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PREFACE -

Wood identification, ay mentioned in this paper, should
glve the reader a better understanding of the identification
of many speclies. In this paper we believe that it is neces-
sary for students to have a better understanding of how to
identify different species, which will lead to better selec-
tion of woods for jobs in everyday life.,
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Identification of wood 1s comparatively more difficult
than identification of the tree that produced it. There are

two main procedures for wood identification--by keys and by
cards., |

Lo AR AASA

‘The most pronounced the reliable specific difference in

the appearances of woods are found in their cellular struce
ture.

& it

Color, cdor, weight and hardness help in 1dentifying woods,
but as a rule such qualities are too variable to be used singly
in distinguishing a large number of woods.

it
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Hardwood of ring-porous and diffused-porous will be defined
with information about general characteristics, such as growth
rings, rays, vessels, sapwood, and heartwood,

Softwoods can be divided into two groups; the resinous,
those specles having resln ducts and the nonresinous, those
without resin ducts. There are no perfect tools for wood iden-
tiflcation. While we have attempted to give an approach to
thlis problem that seems to be good; we feel there 1s still
room for research and study. .
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COLOR A KEY TO WOOD IDENTIFICATION

Wodod comes in a variety of natural colors which may range
from almest white, as in the sapwood of many specles, to the
jet black of the heartwood of blsck ebony. Coler differences
may exist, however, in a single sample of wood: as between
sapwood and heartwood, earlywood and latewood, or between ray
tlssue and the surrounding wood. Heartwood present a wide
varlation of colors, predominantly browns of various shades.
Sapwood 1s always lighter,

Color characterizes various species, but is a feature
difficult to describs with words. Also, it may vary within a
specles and 1s subject to change due to exposure or treatment. .
Usually, color is estimated visually, but it may also be meas-
ured by technical means. The color of wood exposed to the
atmosphere frequently darkens; sapwood usually darkens mor .
than heartwood. Such changes are generally chemlcal in nature;
they result from oxidation of organic compounds contained in
wood. Change of color may take place soon after felling treses
in the forest, or after sawing green logs to lumber. The wood
of alder quickly changes from whitish or reddish, then fades to
a pale brown, The heartwood of black locust turns from light
green to dark brown. Douglas-fir becomes reddish. Lorg expo~
sure of light-colored woods to the sun, especially in high eleva-
tiona, changes thelr color to brown, while long expesure to rain
or high humidity changes them to dark gray.

Dark natural color usually indicates high durability. 1In
general, color is imparter to wood by extraneous materials de-
posited mainly in the heartwood. Many of these materials, known
also as extractives, are toxic to wood decaying fungi. Their
presence 1s the cause of high durabllity of woods like redwood,
cypress, cedar, oak, black locust, and osage-orange. For the
same reason, heartwood of these and other speciss is more durable
than sapwood, and woods like basawood, willow, and poplar pos-
sess low durability. Light color, however, does nct always
denote lack of durability. Bald cypress, certain cedars and
sassafras are examples.

Color-impasrting materials may be so abundant in some woods

that they can be utilized as dyes. Before the development of

synthetic coloring materials. Some dyes were obtained from
woods. It 1s also noteworthy that some woods, such as black
locust, honey locust, and a number of tropical species are
fluorescent. |

Natural coloration in many woods 1is very attractive and may
be preserved with transparent finishes, or 1t may be artifi-
cally changed by dyeing or bleaching. Color changes may also
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be produced by action of water or steam. Oak becomes élmost
black after prolonged storage under water, Europsan beech is
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| often steamed to darken its color and make 1t more desirable
- for the furniture market. Walnut and sweetgum are also
% . treated with steam to darken thelr sapwood so that it 1s bet-

ter matched with heartwood. (l: 525-527) In inexpensive
furniture the nature color of various woods 1s cften imitated
by drying lesa expensive species.
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Irregular deposition of coloring materlials may cause local
variation in color, color changes may also result from fungal
and bacterial attack, or other reasons.
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Luster, A Characterlistic of Wood

SRR ey v

Some woods possess a natural luster, which may be distin-~
gulshed from artifical luster in that the former has depth
whlle the latter 1is superfical. As a rule, woods exhibit more
luster on radial surfaces, due to exposure of rays. Luster 1is
alao affected by the angle of light reflection.

T e R

Among lustrous wdods are spruce, ash, sycamore, baéswood,
and poplar. On the contrary, the surface of other woods feels
greasy, as for example bald cypress, olive, teak and lignum
vitae.

Odor, A Factor in Wood Identification

Odor in wood is due to volatile extraneous materlals. Such
materials, when present, are mestly deposited in heartwood,

. where odor 1s therefore more pronouriced. Due to the volati-
bity of these materials, odor gradually fades upon exposure.
For this reason it 1s more prevalent in freshly exposed. sur-
faces. ‘ _

Like color, odor 1s not an easy feature to describe, Cedars
and cypress possess an aromatic odor, and the odor of plne 1is
resinous. Among other apecies characteristics is the odor of
sassafras, bald cypress has sometimes an unpleasant odor, and
catalpa heartwood 1s to suggest kerosene. (15) Maple when hot
and wet, has been described to samell like strawberry jam, teak
like burnt leather, and the tropical coachwood like new-mown
hay (1l) or caramel (13). Other species possess various odors;
aome have been given suggestive names.

Odor may be an advantageous characteristic, as in the case
of Spanish cedar which 1a used for cigar boxes, or some cedars

e w@'ﬁ*‘w’”’f'ﬂ "‘“"’“ ~ ~~ W v e R, R



and cypress which is preferred for clothss chests. On the
other hand, odor is undesirable in wood used for basket, boxes-
‘or crates for packing food. Aside from occuring normally,
odors may be produced during the decomposition of wood by
micro-organlsms. _ , :

Taste

Tagte 1s due to volatile deposits. Thus, it 1s more dis-
tinctive in heartwood than in sapwood. Woods like oak and
chestnut which contain appreciable amounts of tannin, posseas
a bitter taste. Taste ig not a very important diagnostic
feature but it may help in some cases in separating similar
woods. For example, the American cedars-lncense cedar and
western cedar are woods similar in structure and appearance,
but the former has a spicy taste whereas the latter 1s faintly
bitter.

Texture, Graln and Figure

Textur. and grain are terms often misused in practlice.
Expressions such as course, fine, or medium texture are fre-
‘quently employed as synonymous to analogous qualification of
grain. The connotations course, fine, and medium refers to

the relative size and proportion of wood elements (cella) as -
seen by the naked eye or with a hand lens. Large dlameter
cells produce a course (open) texture or grain, which small e

diameter cells forms a fine texture or graln. -Fast growing
trees often produce course wood.

Even or uneven texture, or grains refers to the degree of E
uniformity of appearances; they indicate differences in struc-
ture within a growth ring. Ring-porous woods are generally
uneven in comparision to diffuse=porous. Softwoods with abrupt
transition from earlywood to latewood have an uneven texture
or grain.

The term grain has an additional meaning; 1t denotes direc-
tion of wood elements. - ~

Figure 1s used to describe the natural design or pattern
on wood surfaces.

Weight and Hardness 4
Weight, eatimated simply by 1ifting a sample of wood, 1s an

added helpful physical characteristic for purposed of descrip-
tion, identification, and other. However, it should be

Shs e R S e




 ditions about 5-10 1b/ft3 (80-160 kg/m

5.

remembered that weight is influenced by various factors, such
as sapwood and heartwood, proportion of earlywood and latewood,
and especially by moisture content. Any comparison, to be
valid, should be made under approximately identical conditions.
Moisture content is very important, because 1n light woods the
weight of included moisture may exceed many times the weight of
the wood substance 1tself. Moisture i1s also subject to contin=-
- uous variation when wood is exposed under varying atmospheric
conditions.

| Both the lighteat and the heaviest commercial woods are
tropical. The lightest ia balss, whicg weighs in dry-air con-
), and the heaviest 1ia
lignum vitae with about 75-80 1b/ftd (1200-1300 kg/m3). Common
temperate woods weligh in air-d;y condition from about 20 to
55 1b/ft3 (about 300 to 900 kg/m®), but there may be a consid-
erable range of varlation (up to 10 1b/ft3 or more) within a
species. (24) < |

Related to weight is the concept of specific gravity.
Specific gravity is the ratio of the weight of a sample of
material to the weight of a equal volume of water. 1In the
metric system, specific gravity is simply the ratio of weight
'to volume of wood. The comparative value of specific gravity
1ies in the fact that it is based on standard hygrometric
conditions. Weight is determined after the wood 1s oven-dried
~ (that 1s at practically zero moisture content) and volume 1in

either oven-dry or "green" (unseasoned) condition; weight and
volume may also be based on any specific molsture content.
Because of the way it 1s determined (weight of material to
welght of an equal volume of water), specific gravity has no
dimensions. Common temperate woods range in specific gravity
(based on oven-dry welght and green volume) from about 0.30 to
0.90. Specific gravities vary mainly because of different
amounts of vold space in different woods. The specific gravity
of wood substance is reported to be approximately 1.5, irre-
spective of species. (16, 27: 55-61)

Hardness 1s closely related to weight, heavier woods are
harder. However, the effect of molsture 1is opposite; with
increasing moisture content hardness decreases. Hardness 1isa
also different on transverse, radial, and tangential surfaces,
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6.

IDENTIFICATION OF WOOD

X

The properties of wood and its complexities have been
recognized for many centuries. Instead of being primarily
a solid material llke steel or concrete, wood is found to
be composed of many tubular fiber units, or cells, cemented
together. The largest of these cells are found to be less
thai: one fiftieth of an inch in diameter and a quarter of
an inch in length; the only exception being the vessels in
which the end walls have been dissolvedaway to form long,
continuous transportation tubes. Those parts which form a
basis for wood identification are: +tracheids, vessels, wood
fibers, medullary rays and resin ducts. That a complete
understanding of each term used might be achieved a glossary
of terms for "Wood Identification" has been developed.

The study of identifying wood can be divided into two-
categories; the physical properties--those which have al-
ready been touched upon, and the gross structual features.(1:33)
These minute features of wood are identifiedlargely upon the
kind of cell and their arrangement as seen by the eye. Basl-
cally, there are three methods of identification: (1) visual,
(2) macroscopic and (3) microacopic. The visual method 1s by
far the simplest and most practical but in many situations low
in reliability. In macroscopic identification, a hand lens
which enlarges by ten (10X) is used. This method 1s of higher
reliability and is quite practical because expense 1ls small.
The method which provides the most in rellability is micro-
scopic, but many times proves to be impractical. In micro-
scopic identification the cell structure is enlarged from 40 to
100 times, thus furnishing the most positive means of wood
identification. | ' :

Wood is usually identified from three different planes of a
section of wood as shown in fig. 1. The face that 1s exposed
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when wood is cut or sawed at right angles to the grain 1s the
transverse surface or cross section. The end grain 1s visible
in this plane and is the surface most often used in wood iden-
tification. The radial and tangential surfaces sections are
at right angles to the transverse surface, A truly radial
gection would pass from the bark through the pith of the tree,
following a radius of a cross section of the log. The tangen-
tial face of wood is exposed when the bark is peeled from a
tree (2: 34).

A cross section of a tree shows several parts that can be
jdentified with the eye in wood identification. (fig. 2) The
outer bark, which is protecting the tree, 1s the dead, corky
part that varies in thickness with the kind of tree and its
gage. The inner bark of phloem carries the food made in the
leaves down to branches, trunk and roots. Just inside the
inner bark the cambium layer is found. It is the soft, micro-
acopic pitch-like material in which cell formation takes place
to form wood on the inside and phloem or inner bark on the out-
gide. ' :

The wood itself is the part of the tree used to make
lumber. It is divided into sapwood and heartwood. Sapwood
contains living cells and has an active part in the life pro-
cesses of the tree. It is located next to the cambium and
functions in sap conduction up and down the trunk from the
: roots to the leaves. The sapwood may vary in thickness and in
32 the number of growth rings it contalins. It is the newer growth,
usually lighter .in color, that is actually the growing parft of
the tree. Normally there is less sapwood than heartwood.

The heartwood is generally darker in color hecause of the
presense of resin and other materials. As far as the growth
of the tree is concerned, the heartwood is dead as i1t consicts
of inactive cells formed by changes In the living calls of the
inner sapwood rings. Some trees have pores tightly plugged
by tyloses as is seen in white oak. The only active part of
the heartwood is in the actual physical support of the crown.
It i3, however, more resistant to decay than the sapwood.
Heartwood is more valuable commerclally and most timbers with
which we are familiar come from this colored, denser wood . (6235)

The pith is the small center core of a tree. Most branches
originate at the pith, and their bases are intergrown with the
wood of the trunk as long as they are allve.
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Fig. 2 Crossa section of a tree
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A. Annual Ring B. Pith C. Summerwood
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D. Springwood ‘ E. Rays F. Heartwood

G. Sapwood (Xylem) H. Rays | I. Cambium

J. Inner Bark (Bast or K. Outer Bark
Phloem)
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Radiating outward from the center of a tree are medullary
ray cells. These are visible with the eye 1n some specles
while in others, some magnification i1s necessary. Medullary
rays, also called rays, store and conduct. food horizontally,

in the tree. The rays are most easily seen on :‘quarter sawed
lumber. : | 2 ' |

‘ Each year as a tree grows 1t usually puts on an early
inner growth ring called springwood or early wood. An outer

- part formed later in the growing season is referred to as
summerwood or late wood. The actual time of formation of
‘these two parts of ring may vary with environmental and
weather conditions. Springwood is usually characterized by
cells having relatively large cavities and thin walls. Sunm-
merwcod cells have smaller cavities and thicker walls. The
change from springwood to summerwood may be gradual or abrupt,
this depending on the kind of wood and the growing conditlions
at the time it was formed. In the tropics where growth and
wood formation are more or less continuous, growth layers are
not formed. The wood formed appears quite homogeneous. (4:95)

Trees are a division of seed plants termed by botonists as
spermatophytes. These are divided into two groups: endogens
(inward-growing) and exogens (outward-growing) trees. The
endogens (inward-growing trees) have little commerclal value as
most of their growth takes place inwardly in a hollow trunk.
Exogenous trees (outward-growing) are the valuable lumber pro-
ducing trees. These may be divided into two classes: angio=-
sperms and gymnospermse.

) Angiosperms are called hardwoods or deciduous woods. The
"term deciduous means that they shed thelr leaves annuaily.
Although lumber is usually specified as sither soft or hard,
these terms do not refer to the actual softness or hardness

~of the wood itself. The hardwoods are obtained from broad-

" leaved trees such as elm, oak, and poplar. In almost all cases
the leaves are broad and deciduous in the temperate zones.
Hardwoods are designated as porous woods based on the fact that
porous woods possess vessels or ducts extending along the
grain. (fig. 3) The vessels form the main arteries in the
movement of the sap. They appear as pores and are often visible
with the naked eye on the transverse surface. In hardwoods,
when the pores are larger or more abundant in one portion of a
growth ring than in another, the wood 1s called ring porous.
This characteristic i1s caused when a hardwood tree grows more

-papidly in the early or springwood than 1t does 1in the late
growth or summerwood. When this takes place the early growth
is softer and coarser, the pores are larger and the growth 1is
much thicker,

YR
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AR-Annual Ring
F-Wood Fibers
K-Pits
ML-Middle Lemellas
P-Pores or vessele
RR-Verticle plane parallel
to the radius

S-Springwood or earlywood
SC-Grating
SM=-Summerwood

| TT-Horisontal plane-top

| surface ~

; WR-Wood rays

WR

Fig. 3 Hardwood

Many of the hardwoods are classified as close grained
woods. They have pores that are of fairly even sizes and
are well distributed throughout the growth ring. These woods,
such as maple or birch, seldom require filling to produce a
good end product; they are referred to as diffuse porous.
Diffues porous means that the growth was uniform throughout
the growing season and no significant difference can be seen
in the early growth and the late growth (4: 39). All woods
are porous in the broad sense of possessing air space;
these alr spaces must not get confused with vessels in hard-
woods or tracheids i: softwoods.

| The softwoods also known as coniferous woods, are pro-
duced by "cone bearing" trees. Usually these are evergreen
trees auch as the firs, pines, cedars, redwoods, spruces

and hemlocks; the exceptions to these are cypress, larch and
~tamarack. A softwood tree has needlelike, linear, awlshaped,
or scalelike leaves and the seeds ars borne either in cones




AR-Annual Ring
BP~-Bordered Pits
FWR-Fusiform Wood Rays
HRD-Horizontal Resin
-Duets
ML-Middle lemells
RR-Verticle plane along
trunk
S=Springwood cells
SM-Summerwood cells
-SP-Simple Pit
TG-Surface at right an-
gles to radial
surface
VRD-Verticle Resin Duct
WR-Wocd Rays

Fig. 4 Softwood

in axil of a cone, or naked. Softwoods are designated non-
porous as they have no vessels or ducts which appear with the
naked eye on the transverse surface. When the trangverse sur-
face of a coniferous wood 1s viewed under a lens (fig. 4) it
appears to conslist of uninterrupted radial rows of cells called
trachelds. The trachelds conduct the sap longitudinally in the
softwood tree. Another ldentifying characteristic in softwoods
1s the presense of resin ducts in some species. (17: 15)

Resin ducts are many times confused with vessels or pores
that are found in hardwoods. These ducts are in reality tubu-
lar intercellular spaces sheathed by secreting cells. Resin
ducta or canals are found in pine, spruce, larch or tamarack,
and douglas fir; these serve to distinguish from those of other
domestic conifers. Normal resin ducts extend both along the
grain and also across the grain and may vary greatly in size.
Sometimes ducts or canals may be found, as a result of injury,
in woods normally devoid of canals. This type of a canal is
called a traumatic canal and can be found along the grain in
hemlock, fir and redwood. The presence of ducts or canals as
normal structures indicates that the wood in question must

‘helong to one of four species. (2: 50)
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SOFTWOODS

The term, softwood, refers to wood from cone bearing
trees also called conifers. As a group they are charac-
terized by scalelike leaves or needles and cones. The
classification is a botanical one and does not indicate the
degree of hardness or softness of the wood.

| Softwood 1s used extenaively by the pulp and paper
industry. Wood for most building materials also comes from
this group. In general, softwoods are seldom used for furni-

‘ture, but may be used in interiors for cabinets, paneling,

built=-ins, and trim.

Softwoods include douglas and white fir, redwood, cypress,
larch, hemlock, western red cedar, the spruces and the plnes.
Several kinds may be found under each of these specles. For
example, pines may be shortleaf, longleaf, loblolly, slash,
ponderosa, northern, Idaho white, red, sugar, lodgepole, or

jBCko '

Vast amounts of softwoods are cut and used in this country
each year. Their special identifying characteristics have
been well catalogued by Panshin (2: 441) and others.

T I N 4 NI BB S o oW P T D e e ity Nt ST R g 4, o S
R e g e e T A4 M o P RS e s e

s



WESTERN RED CEDAR 1

General Characteristics

Sapwood - nearly white, narrow.

Heartwood = reddish or pinkish brown to dull brown.

Wood = characteriastic sweet, fragrant cedafy odor and i
faint bitter taste.

L
Sk ager 5 Sy
i et Sy

Growth Rings - distina% and generally quite conspiclous.

Parenchyma = not visible or barely distinct with a hand
lens as a narrow line in the late wood.

Rays - fine, close, ilnconspicious fleck on the quarter
surface,

Minute Anatomy - Tracheids medium coarse, up to 45 microns in
diameter. Bordered pits in one or two rows on the radial
walls. Tangential pitting present in the last two rows
"of the late wood trachelds.

gy e 17
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BALD CYPRESS

General Characteristics

Sapwood - pale yellowish white, merging gradually into
the heartwood.,.

Heartwood - variable in color ranging from yellow to
dark brown,

Wood - does not impart taste, odor, or color to food.

Growth Rings - distinct, early wood zone, narrow to
wide, usually several times wider than
late wood. : |

Parenchyma - abundant, present in every growth ring.

Raxs - rather coarse for a coniferous wood.

Minute Anato?z_- trachelds up to 70 microns in diameter,
Trequently bordered pits appearing in one to four rows
on the radlial walls, pitting present in :he last few
rows of late wood tracheids.




DOUGIAS FIR

General Characteristics

;; Sapwood - whitish to pale yellowish or reddish white.
gl Heartweod - ranging from yellowish or pale reddish yellow

to deep red, the color varying greatly in
different samples.

T R

Wood - has characteristic resinous odor when fresh,
without characteristic taste, usually straight
and even gralned.,

ST Bt o oo
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Growth Rings - very distinctd, frequently wavy. Early

1 ' wood zone usually several times wider

3 than the band of late wood, transition from
early to late wood generally abrupt.

PN
AL Okiad o

4 Parenchyma - not visible.

% Rays - not visible to the naked eye.

4§ Resin Canals - present, longitudinal and tranaverse.

? Minute Anatomy =- tracheids up to 55 microns in diameter,

j? characterized by fine, close bands of spiral thickening.
8 Bordered plts in one row or occasionally paired on the
g radial walls. Tangential pitting present in the last

| few rows of late wood tracheids.

v
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PONDEROSA PINE

General Characteristics

Sapwood - nearly white to pale yellowish, wide, often
composed of BO or more ringse.

Heartwood - yellowish to light reddish or orange brown.

Wood = distinet, non~characteristic, resinous odor with-
out characteristic taste. .

Growth Rings - distinct, inconspicuous to conspicuous.

Parenchyma - not visible.

Rays = very fine, not visible to the naked eye except
where they include a transverse resin canal.

Regin Canals = present, longitudinal and transverse.

Minute Anatomy - Tracheids up to 60 microns in diameter,
"bordered pits in one row on the radial walls. (Resin
cells with thin walled epithelium frequently occluded
with tylosoids in the heartwood.)
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SOUTHERN - PINE ' f

General Characteristics | 5

Sapwood - nearly white to yellowish.

Heartwood - distinct, ranging through reddish brown or
light brown to shades of orange and yellow.
Resinous.

P e R, At a o

Wood - noncharacteristic, resinous odor; without char- y
acteristic taste. ‘

Growth Rings - distinct, delineated by a pronounced band :
of darker late wood. Early zone varying
from wide to very wide.

Parenchyma - not visible.

Raya - fine, not visible to the naked eye except where
include a transverse resin canal.

Minute Anatomy - Tracheids up to 60 microns in diameter,
bordered pits in one row or not infrequently paired on
the radial walls. Resin canals with thin walled epithe- ' ;
1ium frequently occluded with tylosolds in the heartwood. -
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SUGAR PINE

General Characteristics

Sapwood - white to pale yellowish white, frequently dis-
colored by blue stain.

Heartwood - light brown to pale reddish brown, frequently
discolored with brown stain.

Wood - noncharacteristic odor, often exuding a sugary
substance when green.

Growth Rings - distinct, delineated by a narrow band of
darker late wood at the outer margin.
Early wood zone usually wide, appearing to
occupy most of the ring.

Parenchyma - not visible.

Rays - very fine, not visible to the naked eye except
#
where they 1lnclude a transverse resin canal.

Minute Anatomy - tracheids up to 65 microns in diameter,
‘bordered plt in one or two rows on the radial walls;
tangential pitting present in the last few rows of late
wood tracheids. Pits leading to ray parenchyma large,
not infrequently three per ray crossing.
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REDWOOD

General Characteristics

Sapwood - narrow, almost white.

Heartwood - varies in color from light cherry to dark
mahogany .

Wood = without characteristic odor or taste.

Growth Rings - distincb delineated by a band of darker
late wood Late wood zone distinct to
the naked eye, darker and denser than the
early wood.

Parenc yma - abundant, present in every growth ring.
Cells scattered, readily visible in the sap-
wood with a lens, and sometimes to the naked
ey©e.

Rays - coarse for a coniferous wood, lighter than the
background in the heartwood, generally visible to
the naked eye.

Minute Anatomy - trachelds up to BO microns in diameter,
bordered pits in at least two rows on the radial walls,
tangential pitting present 1in the last few rows of late
wood tracheidas. ,
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SITKA SPRUCE

General Characteristics

Sapwood - creamy white to light yellow (5: B87)

Heartwood = light pinkish yellow to pale brown with
purpliash cast.

Wood - more or less lustrous, without characteristic
odor or taste.

Growth Rings - distinct, delineated by a band of darker
late wood. Early wood zone usually
occupying one-half to two-thirds of the
ringo

Parenchyma - not visible.

Rays - very fine, not visible to the naked eye except
where they include a transverse resin canal.

Resin Csasnals - present, longitudinal and transverse.
Longitudinal canals fairly large, appear-
ing as white flecks in the dark heartwood
to the naked eye. . |

Minute Anatomy - tracheids up tc 55 microns in dlameter,

bordered pits in one row or rarely palred on the radial
walls. Tangential pitting present in the last few rows
of late wood tracheids.
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HISTORY OF THE USE OF FINE HARDWOODS

g In all the eras of our civilization, hardwoods have been

3 prized for their color and texture and the brilliance with

: which they take and hold a finish. The variety of color alone
to be found among the more familiar hardwcods ranges from the
pgle creamy white of holly to the almoat pure black of African
eoony.

i In this century fer the first time in history, wood is not
} only a natural wonder, but so vastly improved in use by man

as to be quite different in ita function, beauty, and durabil- :
ity from what it was even fifty years ago. ;

American walnut, our most popular furniture wood, 1s also
highly regarded in Europe. Cherry, maple, oak, pecan, butter-
nut, and birch are the next most popular American furniture
‘woods.

Mahogany from Tropical America and Africa has been a popu- |
lar imported hardwood in the United States since the early ;
18th Century. :

Walnut began to be popular in England, where oak had been
gupreme for centuries, about the time of Queen Anne, in the
early 17th Century. Through the years it has been used in
many different furniture styles, both here and in Europe. On
both continents it 1s still a popular wood with designers of
modern or contemporary furniture., (7)
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AMERICAN BASSWOOD - Tilia Americana
1 WHITE BASSWOOD = Tilia Heterophylla

T A

General Characteristics:

.Z Sapwood - Whitish to creamy white or pale brown.

L

R I T P L e e d

Heartwood -~ Pale brown, sometimes with a reddish tinge.

Wood - Falnt odor on freshcut surface. Tasteless. Straight
grained, light. S.G. 0.32 green, 0.40 ovendry. Soft.

AT

Growth. Rings ~ Fairly distinet.

Pores = ?umerous, small, distinctly visible with a hand
ense, :

Paurenchyma - Not distinct or barely visible with a hand ]
' : lense. Banded. - ’

Razs - Variable in width.

Minute Anatomy

Vessels - Modsarately few to very numerous, the largest
small to medium.

Parerchyma - Abundant, marginal and apotracheal. Banded.

"FibervTraCheids - Thin walled, medium to very coarse.

Rays - Unatoried or rarely somewhat storied. (3: 564-566)
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BIRCH = Betula Alleghaniensis

' General Characteristics

Sapwood - Whitish, pale yellow, or light reddish brown. .
Heartwood - Light te dark brown or reddish brown.

Wood - No ordor or taste, straight-grained, moderaﬁely
- heavy to very heavy S.G. 0.45 -~ 0.60 green, 0.55 to
0.71 ovendry. Moderately hard to hard.

Growth Rings - Frequently not very distinct without a lens,
: delineated by a fine liné of denser fibrous
tissue at the outer margin.

Pores - Appearing as whitish dots to the naked eye, the
larger obviously wider than the widest rays,
nearly uniform in size and evenly distributed
throughout the growth ring.

Parenchyma - Not visible.
Rays ~ Fine, visible with hand lens.

Minute Anatomy

Vessels - Small the medium, few to moderately numerous.

Parenchyma - Apotracheal - diffuse.

E Fiber Tracheids -~ Thin to moderately thick walled. Medium
: to coarse.

Rays - Unstoried, homocellular. (3: 510-512)

#
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CHERRY ~ Prunus Serotina

General Characteristics

Sapwood ~ Whitish toilight reddish brown.
Heartwood - Light to dark reddish brewn.

Wood - No odor or taste, straight grained, moderately hard,
moderately heavy, S. G. 0.47 green, 0,53 ovendry.

Growth Rings - Fairly dilstinct.

Pores - Small, indistinct to the naked eye. Those at the
beginning of the ring somewhat larger, elsewhere
quite uniform in size and fairly evenly distributed.

Parenchyma - Not visible

Rays - Visible to naked eye, green canals sometimes present.

Minute Anatomy -

/

Vessels - Moderately numerous to very numerous, the largest
small, Gummy infiltration occasionally present.

Parenchyma - Very sparse.

Fiber Tracheids - Thin to thick walled, medium to coarse.

Rays - Unstoried (3: 547=549
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HARD MAPLE = Sugar-Acer Saccharum | i
Black=Acer Nigrum oy

\

b i
g General Characteristics %5

Sapwood - White with a reddish tinge,

A A
et T (- R g

Heartwood - Uniform light reddish brown. ;

Wood - No odor or taste, straight grained usually heavy, f
S.Gs 052 = 0,56 green, 0.62 - 0,68 ovendry, hard. ol
Growth Rings - Usually fairly distinct. ;5
Pores - Small, indistinect without a2 hand lena. gi
Parenchyma - Not visible. %L
Rays - Two widths. Broad rays visible to naked eye. g
Narrow rays barely visible with a hand lens. N
Minute Anatomy f%

Vessels - Few to moderately numerous, the largest small. ;

Parenchyma - Sparse. g

Fibers Iibriform and Fiber Tracheids - Thin to moderately g
thick-walled, fine to coarse. | i

Rays - Unstoried. (3: 556-568) g
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SOFT MAPLE: Red Maple - Acer Rubrum .
Silver Maple - Acer Saccharum

General Characteristics

& Sagwood - White ‘

Heartwood - Light brown, aometimes w1th a grayish or
greenish tinge..

ke Wood - No odor or taste. Straight grained usually,
] : Moderately heavy. S.G. 0.44 - 0.49 green, 0,51 =
¢ 0.55 ovendry. Moderately hard to hard.

Growth Rings - Not very distinct.:

; Pores - Small, indistinct without a hand lens.

Parenchyma - Not visible,

Razs - Visible to the naked eye.

Minute Anatogx

Vessels - Moderately few to moderately numerous. The

largest small. -
Parenchyma - Sparse. | | ‘
Fibers Libriform and Fibers Tracheids - Thin to moderately
thick-walled. Medium GO0 coarse.
Rays - Unstoried. (3: 560=561)
]
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RED OAK - Quercus Rubra

% General Characteristics

1

? Sapwood - Whitish to grayish or pale reddish brown.

ié Heartwood - Pinkish to light reddish brown, occasionally

E ' 1light brown,
‘? Wood =~ No odor or taste, generally straight grained, heavy

? to very heavy. S.G. 0.52 = 0.61 green, 0.62 - 0,76
, ' ovendry. Hard to very hard.

Growth Rings - Very diatinet.

Early Wood Pores - Large, visible to naked eye, few or no
tyloses in the heartwood.

Late Wood Pores - Abundant, small, indistinct er barely
viaible to the naked eye.

Parenchlﬁg - Vigsible with a hand lens.

3 | - Rays - Two types, broad and narrow. Broad rays viaible to
4 naked eye. Narrow rays much more numerous than
‘ broad rays, but indistinct without magnification.

g SR AT T v 2o

Minute Anatomy

lf.'r‘"tnp'i-—'lvii.

-
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Vessels - In late wood few, largest early wood vessels large
to extremely large.

Vaaicentric‘Tracheida - Present intermingled with parenchyma.

Parenchxma - Abundant, paratracheal, intermingled with
‘ tracheids, usually banded.

stisid o0 e SNt 8 « e e ted Kb S ol
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Fibars Libriform and Fiber Tracheids - Medium thick to
thick walled.

Rays - Unstoried homoce]lular. (5° 522-525)
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WHITE OAX - Quercus Alba

o L e
R P

General Characteristlics -

Sapwood - Whitish to light brown. .g
Heartwood = Rich 1light brown to dark brown. |

Wood - No odor or taste, usually atraight grained, heavy E
to very heavy., S.G. 0.55 = 0.64 green, 0.66 - .
0.79 ovendry. Hard to very hard.

Growth Rings = Very distinct except in slow-grown stock.

Early Wood Pores - Large, visible to naked eye.

‘1ate Wood Pores - Numerous, small, not sharply defined
' with a hand lens.

Pérenctha - Visible with a hand lens.
Rays - Broad rays very conspicuous to the naked eye,

narrow rays much more numerous but indistinct
_ without magnification.

Minute Anatomy .

Vegsels - Late wood few to numerous; largest early wood ®
vessels large to extremely large. ]

Vasicentric Tracheids - Presént, intermingled with - 1
o parenchyma.

Parenchyma - Abundant, paratracheal, opothradheal -
. diffuse and usually banded.

“Fibers Libriform and Fiber Tracheid - Medium thick to
Tck walled, frequently gelatinous. 4

Rays - Unstoried and homocellular. (3: 525-528)
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YELLOW POPIAR = Iibiodendron Tulipifera | N

General Characteristicsa X

Minute Anatomy | :

Sapwood - Whitish, often variegated or striped.

Heartwood = Ranges from clear yellow to tan or greenish
brown, often marked with shades of purple, g
dark green, blue and blacke _ ;

Wood - No odor or taste, atraight grained, moderately E
lighte. S.G. 0.38 green, 0.43 ovendry. Moderately ;
goft. .

Growth Rings - Distinet

Poras - Not visible without a lens, wood diffuse, porous.

Parenchyma - Marginal, the 1ine plainly visible to the

Rays -~ Diatinct to the naked eye.

Vessels - Moderately numerous to numerous, the largeat
small to medium.

Parenchyma - Several, seriate. i1

Piber Tracheids - Thin to moderately thick walled, medium
to coarse. :

Rays - Unatoried or rarely somewhat storied. (3: 539-541)

naked eye. g
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BIACK WAINUT (Juglans Nigra)
: General Characteristics i
Sapwood - Whitish to yellowiah brown. In the trade commonly >

darkened by steaming or staining to match the
heartwood.

Heartwood - Light brown to rich chocolate or purplish
brown, the lighter shades from trees grown in ‘
the .open. | : 4

Wood - Mild characteristic odor ﬁhen worked, tasteless,
straight or irregular grained. Heavy, S.G. 0.51
approx. green, 0.56 ovendry. Hard.

T T

Growth Rinﬁa -~ Distinct, delineated through an abrupt
jTlerence in size between the pores of the outer
late wood and those in the early wood of the suc-
ceeding ring.

Pores - Scattered, those in early wood readin visible,
2 decreasing gradually in size toward the outer
3 margin of the ring. Tylos falrly abundant.

Parenchyma - Barely visible with hand lens, arranged in
fine, numerous, continuous, or broken
tangentral lines. |

o Rays-Fine = Indistinet without a hand lens.

Minute Anatomy

Vessels - Very few, the largest large to very large.

Parenchyma - Frequently crystalliferous.

Fibre Tracheids = Thin to moderately thick walled.

Rays - Ray-vessel pltting aimilar %o intervessel type. g
: (3: 497-498) o
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THE CHEMISTRY OF WOOD

Chemically, wood is not a single substance; rather it is
a complete aggregate of compounds, the nature of which is still
inadequately understood by wood chemists. (4:36)

It 1a convenient to segregate the chemical components of
wood into two major groups.

le Cell-Wall Components - These are chemical compounds
that form an Integral part of the cell walls of wood;
they are mainly organic in nature. The cell wall
components cannot be removed by the action of any
solvent without deatroying the physical structure of
‘'wood, (3: 721)

2., The Extraneous Components - These substances, also
called extractives and infiltration substances, are
not an integral part of the cell wall; they can usually
be removed by the use of a suitable solvent without
affecting either the chemical composition of the wood
substance or the physical structure of(the ce%l wall,
3s 722

THE CELL-WALL COMPONENTS OF WOOD

The organic cell-wall components of wood are of two gen-
eral classes; carbohydrates and the compounds known collec-
tively as lignin. The carbohydrates consist of cellulose and
hemicelluloses; the hemicelluloses, in turn, are composed of
pentosans, hexosans, and uronic acid - containing components.
Iignin constitutes the noncarbohydrate portion of extractive
free wood. It is a complex of noncarbohydrate material of
unknown chemical composition. (3: 723) -

CELL-WALL CARBOHYDRATES

Carbohydrates are chemical compounds, consisting of carbon,
hydrogen, and oxygen, that form the supporting framework of
plant tissue, including wood, in the same manner as proteins
make up the tissues of animals. Carbohydrates also are present
as reserve materials in plant cells and are therefore a source
of energy. (3: 724)

Cellulose -~ About 99 per cent of the dry weight of wood con-
8ists of cellulose and related substances, and of lignin. Cel-
lulose 1s a carbohydrate, as are sugar and starch; it conteins
the chemical elements carbon, hydrogenr, and oxygen; the hydro-
gen and oxygen beling present in the same proportions as in
water., (4: 38)
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Technlically, the term signifies the residues that result
when vegetable materials are pulped. Pulps are not pure
cellulose beczause they also contain variasble amounts of non-
cellulosic cell-wall constituents. Chemically pure cellulose
1s known as a polysaccharide, which is insoluable in water,
organic solvents, and dilute acids and alkalies. (3: 725)

Hemicelluloses - Those cell-wall components which can be
extracted from wood with cold or hot dilute alkalies and that
can be hydrolyzed into component sugar and sugar acids by
dilute acids. One type 1s represented by the polysaccharides"
which form a part of the system that encrusts and interpene-
trates the cellulosic framework of the cell wall. The other
type consists of cellulosans of noncellulosic polysaccharides
that form a part of the cellulosic fabric proper. (3: 723)

LIGNIN

Lignin is the organic noncarbohydrate portion of extrac-
tive-free wood; 1ts chemical and physical constitution is still
unknown in spite of more than a 100 years of extensive re-
search. (3: 730)

This 1s due in part to its extreme chemical complexity,
and to the lack of conclusive proof that the lignin separated
by chemlical means from the c¢ell-wall constituents with which
it 1s intimately assoclated, is identical with natural lignin.
The lignin in hardwoods 1s believed to be different structur-

ally from that in softwoods.

Lignin 1s composed of carbon (61-65 percent) hydrogen (5=6
percent) and oxygen (30 percent). It 1s the manner in which
these three elements are chemically united, and their propor-
tions, that makes lignin differ from cellulose. Lignin is the
major constituent remaining in woody tissues after the cellu-
lose has been removed. (4: 38)

Two methods of removing lignin from the other components
of the cell wall are:

{1l) +those which depend on the removal of the cellulose
and other carbohydrates, generally by means of a
strong mineral acld, leaving the lignin as an insol-

, uble residue; and

(2) those which are based on the dissolution of the lignin

| with an alkall or some other delignifying agent,
leaving behind the cellulose and the other carbohy-
drates that are associated with it (3: 734)
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The lignin content of softwoods ranges from 25 to 35

percent; that of hardwoods is usually lower, varying from

17 to 25 percent.

THE EXTRANEOUS COMFONENTS OF WOOD

These are substances which can be removed by extractlon
with neutral solvents such az water, alcohol, benzol, ether,
and choloform, or by volatilization with steame. They also
include substances which appear to be distinet from the cell
wall when thin sections of wood are examined with a mlcro-
scope. The natural durability of wood 1s closely linked with
the toxicity of its extractives. (33 737)

Extractives are grouped on the basis of chemical simi-
larities into; ,

(1) Volatile oils, resin acids, and fats

(2) Tannins and dyestuffs

(3) Carbohydrates
(4) Miscellaneous substances (3s 739)

;
9
o




o4.

‘WOOD PRESERVATIVES

The primary objJective of the preservative treatment of
wood is to increase the life of the material in service, thus
decreasing the cost of the product and avoiding the need of

frequent replacements in permanent and semi-permanent con-
gtruction. -

Wood preservatives increase the resistance to decay, repel

the attracts of teredos and other live woodbores, and help to
retard fires.

A, Classes of wood preservatives:

le Oils, such as creosote and petroleum solutions
of pentachlorophenol.

Coal tar creosote -~ 13 the moat important
and most generally useful wood preservative.
Its advantages are:

a. high toxicity to wood destroying
organisms.

b. relative insolubility in water and
low volatility which impart teo 1t a
great degree of permanence under the
moat varied uase conditions.

c. eoase of application.

d. ease with which depth of penetration can
be determined.

e, general availabllity and relatively
low cost.

f. long record of satisfactory use (24: 400)

Pentachlorophenol solutions and copper naph-
thenate solutions -- these preservatives were
Tirat used primarily for surface applications.
The chlorinated phenols in volatile light-
colored solvents, such as mineral spirits,
were first used for window sash and millwork
that required a clean, nonsmelling and paint-
able treatment.

Service and fleld teats on wood treated
with petroleum oils containing five per cent
of pentachlcrophenol or copper naphthenate
equivalent to 0.5 per cent or more of copper

SRR
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metal show that these perservatives provide a
high degree of protection against decay fungi
and termites when the wood is properly
treated., (24: 404)

2. Water borne salts that are applied as water solu- .
tions.

Water borne salts -- Wocd preservatives used in
water solution include zinc chloride, chromated
zinc chloride, acid copper chromate, zinc
arsentate, and chromated copper arsenate. These
preservatives are employed principally in the .
treatment of wood for uses where it will not be
in contact with the ground or water or where the
treated wood requires painting.

Zinc chloride and chromated zinc chloride
are frequently used as fire retardants for wood,
but at retentions higher than those used only
for wood preserving purposes.

B. Preparation of Timber for Trezatment.
l. Peeling.

All timber should be peeled before seasoning be-
cause bark retards the drying of the wood,; harbors
insects, and favors decay infection in the sap-
wood (22: 33),

2. Seasoning.

For treatment with water borne preservatives by
certain diffusion methods, the wood should be as
green and as full of water as possible. For
treatment by other methods, however, and partic-
ularly for treatment with preservative oils,
sessoning before treatment is desirable (24: 410).

Some of the more important considerations in
air seasoning include speclies and size of timber,
proportion of sapwood, time of cutting, peeling,
climatic conditions, locality in which the timber
is seasoned, and method of piling (24: 32). It is
not uncommon in commercial practice to air dry
large timbers for 8 to 12 months.

Incising,.

Wood that 1s resistant to penetration by preserva-
tives 1s often incised before treatment to permit
deeper and more uniform penetration (22: 411).
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4. Cutting and Framing.

All cutting, framing, and boring of holes should

he done before treatment. Cutting into the wood -

in any way after treatment will frequently ex-

pose the untreated interior of the timber and

permit ready access to decay fungi or insects.
B ' (22: 411)

e T Cimar} £ P et

5. Conditioning Proceass

Frequently timbers must be treated without walting
for them to air season. This is necessary in some
[ cases because of unfavorable climatic conditions
; that make alr-seasoning a decay hazard, or because
¥ ! in other cases, rush orders make it necessary to
ﬁg treat the timbers soon after they are cut. When
?
|

T AT ey g e i s o oy

~green materlal i1s to be treated, it 1s customary

to control the wood by a special heat treatment so

that it can be penetrated with the preservative. B
The conditioning treatment generally removes a i
substantial amount of melisture from the timber and i
also heats the wood to a more favorable treating
temperature.

- ing have been extensively used in this country for - g
many years. One 1a the steaming and vacuum method, &
which 1s used mainly for southern yellow pine and i
to a less extent for other pines. The second is -3
the boiling under wvacuum or Boulton process, which | A
1s used mainly with Douglas fir and toc a limited }
3 extent, for western hemlock, western larch, and
4 some hardwoods. A third method, called vapor-
i drying, has recently come into limited uae, mainly
- for southern pine poles and hardwood ties (24: 39).

|

|

kf Two methods for accomplishing this condition-
-3

]

.C. Pressure Processes

The moat effective method of treating wood with
preservatives is by means of pressure. There are a H
- number of pressure processes, all of which employ the 4
same general principle, but differ in the details of 7
application. The timber to be treated 1s losded on R
tramcars, which are run into a large steel ¢cylinder. I
After the cylinder door is closed and bolted, pre- | a2
servative 1s admitted and pressure applied until the 18
required absorption has been obtained. Two principal
types of pressure treatment, the full-cell (Bethell),
and empty-cell (Lowry and Rueping) are in common | .
use (22: 1). : |




' i S i S S Tl A R A A SRS R i o S MRt sl e Mg M A s i s MR S L R R L L SR A R SRR

e Y e
R e N S R N TR R

L ey SR e L e e 40
SESESURTRI Lo and .
i b Yoty s et Dol Sy snenes oo A

37.

l. Full Cell Process.

In making treatmentas with the so-called "full-
cell" or Bethell process, a preliminary vacuum

1s first applied to remove as much alr as
‘practicable from the wood cells. The preserva=-
tive 1s then admitted into the treating cylinder
without admitting alr. After the cylinder is
filled with preservative, pressure 1a applied
until the required absorbtion is obtained (22: 2).

2. Empty Cell Process

Two empty cell treatments, the Lowry and the
Rueping, are commonly used, both of which depend
upon compressed air in the wood to force part of
the absorbed preservative out of the cell cav=-
1ties after preservative presaure has been re-’
leased (24: 2).

A - The Rueping process uses compressed air
which is admitted to the cylinder and held there
until the fabric of the wood 1s thoroughly pene-
trated. Creosote 1s then admitted under a
slightly higher pressure, the air in the cylinder
gradually escaping. Finally, the pressure 1is
released when the air which was first introduced f
within the wood expands and drives out much of the i
excess creosote, -

e o s

The Lowry process difrers from the Rueping ;%
process in that compressed air 1s not employed. |
The Lowry process also aims to secure a deep pene-
tration of creosote with lesa oll than is required
by the full-cell process. The Lowry process is
extensively used throughout the United States.

A A ynn o s
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D. Nonpressure Process
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Nonpressure methods consist of:
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l. 'Supericial applications of preservative olls by
spraying, brushing, or brief dipping.

2, Soaking in preservative olls or steeping in
water solutions. |

& | 3. Diffusion processes with water borne preservatives.

4, Various adaptions of the hot and cold bath
process (22: 421).
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Teaching aid

. ' [ 4
-‘GLOSSARY OF TERMS

for
WOOD IDENTIFICATION AND CHEMISTRY

ANNUAL GROWTH RING--The growth layer put on in a single growth
year, including springwood and summerwood.

§ BARK-«Juter layer of a tree, comprising the inner bark, or thin,
" inner living part (phloem), and the outer bark, or
corky layer, composed of dr»y, dead tissue.

BISERIATE RAY--Ray consisting of two rows of cells, as viewed
i1n the tangential section.

CAMBIUM=--The one-cell-thick layer of tissue between the bark
and wood that repeatedly subdivides to form new wood
and bark cells.

CELL-~A general term for the minute units of wood structure,
including wood fibers, vessel segments, and other
elements of diverse structure and function.

CELL WALL--The well that encloses the cell contents; in a
mature cell it conslsts of several layers.

CELLULOSE--The carbohydrate that is the principal constituent
of wood and forms the frame work of thes wood cells,

CRYSTALLITES-~Regiona in the cell walls in which the cellulose
ls arranged in a highly ordered crystal lattice of
parallel chains.

DIFFUSE-POROUS WOOD--Certain hardwoods in which the pores tend
to be uniform in size and distribution throughout
each annual ring or to decrease in size slightly and
gradually teward the outer border of the ring.

HARDWOODS--Generally one of the botanical groups of trees that
have broad leaves in contrast to the conifers or
softwoods. The term has no reference to the actual
hardness of the wood.




) .
s e g

g i 47 TR A R T R O AT 1 B A 27

41,

HEARTWOOD--The wood extending from the pith to the sapwood, the
cells of chich no longer participate in the life
processes of the tree. Heartwood may be infiltrated
with gums, resins, and other materials that usually
make it darker and more decay resistant than sapwood.

HEMICELLULOSE-=-Group of carbohydrates found in the cell wall in
more or less intimate association with cellulose.

LIGNIN=-=The second most abundant conatituent of wood, located
principally in the middle lamella, which is the thin
cementing layer between the wood cells. The chemical
structure of lignin has not been definitely deter-
mined.

PARENCHYMA--Short cells having simple pits and functioning
primarily in the metabolism and storage of plant food
materials, They remain alive longer than the tra-
cheids, fibers, and vessel segments, sometimes for
many years. Two kinds of parenchyma cells are
recognized, those in vertical strands, known more
gpecifically as wood parenchyma, and those in hori-
zontal series in the rays, known as ray parenchyma.

PIT-=A relatively unthickened portion of a c2ll wall where a
thin membrane may permit liquids to pass from one
cell to ancther. A "bordered" pit has an overhanging
rim that is not present in a "simple" pit.

PITCH POCKET--An opening extending parallel to the annual
growth rings containing, or that has contained, pitch,
either solid or liquid.

PITH--The small, soft core occurring in the structural center
of a tree trunk, branch, twig, or log.

POROUS WOODS--Another name for hardwoods, which frequently
have vessels or pores large enough to be seen readily
without magnification.

RADIAL--Coincident with a radius from the axis of the tree or
log to the circumference. A radial section is a
lengthwise section in a plane that passes through the
centerline of the tree trunk.

e
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RATE OF GROWT'H-~The rate at which a tree has laid on wood,
measured radially in the trunk or in lumber cut

R e e
st i

% from the trunk. The unit of measure in uase is
4 number of annual growth rings per inch,
RAYS OR MEDULLARY RAYS, WOOD--Strips of cells extending radi- y

A ally within a tree and varying in height from a few
A _ cells in some species ro 4 or more inches in »ak.
The rays serve primarily to store food and transport
in horizon%ally in the tree. Wood rays that
originate at the pith. '

RESIN PASSAGE (OR DUCT)--Intercellular passages that contain
and transmit resinous materials. On a cut surface,
they are usually inconspicuous. They may extend
vertically parallel to the axis of the tree or at
right angles to the axis and parallel to the rays.

RING-POROUS WOODS=-=-A group of hardwoods in which the pores are
comparatively large at the beginning of each annual
ring and decrease in size more or less abruptly
toward the outer portion of the ring, thus forming a
distinet inner zons of pores, known as the spring-
wood, and an outer zone with smaller pores, known as -
the summerwood.,.

SAP--All the fluids in a tree, special secretions and excretions,
such as oleoresin, excepted. '

SAFPWOOD=-~The 1living wood of pale color near the outside of the
log. Under most conditions the sapwood 1s more
susceptible to decay than heartwood.

SOFTWOODS~-~Generally, one of the botanical groups of trees
that 1n most cases have needlelike or scalelike
leaves; the conifers; also the wood produced by such
trees. The term has no reference to the actual hard-
ness of the wood.

- SPECIFIC GRAVITY OF WOOD (S.G.)--The decimal ratio of the oven
dry weight of a plece of wood to the weight of the
water displaced by the wood at a given moilsture 0
content,

SPRINGWOOD--The portion of the annual growth ring that is formed
during the early part of the season's growth, It is

usuglly less denase and weaker mechanically than summer-
woo0d .
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STORIED RAYS-~Rays arranged in tiers or in echelons, as
viewed on a tangential surface.

SUMMERWOOD=-=The portion of the annual growth ring that is
formed after the springwood formation has ceased.

It is usually denser and stronger mechanically than
springwoode.

TANGENTIAL=-=Strictly, coincident with a tangent at the circum-
ference of a tree or log, or parallel to such a >
tangent. In practice, however, it often means 5
roughly coincident with a growth ring. A tangential g
section is a longitudinal section through a tree or 2
limb perpendicular to a radius. Flatgrained lumber | é%&x
is sawed tangentially. B

TRACHEID=-=The elongated cells that constitute the greater part
of the structure of the softwoods (frequently re-
ferred to as fibers). Also present in some hardwoods.

TRANSVERSE=-=-Directions in wood at right angles to the wood
fibers, Includes a radial and tangential directions.
A transverse section is a section through a tree or
timber at right angles to the plth.

TYLOSES-=Masses of parenchyma cells appearing somewhat like
froth in the pores of some hardwoods, notably the
white oak and black locust. Tyloses are formed by
the extension of the cell wall of the living cells
surrounding vessels of hardwood or sometimes 1in a
similar manner by the extension of the cell wall
into resin-passage cavities in the case of softwoods.

UNISERIATE RAY=--Ray consisting of one row of cells, as viewed
in the tangential section.

VESSELS=-=Wood cells of comparatively large diameter that have
open ends and are set one above the other so as to
form continuous tubes. The openings of the vessels
on the surface of a piece of wood are usually
referred to as pores. Thev occur only in hardwood,

WOOD FIBERS=~Thick-=walled, tapering cells surrounding the
vessels, and constituting the greater part of the

wood tissue of the broadleaf trees. Wood fibers
give strength and density to the wood tissue.
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XYILEM=-~The portion of the tree trunk, branches, and roots
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that lies between the pith and the cambium,
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Teaching aid

-

CELL STRUCTURE OF A SOFTWOCD

f st e S b

- 4nmel Rinz mede up of early wood and late wood cells.

- Bordered Pits have their margins overhung by surrounding cell walls,
"R - Fusiform Wood Rays are rays having horizontal resin ducts.

D - Horizontal Resin Ducts found on end surfaces as fine white lines.,
- Middle Lamella is the cementing layer between all units.

- Represents a verticle plane along the radius of the trunk.

- Springwood cells &re the larger early wood cells.,

- Summerwood cells formed later in the growing period.

- Simple Pit is the unthickened portion of the cell wall,

- Surface at right angles to the radial or querter-sswed surfeace,

VRD - Verticle Hesin Duct.

- Wood Rays store and distribute horizontally the food material of the tree,

515
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U.S. Forest Service Research Nofe.
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Teaching aild

CELL STRUCTURE OF A HARDWOOD

Annual Ring usually sharply defines one years growth from another.
Wood Fibers are strength giving elements of hardwoods.

Pits afford means for the passage of sap from one cavity to another.
Middle Lamella cements all wood cells together,

Pores or Vessels for conducting sap.

A verticle plane of a surface cut parallel to the radius,

Spring wood or early wood.

Grating separating the ends of the individual cells in some hardwoods.,
Summer wood or late wood.

Horizontal plane corresponding to a minute portion of the top surface
of a stump or end surface of a log. |

Wood rays are strips of short horizontal cells that extend in a radial
direction which store food and distribute it horizontally.

, Porest Service Research Note.
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Teaching aid

WOOD IDENTIFICATION
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Name the parts of the tree trunk ,
Write the correct answer following the letter that corresponds

to each particular part.

Problem:
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Student lLab.

STUDENT LAB EXPERIENCE IN WOOD IDENTIFICATION

Purpose: To enable students to identify the various types of common soft-
woods and hardwoods. : |
1, After identification the student should study the character-
istics of this particular wood.
a. To determine if the qualities it possesses lend themselves
_ to his goeals.
b. To determine if it is esthetically correct.
c. To determine if the price is right.

1, Student should select samples of the various woods available.

2, Student should determine whether it is a softwood or hardwood.
a. Use various charts, pictures, diagrams, and other teaching

aids which are available,

(1), If student displays a desire to study wood identifi-
cation in depth, demonstrate microscopic examination
using Ripon Microslides.,

3. After determining whether wood is a hardwood or softwood, the
exact type shall be determined through the use of the media
which is available. |

L. Teacher will verify student identification.
a. If student makes wrong decision, teacher shall retrace stu-
dent's steps and help in final correct identification.

5., Student shall keep accurate notes on each specimen identified.
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Student Lab.

IAB EXPERIENCE

; Wood TIdentification Through the Use of Microslides
| and a Microscopse

I. Procedure

A. Obtain necessary materials and equipment.

8

l. Microscope
2, Key to wood identification
3, Microslides
a. Use the following microslides:
(Ripon)
W=-S9 Bald Cypress
W=55 Douglas Fir
: W~48 Ponderosa Plne
4 W-31 Sitka Spruce
4 | W-40 Short-leaved Plne
W=43 Sugar Pine ,
. W-57  Redwood ‘
i W-63 Western Red Cedar
E W-420 Basswood
W-92 Birch
W-212 Black Walnut
W-332 Cherry
W-76 Sugar or Hard Maple
W=75 Silver or Soft Maple
W=-360 Red Oak
W-350 White Oak
W-232 Yellow Poplar
b. Only the slide number is to be visible.

SN s S AT T

B. Using the key the student will separate the
slides into two groups.

1. Soft woods
2, Hard woods

C. Usaing the key the student will identify the
various kinds of soft woods and hard woodse.

5 D. The student will keep accurate notes on his
E identificatlons.

E. The student will bring results to the teacher
for verification,.
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t

l, If student has made an error, the teacher
will retrace ateps in ldentification to
discover where atudent went wrong.

Fo Verified results shall become part of atudent
note booke

END | RADIAL

T ANGENTIAL
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Hand out sheet

CHARACTERIST‘ICS_ OF MANY COMMON WOODS

ompar- Hand- esist- | Wood
ative tool Nail- | Relative | General | ance to | finish-
Species weiglits' Color’ working | ability’ | density |strength'| decay’ ing' Cost’
Hardwoods' :

Apitong Heavy Reddish brown |Hard Poor Medium | Good’ High Poor Medium high
Ash. brown Medium | Light brown Medium | Medium | Hard Medium | Low Medium | Medium
Ash. tough white Heavy Off-white Hard Poor Hard Good Low Medium | Mediuth
Ash, soft white Medium | Off-white Medium | Medium | Medium | Low Low Medium | Medium low
Avodire Medium | Golden blond Medium | Medium | Medium | Low Low Medium | High
Balsawood Light Cream white Easy Good Soft Low Low Poor Medium
Basswood Light Cream white Easy Good Soft Low Low Medium | Medium
Beech Heavy Light brown Hard Poor Hard Good Low Easy Medium
Birch Heavy Light brown Hard Poor Hard Good Low Easy High
Butternut Light Light brown Easy Good Soft Low Medium | Medium | Medium
Cherry. black Medium | Medium reddish | Hard Poor Hard Good Medium | Easy High

brown
Chestnut Light Light brown Medium | Medium | Medium | Medium | High Poor Medium
Cottonwood Light Grayish white Medium | Good Soft Low Low Poor Low
Eim, soft. northern Medium | Cream tan Hard Good Medium | Medium | Medium | Medium | Medium low
Gum. red Medium | Reddish brown | Medium | Medium | Medium | Medium | Medium | Medium | Medium high
Hickory. true Heavy Reddish tan Hard Poor Hard Good Low Medium | Low
Holly Medium | White to gray Medium | Medium | Hard Medium | Low Easy Medium
Limba Medium | Pale golden Medium | Good Medium | Medium | Low Medium | High L
Magnolia Medium | Yellowish brown | Medium | Medium | Medium | Medium | Low Easy Medium "o
Mahogany. Honduras ; Medium | Golden brown Easy Good Medium | Medium | High Medium | High ;-
Mahogany. Philippine . Medium | Medium red Easy Good Medium | Medium | High Medium | Medium high 3
Maple. hard ! MHeavy Reddish cream | Hard Poor Hard Good Low Easy Medium high 5’
Maple. soft . Medium | Reddish brown | Hard Poor Hard Good Low Easy Medium low :
Oak, red (average) . Heavy Flesh brown Hard Medium | Hard Good Low Medium | Medium
Gak. white (average) ., Heavy Grayish brown - | Hard Medium | Hard Good High Medium | Medium high
Poplar. yellow Medium | Light to Easy Good Soft Low Low Easy Medium

! dark yellow
Primavera . Medium | Straw tan Medium | Medium | Medium | Medium | Medium | Medium | High
Sycamore Medium | Flesh brown Hard Good Medium | Medium | Low Easy Medium low
Wainut. black | Heavy Dark brown Medium | Medium | Hard Good High Medium | High
Willow. black Light Medium brown | Easy Good Soft Low Low Medium | Medium low
Softwoods’
Cedar. Tennessee red ; Medium | Red Medium | Poor Medium | Medium | High Easy Medium
Cypress ; Medium | Yellow to . Medium | Good Soft Medium | High Poor Medium high
| reddish brown :

Fir, Douglas ‘ Medium | Orange-biown Medium | Poor Soft Medium | Medium | Poor Medium
Fir. white . Light Nearly white Medium | Poor Soft Low Low Poor Low
Pine. yellow longleaf | Medium | Orange to Hard Poor Medium | Good Medium | Medium | Mediurn.

reddish brown
Pine. eastern white | Light Cream to Easy Good Soft Low Med<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>