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Wood anatomy 
Wood is composed mostly of hollow, elongated, 
Spindle-shaped cells that are arranged parallel to each 
other along the trunk of a tree. The characteristics 
of these fibrous cells and their arrangement affect 
strength properties, appearance, resistance to pene
tration by water and chemicals, resistance to decay, 
and many other properties. 

Gross features of wood, Just under the bark of a tree 
is a thin layer of cells, not visible to the naked eye, 
called the cambium. Here cells divide and eventu
ally differentiate to form bark tissue to the outside 
of the cambium and wood or xylem tissue to the 
inside This newly formed wood (termed sapwood) 
Contains many living cells and conducts sap upward 
in the tree. Eventually, the inner sapwood cells be-
come inactive and are transformed into heartwood. 
This transformation is often accompanied by the for
mation of extractives that darken the wood, make it 
less porous, and sometimes provide more resistance 

to decay. The center of the trunk is the pith, the soft 
tissue about which the first wood growth takes place 
in the newly formed twigs. See STEM. 

The combined concentric bands of light and dark 
areas constitute annual growth rings. The of a 
tree may be determined by counting these rings at 
the stump. See XYLEM. 

In temperate climates, trees often produce distinct 
growth layers. These increments are called growth 
rings or annual rings when associated with yearly 
growth; many tropical trees, however, lack growth 
rings. These rings vary in width according to envi
ronmental conditions. Where there is visible contrast 
within a single growth ring, the first-formed layer is 
called earlywood and the remainder latewood. The 
earlywood cells are usually larger and the cell walls 
thinner than the latewood cells. With the naked eye 
or a hand lens, earlywood is shown to be generally 
lighter in color than latewood. 

Because of the extreme structural variations in 
wood, there are many possibilities for selecting a 
species for a specific purpose. Some species (for 
example, spruce) combine light weight with rela
tively high stiffness and bending strength. Very heavy 
woods (for example, lignumvitae) are extremely hard 
and resistant to abrasion. A very light wood (such as 
balsa) has high thermal insulation value; hickory has 
extremely high shock resistance; mahogany has ex
cellent dimensional stability. 

Many mechanical properties of wood, such as 
bending strength, crushing strength, and hardness, 
depend upon the density of wood; the heavier woods 
are generally stronger. Wood density is determined 
largely by the relative thickness of the cell wall 
and the proportions of thick- and thin-walled cells 
present. See WOOD PROPERTIES

Typical hardwood. The horizontal plane of a block 
of hardwood (for example, oak or maple) corre
sponds to a minute portion of the top surface of a 
stump or end surface of a log, The vertical plane cor
responds to a surface cut parallel to the radius and 
parallel to the wood rays. The vertical plane corre
sponds to a surface cut at right angles to the radius 
and the wood rays, or tangentially within the log. 
In hardwoods, these three major planes along which 
wood may be cut are known commonly as end-grain, 
quarter-sawed (edge-grain) and plain-sawed (flat-
grain) surfaces (Fig. 1). 

Hardwoods have specialized structures called ves
sels for conducting sap upward. Vessels are a se
ries of relatively Parge cells with open ends, set one 
above the other and continuing as open passages 
for long distances. In most hardwoods, the ends of 
the individual cells are entirely open; in others, they 
are separated by a grating. On the end grain, ves
sels appear as holes and are termed pores. The size, 
shape, and arrangement of pores vary considerably 
between species, but are relatively constant within 
a species. 

Most smaller cells on the end grain are wood 
fibers which are the strength-giving elements of 
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hardwoods. They usually have small cavities and rel
atively thick walls. Thin places or pits in the walls 
of the wood fibers and vessels allow sap to pass 
from one cavity to another. Wood rays are strips of 
short horizontal cells that extend in a radial direc
tion. Their function is food storage and lateral con
duction. Most of the rays in flat-grain surfaces are two 
to five cells wide, but their width and height vary in 
different species of hardwoods from 1 to more than 
50 cells wide and from less than 100 to more than 
4 in. (10 cm) in height. See PARENCHYMA; SECRETORY 

STRUCTURES (PLANT). 

Typical softwood. The rectangular units that make 
up the end grain of softwood are sections through 
long vertical cells called tracheids or fibers (Fig. 2). 
Because softwoods do not contain vessel cells, the 
tracheids serve the dual function of transporting sap 
vertically and giving strength to the wood. Softwood 
fibers range from about 0.1 to 0.3 in. (3 to 8 mm) in 
length. 

The wood rays store and distribute sap horizon-
tally. Fusiform wood rays are rays with horizontal 
resin ducts at their centers. In the center of the end 
grain is a vertical resin duct. However, some soft-
woods, such as cedar and true fir, do not have resin 
ducts. The annual ring is often divided into an ear
lywood zone composed of thin-walled cells and a 
latewood zone composed of thicker-walled cells. 

Sap passes from ray parenchyma cells through sim
ple pits, unthickened portions of the cell wall, to 
tracheids or vice versa. Bordered pits have their mar-
gins overhung by the surrounding cell walls, but still 
function as passageways for sap to move from one 
cell to another. 

Cell Walls. The principal compound in mature 
wood cells is cellulose, a polysaccharide of repeat
ing glucose molecules which may reach 4 µm in 
length. These cellulose molecules are arranged in 
an orderly manner into structures about 10-25 nm 
wide called microfibrils. This ordered arrangement 
in certain parts (micelles) gives the cell wall crys
talline properties that can be observed in polarized 
light with a light microscope. The microfibrils wind 
together like strands in a cable to form macrofibrils 
that measure about 0.5 µm in width and may reach 
4 µm in length. These cables are as strong as an equiv
alent thickness of steel. 

This framework of cellulose macrofibrils is cross-
linked with hemicelluloses, pectins, and lignin. 
Lignin, the second most abundant polymer found in 
plants, gives the cell wall rigidity and the substance 
that cements the cells together, See CELL WALLS 

(PLANT); CELLULOSE; LIGNIN; PECTIN. 

Wood identification. Naked-eye field identification 
of unknown woods can often be made on the basis 
of readily visible characteristics, such as color, odor, 
density, or grain pattern. Observing the smoothed 
transverse surface with the aid of a hand lens in-
creases the accuracy of identification, especially 
hardwood identification. However, for the most ac
curate identification, the naked eye, hand lens, and 

Fig. 1. Structure of a typical hardwood. (USDA) 

light microscope are used to examine the transverse, 
radial, and tangential surfaces and the various char
acteristics therein of the unknown wood. Wood de
scriptions, dichotomous keys, edge-punched cards, 
tables, photographs, and computer-assisted systems 

Fig. 2. Structure of a typical softwood. (USDA) 
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are also available to help in the identification process. 
See OPTICAL MICROSCOPE; PLANT ANATOMY; TREE. 
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