids classified according
to their origin. One group, initiated from transformed
parenchyma and contiguous ray cells, usually form a few
seasons’ growth away from the cambium and increase in
size. by adding newly transformed cells to it. The second
group, similar in compasition and cell types, originate
from transformed aggregate phloem rays. The cells in the
entire ray become fully sclerified almost immediately
.away from the cambium and continuously develop as
ordinary phloem rays in mature bark. Cortical sclereids,
the thlrd group, composed mainly of lignified cortex, are
rathe regular and uniform with evenly thick walls, Red
alder sclérenchyma does not contain any typical phloem
~fibers, Sclerenchyma amounts to 26% of the tlssue
elements of the secondary phloem {7).

Rays. Phl'oem rays in mature bark are both uniseriate

and aggregate. The homogeneous -uniseriate rays, often

partially biseriate, are rather closely spaced and about 30
" cells, 400 pm high. The aggregate rays, corresponding in

size. and position to the xylem aggregate rays, are
composed of uniseriate rays parenchyrna and some .

deformed sieve ‘tubes,

Physical Properties of Wood
Specific gravity - Green volume C 037
- - Air-dry volume - 0.41
. Oven-dry volume = " 0.43
Density, Ibfcuft - | -
“{kgleum) = Green S 46(737)
' Air-dry . 28{448)
_ 'Oyen-dry _ ' © 27 (432)
Density; Ibfeu ft -Oven-dry wéig’lﬁt
{kg/cu m) _ pergreen volume 23 (368)

Harrlngton and DeBelI {3) concluded that individual tree

'select:on for growth rate or. silwcultural ‘treatments to
increase growth. will probably have httle mﬂuence on
specific gravity. :

Percent shnnkage dried toO% moisture content r- 44
t-7.3,v- 126 '

Espenas (4) discusses shrmkage of red alder Douglas-f' i

_and western hemlock

Pet__'cqnt_ mpistu_rej’. od_nti’:_ﬁ_t,ﬁ:whén green

Greenbasis . - . a9
Ovendeybasis =~ .~~~ 98
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_ Percent moisture content

oven-dry basis {5)

Heartwood ' -

! Sapwood _ : - 97

Physical Properties of Bark

Inner bark - : 0.55

Specific gravity
green volume Outer bark - 0.62
Totalbark ~ 0.58
Density (100% moisture Green weight/ -
content) green volume ARE

Chemical Composition of Wood
Proximate Analyses

© Kurth  Kurthand 'Glenniean.gl .
(6) Becker. (7}  Mothershead (8)

ngnm,% N 24 l e - L 2'3-?:_'

Holocetlufose, % 764 = = .. = . —

Pentosans,%_ .'_..:22-_3.. I R
Acetyl, % Y35 . -
Methoxyl,% >V = — -
Solubility in S __
Ether,% 032 . 1.15 0.62
Alcohol, % 2.44 3.81 2.68
Hot water, % 1.56 3.64 2.02

Ritter and Fleck (9) have compared the springwood and
summerwood in” the heartwood. Rapson, et al. (70)
found an ash percentage of 0. 32,

Carbdhydrdt_es. 'The-.-_chernistry' of... polysaccharides. in
2-stage sulfite pulps. was examined by Schroeder and -
Hansen . (77). -The mannan content, by a modified
Hagglund-Bratt method, was 0.8% (7.2).

Extractives. Tannin-is 0"'.!4% of oven-d.ry'whole wood
(7). For information on fatty acids and resin acids, see
Swan {73). The alcohol-benzene extractive content is

- 2.1% (14).

Other Information. An extract of chlorite holoceliutose
with hot water gave 13.4% yield of hemicellutose (based
on extractive-free wood) (75)
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Chemical Composition of Bark

Proximate Analyses
I.P.C. - Corder
{14 . {16}
Ash, % — 59 3.1
Methoxyl, % ' .- -
Solubility in
- Alcohol-benzene, % . 60 . -
- Benzene,% = L 2.3 —
. ‘Alcohol; % ;' o - 39 . -
1% NaOM, %. - S 215 =
" Hot watef, % a7 -
Ether;% - . o _
Hexane, %

Carbohydrates. For contents of _feducihg -Sugars in
extractive-free bark see Kurth and Becker {7) and Chang
and Mitchell {77), :

Extractives ‘Tannin is 4.20% of oven-iry bark. The
chief. white c.olormg ‘matters in bark are the triterpene

alcohot alnulin and its correspondlng trlterpene ketone _

'protalnulm. ‘Red colormg matters are 4 phenolic

xyloside, phlobatannm, 2 tannin- carbohydrate complex .

and phlobaphene. (7).

Other Information. Bark contains 0.05% s:lll'ca" and
1:4% calciqm {as- a percent of ovendry weight of ‘the
bark) (74)

Pulpmg

'AmmonrauBase Suff‘ te Process can be used for 70‘% )

 alder and 396 other woods (18)

'Gmundwood Can be bleached with SO, followed by

dithionite  or  peroxide; a two-stage process of H, Q4 -

~ followed: by Zn$,0, gives a brightness of 63, Ground-.
wood from chips can be bleached. by a 2-stage process
with hypochlorite and peroxide (79). . : :

Kraft;: The wood is readlly pulped, yield is fairly hlgh

strength is” ‘Tow, “thie ‘pulp 'is easily beaten, and- it is '

. bleachablé with some difficulty because of dirt specks
and red shives (20). For kraft pulp properties see Fahey:
and Martin (27); for kraft pulping information see
Hatton (22) and Horn (23). Kraft pulp mixed with
Populus - * bafsaimifera “kraft pulp glves satlsfau.tory
duplicating and offset printing paper. .

‘Chang and' |

R Kurth and
o Mitchell.{17):: - - ‘Becker {7
3.1 : . -
385 S ] =
- 0.75
— 1124
- 8.55
— . 0.22
_ 3

NSSC. Pulp- is excellent for container boards and
bleached paper products; the bleached yield is 55%, and
the pulp is strong (24); mixed with Douglas-fir 3:1 it is
used for corrugating medium {(25), and mixed with
Douglas-fir ‘it is also used for insulating boards, Chidester
(26} studied the effect of variations in NSSC pulping on

pulp properties and yleld and he deseribes uses of pulps.

Soda, The wood is pulpeﬁ readity, yield is normal, it is
fairly easy to bleach, and some wood gives considerable
dirt specks which-are not removed in bleaching (20).

Sodium Bisuffite. For physical and mechanical prop-
ertiecs of pulp see Glennie and Mothershead (8), The
wood is readily reduced, has poor color, and is
bleachable. Two-stage sulfite pulping (bisulfite followed
by alkali} gives a high-yield pulp of better strength than
NSSC or kraft pulps (27). -

Other !nfonnat:on Pulp |s \ :sed Iargely for tlssues label

paper, and corrugatlrig 1
with softwood (28).

Utilization of Wood and Bark ~

um, for- these it is mixed

Use Properties of Wood. The wood is straight grained,

~ close and uniformly textured, and easy to work. It is

moderately light in weight, moderately strong in bending
and compression, moderately stiff and soft, and
moderately low in ability to resist shock. It has little
tendency to split in nailing and has moderate nail-
holding ability. The wood can be glued satisfactorily,
provided moderate care is used. |t takes and holds paint
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and enamel satisfactorily. It shrinks modé?“ately and can
be kiln dried. Proper drying prevents farge losses from
warping, cupping, and checking. Red alder has excellent
dimensional stability. Most of the wood is used for
furniture, In small quantities it is used for fixtures,
general millwork, and handies. it has recently become
important as pulpwood. 1t is also used for wooden parts
of shoes. Pulpwood is the principal use, and lumber for
furniture comes next in importance. The wood is also
used for the cores of veneer, for firewood, paper roll
plugs, charcoal, and matches,
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Calorific Value of Wood
17.4 x 10° BT U/air-dry cord

8,000 BTU/oven-dry lb
4,445 k cailf/kg oven-dry

Calorific Value of Bark

305,383 BTU/ft
2180 k calfm®

7945 8TU/Ib
4415 k calfkg
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HICKORIES

The hlckorws of the ' s Carya belong to the
]uglandaceae -or-walnut farmly Eleéven spemes are fiative
in” the eastern’ United- States, .wrth ¢ight. considered of
oommercia! lmportanoe Four are true: hickones and feur
are cIaSSIfied as pecan hlckorles L 5

T True H.ic_i:(bl_"ié_s_

Shelbark hickory C faciniosd
Pignut hickory C.glabra
Shagbark hickory Covata. _
- Mockernut hickory - C._tamemo_'sa--_
Pecan' .. Gillinoensis
Water-hickory - " C aquatica
Nutmeg hickory €. myristiceeformis
C. cordiformis -

Bitternut hu;kory

Range The oak-hickory forest is the -most extensive
timber type in the United States (7). It covers 116
million acres (47 million ha), nearly one-quarter of the
total forest area in the country (2) and extends from the

prairie- borders - in Oklahbma, Kansas, _and Mlnnesota'

‘through’ the Appalachmn Mountains into the Pmdmont
and southern New England. Oak-hickory stands cover
.much of the uplands in the South, with' hickories third
in abundance, averaging 8.5% of the total hardwood
volume on pine sites (3). The most abundant supply of
hickory is found in Kentucky, West Virginia and
Lou:smna :

Silvics ‘True -hickories. ‘are..meédium-sized trees and.are

-seldom fourid:in.pure. stands. The hickories are relatively
" slow growlng, even in comparison-with-oak. Preferred

sites for the true hickories- vary within their range, with
drier sites generally occupied in the north, Oak-hickory
stands cover much. of the: uplands in the South. Pecan

hickories -occupy much: the same climate as the true -

" hickories. Hickories have good seed crops at 2- to 5-year
intervals, with:light crops in intervening years. Both true
and -pecan: hickories sprout prolifically from the stump.
In addition,  pecan hickories sprout from the root collar

~and roots. True hickories tend to. be rather tolerant and

are usually a climax species in their timber types. Pe¢an
hickories tend to be much less tolerant.

Pathology Reﬁistan_ce to heaftwood.decay ::.sﬁght

More than 100 fungi attack the hickories and pecans (4),
including those that cause leaf diseases, bark cankers and
wood and root rots. Among the most common leaf
diseases are leaf blotch {Mycosphaerelfa dendroides),
anthracnose (Gnomonii caryae), witches'-broom
(Microstroma. juglandis), and scab {Cladosporium
effusum). However, they cause little damage other than
varying degrees of defoliation. A bark canker (Nectria
galligena) probably ‘occurs on most species. One of the

- most common diseases from Fennsylvania southward is a

trunk rot caused by Poriz spicwiosa (5). The most

“common root rot of hickory is probably Clitocybe

parasitica.

The hickory -bark -beetle (Scolytus quadrispinosus)
attacks most of the hickory species, feeding in the
cambium. Trees are frequently seriously weakened or
killed-by these attacks. Other borers of hickory include
the flat-headed borer (Smodicum cucujiforme), the
pecan carpenterworm- {Cassula magnifica) and the living

-hickory borer (Goes pulcher). Twig girdiers include the

hickary twig girdler- (Oncideres cingulata cingulata) and
two- other -species, O.. cingulata texanus and O

postujatus. The hickory spiral borer also attacks young
" hickory .and is among the worst enemies of mockernut .

6). A defoliator of hickories. is the sycamore lacebug
(Corvthucha cifiata). :

' Hick'ory is_ suﬁbeptible_ to fire at all ages.

Gross Features of the- WOod of the True Hrckones A
ring-porous spe(fés ‘The sapwood is white, and - the _
heartwood is reddish brown. Young hickory contains
more sapwood than heartwood. Sapwood is generally
from 2-4 in {5-10 cm} in diameter in trées approximately
12 in (30 cm} in diameter. Growth rings are distinct.
Longitudinal parenchyma are conspicuous as parallel
white lines forming a ladder arrangement with the rays
in the latewood. The wood is very heavy, very strong
and stiff, high shock resistance and hard. Shrinkage is
very large and care must be taken when drylng the wood
to avoid checking. : .
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Gross Features of the Wood of the Pecan Hickories A

semiring-porous species. The sapwood is white, some-

times tinged with brown, and the heartwood is pale -

brown to reddish brown, sometimes containing reddish
streaks of a slightly darker hue. The wood possesses a
moderate and highly pleasing grain pattern. The sap-

wood makes up a considerable portion of the cross

section of young trees, decreasing proportionally as the
trees grow older. Apotracheal parenchyma are con-
spicuous as parallel white lines, forming a ladderlike

arrangement with rays in the latewood, usually
- extending into. the earlywood zonie, Rays are barely
visible to the unaided eve. Tyloses are visible in the
earlywood. The wood is fated as heavy, strong, stiff,
hard, and high in shock resistance. The wood is less
strong than that of the true hickories but somewhat
higher in‘strength than white cak, sugar maple and white
ash. Shrinkage is large but less than that of the true
h:ckorles

Microscopie Structure of the Wood (7)

Vessels-. '__\(éry "f'ew, largest latewood véssels large to very
large, perforation plates simple, intervessel pits orbicular

to oval or angular through crowding, 6-8 gm in diameter. -

Fibers, “Average, ‘1.4 mm in length {mockernut
hickory), 1.3 mm in length (shagbark hickory unbeaten,
unbleached  pulp - fiber fength). Weight factor
{unbleached kraft) 0.35. Taylor (8) found, in- shagbark
and mockernut hickory, that fiber length was at a
. maximum near the middle of the growth increments and
decreased in the last-formed latewood. Last-formed
fibers in the growth rings were approxlmately the same
Iength as the first-formed fibers. However fibers near
the center of the growth rting were approximately
one-third longer than first-formed. earlywood fibers.
"QOther publications on f|ber Iength mc!ude Taylor (9
70)

Parenchyina. Apotracheal-diffuse and-in aggregates, and
marginal; lines of banded parenchyma 1-4-seriate. -

Rays. 1-5-seriate, homocellular to heterocellular; ray-
vessel pitting similar o intervessel type.

e E o

SEM Cross Section of Hickory Showmg an Open Ea:l)rWOod
Vessel, Magnification — 200X

Gmss Features of the Bark Gray, smooth on small
trunks, becoming rough and furrowed sometimes
shaggy.

Microscopic Structure of the Bark of Shagbark Hickory

S
S UL T e T S

Sieve Tube Elements. Conspicuous, usuaily solitary
(sometimes in groups of 2 to 5) and fairly uniformly
distributed throughout the alternate tangential bands of
phloem fibers and parenchyma celis. They are oval to
polygonal in cross section and those cells located near
the cambium zone averages ‘75 gm in diameter. Sieve
tube-elements become more or less crushed in the outer
reglons of the secondary phloem. -

Phioem Fibers. The large _nurnbers of phloem fibers are
aligned in narrow, wavy, tangential bands, 3 to 4 fibers
in width. The cross section of the fibers is polygonal in
shape and averages approximately 20 gm in diameter,
walls of the fiber cross sections appear to be separated
into two distinct layers. Harder, et al. (77) found a
fibrous yield of 15% when shagbark hickory bark was
pulped to a solids yield of 28.3%.
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Rays. Fairly numerous, 1-5-seriate, up td 25 or more
cells high and evenly distributed throughout the. inner
bark,

Parenchyma Cell, Arranged in tangential bands, one to
three cells in width, are round to oval in cross section
and average approximately 30 pm in diameter.

Parenchyma cells in a strand often contain solitary .

crystals.

Physical Properties of Wood

" Mockernut hickory © 0,66

Specific gravit'y ; _ _
" {green volume) Shagbark hickoty - 065
Density, Ibfcu ft ]
{kefeu m} (72) = Green 64 (1025}
- Oven-dry 39 (625)

Taylor {73) found that the specific. gfairity of mockernut
hickory increased slightly as the distance from the pith
increased at the 5-foot (1.5 m) level. The specific gravity

. of shagba.rk hickory increased in the early rings and then

decreased i the later rings.

_Kelier, et al. (?4) found that high’ densﬁy comaded with

the most rapld growth

Acmr'ding to Phill‘ips {75), understory trees from the
Piedmont of Georgia had slightly higher density,
moisture content, and-percent bark than- ‘trees from the
mountains of North Ca.rohna :

Addltlonal publlcatlons reiating to specific gravity
include Maeglin {76), Pronin (17}, Manwrller (18), and
Taylor (9, 10).
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Percent shrinkage, dried to 0% moisture content {79): -

Pecan hickory, r - 49, t - 8.9, v - 13.6; Mockernut

hickory, r - 7.7, t- 11.0, v - 17.8; Pignut hickory, r - 7.2,
t-11.5, v - 17.9; Shagbark hickory, r - 7.0, t - 10.5, v -
16.7.
Percent moisture content -
oven-dry basis {79)

Heartwood Sapwood
Bitternut hickory 80 54 .
Water hickory : 97 62
Mockernut hickory 70 52

Pighut hickory " 49

Manwiller (20) fotnd branchwood moisture content to
be lower than that of the stemwood (51.5% vs. 48.4%)

in 6-inch (15 ct) trees growing on southern pine sites. .

Physical Properties of Bark

Chenﬁcal Composition of Wood

Proximate Analyses

Mockernut

" Hickory
Lignin,% . - . - 236
Cellulose, % - - S 435
Hemicellulose, % .- - - 7.7
Ash, % . . . S T 04

Extractives, % R : 50

Specifi¢ gravity Innerbark =~ 0.69
. green volume Quter bark 081
Shagbark hickory Total bark - 072
Speciﬁi: gravity oven-dfy
~weight & volume {27)
Mockernut hickory o 098
Density (100% maisture o
- .. content) _ Green weight/
Shagbark hickory green volume 1.23
.
Karchesy and Koch (3} .
Mockernut (?} Pignut Hickory
-Hickory
B o 72
37.7 . 462
29.2 26.7
1.1 . - 1.6
9.0 _ : 34
‘ﬂain{iﬂ'h?m N
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Shagbark hickory, alcohol-benzene extractives’ 3.2%
(22); ‘mockernut hickory, alcohol-benzene extractives
5.3% (23).

Chemical Composition of Bark
Proximate Analyses

Chang and Mitchell (24)
Pecan Hickory

Ash,% ' 7.5

Methoxy!, % 2.69

Solubility in _
‘Benzene, % ' 08
95% alcohol, % 184 -
Hot water, % : 54
1% N2OH, % 25.3

Shagbark hickory contains 7.3% ash and 14.6% alcohol-
benzene extractives. Mockernut hickory bark contains
18.0% alcohol-benzene extractives (23).

"Cafbohydrares
Chang and
~ Mitchell (24)
Pecan Hickory

Reducing sugars from extractive-

free bark :
Glucose, % 69
Unknown substances, % 4
- Galactose, % o4
o Mann‘ose,% g ' SO I
-~ -Arabinose, % - : S .n
. Xylose, % .. e Y

Extractives. - The ‘bark contains azaleatin, caryatin, and
|uglone, for other information see Rowe and Conner

Other Information. The bark of shagbark hickory
contains 2.5% calcium and 0.08% silica {(as a percent of
ovendry weight of the bark) (22).

Pulping
- Kraft. _For kraft pulping information see Horn (26).

NSSC. Four- species of hickory, mockernut, -pignut,
sand, and shagbark, were pulped. The wood reacted to
digestion in a manner normal for North American
hardwoods. The pulps were dark in color and varied
appreciably in strength between species. Shagbark
hickory pulps generally approached aspen pulps in
quality. Pulps of fair to medium quality were obtained
from mockernut, pignut, and sand hickory.

el F WH L hﬁi.

A mixture contalning 19% bark was cooked to several

yields. Although it produced. more pulp per cord of
rough wood, some strength was lost, and the chemical

costs per ton of pulp were higher than when bark-free

chips were cooked. The pulps were converted to a

corrugated board of adequate strength and to a bond

paper that was satlsfactory except for low opacuty

A shagbark hlckory inerbeard --h_a'_d, satisfactory burst
strength and stiffness but did not match southern kraft
liner in other properties. Glassine and greaseproof papers

_showed' low permeability and satisfactory strength. A

bond paper had excellent strength and good formation
but had the low opacity inherent in bleached NSSC
pulps(M]

Soda. Mocke'rnut hickory is readily pulped; the pulp is

very difficult to bleach,

Sulfite.  Mockernut hickory is readily pulped; the pulp
is pecky and rather difficult to bleach, -

Utilization of Wood and Bark

Use Properties of Wood. Hickory is very high 'in
combined strength, toughness, hardness, and stiffness,
and it is extremely shock-resistant. {t shrinks a great deal
during drying, which often results in checking, warping,
and other seasoning defects, It is difficult to machine
and -glue, and it is difficult to pressure treat with
preservatives. The nait-holding ability is good, although
theré is a tendency for the wood to split when nailed.
Red, white, and mixed red and white hickory have the
same strength characteristics.

Calorific Value of Wood
30.6 BTU/air-dry cord

8180 BTU/oven-dry Ib
4545 k cal{kg oven-dry

5800 BTU/t air-dry
3222 k cal/kg air-dry

Calorific Value $f Bark

8420.BTU/oven-dry Ib
4680 k calfkg oven-dry

378,190 BTU/fE
2695 k calfm? .

Chemical Uses of Bark. The bark has been used for
pharmaceutical purposes {25). :




Other Uses of Wood. The most important use is for
tool handles. It is also used for furniture, ladder rungs,
dowels, skis, archery equipment, baseball bats, and

10.

12

.

“Jett, ). B.; Zobel,
. properties of young hardwoods. ln Proc, 1974
" 'TAPPI Forest Biology Conf., Seattle WA Sept.
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- musical .instruments, it is used to a limited extent in

flooring, veneer, plywood, rajlroad crossties, fuelwood,
and charcoal.
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BUTTERNUT

Scientific Name jugfans cinerea L,
Synonyms White walnut,‘oilnut
Family Name j_.uglandaceae

Rzmge MNorth and central regions of eastern United
‘States and adjacent Canada. - '

Silvics This tree is'medium sized. When forest grown, it
has a comparatively long trunk but very often it is short
and divides into a few stout, ascending limbs which form
a broad, irregular crown. The root system. comprises a
taproot and a number -of deep, widespreading laterals.
Butternut prefers a-rich, deep loamy soil with plenty of

moisture but will grow under a wide range.of soil and -

climatic conditions, if sufficient light is available. This
species occurs ih mixture, sparsely usually, with oaks,
hickories, basswoad, elms, black cherry, beech, yvellow-

poplar and farther. north with -hard maple and yellow

birch. Butternut is rated as intolerant.

Tree Dimensions 40-60 ft (12-18 m) tall arid 12 ft
{30-61 cm) in diameter.

Pathology Resistance to decay: durable

The principal disease affecting buiternut is a twig and

branch dieback (Mefenconis. juglandis) which probably-

oceurs throughout the range. of butternut, The disease
~eventually causes death, although its progress is slow.

Most trees appear to be affécted to some extent. Many
rot fungi attack butternut, with one of the main heart
rot fungi being Phellinus igrijarius. It is also a host for
NMectria cankers, Butternut is susceptible to fire damage.

The most serious insect pest of butternut is probably the
walnut caterpillar {(Datana integerrima). Trees that are
heavily defoliated several years in succession are
frequently killed. Butternut is -also attacked by the
European fruit lecanium {Lecanium corni), also known .
as the brown elm scale, '

- Gross Features of the Wood The sapwood is white to

light grayish brown and narrow, The lustrous heartwood
is light chestnut brown, frequently variegated with
pigment figure. The wood is moderately soft,
moderately light, without characteristic odor or taste.
Wood is semiring- ot semidiffuse-porous and shows a
conspicuous growth ring. [t is straight grained.

Parenchyma are visible with a hand lens arranged in fine,
fiumerous, more or less continuous, tangential lines, The -

rays in x-section are fine and indistinct to the naked eye.
Microscopic Structure of the Wood

Vessels. 6-12 per sq mm, the largest 160-260 um in
diameter; - perforation . plates simple; intervessel pits
orbicular to oval to angular, 10-16 gm in diameter.

Fibers, _Avérage, 1.26 mm (0.6-2.0 mm) in length and

20-45 pm in diameter; thin walled.

Rays. Unstoried, 1-4-seriate, homogeneous to hetero-
geneous, ' ' :

~ Longitudingl "ﬂqrencﬁyma. --Me'tatrach'eal and meta-

tracheal-diffuse; lines of zonate parenchyma usually
uniseriate. ' '

Gross Features_of the Bark. The light gray bark is

divided by shallow to moderately deep fissures into
broad, flat ridges and is later more closely furrowed with
a roughly diamond-shaped pattern. '

Physical Properties of Wood

Green volume
Air-dry volumie
Oven-dry volume

Specific gravity




Density, lbfcu ft

(kgfcu m) ‘Green 46 (737)
’ - Air-dry .27 (432)
Oven-dry 25 {400)

Density, bfcu ft Oven-dry weight '
(kg/cu m) per green volume 22 (352)

Peércent shrinkage, dried to 0% moisture content: r - 3, 3,
t-6.1,v-10.2.

Percent moisture content, when green

Green basis o 51
Oven-dry basis - - 104
Physical Properties of Bark ' '
' Speciﬁc gravity o :
" ovendry weight & volume {7) 0.45

C_hemi-cil Composition of Wood

Proximate Analysis

I.P.C.
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Acetyl, % ' : 1.16
Methoxyt, % 5.47
Uranic acids, % 1.36

Solubility in, by
successive extractions

Ether, % 0.5
"50% Methanol, % 9.3
Hot water, % 1.0
Total, % _ ' 10.8
Pulping

- Soda. The wood is readily pulped, yield is high, and the

puip is very. diffic"ult-to bleach (3).

'Sy!ﬁre The wood is ‘readily pulped, vield is normal,

eolor is poot, and the pulp is fairly easily bleached {3).

Utllimtmn of Wood and Bark '

Use Propemes of Wood. The wood is moderately soft,
moderately fight, has moderately small shrinkage, is

) straight grained, and-is easily worked. The heartwood is
' _ o _ frequently variegated with pigment figure, is lustrous; is
 Lighin, % . ' o 194 moderately weak, and takes stain well.
Alpha-cellutose {on chlonte : . o - :
holacellutose, %) : - 43.1 - Other Uses of Wood. The wood is used for furniture,
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HACKBERRY

Scientific Name Ceftis occidentalis L.

Synonyms Sugarberry, nettletree, false-elm, beaver-
wood, common hackberry

Family Name Ulmaceae

"Range Eastern half of the United States, except the
southern border. Hackberry spp. amount to 0.1% of the
hardwood volume on pine sites in 12 southern states (7).

Silvics Hackberry is a medium-sized tree which grows
on many types of soils, although it prefers rich, moist,
alluvial. soils. It is commonly found on slopes and bluffs
and on soils rich in lime. It is'a drought-resistant species
and is a2 minor component of the following upland forest
types: sugar maple-basswood, post oak-black oak, bur
oak, eastern redcedar-hardwood, ashe juniper and Mohrs
oak. Hackberry is rated as intermediate in tolerance.

Tree Dimensions 30-50 ft {9-15 m) tall and 1824 in

* {46-61 ‘cm}-in diameter. On the best sites, it may reach
130 ft {40 m) in height and 34 ft (91122 cm) in
diameter (2}.

Pathology Hackberry is a relatively healthy species and
is attacked by few wood-rotting fungi. The most

important disease is witches’-broom, which causes a - -

proliferation of the branch tips. Powdery mildew
(Sphaerotheca phytophila) and several leaf-spot fungi are
common, Hackberry is very susceptlble to fire because
of its thin bark;

Hackbeiry .is the host of four gall-producing insects
(Pachypsylla celtidisgemma, P. ceitidismamma, P.
celtidisvesicula, and P. venusta). However, their damage
is not serious. Leaf feeders include the spiny elm
caterpillar {Ewvanessa antiopa) and the caterpillar of the
hackberry butterfly {Chiorippe celtis). These leaf feeders
are capable of defoliation when present in large
humbers.

Gross Features of the Wood The wood is straight-
grained, sometimes interlockedgrained, dense, hard and
strong. The sapwood is wide and varies in color from
pale yellow to greenish yellow. The heartwood, when
present, varies from yellowish gray to light brown,
streaked with vellow (3). It is a ring-porous species with
large vessels, Growth rings and rays are distinctly visible,
The wood is free of gum, odor or taste.

thick.

RN T Ty

Microscopic Structure of the ‘Wood (3)

Vessefs. Moderately to very numierous in the latewood.
Largest earlywood vessels very large to extremely large,
in several rows; perforation plates simple; spiral
thickening present in the smaller vessels; intervesse] pits
orbicular or angular through crowding, 8-12 fm in
diameter. : .

Parenchyma, Paratracheal-scanty to vasicentric and
apotracheal-diffuse.

Rays. Unstoried, 1-13 (mostly 5-8)-seriate, hetero-
cellular for the most part,

Fibers. Average, 1 13 mmiin length
Manwiller (4) obtained a mean stem wood ﬁber |ength

of 1,12 and a meap branch wood fiber length of 0.86 for
6-inch {15 cm) trees growing on southern pine sites.

Grbss Festures of tﬁe Bak Smooth, dark brown to _
gray, and quite thickly covered with warty pro-
tuberances.

Microscopic Structure of the Bark (5)

Periderm. in most of the bark, periderm formation is

~quite limited and persistent. It consists of 1-2 layers of

phelloderm, a layer of phellogen and rather thin
pheliem. Periderm formation appears to occur more
frequently in the area of corky warts or ridges.

Sieve Tube Elements. Tend to be arranged in tangential
bands, 1-3 cells thick with some parenchyma strands
dispersed within the band. Sieve elements are expanded
greatly in the conducting phloem. In the nonconducting
phloem, sieve elements are collapsed completely.

Parenchyma. Strands form tangential bands, 2-4 cells

—

Fibers. Appear sporadically or in small groups in the
tangential bands of parenchyma strands, They are very
difficult to detect because they are small in diameter.
Cell walls are unlignified and quite thick. Average length
is 2.0 mm,

Sclereids, Differentiated from parenchyma strands and
some ray cells. They sometimes retain their original
shape and size but mostly are expanded.




Rays. Heterogeneous and 5-8 {mostly 7-"8')'-seriate..

Physical Properties of Wood
Specific gré_vi_t’y'_ .Green volume = - 052 -
Manwiller {6) obtained a branch wood sﬁ_eciﬁc gravity of
0.55 for Ceitis spp. growing on pine sites. ;
Moisture content oven-dry

basis {7) '
Hearﬁivood S . - 61
Sapwood . . . 65

-A'ste_m.wbod.moisture content of 7?.6% {dry weight
- basis) was obtained by Manwiller (8).

Physical Proper‘ties of Bark

Specific gravity oven-dry - :
“weight & volume (9) o - 065

'Puljing :

_.Suiﬁre Wood is readily pulped exoeptmnally light
colored, easlly bleached .

63
Sodg. Wood is readily pulped, rather difficult to bleach.

Utilizition of Wood and Bark (70) The wood is
moderately strong in bending, moderately weak in
compression parallel to the grain, and high in shock
resistance, but lacks stiffness. 1t has moderately large to
large shrinkage but keeps its shape well during seasoning.
The wood has top-rated gluing properties. It is inter-
mediate in nail- and screw-holding ability, and it resists
splitting from screws better than from nails.

Calorific Value of Wood

7880 BT Ufoven-dry b
4380 k calfkg oven-dry

Calorific Value of Bark

7150 BTUfoven-dry Ib
3970 k calfkg oven-dry

- Other Uses of Wood, The wood has been used for’

furniture, -millwork, sporting and athletic goods. The.

" veneer products include containers and interior plywood

faces. Low-grade lumber is often made into boxes and,.
crates,
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AMERICAN BEECH

Scientific Name Fagus grandifolia Ehrh,

Sy nonyms .Beech, red beech

Family Hame : Féggceae

Range ‘i’he (I:p'nly. '.sﬁe;c'ies of.’ this genus in the United
States, American beech is found from Nova Scotia to

northern Michigan and eastern Wisconsin in the north, to
northwestern Florida and eastern Texas in the south.

CRTALRY

Silvics The forest tree has a clear, straight, massive
trunk’ with- a2 small,” ndrrow crown and a -shallow,
widespreading root system. Within the range of this
species, the growing season varies from 100-280 days
and annual precipitation frém 30-50 in (76-127 ¢cm). As
a mesophytic species, beech prefers loamy-textured soils
and those with a high humus content over lighter soils,
and will grow on poorly drained sites not subjected to
prolonged flooding. The largest trees are found in the
alluvial - bottom lands of the Ohio and the lower
Mississippi River valleys and along the western slopes of
the southern Appalachian Mountains in mixture with
basswood, vellow-poplar, black cherry, ash, sycamore,
and bottomland oaks. In the north, it is usually
associated with maple, birch and hemlock. Beech trees
begin seed production at about 40 years of age but large
crops are produced only at irregular intervals, The
species also sprouts well from stumps less than 4 in (10
cm) in diameter, and may develop root suckers. How-
ever, in forest stands with associated hardwood species,

- 'ijw\a...' IR

heavy cutting tends to reduce beech reproduction and
repeated clearcutting on short rotations may nearly

eliminate the species. American beech is rated ‘as very
tolerant,

Tree Dimensions 60-80 ft (18-24 m) tall and up to 120
ft (36 m) under optimum conditions; 2-3 ft (61-91 cm)
in diameter. <

Pathology Resistance to decay: low+

Because of its thin bark, American beech is susceptible
to fire and sunscald injury. The species is subject to
many diseases. Chief among them is the beech bark
disease (Nectria coccinea var. faginata). The disease gains
entrance after attack by the beech scale (Cryptococcus
fagl) and causes extensive mortality. Beech suffers little
damage from root or foliage diseases but few species are
subject to decay by more species of fungi (7). The most
common heart rot fungus of beech is Phellinus igniarius

which is capable of rotting the entire central cylinder of
the tree (2).

The most important insect pest of beech is the beech
scale (Crytococcus fagi), an introduced species. Large

. guantities of beech have been killed through the

infestation by a combination of the beech scale and the
beech bark- disease. Control is obtained by removing
diseased trees, with some degree of natural control
provided by the twice-stabbed lady beetle and low
winter temperatures. The most damaging defoliator is
the saddled prominent (Heterocampa guttivitta), with
beech being a preferred species. Other defoliators

~ include the gypsy moth (Lymantria dispar), the forest

tent caterpillar (Malacosoma disstrig), and the Bru

spanworm {Operophtera bruceata). : -

Gross Features of the Wood The sapwood is whitish
and the heartwood whitish with a reddish tinge to
reddish brown. The wood is hard, and heavy, without
characteristic taste or odor. The wood is diffuse-porous
with distinct grdfwth rings: delineated by a dark line or
band of denser summerwood, Flat grain boards exhibit a
faint growth ring figure. Pores are small, indistinct
without a hand lens, usually crowded and largest in the
springwood, decreasing in number and size through the
central portion of the growth rings, scattered and very
small in the late summerwood. The rays are of two
types, compound and simple, the broad ones plainly
visible with the naked eye, and the narrow rays, fine, not
visible without magnification.
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Microscapic Structure of the Wood

Vessels. 50-200 per sq mm, the fargest 60-90 pum in
diameter; tyloses present in the heartwood; perforation
plates simple or those in the smaller vessels occasionally
scalariform; mtervessel pits oval- to long-elliptical, 6-20
Hm'in diameter,

Fibers. Average, 12 mm (0.6-1.9 mm) in length and
16-22 Mm in “diameter. Cell walls thick. Weight factor
0.52.

Rays. Unstoried, homogeneous or with marginal up-
right .cells; compound rays 15 to 25+ seriate, 1 to several
" mm high; narrow rays much more numerous, 1-5-seriate,
up ta-500+ gm high; volume occupied 20.4%,

Longitudinal Parenchyma. Abundant, metatracheal and
metatracheal-diffuse, the lines of the latter more evident
toward the outer margin of the ring. Parenchyma cells
occupy 20% of the volurne of structural elements in the
wood

- SEM. Mu:rograph Showmg Cmss, Radnal and- Tangenﬂal Views
of American Deech, Illustrated is a Prominent’ Mulnsenate Ray
ngmﬁmuon - 100X .

Gross Features of the Bark The bark of Amerlcan
beech is similar in appearance on both young and old
trunks_ It is . thin, close, smooth, light blue-gray and

often mottled. Velume averageé'ébo_ut .'T%;:_M.‘Ill_.iki'n; £3)
found that ovendry bark weight per 100 ft3 {2.8.m3) of
solid wood {peeled) averaged 242 Ibs.

Microscopic Structure of the Bark

Inner Bork. Near the cambial zone, the inner bark
consists of alternating tangential bands of longitudinal
parenchyma and sieve tube elements. The small phloem
rays are apparently not lignified and are distorted
somewhat as they project outwardly into the older
phloem. The larger multiseriate rays are not' distorted,
apparently are lignified, and show sclerosis just outside

" the cambium zone. These ray cells are also crystal-

liferous. The longitudinal . parenchyma also tend to
become more crystalliferous in older phloem, An inter-
esting feature of the large multiseriate rays in beech is
that the cambium zones of the rays themselves project
inwardly from what would be considered their normal
position. The latter ‘would normally be expected to
consist of a circumferential zone of celks in line with the
cambium zone of the nonray tissue. It is apparent,
however, that in hardwoods with “oak-type” rays, the
cambium zone of these large rays is displaced inward
toward the pith in a V-shaped wedge.

Outer Bark. The outer bark appears to consists of only’

- one periderm but with cohcentric, alternating layers of

thin and thick-walled phellem cells, except in lenticel
regions. Just beneath the phellogen area, there appears

 to be only few, if any, distinguishable phelloderm cefls,

and cortical parenchyma {colenchyma} are persistent in

" .many locations. No true sclereids or fibers were observed

in the outer bark.

' Phy’s‘ical Properties of Wood
Specific gravity Green volume 056
“Air-dry volume : 0.64
Oven-dry volume R XY
Density_; Ib/cu Tt o
(kgfcum} - Green - 54(865)
S Aledry N R 73}
{ . Ovendry .o 424673)
" Derisity, Ibfcu ft Oven-dry wefght o
(kg/eum} - per green volume . 39 (625)

Taylor (4) found that rays were compact tissues with a

mean specific gravity considerably higher than that of
sample blocks containing rays. He felt that possible
selection for high specific gravity may result in increased
ray volume,
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Other publiéations containing information on specific
gravity of beech are Jett and Zobel (5), Maeglin (6), and

Murphey, et al. (7).

Percent shrinkage, dried to 0% moisture cohtent r-51,

. t-11.0,v-16.3,

Percent moisture content, when green

Green basis

Physical Properties of Ba‘rk

Specifi¢ gravity
green volume

Density (100% moisture
content)

Specific gravity oven-dry '
weight & volume (9)

Chemical Comiposition of Wood

is 35

Oven-dry basis - 54

Percent moisture content oven-dry '
basis {8)

Heartwood | 55

-Sapwood 72

Proximate Analyses -

- Clermont and F.PL.
. Schwartz (70) (17}

Lignin, % 22,253 210

Holocelluiose, % 77.5 75.7

Cellulose, % - -

C. & 8, Cellulose, % - -

Alpha-cellulose, % 43.65¢ 51.2

Hemicelluloses, % 2360d -

Ash, % ' 0.36 : 0.5

Pentosans s '

- Total; % - 19.5 20.2
‘In holocellulose 96 . - -
InC. & B. cellulose, % : - -

Mannan % - L=

Acetyl, % 5.33 -

Methoxyl, % 6.47 y -

Xyian, % - -

Solubility in

- Alcohol-benzéne, % - 1.8

- Ether,; % 0.86 : - 0.7

© 1% NaOH, % 1643 14.7

- Hot water, % 23 . 1.5

" Cold water, % 1.04 -

Water, % - -

" ‘Alcohol, % - -
Uroniic anhydnde % T 470 . e
1n hemicelluloses ' ’ o

Pentosans . 67.0 =

Uronic Anhydride 160 - . -

Hexosans . o _

(by difference) 17.0 -
aCctrroa-‘.:l:eb:( for ash,

bCorrected for extractwes, ash, and lignin.

¢Corrected for lignin and ash.

dCorrected for ash.

Freeman and
Peterson (72)
Sap  Heart
206 223
762 6.9
608 © 60.7.
031 057
256 245
© 2248 235
1790 183
R RES 6.05
628 6.44
137 091
0.20 057
217 043

023

Innér bark 0.67
QOuter bark —
Totat bark Q.67
Green weight/
. green volume  1.43
0.74 {Fagus grandifolia

. var. carolinigna)

Aung Young
(1’3) : {14)
211 22.1
727 —
- 452
434 —
039 04
910 =
_ 1.5
= 246
0.14 -
0.22 -
132 =
163 -
091" -
- 4.8




Musha and Gorlng (15) found the lignin content was

0.240 g/g and the methoxyl content was 1.51 gfg. Jayme
et al, (76) reported 38.1-42.8% cellulose by the chlorite

method. Richter (77} gives. analyses of Sapwood and’

'heartwood in two trees g

Carbohydrate.s Young (?4) reports a ga!actan content
of 1.2%, glucan, 47.5%, and arabinan, 0.5%.
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Extractives. Tannins are absent (78). The -alcohol-
benzene extractive content is 1.5% {79}.

Other Information. The distribution of lignin and
contents of cellulose, galactan, lignin, xylan, and gluco-
mannan were studied in tension wood and normal wood
by Kuo (20).

Chemical Composition of Bark

Proximate Analyses

Lignin, %

Ash, %

Pentosans, %

Solubility in
Alcohol-benzene, %
Ether, %
Hot water, %

Acid-alcohol, %

Other !nformanon The bark contains 34% calcium

and 1, 1% sitica (as a percent of ovendry welght of the
tiark) (79), 75.2% volatiles, and 16 9% carbon (3) For
an ultlmate analysns see Millikin (3).

Pu’lping

: _Acid Suffre Yleld is 43.5% and chlorine requirement

s 5.5%; burst strength and tear remstance are reported
by Richter (27). :

Afkaline, Yield is good, and freeness and burst strength
are almost identical to gum, while breaking length, tear
- strength, and sheet density are slightly lower (22). -

" Chemigroundwood. The treated wood is ground with
1/2 10 2{3 the power and- double-the production rate of
spruce. It is 3:to 4 times: as,strong-as -ordinary ‘spruce
groundwood. Yield is 85:90% (23, 24)}.

Kraft. K is about 50% as stro'ng' as spruce {25). The

wood is pulped easily; it is easily bleached, requiring .

4.85% total- chlorine for 80" G.E. brightness at a
permanganate numbenj of 13.0 (73): For kraft pulping
_information see-Hatton {26). : A

Mechanical. - Pulp short flbered and. strength fow. For -

grmdlng experlments see Corbin (27).

Richter (27) . IPC " Milliken
separate analyses - {19) 3
4182 370 - =
~ 83 7 105 7.9
14.16 13.7 - .
- - 10.6 -
- 1.2 - _
- 4.0 - L=

- o132 - -

Neutfaf Suffite Sérﬁfchemféa}'. For informatioﬁ-on the
acid, neutral, and alkaline pretreatment and bleaching on
weld and properties, and for uses of pulps see Chidester
(28). '

Soda.” Is slightly more difficult to pulp than aspen; .
yield is niormal, is readily bleached, and strength is low
(25, 29, 30, 37).

Sodb-Oxyyéh This rhetl‘iﬂd can be used.

Sufﬁte The y1eld is slightly low, strength is about 60%
that of spruee, color is quite dark, yet the. pulp is readily
bleached to give soft bright pulps of high opacity {25,
21,.32). The.pulp can be used for dissolving pulps.

Utitization of Wood zind_. Bark

{se Pmpert’es of Wood. The wood is hard, dense ‘and
light in color. In hardness beech is between sycamore
and hard maple,

Caforific Va{ue of Wood _
278 x HZ!I6 BTU[alr-dry cord

6000 BTU/Ib air-dry -
3335 k cal/kg air-dry
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Calorific Va!ye of Bark

10,

-1,

12,
13,
14,

15,

334,906 BTU/f’
2390 k calfm®

7640 BYU/o.d. 1b
4245 k calfkg oven-dry
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The oaks of the genus Quercus belong to the Fagaceae,

or béech family. There are 75 to 80 species of vaks in

the United States. The important species are listed below

in either the white, red or live oak group.

WHITE OAKS

White oak Q. alba

Bur cak Q. rhacrocdipa
Post oak Q. stellata
Overcup cak Q. Iyrota
Gambel oak " Q. gambelii
Valley oak Q. lobata
Oregon white cak Q. garryana
Blue oak Q. douglasit
Swamp white oak Q. bicolor
Swamp chestnut oak Q. michatixii
Chestiut oak Q. prinus
Chinkapin cak Q. muehlenbergit
RED QAKS

California black oak
Southern red oak
Northern red oak

Q. kelloggi
Q. falcata (Q. rubra)
Q. borealis (Q. rubra)

Shumard oak Q. shumardii
Pin oak Q. palustris
Black oak Q. veiutina
. Turkey oak Q. laevis (Q. cateshaei)

~Scarlet-oak . Q. coccinea
Northern pin cak Q. ellipsoidalis
Nuttall oak Q. nuttallii
Blackjack oak Q. marilandica
Water oak Q. nigra
Willow oak Q. phellos
Shingle oak - Q. imbricarig
Laure} oak- Q. laurifolia
LIVE QOAKS

Live oak Q. virginiana
Coast live oak Q. agrifolia -
Canyon live oak Q. chrysolepis
Emory cak Q. emoryi

Range The' various- “species of oaks are the most

widespread trees in North America. The United States

has about 58 of tree size with 20 of these considered
important in management of forest stands (7). The
oak-hickory forest type comprises more than 100
million acres (40.5 million ha) of commercial forest

OAKS

land, or hearly one-fourth. of the commercial forest land
in the United States (2). Christopher, et al. {3) estimated
the proportion of oak volume on pine sites in 12
southern states to be 46.5%. :

Silvics White oak {(Q. afbg) is the most important
commercial species of .oak in the United States, It grows
best on northern lower slopes and in coves, but is found
on wet bottom lands and on any upland aspect except .
extremely dry, shallow-soil ridges (7). Other species of
oak encompass a wide variety of sites. Members of the
white oak group can be distinguished from the red oaks
through leaf characteristics. Red oaks have leaves with
apex and bristle-tipped lobes while the white oaks have
leaves with apex and the lobes not bristle-tipped. Red
oak acorns require two years to mature whereas white
oak acorns mature in one season. The oaks tend to be
intermediate in tolerance.

“Pathology Resistarice to decay: Red oak heartwood is

not particularly - durable under conditions favoring
decay. White oak heartwood quite durable under con-
ditions favoring decay. Of the white oaks, Q. prinus is
the most resistant to decay, followed by Q. gerryana, Q.
afba then Q. bicolor.

" Oak wilt, a vascular disease caused by the fungus,

Ceratocystis fagacearum, is serious.and widespread in 21
states. The leaves of infected trees wilt and fall. Some
trees refoliate normally the next spring and again
develop the symptoms while other trees die over winter.
The red caks are more susceptible than the white oak
group. Anthracnose can be very damaging to the white
oaks, whereas leaf blister (Taphring caerulescens) is more
severe on the red oaks (£). The oaks are subject to many
canker diseases, with Nectria and Strumella cankers
common in the North and canker rots common in the
South {frpex molifs, Inonotus hispidus, Poria spictiosa).
Warty excrescences, common on’ oaks, are caused by a
species of Phomoposis. Hepting {4) felt that it was
doubtful that any of the root-rot fungi attacking the
oaks could be tgrmed a primary pathogen,

" The oaks are highly favored for attack by the gypsy

moth {Lymentria dispar),-together with gray birch and
poplar, Silvicultural practices designed to promote the
vigor of trees are helpful in increasing tree resistance to
damage, Other defoliators include the forest tent cater-
pillar (Malacosoma disstria), browntail moth (Nvgmie
phaeorrhoea), white-marked tussock moth
{Hemerocampa - leucostigma), spring cankerworm

R T T o i

[REr




(Paleacrita -vernata), fall cankerwort {Afsophila
porhetaria) - and. orahge-striped oakworm  (Anisota
senarorm) The' following-borers work in various parts of
o-llned chestaut.; bores (Ayrﬂus -bilineatus),
Columblan- timber . béetle. (Corthy{us columbidnus), car-
penter.. worm- (Prionoxystus robinige),” broad-nécked
priontis (Prionus faticoﬂis}, and Ieopard moth (Zeuzem
pyrma) :

Gross Features of the Wood of Whlte Dak - The sapwiood
is whitish to _I_;ght_b_ro\\rn,_ and the heartwood is dark
brown. The wood is hard, heavy to very heavy, without
characteristic oddr or taste, This ring-porous wood has a
distinct, consprcuous growth ring and a high ray fleck.
The sprmgwood pores dre: large, dlstmctly visible with
the- naked éye; formlng a consplcuous band.1.t03 pores
in. width; tyloses are preser[t and often occlude the pores
inthe heartwood. The" transition from springwood to
summerwood .. is abrupt ‘of somewhat gradwal the
summerwood ‘pores - are numerous, small, - not_ distinct

with a hand lens,  scattered ‘in’ radially aligned; flame- -

shaped tracts of “light-colored:- tissue; thin walled.

Parenchiyma are visible with.a hand lens, forining part of

the conjuinctive tissue between the springwood pores and
the rays, composing most of the tissue in the flame-
shaped areas, usually zonate in fine, more or less regular,
_ tahgential. 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,
- ‘separated by ‘several to many. narfow rays, appearmg on
the tangentlal surface as. rather widely. spaced,; staggered
'j'lmes of varying length which frequently ‘extend an inch
OF mare. _al_\ong_ the.grain, formmg__a_ handsomé, high fleck
on the radial surface. T_he-narrow-'si'mple fays are much
- more numerous than the broad rays, indistinct without
‘magnification. Young {5) studied the effects of sewage
effluent irrigation on anal:'ornical: characteristics of red
oak. He found a 26% increase in summerwood and a
44% decrease in sprmgwood in trees. irrigated for 5 years

o .'The followmg lahle Itsts how the woods of the red oak

-'_.__-'group dlffer from the whlte oaks Pcunt #5 s the rnost

L e Oaks

1. .---_:Hea.rtwood rnch Ilght brown o dark brm\fn,

. :without ﬂesh-colored cast.

N textured woods

3 '--_-'Transmon from sprmgwood to- summerwood
generally abrupt :
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4. Springwood pores in the heartwood wsually

occluded with tyloses.

5.  Summerwood pores barely distinct with a hand
lens, thin’ walled more or less angular

6.  Large rays average 0.5-1.25 in {1.3-3:2 cm) high
and frequently more than 1.5 in (3.8.cm). -

Red Ogks

1. Heanwoo_d pinkish or pale reddish brown.

2. Annual rings usually broader, resulting in stronger
textured woods.

3. Transition from springwood to summerwood
gradual to more or less abrupt.

4.  Springwood pores in the heartwood. usually open.

5. Summerwood pores plamly visible with a hand
_tens, thick walled rounded.

6. Large rays average 0.250.5 in {0.6-1.3 cm) high
~ and rarely more than 1.5-in (3.8'cm). -

Microscopic Structure of the Wood
White Oak Group. -

Vessels. ‘Summerwood - vessels 20-120 ﬁer' sq.  mm;
fargest - sprlng\vood vessels: 180-380 im “in dlameter,.
perforatron plates -simple; intervessel pits- orbicular to
oval, 6- 10pm in dtameter

Tracheids.- _Va_s:centnc,'_|'n.termingled with parenchyma,
forming most' of the conjunctive tissue between the
springwood vessels and the rays and composing part of
the flame-shaped areas in wh ich the sum merwood vessels
are  embedded, -

" Fibers. Average, 1.'..4"mlm in length and. 14-22 .,um in
diameter. Cell wall thickness 5.8 ftm. Weight factor 0.45;
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fiber coarseness 14.08 mg/100 m. Fi_t_ieré frequently
gelatinous. Branchwood fibers are significantly shorter
than_stemwood fibers {6). Taylor {7) found no signif-
icant differences in fiber length among -geographic
locations for post-oak, Young (5) studied the effects of
sewage effluént irrigation on anatomical characteristics
of red oak. He found that fiber cell wall thickness was

unaffected. Cano-Capri and Burkart {8) discuss the

distribution of gelatinous fibers in southern red oak.
Tyloses development in white ozk is covered by Meyer

9).

'Rays. Unstoried, ‘homogeneous; broad rays 12-30+

seriate and 150-400+ pum wide in middle, many cells
(into hundreds) in height; nairow rays, very numerous,
uniseriate or occasionally in part biseriate, very variable
in height {1-20+ cells).

Longitudingl- Parenchyma. Abundant; paratrachezl,

metatracheal-diffuse, and usually metatracheal; the para-
-tracheal intermingled with tracheids and distributed as

described above, metatracheal-diffuse restricted to the
fibrous areas and toward the outer portion of the ring,
exhibiting more or less of 2 tendency toward aggregation
into concentric lines of metatracheal.

Red Oak Group Similar to that previously described

- except for the density of summerwood vessels, which are”

only 1030 per sq mm, and the size of the largest
sprmgwood vessels, which are- 200-430 pm in diameter,

Cross Séction of White Qak Showing Two Growth Rings. Abo

visible are eaﬂmvood vessels and small aggregate patches of
latewood ve: Remnants of tyloses can be seen in some
earlywood veasels. Magnification — 30X

Cross sechon of red oik, showug partions of. two grow‘th rings,
a large ray, earlywood’ mmls and amgulm Iatewood vessels
Magmﬁcation - 45X .

Tramm View of R.ed Oak, Shewing One Growth Ring. This is
a Ring Porous Wood, as Contrasted with the Same View of
Sweetgum, a Diffuse Porous Wood. hhgmﬁcation 50X




Gross Features of the Bark

White Qak Gmup On the outer surface white oak bark
is ash-grey and characterized by long. fissures formed by
flatly overlapping ridges of rather thin scales. The outer
bark is-composed of many layers of rhytidome formed
by the yellowish-brown periderm or cork, alternating
with the isolated- brown phloem tissues. Rhytidome of
the white oaks is usually soft, rather loose, and on-cross
section, often wider than the creamy, lightcolored inner
bark, usually about 1 in (2.5 cm)-wide. Broad rays and
sclereid groups are visible. Phillips (70) found that the
bark percent by weight averaged 23% of the total tree,
including stem and branches, Bark percent was 21% for
the stem and 32% for the branches '

Northern Red Oak The outer bark of the mature
northern red cak forms shallow-and broad fissures with
wide and flat-topped ridges and‘is firm, rather hard and
dark brown. The inner bark (secondary phioem) is light
yellowish-red and is as wide or wider than the total
thickness of the rhytidome. Broad phloem rays and
-more or less curved sclerenchyma lines are visible to the

naked eve. Trunks of young trees are smooth and
grayish-brown.

Southern Red Qak Bark of the southern red oak ‘is dark
brown to nearly black with thick rough ridges separated
by deep, narrow fissures. The rhytidome is usually hard
and firm and about the same width or narrower than the
slightly vellow jnner bark (secondary phloem). Broad
phloein rays, often dilated early in the inner bark and
spreading widely at the terminal regions, and more or
- less curved sclerenchyma lines are visible to the naked
eye. Koch {17) found that the percent bark volume
varies inversely with height in red, scarlet and black oak
in trees. 8-10 in {20-25 cm) dbh and smaller. In trees
larger than- 8-10 in (2025 cm) dbh, the variation in
percent bark volume with height within dbh classes is
~too small_to be of practical concern. Koch (72) also
determined that 12% of total volume of stem sections
taken at any height. consisted of bark. Inner bark
thickness varied from 62% of the total bark at stump
height to approximately 90% at a 4-in-top. According to
Choong and Cassens (73}, bark thickness of white and
red oak averaged 0.42 in and was significantly correlated
with cubic volume of each log. '

Microscopic Structure of the Bark
- Wﬁ'ite Oak-'Gro.'ub: _ '.

Periderm. 'Pe_rfdé}gm-\"_[aycrs-ar_é:cﬁh;p'i;uo'h?,ly aligned in
tangential bands, :but’ broken regularly along the radius
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. of the extending phloem rays. The last-formed periderm

 Parenchyma Cells.

is composed of 1-2 layers of phelloderm, a layer of
phellogen and 2-5 layers of phellem. Zones of the regular
thin-walled phellem cells often alternate with 1-2 layers
of thick-walled cells. Regularly aligned, peridermal cells
are rectangular on cross and radial sections with radial
diameters from 8-15 pm, tangential diameters from
20-35.um, and heights, about 30 um.

Sieve Tube Eleménrs. Usually'i.n groups of 4-10. Except

in the last-formed bands next to the cambium, sieve.

tubes are crushed to varying degrees. Sieve tube elements

vary from 220-590 gm in length, Often, short com-

panion cells, about 50 gm high and in strands of up to 6
cells, are associated with them at their narrow dimen-

- ston.

. Frequently aligned in tangential
bands of 3-5 layers and more or less rectangular in cross

section, about 20-30 um in tangential diameter and

50-100 um in height. Forming strands about the same

length as phloem fibers, crystalliferous parenchyma

strands {probably -containing calcium oxalate) are found

-dt the margin of phloem fiber bands.

Phioem Fibers. . |n mostly 2-3 layers, phloem- fibers are

‘aligned in discontinuous tangential bands. The fibers are
- polygonal on cross section with diameters of 75-20 um

and a very narrow lumen. Cell walls are about 6 um
thick with the secondary walls sometimes separated into
2 layers. Tapering gradually to pointed ends, phloem
fibers vary from 0.53-1.39 mm in length. Maturation
often starting at the cutrent season's growth, phioem
fibers usually form pure bands with the crystalliferous
parenchyma strands. At an old growth region, fiber
bands may connect with a sclereid band.

Sclereids. Sclereids are transformed parenchyma and
ray cells with irregularty expanded, thick walls. Sclereids
form small groups that are initiated and often mature
very near to the cambial region. The groups may be
tangentially elongated and form short bands, or
scattered within the broad phloem _ray-s.'

Rays. Phiem rays are of two types. The narrow,
homocelular, usually uniseriate rays are usually about
22 cells or 150-2G0 gm high. The homocellular broad
rays may be nearly 30 seriate. Cells within the broad
rays often become lignified, beginning in the middle
portion of the ray. Cells become very thick, usually
retaining their original shape and size, but at times
expanded and irregular in shape, and often contain
crystals.
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Rhytidome. The transformed secondary phloem tissues
in the rhytidome outside of the Tast-formed periderm are
mostly lignified and expanded cells mixed with sclereid
groups, Sieve tubes are usually crushed and phloem
fibers are not as abundant as in the inner bark,

Red Qak Groip Red oak bark has the basic pattern of
the subgenus Erythrobafanus Spach. {red oak group).
Bark of young trees is basically similar in cell type and
‘tissue arrangement to young white oak. In mature bark,
the composition, cell size and shape of the periderm are
also fundamentally alike, However, the periderm forma-
tion is tess frequent and irregularly spaced, and, as the
phloem rays seldom extend through the periderm, it is
tangentially longer. As a result, the rhytidome is
compact- and comparatively narrower with fewer
periderm layers. In red oaks, the well-developed,
suberized phellem cells are often twicé as thick as those
of the white oak.

"Physical_ Properties of Wood [nformation is available
for many. species of oak but, because of space limita-
tions, only average values are given in many instances.

- Specific gravity

Commercial white oak Green volume 0.59
Air-dry volume 0.67

Oven-dry volume 0.70

Commercial redoak  Green volume " 0.57
et R Afrdry volume - 0.63

" Oven-dry volume ~ 0.67

 Green volume ©0.81

Liveoak .. o
o r o Air-dry volume: 0.89
"~ . Oven-dry volume 0.95
" Density, Ibfcu ft
(kg/eum)
Commercial white oak Green 63 (1009)
T Alrdry C 47(753)
© Oven-dry - 44 {705)
 Commerciatred 6ak " Green- . 64{1025)
. Alrdry .. 44 (705)
Oven-dry 42 (673)
Liveba'k' | o Green - 76.(1217_)
o C © Air-dry " 62 (993)
Oven-dry

59 {945)

R T R I T

Density, Ibfcu ft Oven-dry weight
(kgfeum) - per green volume
Commercial white oak 37 (593)
Commercial red-oak 36 (577) .
Live cak 51 (817)

Taylar '(.7)' fou_nd._ I.n.o'-\-s_iﬁa"iﬁcant differences among
geographic locations In. specific gravity for post oak. He
did find statistically significant - differences between

" stemwood and branchwood specific gravity in red cak,

with higher specific gravity in branches than in stems

6). -

An additional publication on inc.rernent coré specific
gavity of several oaks is Maeglin (74).

Percent shrinkage, dried to 0% moisture content: Com-
mercial white oak, r - 5.4, 1 - 9.3, v - 16.0; Commercial
red cak.r-4.3,t-9.0,v-14.8. '

Percent moisture content, when green

Green basis Oven-dry basis

Commercial white oak 41 70

Comimercial red oak 44 80
Live oak ' 33 . 50
Percent moisturé éontent oven-dry
basis (75)
Heartwood 'Sapwood
White oak o 64 78
Northern red oak - 80 69

Southern red oak - ; 83 15

Manwiller (76) found branchwood tnoisture content to
be lower than that of the stemwood in 11 oaks studied.

An additional publication on moisture content is Phillips

A{70).

Physical Properties of Bark

Sﬁeciﬁc gravi‘ty
green volume-
Commercial whiteoak - Innérbark = 0.67
Quter bark 0.50
Totalbark  0.56

inner bark 0.62
Outer bark 0N

Commercial red oék
' ' Total bark 0.68




Specific gra\fity o'\'ren-ddf
weight & volume (77)

White ozk

Otegon white oak
California white oak
Bur cak.. =
Northern red oak
Southern rad oak
Pine.cak -

Proxinmate Analyses

Lignin, % - -
Holocellulose, %
Alpha-oellulose, %
C. & B. cellulose, %
Ash, %
Pentosans

Total,% . -

- In holocettulose, %-

Acetic acid; %
Methoxyl; % S
Methoxyl in lignin, %
Solubility in- '
Alcoholbenzene, %
-Ether, %
Hot water, %
Cold water, %
Water, %
: AIoohoI %

- Acetyl, %
HemiceWulose, %
Hemicellulose:
Hemicellilose’B,"

Xylan;% . . - oo
- Uronic. anhydncle, % _
CH:,% ST

Ritter-and

. 225
AnC.&B, cellulose,% :
598

244
59t

0.66 -

Fleck (78)
Sap ‘Heart -
317 320
312 302
514 504
0.47 0.42

22,0
248
. 296 218
0.56
214 242
492 8.4
341 6.04

0.68
0.80
0.66

062

~0.61
0.79 -
0.81
0.75

s

Scarlet oak - 083

Black 6ak - | 0.71

Accordlng to Koch (72), specific gravity of whole bark
and outer bark of red oak increased significantly with

height. - Specific gravity of the inner bark increased
progressively with height. Specific gravity of the outer .

bark was smmfncantly greater than that of inner bark at
all helghts above the stump

Chemical Composition of Wood

' Bird and

Ritter {79)

234
75.6

18.7
937

aOn extractwe free wood after aleohol benzene.
bCorrected for uronic anhydride.

.From MeQ not.in lignin. -

Chestnut - Red Southern  Qvercup . Post
Ozk Qak - - Red Oak Oak " Qak
FPL. Aung  Wiseand Wise and iP.C.
(20) {27y  Ratliff (22} Ratiff (22) - . {23)
24.3 206 . 252 276 215
757 T3 - - -
468 442 - 457 424 419

~ . .04 016 041 0.94
192 171 - - —
235 - - - -
47 - - - 4.1
0.6 0.33 — — -
21.1 18.7 - - -
7.2 - - - 5.0%
- 1.73 - - -
- 331 - - -
- - 330 281 2.55
- -\ 233 248 -
- - - - 16.85
t— - - C - 3.5
- - - 200b 1826 -
- - 4.52 58 -
- - 0.6° S+ K -
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Extractives Southern red oak - 18
Swamp chéstnut cak 3.1
LPC. _ Swamp Spanish oak - slight
Project _ Turkey oak ' 24
3212 Manwiller Upland willow oak ' 1.3
Rept.9 (24) Water oak : 1.0
. _ © White oak 27
Solubility in. - o Willow oak slight
Alcohol-benzene, % : S :
Pin oak o 44 - '
Black oak : . 50 - 5.8 For information on phenolics of Quercus rubra see
Post oak 43 - 6.1 Seikel et al. (27). For thloroform and acetone-water
Northern red oak 4.5 6.0 extractives of Quercus afba see Chen (28); triglycerides,
Southern red oak 4.8 50 - steroids, and a ferulic acid ester mixture were found in
'2'(:::2::" w:;:e 03:: ig - heartwood of white oak (28). For information on
n white oa s - . e
White oak i 50 extractives see Rowe and Conner (29).
. Southern :
Overcup - Red Other Information. For an analysis of elements in red
Qak Oak oak sapwood see Choong et al. (30).
.P.C. L.LPC,
Successive extractions (23) (23)
Water, % 9.0 6.7 Chemical Composition of Bark
Ether, % . 0.33 024
Acetone, % _ ' 0.63 049 Proximate Anglyses
Alcohol, % 0.43 0.46 _ . . .
Water, % _ ' 2.4 1.89 White  Northern )
. ' . : Oak Red Oak White
' Chang Chang Oak
o Russell - © and and Murpt;ey
" Tannin content, % . o {25,26) Mitchell  Mitchell  etal.
' (37) (37) (32)
. Blackoak = _ slight ' : :

. Blackjack oak - slight - Ash, % 10.7 54 -

" Chestnut oak : 33 Methoxyl, % . 328 432 -

" Dwarf post cak 54 Solubility in :
Laurel vak none Benzene, % 2.7 4.8 —_
Live oak 69 95% Alcohol, % 44 79 -
Northern red oak o 2.5 Alcohol-benzene, % - - 98
Overcup oak slight . Ethﬂl‘lol, % .= - 14.2
Pin cak none Acetone, % - - 10.0
Past oak © 29 1% NaOH, % . 265 223 145

- Scarlet oak " none Hot water, % - 538 36 154
Shumard red oak none Cold water, % - - - 8.2
The Institute of Paper Chemistry
Project 3212 ort 9 .
' L - Solubility in
Ash, % Calcivm, % Silica, % Alcohol-benzene, %
Plnoak ; 6.3 21 0.1 . - 14.9
Black oak 7.5 2.8 0.06 154
Post oak ' 17.8 5.1 0.02 82
Northern red oak . 5.4 2.2 02 1o
Southern red cak 6.5 26 S 0 T 1.6
Northern white oak 126 - 52 029 - 7.2
Southern white oak :

8.2 3.4 042 ... 86




Mariwiller

. (24)

Solubility in
Alcohol-benzene, %

Black oak 175

" Post oak - 128

Northernred oak - 134

Southern red oak 14.7

129

White cak

‘Fhie inner bark of red oak contains 11.1% ash, while the
outer bark contains 8.9% {30).

Carbohydrates. For reducing sugars from. extractive.
_ free bark of red and white oak see Chang and Mttcheﬂ
(3n). )

Extr’actiw#.
and Conner (29).

Other Information. For an analysis.of elements in inner
and outer bark of red oak see Choong et al, {30},

Pulping

Alkaline. This pulp from white, red, or scrub oak is
generally of low quality; burst strength and breaking
length are low (33)..Continuous pulping can be used to
produce a dissolving:pulp from turkey oak {34).

: Asp!und. This'pulp'_is-used.for'har.aboar'd. o

Green Liguor, _. Pulp is made from 45% red oak, 45%
white oak, and 10% other hardwoods; it is. used for
corrugating medium (35),

Groundwood, White .oak is best bleached by a two-

. stage process. with peroxide-hydrosulfite {36). Pulp made
from 80% water cak and 20% willow oak contained 439%
fines and, had an opac:ty of 92 ?% (37).

Hofopaaamg Optnmum conclltlons for Iaboratory -scale
process are alkaline .pretreatment, lignin modification
with. sodium-: chlonte_ acidified with glacial acetic acid
with a wettm present, and alkaline extraction; the
yield was- h|ghe ap with unbleached kraft pulp, and it
was -higher in burst strength and breaking length and
lower in tear strength than kraft pulp (38).

Kraft. - Red. _oa Uped readily’; the yield is low, the

_ pulp s rath to_bleach, requiring 15-25%
- bleach. South pulped readily; the yield is

. normala éd. Small post oak is pulped

readily; the: nd.it is faicly easily bleached.

Fot information on extractives see Rowe

17

White oak is pulped readily, the yield is low, and the
pulp is very difficult to bleach, requiring 22-25% bleach.
Overcup oak is difficult to pulp; the vield is low, and it
is difficult to bleach. Some oaks are used in mixture
with other_native -hardwoods as the short fiber com-
ponent in book and magazine grades (39, 40, 47, 42}, A
sulfidity of 30-40% produces easily bleached pulp that
requires 7-8% available chiorine to produce a GE
brightness of 75 in a single stage (43). The pulp is easily
bleached, requiring 3.86% total chlorine for GE bright-
ness of 80 at a permanganate number of 12.4 (27).
Linerboard is made from high-yield kraft pulps; for
physical and chemical properties see Setterholm and
Benson, (44). Polysulfide added to kraft liquor increases
the vield from red cak {#5). For physical properties of

~ white oak kraft pulp see Horn (46). For pulp strengths

of water cak before and after bleaching, see Perkins
(47). Bark at-a concentration of 16% by weight did not
reduce the strength or brightness of pulps made from a
mixture of northern red oak and white oak (37). For
properties of kraft pulps bleached to GE brightness of
80, see |ett and Zobel {48).

NSSC, The pulp is used for corrugaﬁng medium.

- Nitrocell, This..prdcess gives a relatively 'high yield of

nitrie acid pulp which is about as strong as sulfite pulp
and not as strong as kraft (49),

Semf;hémlcgﬂ The 'pglb is used for newsprint.

Semikraft. Corrugating medium has a flat crush value
of 45 p.s.i.; the bleached pulp has low strength (50).
Southern red ocak pulps are suitable for corrugating
medium (57). Pulps containing bark were too weak for
use {52).

Soda. White ocak wood is readily pulped; the yield is
low, and it is very difficult to bleach (£2); it requires
35-40% bleach. Quinone additives used for pulping red
oak significantly increase the delignification rate and
pulp yield and reduce rejects without significant losses in
strength (53).

Cold Soda. “Continuous pulping trials, mechanical
properiies, and physical properties of pulps made from
80% water oak and 209% willow. oak are reported by
Brown {37); the pulp strength is slightly above that of
softwood groundwood; cosrugating boards have Concora
values somewhat below the commercial range of 70-80
Ib. Boards made from 1 part red oak and 2 parts white
oak had a Concora value of 51.3 Ib. Both pulps had
standard ring compression resistance; pulps .can be

DR




78

bleached with calcium hypochlorite to about 60-70%
brightness with 6 -and 10% available chlorine; opacity
was 82-86%.

Suffite. Red cak is pulped readily; the yield is normai,
color is fair, the pulp is rather difficult to bleach. White
oak is pulped with some difficulty; the vield is normal;
the pulp is specky and difficult to bleach and requires
30-35% bleach, (42). Neutral sulfite pulps produced in
high vield were stronger and lighter colored than the
semikraft pulps made from southern red oak, and the
- pulp is suitable for corrugating medium (57).

Uﬁli;ati_on of Woodand Bark

- Use. Properties of Wood. The oaks are relatively heavy
woods, Large pores give them their coarse texture. White
oaks usually have plugged pores, which make the wood
impermeable. Oak is-usually straight-grained, hard, quite
strong, very stiff, tough, and bendable. Oak takes well 1o
machining and gluing, and it holds fasteners. excep-
tionally well; it tends to split when nailed. It takes a
good finish, Oaks tend to shrink considerably, and they
must be dried more slowly than many other hardwoods.
Drying too quickly in a kiln can cause end and surface

checking, honeycombing, and collapse, particularly in

_2Z-inch or thicker lumber. Red oaks are easily penetrated
with preservatives. There is a beautifu! ray fleck on the
quarter surface. White oaks are durable, while red oaks
are not durable. Rapid-growing, second-growth oak is
generally stronger, harder, and tougher than old-growth
timber which is finer grained, softer, more easily
waorked, and takes a finer finish,

Calorific Value of Wood

White oak
30 6 x 10% BT Ufair-dry cord

5 'BTU!Ib air-dry
3215 k calfkg air-dry

7780 BT Ujoven-dry Ib
4325 k calfkg oven-dry

Red Qak _
273 x 1_0" BTU/air-dry cord

5810 BTU/Ib air-dry
S 3230k cz_ll_k_g air-dry

© 7800 BTU/Ib oven-dry
4335 k calfkg oven-dry

- I K o v Lo R X
B T Tl T T e R - O T TTI | R YT T

Calorific value of cellulose from extracted wood:
7,320 BTU/Ib

 Calorific value of hetnicellulose from exiracted wood:
7, 165 BTU/Ib

Calorific value of Ingmn from extracted wood:
9,705 BTU/Ib

Catorific value of extractive-free wood:
8,575 BTU/Ib '

Calorific Value of Bark

White oak
272,800 BTU/ft®
1945 k cal/m®

7260 BTU/oven-dry 1b
4035 k cal/kg oven-dry

Red ocak
353,615 BTU/f®
2520 k cal/m®

7850 BT Ufoven-dry Ib
4385 k calfkg oven-dry

Chemiical Uses of Wood,” Alcohol production from
southern red oak is 36 gallons of 25% alcohol per ton by
the Madison process.

Destructive distillation: Chestnut Oak  ‘White Oak’
Methanol, % 1.22 _ 1.34
Acetic acid, % 488 4.60
Tar, % 10.2 1.8
Charcoal, % 39.6 458

Chemical Uses of Bark. The bark is used for tannins
and for internal and external pharmaceutical purposes
(29).

Other Uses of Wood. Qak, principally white o;a.k, is
used for shipbublding and boatbuilding. Oak is used for-

_railroad ties. It is also used for hardwood dimension and

flooring, for furniture, as veneer, particle boards, char-

coal, pulp, chemical extractives, and plywood in mill-

work and furniture. White oak is used for tight barrels, -
kegs, and casks for the storage and curing of whiskey
and wine. It is used for truck and trailer beds, mining
timbers, containers, paliets, caskets, boxes, paneling, jigs,
piling, cross arms, msulator pms, poles, fence posts, and
fuel. Saw dust is fed to cattle and sheep.

..a:n'.l'-'-!ii.l.-‘-)tliﬁri«!:ii'krf-:u:tx.-:-.'-.‘;i-.:-;_I&.-,'t--: .-\._ _!' ':- ..




Other Uses of Bark. Oak bark is used for phenol-
bonded barkboard. Methods for improving wet- and

10,

11.

12.

13,
14,
15
%6.

17.
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AMERICAN BASSWOOD

Scientific Name Tifig ernericana L:

Synonyms American linden, finden, linn, beetree,
limetree, basswood :

Family Name~ Tiliaceae

- Range Norith central and northeastern states and dd-
‘jacent Canada. -

Silvics The mediumi-sized tree has-a long, clear, cylin-
drical, sometimes buttressed bole, and 2 deep but
widespreading root system. Best growth is in the Chio
valley where it occurs on deep, moist soils with

yellow-poplar, ;sugar maple, white ash, red oak, beech, -

and black cherry, In the north, it grows on drier, more
rocky sites in mixture with- sugar maple, yellow birch,

American efm, and -beech. Basswood is 2 prolific

sprouter. The species is rated as tolerant,

Tree Dimensions. 70-80 ft (21-24 m) tall and 23 ft
(6191 cm) in diameter. On- good sites American

basswood -teaches 120-140 it {37-43 m) in height and '

44 1/2 f.{122-137 cm}in diameter.. . - . .
Pathology Resistance to decay’ low.

s suffe from disease.- However, wood rot
affects a large percentage of the larger trees and is caused
by Oxyporus 'populititis, -~ Hydnum septenirionale,
Pholiota “adiposa, lrpex:'mollis, and others, The most
widespread leaf-spot disease: is anthracnose (Gromonia
titige) but it seldom
galligena can.cause-iby
However, in’a-study

cankering on basswood (7).
- York, cankered trees had

much damage, Nectria

grown faster than uncankered trees at the end of ten
years (2). ' '

Principal defoliators of basswood are the spring canker-
worm  (Pafeacrita vernatg), the fall cankerworm

(Alsophila. pometaria); the gypsy moth (Lymantria
dispar), the variable oak leaf caterpiltar {Heterocampa

manteo), the white-marked tussock -moth

(Hemerocampa leucostigma), and . the - walkingstick

{Digpheromera femorata). Basswood is a preferred host
for the latter two- species. The linden borer (Saperda
vestita) oceurs in. the northeastern states and weakened
trees are most susceptible to attack. - '

Gross Features.of the Wood The sapwood is whitish o

~creamy white or -pale brown, merging nore. or -less
. gradually “into the darker. heartwood ‘which - is pale

brown, sometimes, with 2 reddish tinge. It is soft, Tight,

“straight - grained; fine; even ftextured, with a faint
characteristic odor“on a fresh-cut surface, and tasteless.
‘Growth. rings are fairly distinct, pores numerous, small,
Adistinctly visible with a hand lens, quite evenly - dis-
tributed, solitary and in radial or tangéntial groups of 2

or more. Parenchyma are not visible with a hand lens,
zonate. The rays are variable in width, the broader not
distinct in the cross section without a hand lens, forming
high, scattered ray flecks on the quarter surface,

Microscopic Structure. of the Wood

Vessels. 100-160 per sq. mm, the lasgest 60-160 gm in

dia__niéter, av. length 0.43 mm; perforation plates simple;
spiral thickening present; intervessel pits orbicular to
angular, 5-8 gm in diameter; volume occupied, approx.
56%. '

Fibers. Average, 1.1 mm (0.4-1.9 mm} in length, 24-36
#m in diameter, thin walled; volume occupied, approx.
36%. _ : :

Rays. Unstoried, of two widths; broad rays-l~6-seri'ate-,

up to 1.2+ mm. in height, essentially homogeneous;

narrow rays uniseriase. for the most part, much lower

_than the broad rays {mostly less than 300 tm high), the

cells nearly uniform in size but higher than those in the
broad rays. Volume occupied, approx. 6%. '

Longitudinal Parenchyma. Abundant, terminal and
metatracheal, the lines are numerous and uniseriate;
volume occupied, approx. 2%,

Publications in this area include Evert and Déshpande (3,
4). '
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SEM Micrograph Showmg lnter\ressel Splml Thickening - of
- Passwood, Magmficatmn -~ 1000X

Gross Ftures of the Bark Gre.en or grayish green on
young trees, later breaking up .into narrow ridges,
- somewhat scaly on the surface.

Mictoscopic Structure of the Bark (5)

Periderm. Superficial, continuous; phellem many
- layered, thin walled; cells regularly oriented; phelloderm
variable, narrow to well developed.

Steve Tube Elements. 400-500 um long; end walls
slightly oblique to oblique; side wall thick; starch grains
2bundant; sieve plates oblique to slightly oblique to
almost transverse, simple or compound; when com-

10 large, equally spaced sieve

pound,: compo P 8

areas; pores wide.

Parenchyma. Abup .a'lat grouped, and banded; bands
lying-in: between herand sieve tube bands; cells as
wide as or sornewhat narrower than the sieve tubes.

Phloem Rays. Hetérogehéﬁtjs_,.r;ot sclerified.

Physical Properties of Wood

Green volume 0.32

Specific gravity
Alr-dry volurne 0.36
Oven-dry volume 0.38
Density, Ibfeu ft _
" (kgfeu m) Green 11 (657)
: Air-dry - 26 (416)
Oven-dry : 24 (384)
Density, Ib/eu ft :
(kg/cu-m) Cven-dry weight
per 'green volume 20 (320)

An additional publication related to specific gravity is
Maeglin (6).

Percent shrinkage, dried to 0% moisture content: r -6.6,
t-9.3,v-158.

Percent moisture content, when green

Green basis _ - 51
Oven-dry basis _ 105
Percent moisture content, oven-dry

basis (7) :
Heartwood ' 81
Sapwood _ 133

Physical Properties of Bark

Specific gravity oven-dry
weight & volurne {(8) 0.54

Chemical Composition of Wood

_ | Proximate Ana!yse&

Lignin, %
Holocellulose, %

C. & B. ¢ellulose, %
Alpha-cellulose, %

Clermont and CFPL

Schwartz (9) - (10) _ F.P.L,
17.212 2000 -

78.6b o163

44.98¢




“Hemicelluloses; % .
' Ash, % S
Pentosans,%" S
Acetyl, %
Methoxyl, %
Solubility in _
Alcohol-benzene, %
Ether,% -
1% NaOH, %
Hot water, %
Cold water, %
" Uronic anhydride, %
In hemicelluloses
Pentosans. -
Uronic anhydride -
Hexosans (by-difference)

3Correcwd for ash.
bCorrected for extractives, ash, and Ilgnin
‘Corrected for lignin and ash

dExpressed as a percent of the moisture-free hemiceluloses,

McMillen et al. (77) give analysis using modified F.P.L.
methods.

Extractives. Ether solubles are 0.9-13.2% of whole :

_wood (12). See “Chemical Uses of Wood” following.
Puiping

Kraft. The wood is readily pulped, yield is normal; and
the pulp is fairly easy to bleach {13).

Se'mfchemfcéf_. The organic acids maleic acid, citric
acid, and phthalic acid promote strength development in
semichemical pulping {74).

Soda. The wood is readily pulped to a high yield; the
- pulp is fairly easy to bleach (13).

Suffite. The pulp is very shivy and cannot be bleached
satisfactorlly (13).

Utilization of Wood and Bark

Use Properties of Wood. The wood is soft, light,
straight grained, and easily worked. The sapwood has a

clean white appearance, It seasons without difficulty,

22932 - -
0.60 0.7 0.86
16.10 16.6 221
5,90 - 5.79
521 - 6.00
_ . 4 —
454 - 2.1 1.96
25.00 19.9 238
3.23 2.4 4,07
2.01 | - 212
5.02 : - -
614 - -
18.44 _ - -
20_5:1 ' _ -

has a smooth finish, takes and ho‘lcis paints-excellently, is
not durable, and it has good gluing and nail-holding
properties.

Calorific Value of Wood

17.0 x 10° BTU/airdry cord
Chemical Uses of Wood. The wood is a source of useful
pharmaceuticals; extractives include tannins, flavonoids, -

coumarins, triterpenes, and sterols. Fraxin is in twigs,
and fatty acids are in the heartwood and sapwood (73).

Other Uses of Wood. it is used for lumber, veneer, and
bolts, cooperage, and excelsior, Only a minor amount is

" used in mixture with other hardwood species for pulp

and other fiber products. The light color of the wood,
the freedom from warping, and good gluing qualities
make it especially desirable for concealed furniture
parts. The veneer is used in plywood, furniture, fixtures,
baskets, crates, luggage, millwork, rusical eguipment,
and sporting goods. | -

Other Uses of Bark. The inner bark is used for weaving
chair seats and baskets. '
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WHITE ASH

Scientific Name - -Fraxinus americana L.

Synonyms Amencan ash Biltmore ash, Blitmore white
ash

Family Name Oleaceae

Range Eastern half of the United States and adjacent
Canada, from Nova Scotia west to eastern Minnesota and
south to eastern Texas and northern Florida, Karchesky
and Koch (7) estimated that ash spp. amounted to 0.9%
of the hardwood volume on pine sites in 12 southern
states,

Silvics This large tre¢ has an open, pyramidal crown of
long, slendér, lateral branches. Within jts wide range,
white ash grows under highly variable climatic factors.
Local distribution is limited by requirements in regard to
soil moisture and fertility. It reaches its best develop-
ment 6n moderately wetl-drained soils and grows most
commonly on fertile soils with a high nitrogen content
2nd moderate to high calcium content with pH tolerance
from 5.0-7.5. White ash is easily propagated by conven-
tional methods of budding and grafting, and sprouts
readily from freshly cut stumps of seedlings and saplings.
Young ash trees have a strong apical dominance that
causes them to grow vertically and comparatively branch
free, and open-grown trees commonly remain single
stemmed with only fine branches untit they are 30-40
years old. Common associates include eastern white
pine, northern red oak, white oak, sugar maple, red
maple, yellow birch, American beech, black cherry,
American basswood, eastern hemlock, and yelow-
poplar. The species is rated as intermediate in tolerance,
although it becomes less tolerant as it grows older,

Tree Dimensions tn mature forests, heights of 70-80 ft
(21-24 m) are common and some trees in the Ohio River
bottomlands attain heights of 120 ft {37 m) and 6 ft
(183 cm) dbh.

Pathology The leaf spot, Mycosphaerella effigirata, is
comrhon, as is M. fraxinicola. Defoliation may occur on
" young trees, There are :no noteworthy stem diseases of
white ash. Nectria galfigena cankers occur on branches
but are rarety found.on the main stem. Heart.rot fungi
causing cull in white-ash include Fomes’ fraxinophilus,
Phellinus  igniarius, :Pleurotus ostreatus, Polyporus
spraguei, and -P. sulphureus (2}. Ash dieback, the cause
of which is unknown, has affected large numbers of trees
in the East and westward to Mnchigan '

The most serious insect pest of white ash is the
oystershell scale (Lepidosdphes uimi) with severe infesta-
tions capable of killing trees. A less troublesome scale is
the San Jose scale (Quadraspidiotus perniclosus).
Seasoned ash is a favored species for attack by powder-
post beetles (Lyctus spp.}, all of which feed on sapwood.
Leaf feeders include the brown-headed ash sawfly
(Tomostethus multicinctus) the forest tent caterpillar
(Malacosoma dissiria), the fall cankerworm (Afsophila
pometaria), the elm spanworm (Ennomos subsignarius),
and the cecrapia moth (Hvelophora cecropia).

Gross 'l'-'eaitures of the Wood White ash has a nearly

- white sapwood and a héartwood that is grayish brown,

light brown or pale yellow, streaked with brown. The
wood is straight grained, heavy and hard with distinct
growth rings (ring porous), firm and lustrous, wihtout
characteristic odor or taste. Earlywood pores are large,
distinctly visible to.the naked eye while [atewood pores
are small and barely visible. Parenchyma are visible with
a hand lens while rays are not distinct or barely visible to
the naked eve.

Microscopic Structure of the Wood

Vessels, Average, 0.29 mm in length and 3-5 um in
diameter. Vessels véry few in nuniber; largest earlywood
vessels large to very large; perforationiplates simple;
intervessel pits orbicular to short-oval or occasionally
somewhat angular through crowding (3).

Parenchyma. Paratracheal-vasicentric, paratracheal-
aliform to confluent in the outer latewood and marginal.

Rays. Unstoried, 1-3-seriate am_:l homaocellular,

Trdcheids. Vasicentric tracheids present, confined to
the immediate vicinity of the earlywood vessels.

Fibers. Average, 1.2 mm in length. Libriform fibers are
thin-to-medium thick-yalled, fine-to-medium. McElwee,

“et al. {4) obtained the following fiber lengths at b.h.: 1st

ring - 0.79 mm, 3rd - 0,90 mm, 10th - 1,18 mm, and
25th ring - 1.14. Cell diameters at the 25th ring averaged
22,73 pm, Hiller (5) found no indications of any
relationship between fibril angle and ring width or fiber
length when trends of variation were compared, but a
significant negative correlation was found between fiber
length and fibril angle measured on the same fiber.
Manwiller (6) obtained a mean fiber length for branch
wood of 0.87.
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Gross Features of the Bark The bark 6 white ash is
ashy gray although young stems may have an orange
tinge. Later, the bark becomes finely furrowed into
close, diamond-shaped areas separated by narrow, inter-
“lacing ridges. On very old trees the bark is slightly scaly
along the ridges. Choong and Cassens (7) reported. that
bark thickness ranged from 0.38-0.54 in {.97-1.37 cm)
and that bark thickness was not significantly correiated
with cubic volume of the log.

Microscopic Structure of the Bark

Outer Bark. The outer bark or rhytidome consists of
many regularly spaced layers of periderm and dead
secondary phloem tissue. A periderm is composed of 2-3
layers of phelloderm, a layer of phellogen anid several,
usually 3-5, layers of thin-walled phellem cells. The walls
of most cells in the outer bark are lignified.

tnner Bark. The inner bark or secondary phloem is
~ composed of phloem rays, alternate bands of sieve tubes,
phloem parenchyma and sclerenchyma (restricted to
phloem fibers). The general arrangement is. (a) sieve
tubes, 1-2 cells in width, alternating with (b} phloem
parenchyma, 1-2 cells in width, bordered by {¢) discon-
tinuous tangential layers or bands of thick-walled
phloem fibers. The sieve tubes and phloem parenchyma
retain, more or less, their original shape and size
throughout most of the inner bark after they become
functionless. The phloem fibers are more or less round in
£ross. sectlon averaging approximately 1.12 mm in
Ierlgth and 20-25 um in diameter. The last-formed
‘tangential band of fibers is located approximately 0.25
mm from. the cambium zone. These types of cells are
bordered rad:ally by homogeneous phloem rays which
are generally 1-3-seriate. Harder, et al. {8) found 2
fibrous yield of 16% when white ash bark was pulped to
a solids yield of 35.7%. ’

Physical Properties of Wood

Specific gravity Green volume 0.57

McEIwee, et al. {4) obtamed a density (Ibfft3) at b.h, of
33 7.

Mltchell (9) found that a trend toward increased specific
gravity with increased growth rate was discernable.

Manwiller (70) obtained a stem wood specific gravity of
0.58 and a branch wood specific gravity of 0.56 for
&-inch trees growing on pine sites.

TR

Additional publications telated to specific gravity in-
clude Maeglin (77) and Jett and Zobel {72).

Percent moisture content: ovén-dry

basis {73)
Heartwood 46
Sapwood 44

Manwiller (#4). obtained a stem wood moisture content
of 47.5% and a branch wood moisture content of 46.1%
(dry weight basis) for 6-inch trees growing on southern

" pine sites.

Physical Properties of Bark

Specific gravity Inner bark 0.52
green volume Quter bark 0.43
' ‘Total bark 0.50
Density {100% moisture Green weight/ :
content) green volume  0.95
Spe&iftc gravity oven-dn.r- :
0.52

weight & volume (75)

Manwiller {70) obtained a stem bark specific gravity of
0.41 and a branch bark specific gravity of 0.45 for
6-inch (15 cm) trees growing on pine sites,

Murphey, et al. (76) obtained 2 bark specific gravity of
0.48 on an ovendry basis and 0.33 on a swollen basis.

Manwiller (74) obtained a stem bark moisture content of
68.4% and a branch bark moisture content of 77.9%
{dry weight basis) for 6-inch {15 cm) trees growing on
southern pine sites,

Chemical Composition of Wood

Proximate Analyses

~ Karchesy and.Koch (7)

" Georgia Tennessee

Lignin, % ©23.3 24.8
Cellulose, % 487 39.5
Hemicellulose, % - 235 29,1
Ash, % - 03 03
Extractives, % o 5.4 6.3

The wood contains 6.0% (77) and 4.0% (78) alcohol-
benzene extractives. -

ik c
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Extractjves. Ether solubles are 0.9-1.2% of the sapwood
and 0.4-0.5% of the heartwood (79). For flivonoids see
Fitzgerald and Reines, (20). For information on extrac-
tives see Rowe and.Conner, (27).

Chemical Composition of Bark

-Prbm?nate:'A}?alyses.- Theé bark _cqntains_ 4.4% ash and
12.6% (78) and 17.0% {77} alcohal-benzene extractives.

Extractives

Murphey et af.
(22)
' Solubility in _

“Acetone, % . 122
-Ethanol, % - . 10.7

- Ethanokbenzene, % - - 132
1% NaOH, % ' : 15.0
Hot water, % 129

Cold water, % 1.2
For information on bark extractives see Rowe and
Conner (27).

Pulping
Groundwood. The pulp is tow in Strength and of fairly
good color. It is used in limited amounts in book and

magazme papers (23).

‘Soda. The wood is readily pulped; the pulb is rather
difficult to bleach,

- 87

Sulfite. The wood is fairly readily pulped; the pulp is of
poor color and is specky and rather difficult to bleach.

Utilization of Wood and Bark
Use Propérties of Wood. The wood is generally straight-

grained and shrinks moderately; it holds its shape well
and can be kiln-dried rapidly and satisfactorily, It is

heavy, hard, strong, stiff, high in shock resistance, and -
wears smooth with tise. The wood can be machined weH,

it is better than average in nail- and screw-holding
strength, and it is intermediate for gluability.

Calorific Volue of Waod
25 x 10% BTU/aic-dry cord

8035 BTU/oven-dry Ib
4465 k cal{kg oven-dry

Calorific Value of Bark

7695 BTU/foven-dry Ib
4275 k calfkg oven-dry

263,730 BTUf?
1880 k calf/m?

Chemical Uses of Bark, I't haé been used in folk
medicine (27).

. Other Uses of Wood. 1t is used for handles, especially

for farm implements. It is also used for furniture,
hardwood dimension and flooring, millwork, sporting
and athletic goods, and wirebound boxes and crates,
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St:ien_tific Name Fraxinus nigra Marsh,

Synenyms Swamp ash, basket ash, brown ash, hoop
ash, water ash '

Family Name OCleaceae

Rarjge Northeastern and MNorth Central Regions and
adjacent Canada.

Sitvics This small to medium-sized tree has a rather
‘poorly shaped bole, a small, open crown, and a very
shallow, fibrous root system. It occurs along stream
banks or swamp borders in association with white-cedar,
balsam fir, red maple, yellow birch, and black tupelo, It
reaches best development in northern Michigan and
northern Wisconsin on peat soils. It typically occurs in
: ogs, - along streams or in other poorly drained areas
here there js-a high water table. Black ash is rated as
ntermediate in tolerance:

“Tree Dimensions 40-50 ft (1215 m) tall and 18 in {46
-<m) in diameter. , _ :

-\Pithology Resistarice to decay: low+

‘Black ash is subject to many of the same diseases as
“white and green ash, including the leaf spot,
Mycosphaerells  effigurata and the canker, MNectrin
. galligena. The spengy white heartwood rot, /nonotus
fspidus, is usually found in the upper tree trunk, where
t. gains entrance through wounds and can occasionatly
e serious (7).

e main insect pest of black ash is the oystershell scale
Lepidosaphes ulmi). Damage has been severe, with
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BLACK ASH

‘entive stands killed. Leaf feeders include the cecropia
moth {Hyalophora cecropia), the forest tent caterpillar
{Malacosoma disstrig), the fall cankerworm {4 /lsophila
pometgria), and the elm spanworm (Ennomos sib-
signarius). :

Gross Features of the Wood The very narrow sapwood
of black ash is whitish to light brown, and the
heartwood is dull grayish brown to brown (darker than
in white ash). The wood is medium hard, moderately
strong, medium heavy, straight grained, without charac-
teristic odor or taste, The wood is ring porous with
distinct growth rings which are frequently narrow, The
springwood pores are large, distinct to the naked eye,
and form a band 2-4 pores in width; the summerwood
pores are small, barély visible to the naked eye, salitary
and in radial groups of 2 or 3, rarely joined laterally by
parenchyma in the late summerwood, The transition
from springwood to summerwood is abrupt. The longi-
tudinal parenchyma are visible with a hand lens, forming
a narrow sheath around the pores in the summerwood,
and rarely uniting them laterally. The rays are indistinct
or barely visible to the naked eye on x-section.

Microscopic Structure of the Wood

Vessefs. In the summerwood 8-30 per sq mm; largest
springwood vessels 160-260 pm in diameter; average
length 0.27 mm; perforation plates simple; intervessel
pits orbicular to short-oval or occasionally somewhat
angular through crowding, 3-6 g#m in diameter, Volume
occupied, approx, 12%.

Tracheids. Vasicentric,' confined to the vicinity of the
springwood vessels,

Fibers. Thin to fairly thick walled, 1222 gm in
diameter and 1.3 mm long, Volume occupied, approx,
69%. ‘

Rays. Unstoried, 1-3-seriate, homogenéous. Volume
occupied, approx. 12%. —

Longitudinal Parenchyma. Paratracheal, rarely para-
tracheal-confluent in the late summerwood, and ter-
minal; sheath of paratracheal parenchyma around the
summerwood vessels uniseriate for- the most part; ter-
minal parenchyma fairly abundant, grading into the
tissue of the succeeding growth ring, not forming a
distinct line. Volume occupied, approx. 7%.
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Gross Features of the Bark Thin, gray to gray black,

relatively smooth, later shallowly fissured into. inter-
lacing, scaly ridges. :

Physical Properties of Wood

- Specific gravity - Green volume - 0.45
Air-dry volume 0.49
" Qven-dry volume = "0.53

- Dénsity, Ibfeu ft : _
. fkgfeum) Green. 52 (833)
. S . -Airdry . 334 (545)
Oven-dry 33 (529)

Density, lbfcu ft .
{kg/cu m) Oven-dry weight .

per green volume 28 (448)

.An addltlonal pubhcatlon related to specif' c grawty is
‘Maeglin (2).

Percent. shrm kage, dried to O‘% monsture content: r - 5.0,
t-7.8,v-152 .

Percent moisture content, when green
Green basis - ' 46
Ovenedry basis - . 85

' h Peroent maisture content oven-dry
“Basis (3)

Heartwood o 95

Sapwood . ' : : -

Physical Pro‘pert_ies of Bark
Specific gravity ' §
~ oven-dry weight & volume (4) 0.55
‘Chemical Co_mpositibn of Wood
Praximate Ana!yse;

Clesmiont and
Schwartz (5)

Lignin, % 18602
Holocellulose, % = - - - S B
Alpha-cellulose, % - . -+ 47.36¢

Chemical + Uses’

G et i

: Hermcelhjiosss, % 21.182
Ash, % " (066
Pentosans, % E : - 16.66
Acetyl, % _ ' 5.34
Methoxy, % . 5.96
Solubility in ' . -

Ether, % 0.70

1% NaOH, % : ' 20.78

Hot water, % - : ' 3.63

Cold water, % . 3.1
Uronic anhydride, % : : 523
In hemicelluloses

Pentosans, % _ . e40d

Uronic anhydride e 19.1d

Hexosans (by difference) 16.9d
aCorrected for ash.

Jortected for éxtiactives, ash, and lignin,

“SCorrected for ash and lignin.

dAs % of moisture-free hemicelluloses.

Extractives, For _information on extractives see Rowe
and Conner {6).

 Chemical Composition of Bark

Extractives. See Rowe and Conner {6).
Utilization of Wood and Bark

Use Properties of Wood. The wood is not as strong as
white ash but is moderately strong, hard, and stiff. 1t
splits easier, shrinks more, is average in workability, and
performs somewhat fess favorably in-service, especially
when exposed to extreme-cycles of moisture from wet
to dry. The heartwood is dark; it has a fine grain,
pleasing figure, seasons well, holds its shape well, has
excellent bending qualities, and is medium in hardness.

Calorific Value of Wood E . “'

22.6 x 10° BTU/3)

yestructive -distiffation:

pyroligneous aci 2% charcoal, 39.3%.

interior trim, &
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GREEN ASH

' 'S‘cientiﬁc Name Fraxinus pennsylvan!ca Marsh,

Synonyms Red ash, Darlington ash, white ash, swamp
ash, water ash

Family Name Oleaceae

Range The most widely distributed ash in North
America. Its range extends from Nova Scotia to south-
eastern Alberta and Montana south to central Texas and
_northern Florida. Karchesky and Koch (7} estimate that
ash spp. occupy 0.9% of the hardwood volume on pine
sites in 12 southern states. There are roughly 6 billion
board ft (.02 billion m3) of ash saw timber in the South

@.

Silvics This medium=sized tree has stout, upright
branches, forming a compact, irregular crown. Although
natural stands are confined to bottomlands, it grows well
when planted on moist, upland sites. Green ash has
thrived when planted on medium to coarse-textured
upland sands and loams with good moisture relations
and with neutral to alkaline reactions (3). Green ash is
easily propagated by cuttings or grafting and it sprouts
readily from the stumps of young trees, Young ash trees
have strong apical dominance and a single straight stem
until they are 15 ft (4.6 m) or more in height. Common
associates include boxelder, red maple, pecan, sugar-
berry, sweetgum, American sycamore, eastern cotton-
wood, plains cottonwood, quaking aspen, black willow,
and willow oak. The species is rated as intermediate in
tolerance.

Tree Dimensions 50-60 ft (15-18 m) tall and 1 1/2:2 ft
{46-61 cm) in diameter,

e Pathology Pathology of green ash is similar to that of

white ash. The heart rot fungus, Foemes fraxinophilus is

of greater importance in green ash because both green

ash and-the fungus are prevalent in the Central and Lake
States (4). Green ash is the only species of Fraxinus
reported to be susceptible to Verticillium wilt (V.
albo-atrum). Ash dieback has taken its toll of green ash
although numbers of trees affected has not been as great
as in white ash,

As with white ash, the most serious insect pest of green
ash is the oystershell scale (Lepidosaphes ulmi), which
" can cause mortality among small trees and seedlings.
Green ash also suffers from the same defoliators as white
ash, including the brown-headed ash sawfly

R LI . P R S e

“the wood has no characteristic odor or taste. Summer-

-wall thickness, and cell diameter was associated w

(Tomostethus multicinctus), the forest tent caterpillar
(Malacosoma disstrig), the fall cankerworm (Alsophifa -
pometaria), the elm spanworm (Ennomos subsignarius),
and the cecropia moth (Hyalophora cecropia).

Gross Features of the Wood The heartwood varies from
brown to grayish brown ‘while the sapwood is light-
colored or nearly white, Growth rings are distinct and

wood pores are barely visible to the naked eye. The
wood is heavy, hard, strong, brittle, and coarse-grained.
Second-growth trees contain a large proportion of
sapwood while old-growth trees, which are scarce,
characteristically have little sapwood,

Microscopic Structure of the Wood Similar to white’
ash, o ,
Average fiber fength of 1.27 mm. Manwiller (5) obtained
a stem wood fiber length of 1.16 mm and a branch wood,
fiber length of 0.84 mm for &-in {15 cm) diameter tees
growing on southern pine sites. Saucier and Hamilton {6)|
found that the greatest variability in fiber length, ce

horizontal position from the pith. Variation with heigh
or radial location within trees was of much lesg
importance. The greatest changes in cell dimens
occurred in a core of wood surrounding the pith wh
contained approximately 5 annual rings and exten
the length of the tree.

Gross Features of the Bark Usually gray and,
mature, trees it is finely furrowed into dlamond-shape'
areas, separated by narrow, interlacing ridges. On youn
stems, it may have an orange tinge,

Microscopic Structure of the Bark

Inner Bark. The inner bark of an examined specime
was quite thick, about 5 mm, and was composed d
neatly arranged tissue containing sieve tube elemerits
companion cells, and longitudinal parenchyma. 1t wa
crossed in the radial dive¢fon by rays 1-3 cells wide an
rangentially by interruptéd lines of lignified fibers. 28
Among the fibers were found only a few sclereids.

Harder, et al. {7) found a fibrous yield of 13% whenI
green ash bark was pulped to a solids yield of 38.0%, |
!
[

Outer Bark. The outer bark or rhytidome was very
similar in morphology to the inner bark except for thes
presence of numerous, thin-walled periderms. The fatter:

|
|



were: almost concentric, were not very, obwous {3-6 ceils
wude), but did appear to be lignified along with all other
-_ceﬂs in the.rhytidome..

Physical Propérties of Wood
Specific gravity i

Green volume - 0.56

Manwiller (8) obtained a stem wood specific gravity of
0.56 and a branch wood specific gravity of 0.56 for 6-in
{15 cm) trees growing on pine sﬂ.es

An addmonal publscatlon related to spemf' ic grawty is
“Maeglin (9). '

Percent moisture content, oven-dry
“basis {7 0)

Heartwood _ " -
Sapwood . ' 58

Manwiller {77} obtained a stem wood moisture content
of 47.4% and a brarich wood moisture content of 46.9%
(dry weight basis) for 6-in (15 cm} trees growing on
southern pine sites.

_Ph'ysiéal Pr‘obértiés of Bark

Inner bask 0.51

. Specific gravity :
green volume Outer bark 0.43
Total bark 0.48
Density {100% Moisture Green weight/
content} greenvolume ~  0.91
_ Specific gfav_ity oven-dry 0.94 (F. pen P
weight & volume (72) ‘,,,,,g’:;’;;ﬁ;,’ vanica

~ Manwiller (8) obtained a stem bark specific gravity of
0.41 and a branch bark specific gravity of 0.45 for 6-in
- (15.cm) treés growing on southern pine sites.

' Man_\f\;rillér (? 1).obtained a stem bark moisture content of

77.2% and a branch bark moisture content of 86.0%
(dry weight basis) for 6-in {15 cm) trees growing on
southern pine sites,

me:mate . Analyses. Alcohoi-ben'zéne' extractives are
6.2% (13);:and 4.0% (14).
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Extractives. For information on flavonoids see Fitz-
gerald and Reines {75). For information on extractives
see Rowe and Conner {76).

Chemical Composition of Bark

Proximate Analyses. The ash content is 6.5% (14);
Alcohol-benzene extractives comprise 12.6% (74), and
17.5% (73).

Extroctives. For mformatlon on extractives see Rowe
and Conner {76).

Other Information. The calcium content is 1.8%, and
silica content is 0.12% (as a percent of ovendry weight
of the bark) {74}.

Puiping

Afkaline. This pulp is of acceptable quality; it has a
lower breaking length than gum and higher burst
strength and tear strength (77).

Kraft. For properties of kraft pulps bleached to GE .

brightness of 80 see Jett and Zobe! {78).

Utilization of Wood and Bark g

Use Properties of Wood. The wood:. :s not. as strong as
white ash but is moderately strqng, hard, atnd stiff, It
splits easier, shrinks more, is ‘average in workablhty, and
performs somewhat less favorably in service, especiaily
when exposed to extreme cycles of moisture from wet
to dry.

Calorific Value of Wood

7695 BTU/oven-dry ib
4275 k cal/kg oven-dry

Cdlorific Value of Bark

7470 BTU/oven-dry 1b
4150 k calfkg oven-dry

235,110 BTU/ft®
1675 k calfm®
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SUGAR MAPLE

_ Scientific Name Acer saccharum Marsh.
' Synonyms Hard maple, rock maple
Family Name Aceraceae

" Range Eastern half of the United States, excluding the
South Atlantic and Guif Coastal plains and into south-
eastern Canada. The Lakes States, Ohio, Pennsylvania,
New York, New England, the southern Appalachians and
Canada contain most of the important stands. '

Silvics Under forest conditions, this medium-sized tree
develops a clear, straight, full bole with a small, shallow,
- rounded crown and a shallow, wide-spreading root
~_system. Best growth occurs on moist, fertile, well-
- drained soils but the species will persist-on more sterile
** sites. Yield and.quality of stands increase as soil fertility
- and moisture conditions improve. Height growth ceases
" or becomes negligible after. 150 years, although sugar
 maple can reach 300-400 years of age, In the northern
~ hardwood forest, yellow birch, beech, hemlock, white
. pine, _red' spruce, white ash, and basswood are common
" associates; farther south, sugar maple is found mixed
with the central hardwoods. such as basswood, oaks,

hickories, ash, and yei'low-poplar. The species is rated as
tolerant, '

Tree Dimensions 60-80 ft {18-24 m) tall and 2 ft (61
cm) in diameter.

. Pathology Resistance to decay: low+

Sugar maple is subject to a number of foliage diseasés. )
including anthracnose, tar spots,. septoria spot, gray-

‘mold spot and _powdery mildews. Nectria canker

(Nectria gailigena) is common on:sugar.maple in the

‘North, appearing to eénter mainty through cracks in the

top of 2 branch axil. Supscald is common in the
Northeast and Canada, particularly when an understory

- of maple is exposed fo_llawing_.logging.-ﬁ- commeon killing

disease is Verticillium wilt (V. afbo-atrum}, alihough this
disease is less damaging to sugar maple than .to Norway

maple. Sugar maple is also subject to.a number of trunk

rots and stains,

Sugar maple is not highly susceptible to insect injury and
serious outbreaks seldom occur (7). Defoliators are
usualfly the most common insects attacking sugar maple,
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including the forest tent caterpiflar (Malocosomd
disstria), the fall cankerworm (Afsophife pometaria), the
saddled prominent (Heterocampa guttivitta), and the
leaf roller moth {Sparganothis acerivorana). Borers in-
clude the sugar maple borer (Glycobius speciosus),
which is probably the most serious insect pest of sugar
maple, the maple callus borer (Syfvore acerni), and the
carpenterworm (Prionoxystus robinjce), The maple
phenacoccus  (Phenacoccus acerfcola) is the most
important scale insect.

Gross Features of the Wood The sapwood, which is -

several inches wide in mature trees, is whitish with a
reddish tinge; the heartwood is light reddish brown. The
wood is hard, héavy, uniformly textured, with no
characteristic taste or. odor, The growth rings are usually
fairly distinct, delineated by a narrow, darker line of
denser fibrous tissue, which gives a faint growth ring
figure. Occasional samples show bird'seye, curly, or
wavy grain. The wood is diffuse-porous with small pores,
indistinct without a hand lens, quite uniform in size,
evenly distributed throughout the growth ring, solitary
or in short radial groups of 2 or more. Parénchyma are
not visible, The rays are of two widths; the broad rays
are visible with the naked eve, fully as wide as the largest
pores, forming a pronounced close ray fleck on the
quarter surface, appearing on the tangential surface as
short, crowded lines which are visible to the naked eye;
the narrow rays are scarcely visible with a hand lens.

_ Microscopic Structure of the Wood

Vessels.  40-80 per sq mm, the largest 70-90 pum in
diameter; perforation plates simple; spiral thickening
present; intervessel pits orbicular to hexagonal, 6-10 m
in diameter; volume cccupied, approx. 21%.

Fibers. Average, 0.8 mm (0.3-1.3 mm) in length and
16-30 um in diameter. Thin to moderately thick wailed.
Coarseness range of 7.86 mg/100 m to 12.5 mg/100 m
(2, 3). Volume occupied, approx. 61%.

‘Rays. Unstoried, essentially homogeneous; the broader
- rays 3-8 (mostly 5-7)-seriate, up to 800+ um in height;
the narrow rays 1-3 (mostly 1)-seriate, usually less than
200 ym in height; volume occupied, approx. 18%,

Longitudinal Parenchyma. Sparse, terminal para-
tracheal and metatracheal-diffuse. : :

Gross Features of the Bark The bark on'yourﬁ trees is
relatively smooth, firm and gray colored and becomes
rougher and darker as the tree ages, The older, dark

grayish-brown bark, generally hard and firm, develops °

deep furrows and tends to form long, shaggy strips.

Comparatively narrow, the total thickness of the bark of
a young tree of approximately 6-10 in (1525 cm)
‘diameter, is about 0.2-0.3 in (0.5-0.8 cmy), half of which
is inner bark, while an old tree has a bark thickness of up
to 1in (2.5 cm) (4). Besley {5) estimated bark to rhake
up 13% of the rough tree weight in sugar maple. Smith
{6) found that bark thickness was related to tree
diameter by measuring 209 trees on medium sites. The-
regression was highly significant. An additional publi-
cation on bark volume is Millikin (7).

Microscopic Structure of the Bark

Young Bark. At the outer surface, the bark of young
sugar maple is composed of a layer of epidermal cells, a
periderm zone consisting of 4-5 layers of thin-walled
phellem (cork), a pheliogen tayer, and a few layers of
phellederm. The cortex cells next to the periderm are
small, collenchymalike and regularly aligned. Closer to
the primary phloem, these cells increase in size, become
more parenchymatous and loose in arrangement and
often intermingle with the phloem tissues. Aligned in a
circle around the axis, the primary phloem fibers appear
in isolated groups. Between these groups, sclereids form
until a complete cylinder of sclerenchyma tissue is
formed as the tree grows oider, Except for the lack of
sclerenchyma cells in very young bark, the inner bark
(secondary phloem) has the same tissue arrangement of.
broad phioem rays, sieve tube elements-and tangential
layers of parenchyma as that of the mature bark. '

Mature Bark.

 Periderm. Broad and continuousiy developing, the peri-

derm of the mature bark is composed of ajternate layers
of thin-walled, suberized phellem and thick-walled peri-
dermal {transformed phelloderm) cells, a layer of phel-
logen and 2-4 layers of phefloderm. As the first band of
periderm retains its position outside the cortical region
until middle age, the shaggy appearance of the outer
bark or ritytidome appears quite late.

Cortical Region. Persisting until middle age, the cortical
region represents a proportiondlly narrow zone of the
entire bark. This region usually consists of somewhat-
*lignified” cortex cells with abundant cell contents,
cortical sclerenchyma, remains of primary phtoem fibers
and some mingling of secondary phloem tissues.

 Phigern Rays.” Homogenecus and principally 3-6-seriate,

phioem rays are variable in width, dilating toward the
outer part of the inner bark and averaging more than 0.5
mm in height. Small rays prominent in the xylem are




only evident in the cambium zone or in the innér bark
(secondary phloem) immediately adjacent to the cam-
bium. Rays are rather uniform in shape and size and ray
cells generally retain their original shape and nature,
“although some may become sclerified and merge into
'sclereld groups.

Sieve Tubes. Bounded by the phloem rays and usually
banded above and below by parenchyma cells, sieve
tubes, in 2-3 tangential layers, retain their regular shape
“and size only in a zone close to the cambial area. Quite

uniform in shape, sieve tube elements average 35-40m -

in tangential diameter but vary greatly in length from
120-560 gm with ends varying from nearly horizontal to
oblique. Beyond this zone, the thin-walled sieve tubes
developed in previous years tend to collapse or become
" erushed.

Parenchyma. Aligned in tangential rows 2-4 layers wide
throughout the inner bark. These celts average about
20-25 pum in tangential diameter and 200¢ itm in length.
They may retain their original size and shape, expand,
differentiate into fibers or be transformed into sclerotic
cells.

Sclerenchyma. Generally separated by 3-4 rows of
parenchyma. celis and crushed sieve tubés, tahgential
bands of sclerenchyma are charactéristic of the inner
bark of sugar maple. These thick-walled sclerenchyma
© bands are composed principally of sclerified ray and
" parenchyma cells and parenchyma that have elongated
and developed lignified cell walls. Discontinuous tan-

~ gential bands of fiber sclerenchyma cells appear at the .
middie portion of the inner bark {secondary phloem).’

These thick-walled fibers, polygonal in shape, have an
average diameter of 14 gm and a length of approxi-
mately 0.7 mm. Harder, et al. (8) found a fibrous yield.
of 3% when sugar maple bark was puiped to a solids
_yield of 33 9%.

h _Physlcal Properties of Wood

‘Specific gravlty Green volurne Co - 56

< Ajrdry volume " 063

Oven-dry volume - . 066

" Density, Ibfeuft- _ T

" {kgfeu m) Green 55 (881)

Air-dry ' 44 (705)

Oven-dry . 41 (657)

Density, Ibfcu ft

{kgfcum)- - Oven-dry weight e

I per green volume_ . .35 {561)
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Lamb and Marden (9) found a drop in basic density of
about 5% for sapwood and about 7% for heartwood
from heights of 1-17 ft (0.3-5.0-m), with litile difference
over the next 16 ft {5 m) up the stem for 90 trees with
an av, dbh of 18 in (46 cm) and 190 years in age.

_ Shetron {F0) measured specific gravity in 89 trees with a

dbh > 10 in (25 cm) from old-growth stands on 11 soil
types, There were significant differences in wood
specific gravity between some of the soils. Within trees,
specific gravity generally declined with increasing height,
but increased at the base of the crown and decreased in
younger portions of the crown. :

Sajdak (77) found that growth rate and specific gravity
were not related to a significant degree,’

An 'addit_iar'lal publication related to specific gravity .is
Maeglin (72).

Percent shrinkage, dried to 0% maisture content: r - 4.9,
t-9.5,v-14.9

Perceirt moisture content, when green

Green basis 37
Oven-dry basis : 58

Percent moisture content
oven-dry basis (73)

Heartwood - L .65

Sapwood . 72
Physical Properties of Bark
Specific gravity Inner bark 0.69
green volume QOuter bark 0.49
' Totalfark - 0.54
Density (100% roisture Green weight/
content) green volume 1.08
Specific gravity' oven-dry :
weight & volume (74) ' 0.69

An addutlonal pubhcatnon refated to bark speciflc gravity-
is Lamb and Marden (75).
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Che‘mic_a-l Composition of Wood

Proximate Analyses \

F.P.L. F.rL.

Lignin, % = -
Holocellulose, % - ' -
- Acetyl, % S -~ -
Methoxyl, % - - -
C. & B. cellulose, % - 608 : 5368
Alpha-cellulose, % = 49
Hemicelluloses, % - -
Ash, % 0.44 -
Pentosans . . :
Total, % 23.2 - 21.3
In holocellutose, % - -
In C. & B. cellulose, % 14.8 -
Acetic acid, % ¢
Methoxyl, %
Solubility in
Alcohol, % - -
Alcohol-benzene, % — 5
Ether, % 0.25 2.
-19% NaQOH, % 176 .19,
3

SRR A AN

Hot water, % 4.36
Cold water, % 2,65
Water, % : - :
Uronic anhydride, % = — -
‘In hemicelluloses :
Pentosans, % - -
Uranic anhydride, % - -
‘Hexosans (by difference) - -

ACorrected for ash,
bCorrected for extractives, ash, and lignin.
SCorrected for ash and lignin. _

As % of moisture-free hemicelluloses.

:Ricﬁtér (79) gives analyses of sapwood. and heartwood
on trees felled at different times. :

Extractives
Murphey et al.
| (20)
Solubility in S
Acetone, % o 57
Ethanol, % : 7.1
. Ethanol-benzene, % . 52
" 1% NaOH, % _ . 7
Hot water, % . o 6.5
" Cold water, % ' s ' 29
lﬂd R N | ¥l

Freeman and

Peterson (76) Clermont and Aung
Sap  Heart Schwartz (77) {78)
20.3 ns 21.108 208
723 76.0 " 78.6b 76.3
5,12 4.05 - -
0.83 0.97 - -
604 603 - _
- - 46.82 C 453
- - 22.25 . -
032 084 0.40 a 0.38
228 230 . 16.23 176
2.7 226 - - -
16.0 143 — , -
656 494 - -
. 6.34 6.50 - ; 6.55 —
- - - 2.31
1.31 1.22 — -
0.1 0.89 0.89 0.24
- = 17.00 17.7
2.08 1.20 298 ' -
081 0.52 1.37 —
- - : - 1.78
C = - 4.57 —
- - 63.5d -
- - 16.0d -

Alcohol-benzene extractives are 1.0% (27), ether
solubles are 0.2-0.9% of whole wood, 0.1.0.2% of
sapwood, 0.3-0.9% of heartwood (22). For information
on fatty acids and resin acids see Swan (23).

Other [nformation. Mia (24) studied the crystalline
inclusions dispersed among phenolic substances.

Solvent extractions and alkali treatments did not remove

“the- darker color in the cell ‘wills {25). For an analysis of

the sap; see Rowe and Conner (26). The wood and bark
contain f-sitosterol and 2 small amount &f
|euooant’hocyar_i'id ins; the wood contains coniferaldehyde
and'sinapaldehyde. = -
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Chemical Con;pésition of Bark

Proximate Analyses
Chang and
Mitchell (27)

Ash, % N C 6.3
Methoxyl, % 505
Solubility in '

‘Benzene, % S 1.2

95% alcohol % . : 39

- 1% NaOH, % . 19.2

'Hotwa,ter,% o : 24

The bark contains 5.0% ash {28) and 6.0% alcohol-

benzene extractives (27).

Carbohydrates

Reducing sugars from extractive-free barks:

Chang and

Mitchell (27)
‘Glucose,% _ 63
Unknown substances, % ' 2
“Galactose, % : 3
' Mannose-,% C |
Arabinose, % 6
Xylase, % . 25

and 0.19% silica (as percent of ovendry weight of the

bark} (2:)

} Puiping

Acid sulfite. See Richter (19). .

Chemigroundwood. The treated wood 15 ground with

. 1/2to 2{3 the power and at double the production rate

of spruce groundwood, The pulpis 3 to 4 times as strong
asordinary spruce groundwood (29, 30)..

. Kraft, .The wood is. pulped easily .and -the .yield is

normal, The pulp is rather difficult to bleach; it is

- weaker than spruce sulfite and is softer, bulkier, and
" more opaque (37, 32, 33). It is easily bleached, requiring

4,72% total chlorine for G,E. brighiness of 80 at a

-permanganate number of 13.0 (34). For kraft pulping
information see'Hatton (35) and Horn (36).

T TE T

Other Infofmation, The bark contains 3.0% calcium

. 4 15.&1“ . 1’ .

99

Mechanical. ' The pulp is about equal in burst and tensile
strength to the average of a number of commercial
newsprint grade pulps and it is lower in tear strength; it
requires about 100 HP-day/ton, The pulp is dark {37,
38, 39).

NSSC. The pulp is good {40, 47).

Soda. The wood is pulped with some difficulty; the
yield is normal, and the pulp is rather difficult to bleach,
It is weakér than spruce sulfite pulp and is softer,
bulkier, and more opaque (42, 31, 43, 44).

Sulfite. The wood js very easily pulped, the yield is

-mormal, and the pulp has excellent color and strength
about 2/3 that of spruce. It is easily bleached and the

pulps are soft and flexible, It is suitable for absorbent,

tissue, book, and specialty papers and dissolving pulp
(45, 46, 31, 43, 44).

Utilization of Wood and Bark

.Use Praperties of Wood. The wood. is hard, has splendid

resonance, and is easily worked, taking a fine smooth
surface and a high polish. It is easy to-finish. it is easily-
glued. It is difficult to nail yet holds nails and screws
well. It is very strong and stiff and is slow to season. It
has good resistance to wear. Shrinkage is fairly high, The
heartwood is moderately difficult to penetrate with a
preservative. '

Calorific Value of Wood

5790 BTU/Ib air-dry
3215 k calfkg air-dry

Cabrffic Value of Bark

7300 BTU/Ib.
4055 k cal/kg

283,960 BTU/ft®
2025 k calfm?® o
Chemical Uses of Wood. Bestructive distillation:
methanol, 1.94%; acetic acid, 5.42%; tar, 12.4%; char-
coal, 39.8%. Alcohol production: 38 gallons of 95%
alcohol per ton by the Madison process,

Other Uses of Wood. See bigleaf maple. The sap of

. sugar maple is boiled down for syrup. Sugar maple is

especially suitable for flooring, especially bowling alleys,
dance floors, and factory floors, It is also used for
musical instruments, especially piano frames,
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RED MAPLE

Scientific 'Nam_e Acer rubrum L.

Synonyms Scarlet miple, swamp maple, Carolina red
maple, soft maple, water maple, white maple

Family Name Aceraceae

Range Red maple is found aimost everywhere east of
the 100th meridian where precipitation is adequate. The
range includes southern Florida to Canada and the
Atlantic Ocean to the prairies. However, the tree reaches
its best development in Kentucky, Tennessee and nearby
states. Standing soft maple sawtimber volume in the
South is over 4 billion board feet (.01 billion m2) (7).
Red maple amounts to 3.6% of the hardwood volume on
pine sites in 12 southern states {2).

MATUHE Ay
-~

— s s
N D4k,

anrLy OF

Silvies This medium-sized tree has a long, fairly clear
bole, an irregular or rounded crown, and a shatlow root
system. Characteristically found on swampy sites, it is
associated with black ash, black tupelo, cottonwood,
American elm, and the bottomland oaks. But in the

north it is also found on drier locations with the

northern hardwoods. The species is rated as tolerant.

Tree Diniensions Although it may reach.120 ft (37 m)

. in height and five ft (152 ¢cm) in diameter under ideat

conditions, the average height is 75-90 ft (23-27 m) and
1-1/2 to 2-1/2 ft (46-76 cm) in diameter. :

Pathology Resistance to decay: low+ ..

Most of the cankers attacking sugar mapie also affect red
maple. Nectria canker (N, galligena) is the most common
in the Northeast. The eastern mistletoe {Phoredendron
serotinum) commonly develops on red maple in the
warmer and moister parts of its range (3}, Much of the
trunk rot in the Northeast is caused "by Jnonotus
glomeratus (formerly Polyporus glomeratus). Phellinus
fgniarius (formerly Fomes igniarius) is another leading
trunk rot of red maple. Root diseases are_not of serious
importance in red maple,

more susceptible to decay
eakened trees (4). A number
.including the maple callus
gall-making maple borer
Columbian timber beetle
heé cottony maple scale




(Pulvinaria -innumerabilis), the maple leaf scale {P.
acericola), and the aystershell scale (Lepidosaphes ulmi)
are common scale insects on red maple. Leaf feeders
include the elm spanworm (Ennomos subsignarius)
which is capable of defoliating large areas of mixed
hardwoods, the linden [ooper (Erannis tiliaria), and the
gypsy moth {Lymantria dispar). o

Gross Features of the Wood The wide sapwood is white
and the heartwood is light brown, sometimes with a
grayish or a faint purplish cast. The wood is soft to
moderately hard, moderately heavy, without charac-
teristic odor or taste., The growth rings are not very
distinct, delineated by -a narrow, darker line of denser
fibrous tissue. -The wood is diffuse-porous with small
pores, indistinct without a hand lens, eventy distributed
. throughout the growth ring, mostly solitary or in short
radial groups of 2 or more, Parenchyma are not visible,
The rays are visible with the naked eye, intergrading in
width, the broadest about as wide as the largest pores,
forming a pronounced close ray fleck on the radial face,
appearing on the tangential surface as short, crowded
lines which are visible without magnification.

Microscapic Structure of the Wood

Vessels. 30-80 per sq. mm, av. length 0.42 mm, the
largest 60-80 um in diameter; perforation plates simple;
* spiral thickening present; intervessel pits orbicular to
broad oval to angular, 5-10 gm in diameter. Volume
occupied, approx. 18%. -

- Fibers. Thin to moderately thick walled, 1630 um in
diameter and 0.82 mm (0.3-1.1) long; volume occupied,
approx. 69%. Manwiller (5) found that for 10 trees with
a diameter b.h. of 6 in, the fiber length in the stem
averaged 0.83 mm and in the branches 0.66 mm.
According to Saucier and Taras (6), fiber length was
significantly correlated with sprout height, length of
internode and diameter of interpode in one-year-old
seedlings.

Rays. Unf.toried, essentially homogeneous; 1-5-seriate,
uniseriate common. Yolume occupied, approx. 13%.

Longitudinal Parenchyma. Trace.

Gross Features of the Bark On young trees, the bark is
smooth and tight gray, while on old trunks the bark is
thick, dark gray and.separated by vertical ridges into
large, platelike.scales.. The percentage of red maple bark
in the stem :and branches was estimated at 16.1% on a
dry weight basis. (7). Additional publications on bark
volume include Millikin. {8) and Koch (9).
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Microscopic Structure of the Bark

inner Bark. WNear the cambium zone, sieve tube ele-
ments and companion cells are aggregated into tangential
bands which alternate with almost uniseriate lines of
parenchyma. and irregular groupings. of relatively few
phloem fibers. Progressing outward, one immediately
encounters a greater frequency and crowding of fibers
and sclereids, crushing of the sieve tube structure, and a
general lack of cell patterns. One exception is the greater
tendency for interrupted but wider tangential lines of
parenchyma. Near the outer bark, the only recognizable
cell types are fibers, sclereids, and parenchyma. Ray
structure terminates as such about half-way through the
inner bark, the cells becoming sclerotic andfor inter-
grading with other parenchyma,

Common Bark Characteristics of the Maples. According
to Chang (70), the barks of the maples he studied,
including red maple, have the following characteristics in’
common: - (1) the presence of thin-walled,. suberized
phellem and thick-walled peridermal cells, which are.
often repeated in alternate layers, (2) the development
of rather advanced types of sieve tube elements, {3) the
presence of sclerotic cells with solitary crystals, {4} the
development of typical phloem fibers which are variable
in amount and in time of maturation in different species,
{(5) the homogeneous broad phloem rays, and {6} the
persistence of the cortical region. Harder, et al. {77)
found a fibrous yield of 12% when red maple bark was
pulped to a solids yield of 32.0%.

Physical Properties of Wood
Specific gravity Green volume 0.49
Air-dry volume : 0.54
_ Oven-dry volume 0.56
Density, Ibfcu ft  Green 50 (801)
{kgfcu m) Air-dry 38 (609)
Density, lbfeu ft  Oven-dry weight
{kgfcu m) per green wolume 31 497)

Phillips (72} obtained a stem specific gravity of 0.51 and
a branch specific gravity of 0.50 for intermediate and
suppressed trees in North Carolina,

Additional publications relating to spt_ecific gravity in-
clude Jett and Zobel {73) and Maeglin (74).

Percent shrinkage, dried to 0% moisture content: r - 4.0,
t-8.2,v-13.1. '
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Percent moisture content, when green

Green basis . 39
Oven-dry basis . _ 63

Manwiller (75) obtained a stemwood moisture content
of 69.9% and a branch wood moisture content of 75.1%
“for 64n {15 cm) hardwoods growing on southern pine
" sites, g

An additional publication related to moisture content is
Phillips {72).

~ Chemical Composition of Wood

Pliysical Properties of Bark
Specific gravity Innerbark - 0.5¢
-green volume Outer bark - 0.61
’ Total bark 0.60
Proximate Analyses
F.P.L.(78)
Lignin, % . 228
‘Holocellulose, % ) : . 7o
‘Alpha-celiulose, % o 44.5
Hemicellulose, % =
“Ash, %- o : ' 0.7
Pentosans, % - ' o T 171
Solubility in : . a
Alcohol-benzene, % o : 2.5
Ether, % 08
1% NaOH, % __ 179
Hot water, % o ' 44
Alcohol, % S e~
. Water,% Co —
. Extractives o ~

Richter (20) gives analyses. of sapwood and -heartwood
of two:trees felled at different times.

Levitin (22} found the sapwood to contain 0.16-0.51
ether solubles and heartwood, 0.21-0.31%.

The alcohol-benzene extractives are 1.0% (23) and 3.8%

(24)..

Richter (20) found the alcol'a:o'l-'ber'\zene solubles of
wood to-be 2,5%,; ethei solubles are 0,.3-0.8% of whole
wood, 0,2:0,5% of sapwood, and 0.2-0.3% of heartwood.,

For information. on fatty acids and resin aclds see Swan
{25). Tannins are absent {26).

‘Koch {77) found that variation in bark specific gravity

|
_6-in {15 -¢m) hardwoods growing on southém pine sites.%'

_in sap see Rowe and Conner.{27). Wood and. bark

cyanidin,

Lo

Density (100% moisture Green weight/ L
content) green volume - 122
Specific 'grairity.oven-dry' _ : P

weight & volume (76) 0.66 -

with height in the stem was greater within d.b.h. classes -

than between classes at any given height. Specific gravity

was always less_at_the stump than at d.b.h. B.H. samp!e%.

gave-an adequate mean value for the tree, I

. . 3

' i

Manwiller {7 5) obtained a stem bark moisture content of' |-
74.4% and a branch bark moisture content of 89.4% for.

i
i

i
£

_ Karchesy and Koch (2) !
Aung {(79) Georgia Tennesseel[,' ,
22.4 230 . 233 |
750 - - i
4938 . - - &
- 282 304 !
0.38 o 03 03 I .
0.22 - - l :
113 - -

Other Information. . For carbohydrates and extractives ;

contain glucose, fFsitosteral, D-catechin, and a pro-§ |

Murphey
etal, (21

13.0




Ethanol, % 16.4
Ethanol-benzene, % - 13.1
1% NaOH, % . _ 16.3
Hot water, % - 160
Cold water, % : 9.2

Alcohol benzene extractives are 16 4% {25) and 6.0%
(24},

Other information, The ash content is 5.2%, calcium
g =content, 1.5%, and silica content, 0.37% (as a percent of.

_overidry weight of the’ bark) (24). For elements in
ranches and unmerchantable top, bole, stump and roots
5ee Young {30).

- The bark contains pyrogaliol and gallic acid {28).

C‘h!orme Dioxide. A concen trat|on of 8% chlorine
dioxide gave a yleld of 65-70%: unbleached pulp (32}

'--Kraft. The wood is readily pulped and the yield of puip
- is normal (33}. It is easily bleached, requiring 4.80%

manganate number of 129 {79). For yields and pulp
properties see Chase et al., (34). For properties of kraft
pulps bleached: to GE br:ghtness of 80, see Jett and

. Mechanical. The pulp has short fibers, and its strength

~is low compared with common softwoods. It is stronger

¥ than yellow birch, white ash, and beech (35) Energy
: 'consumptlon is reasonable. :

NSSC. Fora kinetic study of the pulping reactions see

Findley and Nolan (36). For other information see
Chidester (37,

- normal and the pulp is fairly easy to bleach (38, 39).

1. Southern Hardwood Lumber Manufacturers
" Association, The southern hardwoods.

2. Karchesy, }.; Koch, P. USDA, Forest Serv. Gen.
Tech. Rept. $0-24, 1979, 59 p.

total chlorine . for . a GE brightness of 80 at 2 per

Sodg. The wood is pulped very easily; the vield is
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Suifite. The wood is pulped very easily; yield is normal;
the pulp has a rather poor color and is easily bleached
(39},

Oxygen. Institute of Paper Chemistry Project 3264 isa
source of information on oxygen pulping of red maple.

Utilization of Wood and Bark

Use Properties of Wood. The wood is very similar to
hard maple but is not so Hard, strong, or heavy as hard
maple; in these respects it is superior to silver maple.

Calorific Value of Wood
24.0 x 10% BTU/air-dry cord

7845 BT U/oven-dry (b
4360 k cal/kg oven-dry

5810 BT U/air-dry Ib
3230 k calfkg air-dry

Calorific Value of Bark

7595 BTU/oven-dey b
'4220k calfkg oven-dry

210,160 BTU/ft*
1500 k calfm®

Chemical -Uses _of Wood. Destructive distillation:
methanol. 1.69%; acetic acid, 6.30%; tar, 12.1%; char-
coal, 41.2%.

Other Uses of Wood. See bigleaf maple. Much less soft
maple is cut than hard maple, The uses of red maple are
pratically the same as those for hard maple and, except -
for the most exacting requirements with respect to
hardness and strength, they are not differentiated in
commergial use.

Red mapl'e is worth consideration as a sugar producer
(40}

Other Uses of Bark. It is used 7 folk medicine as an

_anthelmintic, tonic, and ophthalmiatric (28).
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ientific Name - Acer sacchatinum L.,

nyms: Soft maple, whi'te-méple, river maple, water
&, swamp maple ' '

ty Name- Aceracede

nge Silver maple, found throughout eastern United
tes, is most common and reaches its best develop-
fieat in the southern Ohio River Valley. The range

ders of the Prairie States where it grows along
ms. Only in the coastal areas or the higher, colder
ons of the Appalachians is this species sparsely
tesented or entirely absent.

GNTARNY

s This medium-sized tree usually has a short bole
h divides near the ground into- several - upright
hes, a widespreading crown, and a shallow root
m. It is characteristically a bottomland species and
und with American elm, black ash, red maple,
nwood, and other moist-site hardwoods. Limited

by available moisture than soil texture, silver
e is most common where there is 2 good moisture
Bply throughout the growing season. This species is

as tolerant, ' :

Dimensions Mature trees generally reach. heights

-120 ft (23-37 m} and diameters of 24 ft (61-122

Ithough occasional trees may have diameters of 5 ft

cm) or more. Growth is most rapid during the first

cars when it may grow 1/2 in (1.3 ¢m) in diameter a
nder good conditions.

SILVER MAPLE

ends from southeastern Canada westward to the

Pathology- Resistance to decay: low+

The foliage of silver maple is subject to spotting by
many fungt. They include Venturia acerina, Cristulariella
depraedens, C. pyrqmidalis, Gloeosporium apocryptum,
G. saccharinum and others. The only- noteworthy stem
disease -is Verticiltium. witt (V. albo-atrum), although
silver maple “is not as_susceptible to this disease as
Norway maple. Shicestring root rot (Armiflariella meliea)
is common. Fungi known to rot the heartwood or inner
sapwood include Oxyporus populinus; Phellinus
lgniarius, Hydnum eririaceus, H.. septentrionufe . and
others. . o R T

A number of scale-insects attack silver maple, including
the cottony maple scale: (Pulvinaria innumerabilis), the
maple teaf scale-(P. acericola), and the oystershel! scale
(Lepidosaphes uimi). Borers include. the gall-making
maple borer (Xylotrechus aceris) and- the maple cailus
borer {Sykora acerni}. Leaf feeders include the. white-
marked tussock ‘moth -(Hemeracampa lewcostigma) and
the fruit-tree leaf roller {Archips argyrospilus). N

Gross Features of the Wood Similar to red maple. The
wood is generally straight-grained and moderately heavy
with a wide white sapwood and light-brown heartwood,
Growth rings, delineated by a narrow, darker line of
denser fibrous tissue, are not very distinct. Small,
indistinct pores are distributed throughout the growth
ring. On the tangential surface, rays are visible as short,
crowded lines. '

Microscopic Structure of the Wood Similar to red
maple.

Vessels, Numbering 30-80 per sq mm, silver maple
vessels, with spiral thickenings, may have diameters up
to 60-80 fm. The average vessel segment length is 0.41

mm. Velume occupied, approx. 21%,

Fibers. Average, 0.76 mm in Jength and 16-30 gm in
diameter. Thin to moderately thick walled, Volume
occupied, approx. 67%.

Parenchyma. Sparse,

Rays, Unstoried, 1-5-seriate and generally homo-
geneous. Volume occupied, approx. 129%.

Lamb (7} grew silver maple seedlings for 10 weeks in Ca,
B, Mg and P-deficient and controf solutions, All nutrient
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deficiencies increased tangential fiber tracheid diameter.
All solutions except Mg-deficient resulted in significantly
larger tangential . vessel diameter than controls, with
fewer vessels per unit area. Only Mg and Ca-deficient
seedlings had significantly reduced secondary xylem
width,

. Cross section of silver maple showing two full growth rings,
-Vessel dinmeters in this species are equal to or less than the ray
-_ wldths Mngniﬁcatwn DX

Gross Features of the Bark The ba.rk on young trees is
silvery gray and later breaks up into long, thin scaly
plates which are unattached at the ends: On old trunks,
it is thick; reddish brawn and furrowed,

Microscopic Structure of the Bark
Quter Bark. The outer bark of one sample was limited

- to-a periderm layer composed of 24 layers of phel-
foderm, a layer of phellogen and several layers of

- phellem cells. There was, a lack of rhytidome formation

in this particular specimen, However, thin, smooth bark
appears to be fairly typical of pu[pwood-snzed trees and
tops of larger trees. : o

Cortical Region. The cortical region occupies a propor-
tionally narrow zone of the whole bark and is composed
principally of cortex cells and some expanded secondary
phloem tissues. The cortical zone does not show distinct

demarcation from the secondary phloem. These two

parts are merged together by cortical parenchyma, the
dilated phloem rays, phloem parenchyma and scattered
groups of sclerenchyria : :

o

Secondary Phioem. The secondary phloem is composed
of alternate bands of sieve tube elements, phlioem
parenchyma and sclerenchyma cells. These cells are
bounded radially by rays which are 2-4-seriate and
essentially. homogeneous, Some of the rays have become -
sclerified and have merged into sclereid groups. Only the
sieve tube groups in the proximity of the cambium zone
have retzined their fully developed shape and size, The
remaining zones of sieve tubes have become more or less
crushed, The sclerenchyma consists of sclereids and
fibers, The sclereids are narrow, branched, fiberlike cells
which appear at the middle portion of the inner bark
with the more or less tangential bands of phloem fibers.
The cambium zone is generally separated by 3-4 rows of
sieve tubes and parenchyma cells from the last-formed,
narrow (1-2 cells wide), tangential band of phioem
fibers. Harder, et al. (2) found a fibrous yield of 6%
when silver maple bark was pulped to a solids yield of
32.0%.

Physical Properties of Wood

Specific gravity Green volune 0.44
Air-dry volume 0.47
Oven-dry volume 0.50
Density; Ibfcu ft  Green 45 (721)
(kgfeu m) Airdry 33 (529)
Oven-dry 31 (497)

Density, Ibfcus ft Ovenvdry weight '
{kgfcu m) per green volume 28 (448}

An additional publication related to specn“'c gravity is
Maeglm (3).

Percent. shnnkage, dned to 0% moisture content: r - 3.0,
t- 72 V- 120.. . . [4

I_(andeel‘.;-an;l . cover the _structure, density

hin asilver maple tree.

; when green
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tgfé'v'eh:'-dry
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Physical Properties of Bark

Specific gravity. Inner bark 0.51
. Ig"ee,n volume - Quter bark- .61
_ . Totalbark 0.57
Densnty (100% moisture ' Green weight/ '
oontent) green volume 1.1
Specific gravity oven-dry
weight & volume (6) 0.67
Chemical Co_mposition of Wood

Proximate Anafyses The wood contams 22'1%-
pentosans It contains 3 5% alcohol-benzene extracttves

7).
Ch‘emical Composition of Bark

Proximate Analyses. The bark contams 3.6% ash and
6.6% alcohol-benzene extractives (7).

Other Information. Bark contains 0.6% calcium, 0.18%
sitica {as a percent of ovendry weight of the bark.) {(7)
and B—snosterol gallic ; acrd and proanthocyamdms

Pulpmg

_‘.odo The wood is readily pulped y1eld is normal or
sllghtly hlgh (8 9 IO) :
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is inferior to red maple. It is difficult to penetrate with a

* fuel, and destructive distillation.
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Kraft, NS5C, Sulfite. The wood is readily pulped and
the pulp is satisfactory,

Other information. See bigleaf maple.

Utilization.of Wood and Bark | 1

Use Properties of Wood. Silver maple wood- resembles ,
hard maple wood but is not 5o heavy, hard, or strong. It

preservative.

Ca!on‘ﬁé Value of Wood

21.7 x 10% BT U/air-dry cord
Caforific Value of Bark

297,615 BTU/fE
2120 k calfm?

8360 BTU/oven-dry Ib
4645 k cal/kg oven-dry

Chemical Uses of Wood. It is worth consideration as a
sugar producer (77).

Other Uses.of Wood. It is used for tumber (mixed with
red and sugar maples, except-for most exdcting uses),

7. Institute of Paper Chemiistry, Project 3212,
Progress Report 8. \

8. Cable, D. E., McKee, R. H.; Simmons, R. H. Tech.
- Assoc, Papers 10:26{1927); Paper Trade ).
 83(14):47(Sept. 30, 1926). '

9. Cable, D, E.; McKee, R. H.; Simmons, R. H. Tech.
Assoc. Papers 10:29(1927); Paper Trade |.
84(8):157(Feb. 24, 1927).

10. Sutermeister, E. Paper Trade J. 91 (2):5')(july 10,
1930).

11. Larsson, H. C.: Jaciw, P, Res. Rep, Ont. Dep. Lds.
For. No. 69 (1967). 62 p.
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BIGLEAF MAPLE

. Scientific Name Acer macrophylium Pursh
Synonyms Broadleaf maple, Oregon maple

Family Name Aceraceae

Range Pacific Coast from British Columbia south to
southern California. :

Silvics The forest tree has a straight, clear bole, a rather
narrow - crown, and a shallow, widespreading root
system. It is found on a variety of soils but makes its
best growth on rich bottomlands, Usually, it occurs in
mixture with red alder, black cottonwood, Douglas-fir,
western red-cedar, western hemlock, grand fir, and
California-laurel but in sections of southwestern Oregon
it is the principal species. Bigleaf maple is rated as
tolerant. : o '

Tree Dimensions 60-80 ft (1824 m) tall anid 1430 in
{36-76 cm) in diameter, '

Pathology Resistance to decay: low+

Many fungi will form lesions on leaves of bigleaf maple,
but none are considered economically important. A

number of root and trunk rots are important, including
Heterobasidion annosum, Armilfariella meilea and Oxy-
porus populinus. Many typically conifer fungi will attack
bigleaf maple. The Verticillium wilt disease (V. a/bo-
gtrum) is an important ki'lling disease, particularly on
trees used as ornamentals, Bier (7) covers the relation of
bark moisture to the development of canker diseases.

Bigleaf maple is attacked by a variety of insects, none of
which cause extensive damage. Twig borers include
Agrilus politus, the fatheaded appletree borer
(Chrysobothris femorata) and Phymatodes vuineratus.
Defoliators include the polyphemus moth {Antheraeq
polyphemus), the spotted tussock moth (Halisidota
maculata}, and the ceanothus silk moth (Hyvalophora
euryvalus).

Gross Features of the Wood The sapwood is reddish
white, sometimes with a grayish cast and the heartwood
is pinkish brown, The wood is moderaiely heavy,
moderately hard, generally straight but occasionally
wavy grained, without characteristic odor or taste. The
rather indistinct growth rings are marked by a narrow
light line of fibrous tissue. The wood is diffuse-porous
with moderately small to medium-sized pores, indistinct
without a hand lens, evenly distributed throughout the
growth ring or somewhat more numerous in the early
springwood, mostly solitary or in short radial groups of
2 or more. The rays are visible with the naked eye and
intergrade in width, the broadest being about as wide as

. the largest pores. They form a pronounced close fleck on

the r-surface and on the t-surface are visible with the
naked eye as short, crowded lines. The longitudinal
parenchyma are not visible. :

4
Micrescopic Structure of the Wood

Vessefs. 30-80 per sq mm, the largest 80-120 gm in
diameter; average 0.33 mmv (0.28-0.38) in length; per-
foration plates simple; spiral thickening present; inter-
vesse| pits orbicular or angled through crowding, 4-10
#m in diameter; gummy deposits not uncommon,

Fibers. Average, 0.74-mm (0.3-1.2) in length and 16-30
pm in diameter; thifte:moderately thick walled.

."'-Y :3-5)-seriate, essentially
Ecupied; approx. 18%.

@. Sparse, marginal, para-
sdiffuse.




Gross Features of the Bark Liéht gray brdwn and
smocth on young stems, but becoming darker and
deeply furrowed on old trunks.

Phy'si;cai Properties of Wood

Specific gravity

Green volume 0.44
Air-dry volume 0.48
Cven-dry volume 0.50
Derisity, Ibfcuft  Green 47 (753}
{kgfcu'm) Airdry 34 (545}
Oven-dry . 31 {497}

Density, Ibfcu ft .Oven-clry weight
{kg/cu m) per green volume 27 (432)

Percent si'irinkage, dried to 0% moisture content: r — 3.7,

t—7.1,v—11.6.

Percent moisture content, when green

Green basis 42
Over_l-dry basis 72

‘Physical Properties of Bark

Specific gravity Infer bark 0.66
green volu’me {2) Outer bark 045
Specific gravity oven-dry _ :
weight & volume (3) . 0.55
'Peroent moisture content Inner bark 134
_oven- dry basns {2) Outer bark 70
Chemical Composnlon of Wood

Proximate Analysis (based on extractive-free woad]

m

Carbohydrates. Wise et al. (5) found 1.6% mannan by a
modified Hagglund-Bratt method,

Extractives. Kurth {4} found unextracted wood to
contain 7.04% extractives consisting of 0.03% ether
soluble, 5:.12% alcohot soluble, and 1.62% hot water
soluble.

Pulping

Kraft and MQnéf!te. These processes have been used;
the pulps are readily bleached to 70-80% brightness (6).

For kraft pulp properties see Wang (7) and Fahey and
Martin (8).

NSSC. This pul-b is exceptionally crush resistant and is'
well qualified for corrugating medium {6).

Other Information. Bigleal maple is generally pulped in
mixture with other. hardwoods like aspen, birch, beech,
and oak. They are puiped mostly by the soda, suifate,
and semichemical processes. Maples are used for white
printing and writing papers.

Utilization of Wood and Bark

Use Properties of Wood. The wood is generally straight
grained and occasionafly is wavy grained. It is
moderately hard and is moderately well worked with
tools; it takes a good polish, takes paints and- stains
readily, is difficult to glue, and shrinks moderately.
Growth rings are not very distinct. Bigleaf maple is
intermediate in strength between silver and red maple. It
is difficult to penetrate with a preservative,

Chemical Uses of Wood. Maple is used for the pro-

o Kurth (4) duction of charcoal, acetic acid, and methanol.
Lignin, % = E 23.4 |
Hfulzérﬁm-% : _ 76.4 Other Uses of Wood. Maple is used principally for
Ash,% S S 0.26 lumber, veneer, and crossties. Most of the maple lumber
' Pentosans, % . - 11T is used for flooring, furniture, boxes and crates, shoe
Acetyl, % o L 424 lasts, handles, woodenware, novelties, spools, and bob-
Methoxyl, % S 4.51 bins.
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CUCUMBERTREE

Scientific Nanie Magnolia-acuminata L.

Synonyms Cucumber magnolia, mountain magnolia,
cucumber _ ' :

Family Name ‘Magnoliaceae

' Ra‘hge Ap;.:oa-l'ach'ians' and” the Missisﬁ'ppi" and Ohio.
valleys. - . . L -

~rLF

- Silvics This medium-sized tree has a straight, clear bole,

a short,. dense, pysamidal crown, and a deep, wide-

spreading root system.: It is usually found on moist,
deep, fertile soils of loose texture with red ozk, white
oak, yellow-poplar, white ash, black birch, beech, sugar

-maple, basswood, and red maple. This species reaches its

best development in the southern . Appalachians but is
not-abundant. 1t is the most hardy of the tree-sized
species of Magnofia. 1t is .rated as intermediate in
tolerance.

Tree Dimensions' 80-90 ft (24-27 m) tall and 3-4 ft
{91-122 cm) in diameter,

Pathology Cucumbertree has no important disease
enemies. it is attacked by the Nectria canker (Nectria
galligena) which seldom kills trees ajthough it can cause
defects and deformity. The only leaf spot reported on
this species is Phyllosticta cookei. However, it is very
susceptible to ground fires.

The wood boreér {Xyloterinus po!ftﬁs) breeds in injured
or dying trees and infestéd wood may be severely

degraded. Cucumbertree is susceptible to several scales,
among them the magnolia scale (Neofecanium
cornuparvurm), the European fruit lecanium (Lecanium
corni) and the San )ose scale (Quodraspidiotus
perniciosus), Damage to trees from these scales can be
severe and weakened trees are therny subject to attack by
boring insects. '

Gross Features of the Wood The sapwood is whitish
and the heartwood yellow or gréenish yellow to brown.
The wood is moderately hard to hard, medium heavy,

_ with no characteristic odor or taste. The growth rings are

distincily delineated by a whitish line of terminal

parenchyma. The diffuse-porous wood has small pores,
indistinct without 2 hand lens, quite uniform.in size,
fairly evenly distributed throughiout the ring, solitary or
in radial groups of 2 or.mare, Parenchyma are terminal
and: plainly visible with the: naked eye. The rays are-
distinct’ with the naked eye in the x-section, nearly
upiform in:width, - I wol

Microscapic Séructure of the Wood. . . - .. .

Vessels. 60-120 per sq mm, the |argest 80-100: gm-in |

- diameter; perforation plates simple or- é'n:czsiunaﬂiy

scalariform in early rings; intervessel pitting scafariform
(the pits finear or rarely elliptical}, 12-50 fim ‘in

- diameter; volume occupied, approx, 39%.

Fibers. Average, 1.6 mm (0.8-2.3 mm) in iength and
28-40 um in diameter; thin to moderately thick walled;
volume occupied, approx. 48%.

Rays. 47 per mm tangentially on the/x-section, ufi-
storied, 1-5 {mostly 1-2)-seriate, homogeneous to hetero-
geneous; where heterogeneous, the uppes and lower
margins generally. consist of one row of upright cells less
than 60 um in height; volume occupied, approx. 14%.

Longitudinal Parenchymga. Terminal, T or more seriate.
Trace.

Gross _F-eature_s. of the Bark The dark brown bark is
fissured into narrow flaky ridges.

Microscopic Structure of the Bark (7)

Periderm. Superficial, continuous, with few- to many-
layered thin-walled pheliem and poorly developed phel-
loderm.
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Sieve Tube Elements: 500-700 pgm long; abundant,
grouped; groups large, irregularly scattered.

Parenchyima.  Much ‘less-abundant than sieve tube ele-
ments and wsually dssociated with fiber bands, but also
o¢eur within the sieve tube group; much narrower than
the sieve tube elements.

Physical Propérties of Wood

Specific gravity Green voluriie _ 0.44
L . Air-déy volume . 0.49
- Oven-dry volume 0.52
-De_nsity,-'lblco ft . | o
{kgfeum) . Green : 49(785)
o " Airdry © 34(545)
_ " Oven-dry 32 (513)
Deansity, tbfcu ft
{kgfcu m} Oven-dry weight

per green volume 27 {432)

Percent shrinkage, dried to 0% moisture content: r— 5.2,
1—8.8,v—13.6,

Percent moisture content, when green -

Green basis 44
Oven-dry basis 80
Physical P-ropefties of Bark
Specific gravity ovendry

weight & volume (2) : 0.44

Chemical Composition of Wood
Proximate Analysfs

Pentosans 17.7%

Pulping
Kraft, s readily pulped.

Soda. The wood is readily pulped, yield is normal and
the pulp is rather difficult to bleach (3).

Sulfite, _Th_e wood is readily pulped, vield is normal,
and the pulp is dirk and rather difficult to bleach (3).

Utilization of Wood:and Bark

‘Use Properties of Wood. The wood is easily worked,

can be finished with a satiny tuster, and takes stain well,

It is fairly easily dried, and |t has a slight tendency to
warp and twist.

 Other Uses of Wood. Litdle lumber is sold under the
“ name of cucumbertreé; most is included with yellow-

poplar. The waod is used for furniture, boxes and crates,
general millwork, fixtures, and musical instruments.
Some of the wood is used along with yellow-poplar for
veneer. '
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SOUTHERN MAGNOLIA

Scientific Name Magnolia grandiflord L.
Synonyms Evergreen magnolia

Family Name Magnoliaceae

Range South Atlantic and Gulf Coastal plains. The
greatest abundance of southern magnolia occurs in
Louisiana, Mississippi, and Texas.

Silvics This medium-sized to large tree has a tall,
straight bole and a pyramidal crown. It is usually found
on moist, well-drained soils along streams and on other
moist locations in the uplands in mixture with beech,
yellow-poplar, sweetgum, oaks, and southern red-cedar.
Southern magnolia is tolerant when young but becomes
less so as it grows older.

Tree Dimensions 60-80 ft (18-24 m) tall and 2-3 ft
(61-91 cm) in diameter.

Pathology Southern magnolia is relatively free from
disease. Many leaf spot and blotch fungi occur on
southern magnolia but none appear serious to forest-
grown trees. Fungi capable of causing heart rot or rot at

wounds include Daedalea ambigua, Fomes applanatus, F.

geotropus, F. marmoratus, Polyporus calkinsii, P.
curtisii, and P. suphureus (/).

Southern magnolia has few insect pests. A borer on this
species is Xyloterinus politus, which breeds on injured
and dying trees. Several scales attack magnolia, including
the magnolia scale {Neolecanium cornuparvum) and the
San Jose scale {Quadraspidiotus perniciosus). Heavily
infested trees may be seriously weakened.

Gross Features of the Wood Similar to cucumbertree,
but a greenish-black heartwood is said to be common in
this species.

Microscopic Structure of the Wood Similar to cucum-
bertree with the following exceptions:

Vessels. Perforation plates scalariform with 6-10 stout
bars; spiral thickening present.

Fibers: Average 1.7 mm (0.9-2.6 mm) in length.

Gottwald (2) studied tyloses in fiber tracheids of the
heartwood of Magnoliaceae spp. Parham and Baird (3)
studied the occurrence and distribution of the warty
layer.

Gross Features of the Bark Magnolia bark is 1/2-3/4 in
(1.3-1.9 cm) thick, gray or light brown, and on older
trees develops small appressed scales rarely more than 1
in (2.5 cm) long {4).

Physical Properties of Wood

Specific gravity Green volume 0.46
Air-dry volume 0.50
Oven-dry volume 0.53

Density, Ib/cu ft
(kg/cu m) Green 59(945)
Air-dry 35(561)
Oven-dry 33 (529)

Density, Ib/cu ft
(kg/cu m) Oven-dry weight

per green volume 29 (464)

jett and Zobel (5) list the wood properties of magnolia.

Percent shrinkage, dried to 0% moisture content: r —5.4,
t-6.6, v-12.3.

Percent moisture content, when green

Green basis 51
Oven-dry basis 105

Percent moisture content
oven-dry basis (6"

Heartwood 80
Sapwood 104



