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INTRODUCTION 

A large number of tree species are pulped in the United 
States and Canada. Much information is available on cer­
tain of these species but, unfortunately, such data are 
scattered in a wide variety of publications. This book 
brings together this scattered information from silvics to 
pulping properties. 

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. Information on four exotic species that 
are planted in the United States has also been added; 
these are Pinus sylvestris (Scotch pine), Picea abies (Nor­
way spruce), Larix decidua (European larch) and Larix 

leptoiepis (Japanese larch). 

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

Five summary tables are located at the back of the book. 
These are Table I — Tracheid Dimensions and Decay 
Resistance, Table II — Wood and Bark Specific Gravity, 
Table III - Calorific Value of Wood and Bark, Table IV 
— Chemical Composition of Wood, and Table V — 
Chemical Composition of Bark. 
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E X P L A N A T I O N OF TERMS 

Units of Measurement 

Both English and metric units are given wherever pos­
sible. 

Tree Name 

The common name, scientific name and synonyms were 
largely taken from the USDA, Forest Service Agriculture 
Handbook no. 519, 1978 (Little, E.L., Jr. Important 
Forest Trees of the United States). 

Range 

The general area in which the species is indigenous is 
shown on a map when feasible. Altitudinal range is also 
given if limiting and available, as well as the acreage 
covered. It 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 resist­
ance of a growing tree and the durability of the wood 
cut from i t Certain types of diseases do not interfere 
with the use of wood for chemical pulping; others cause 
so 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 

structure at higher magnifications are scattered through­
out the report Additional information on the bark of 42 
species may be obtained from The Institute of Paper 
Chemistry, including test results of simulated hammer-
milling, bark toughness and strength, and wood/bark ad­
hesion. This work was done under the Institute's Project 
3212, "Bark and Wood Properties of Pulpwood Species 
as Related to Separation and Segregation of Chip/Bark 
Mixtures." 

Physical Properties of Wood 

Several common values 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 also 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 mois­
ture from the original to the oven-dry condition to the 
weight of the oven-dry piece, whereas in the pulp and 
paper industry moisture is expressed as a percentage of 
the original weight as it is with chemicals. Both values 
are given as well as relative sapwood and heartwood 
moisture content where available. 

Most woods have their cell walls saturated and the cell 
cavities free from water (fiber saturation point) at a 
moisture content of 25 to 30% (based on the oven-dry 
weight). When the moisture content decreases below the 
fiber saturation point shrinkage takes place. 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 content 
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. 
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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 obtain 

more information. 

Pulping 

Descriptions of pulping processes have been kept brief 
and, again, the reader is encouraged to read the articles 
cited for more information. 
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EASTERN WHITE PIN E 

Scientific Name Pinus strobus L. 

Synonyms White pine, northern white pine, northern 
pine, soft pine, Weymouth pine, cork pine 

Family Name Pinaceae 

Range Southern Canada, Lake States, Northeast, and 
the Appalachians. The eastern white pine type covers 7 
million acres (2.8 million ha) in the Northeast (7). 

Silvics The tree has a tall, clear, cylindrical bole, a 
crown composed of several nearly horizontal or ascend­
ing branches, and a wide-spreading, moderately deep 
root system without a taproot Best development is 
made on moist, sandy loam soils, or those with a small 
proportion of clay. In Canada, pure stands or mixtures 
with red pine and red spruce frequently occur, whereas 
in the Northeast, in addition to limited pure groups, 
white pine occurs on sandy loams with the northern 
hardwoods, red spruce, and hemlock. Relatively little 
now grows in the Lake States where once magnificent 
stands flourished, but the species appears to be on the 
increase. Eastern white pine is rated as intermediate in 
tolerance. 

Tree Dimensions The largest northeastern conifer, 
80-100 f t (24-30 m) tall and 2-3.5 ft (61-107 cm) in 
diameter. 

Pathology Resistance to decay: intermediate 

By far the most important disease of eastern white pine 
is white pine blister rust {Cronartium ribicola). Because 
of this disease, management of white pine is limited to 
areas of low hazard. The heart rot fungus, Phellinus pini, 
is responsible for about 90% of the cull in eastern white 
pine and enters through branch stubs and weevil-killed 
shoots (2). Another destructive fungus of eastern white 
pine is Stereum sanguinolentum. 

Two significant insect enemies of eastern white pine are 

the white pine weevil {Pissodes strobi) and the white 
pine sawfly (Ndodiprion pinetum). The white pine wee­
vil attacks the terminal shoot and affects tree form; the 
tree is seldom killed. Since the larvae of the sawfly feed 
on both old and new needles, complete defoliation of a 
tree is possible. The introduced pine sawfly (Diprion 
similis) favors white pine as a host, and heavily infested 
trees may be completely defoliated in one season. 

Gross Features of the Wood The sapwood is white to 
pale yellowish white, and the heartwood is cream col­
ored to light brown or reddish brown, turning much 
darker on exposure. The wood is moderately soft, light, 
medium textured, and has a slightly resinous noncharac-
teristic odor and no characteristic taste. Flat grain 
boards show a faint growth ring. Earlywood is usually 
wide, and the transition to latewood is gradual. In x-sec-
tion the rays are very fine, not visible with the naked eye 
except where they include a horizontal resin canal, form­
ing a fine, close, inconspicuous fleck on the r-surface. 
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Both horizontal and longitudinal resin canals are present. 
The longitudinal canals appear as whitish flecks with the 
naked eye, numerous, confined largely to the central and 
outer portions of the ring, solitary or rarely 2-3 contig­
uous in a tangential line, forming more or less prominert 
streaks along the grain. The horizontal canals appear as 
whitish, rather prominent wood rays, spaced at irregular 
intervals on the transverse surface. Parenchyma cells are 
absent The dry weight of fiber in each of the compon­
ents of white pine is covered in a publication by Youngj 
et al. {3). 

Microscopic Structure of the Wood 

Tracheids, Average, 3.0 mm (1.6-5.0 mm) in length and 
25-35 jum in diameter. Coarseness of 19.8 mg/100 m. 
Bordered pits in one row or occasionally paired on the 
radial walls, tangential pitting in the last few rows of 
latewood tracheids; pits leading to ray parenchyma are 
large, windowlike, 1-2 (generally 1) per crossfield; vol­
ume occupied, ca. 94%. Shepard and Bailey (4) reported 
that the average fiber length increased outward f rom the 

center of the tree and fluctuated widely in the outer 
rings. According to Fegel (5), root tracheids were longer 
than bole tracheids. 

Resin Canals. Longitudinal, 90-120 fxm in diameter, 
horizontal, less than 60 /urn; thin-walled epithelial cells, 
frequently occluded with tylosoids in the heartwood; 
volume occupied, <1%. 

Rays. Two types, uniseriate and fusiform; the uniser-
iate rays are numerous and 1-8+ cells high; the fusiform 
rays are scattered, with a horizontal resin canal, 2- to 
3-seriate in the central portion, tapering to uniseriate 
margins, up to 30+ cells in height. Ray tracheids are 
present in both types of rays, marginal and interspersed, 
nondentate inner walls. Volume occupied, ca. 5%. 

Gross Features of the Bark 

On young stems thin and smooth, dark green, soon fur­
rowed; on old trees 1-2 inches (2.5-5.0 cm) thick, 
broken into narrow, roughly rectangular blocks by deep, 
narrow fissures, minutely scaly on the surface; volume, 
ca. 12%. Bark thickness in similarly-aged portions of lat­
erals increased with increasing height in the canopy (6). 
The bark of the merchantable bole accounted for 63% of 
the complete tree bark on a dry weight basis (7). 

Microscopic Structure of the Bark {8) 

Periderm. Broad and gently curving. Thin and thick-

walled cells. Isolated zones of secondary phloem com­
mon between successive periderms. 

Scterenchyma. Absent in the secondary phloem. 

Sieve Cells. Often in radial rows of about 10 cells; sieve 
areas often inclined to the vertical axis of the sieve cells. 

Rays. Fusiform rays common, containing horizontal 
resin canals with well-defined borders. 

Parenchyma. Often 1-3 parenchyma cells in a short ra­
dial multiple, forming rather irregular tangential lines on 
the cross section of the inner bark and containing crys­
tals, small or large, but all with rectangular lateral faces. 
Other publications in this area include Abbe and Crafts 
(9) and Martin and Crist (70). 

Physical Properties of Wood 

Specific gravity Green volume 0.34 
Air-dry volume 0.36 
Oven-dry volume 0.37 

Density, Ib/cu ft 
(kg/cu m) Green 36 (577) 

Air-dry 25 (400) 
Oven-dry 23 (368) 

Density, Ib/cu ft 
(kg/cu m) Oven-dry weight 

per green volume 21 (336) 

Up to 24% of variation in specific gravity was accounted 
for by variation in soil/site characteristics. Wood specific 
gravity increased with greater soil moisture storage ca­
pacity (77). 

Geographic variation in specific gravity in Illinois 
showed specific gravity increased from N to S and from 
WtoE(72) . 

Overall decrease in specific gravity with increase in 
height of tree (73). 

Other publications on specific gravity of eastern white 
pine include Saucier and Taras (74), Lee (75), Gammon 
(76), Maeglin (77), Wahlgren, et al. {18-79). 

Percent shrinkage, dried to 0% moisture content: r- 2.3, 
t -6,0, v-8.2 
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Percent moisture content, when green 

Green basis 
Oven-dry basis 

40 
68 

According to Linzon (20), there is an increase in water 
content in late fall and early winter, drying out in late 
winter, slight increase in spring, fluctuations during sum­
mer strongly influenced by weather and a slight decrease 
in early fall. 

Physical Properties of Bark 

Specific gravity, 
green volume 

Specific gravity 
oven-dry weight 
& volume (21) 

Density (100% 
moisture content) 

Inner bark 
Outer bark 
Total bark 

Green weight/ 
green volume 

0.32 
0.53 
0.47 

0.56 

1.01 

Extractives. Contains 0.5% of pinosylvin monomethyl 
ether, 0.1% of chrysin, 0.1% of tectochrysin, 0.004% of 
pinostrobin, 0.07% of strobopinin, 0.3% of pinite, 0.08% 
of "membrane substances," and C 1 5 H 1 2 0 5 (possibly 
2,3-dihydro-3-hydroxychrysin) (26, 27) Tannins are ab­
sent (28). Small amounts of pectic substances have been 
isolated (29). For additional information on extractives 
see Drew and Pylant (30). For information on fatty 
acids and resin acids, see Swan (37). 

Other Information. For elemental analysis see Young 
and Guinn (32) and Young et al. (33). 

Chemical Composition of Bark 

Proximate Analysis. 

Solubility in 
Alcohol-benzene, % 

Ash, % 

Institute Paper Chemistry, 
Project 3212, 

Report 10 

15.5 
1.2 

Chemical Composition of Wood 

Proximate Analyses. 

Lignin, % 
Holocellulose, % 
C.&B. cellulose, % 
Alpha-cellulose, % 
Hemicellulose, % 
Ash, % 
Pentosans 

Total 
In cellulose 

Acetyl, % 
Methoxyl, % 
Solubility in 

Ether, % 
Alcohol-benzene 
1%NaOH 
Cold water 
Hot water 

Moisture content 
Uronic anhydride 
In r.emjcelluloses 

Pentosans 
Uronic anhydride 
Hexosans (by difference) 

Pulping 

Kraft. The wood is readily reduced, yield is normal, 
and the pulp is strong; it is used for high-grade kraft 

Martin and 
Bray (22) 

27.5 

60.0 
44.0 

10.6 

Ritter and 
Fleck (23) 

Sap Heart 
26.5 26.1 

3.0 
6.9 

16.2 

4.6 

54.3 
29.6 

0.23 

9.31 
6.8 
1.68 
4.16 

5.46 

17.2 
3.55 
5.15 

50.2 
28.8 

0.42 

8.56 
7.1 
1.43 
4.60 

3.62 

19.2 
5.97 
7.68 

26.7 

57.2 

0.19 

7.84 

Skoggard and Clermont and 
Libby (24) Schwartz (25) 

25.6 
66.6 

48.1 
14.13 
0.18 

5.82 

1.15 
5.17 

5.88 

19.1 
3.26 
4.43 
5.39 
3.25 

26.0 
15.5 
58.5 

2.65 
6.01 

15.9 
3.47 
5.42 
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wrapping papers and fiberboard (40-42). 

Neutral Sulfite Semichemical. See Chidester (43). 

Soda. The yield is normal (42). When sulfur was added 
to the cooking liquor, the resulting bleached pulp ap­
peared to be a suitable substitute for the hardwood pulp 
common in the manufacture of book and like grades of 
paper (44). 

Sulfite. Sapwood is readily reduced, while heartwood is 
reduced with difficulty. The yield is normal and the pulp 
is full greenish brown, shivy and harsh, and has excessive 
pitch. The use is limited by the dark color, shiviness, and 
hardness (40, 45). 

Utilization of Wood and Bark 

Use properties of wood. The freshly cut wood has a 
slightly resinous odor. The wood has a comparatively 
uniform texture, is easy to work with tools, has little 
shrinkage, is easily kiln-dried, ranks high in ability to 

1. USDA, Forest Service. Agriculture Handbook No. 
445, 1973,114 p. 

2. Ohmann, L. F., Batzer, H. O., Buech, R. R., Loth-
ner, D. C, Perala, D. A., Schipper, A. L., Jr. and 
Verry, E. S. USDA, Forest Serv. Gen. Tech. Re­
port NC-48, 1978, 34 p. 

3. Young, H. E., Hoar, L. and Ashley, M. Tappi 
48(8): 466-9 (1965). 

4. Shepard, H. B. and Bailey, J. W. Proc. Soc. Am. 
For. 9:522-5(1914). 

5. Fegel, A. C. N.Y. State Coll. For., Tech. Bull. 55, 
1951, 20 p. 

6. Harmon, D. M. and Brown, M. L. Chesapeake Sci. 
15(1): 30-8(1974). 

7. Young, H. E. Forest Prod. Jour. 21(5):56-9 
(1971). 

8. Chang, Y. P. USDA, Tech. Bull. Bull. No. 1095, 
1954, 86 p. 

stay in place, can be readily glued, and is straight-
grained. It does not split easily in nailing and has an 
intermediate position in nail-holding ability. It is light in 
weight, moderately soft, moderately weak, not stiff, and 
ranks low in resistance to shock. The wood takes and 
holds paint excellently. It is intermediate in decay re­
sistance. 

Calorific value of wood. 

millions of Btu/air-dry cord 17.1 
millions of kcal/air-dry cord 4.3 
heating value 6394 Btu/lb air-dry 
3553 kcal/kg air-dry 

Other uses of wood. Most of the wood that is harvested 
is for lumber. Most of the wood is used for boxes. High-
grade wood is used for patterns for castings. Other lead­
ing uses are sash, doors, finish, trim, caskets and burial 
boxes, shade and map rollers, toys, dairy and poultry 
supplies, and boot and shoe findings. The wood flour is 
excellent for linoleum and plastic materials. 

10. Martin, R. E. and Crist, J. B. Wood Fiber 2(3): 
269-79(Fall, 1970). 

11. Thor, E„ and Bates, A. L. Jour. Tenn. Acad. Sci. 
48(1):5-9(1973). 

12. Gilmore, A R. Forest Prod. Jour. 18(11):49-51 
(1968). 

13. Okkonen, E. A., Wahlgren, H. E. and Maeglin, R. 
R. Forest Prod. Jour. 22(7):37-42(1972). 

14. Saucier, J R. and Taras, M. A. USDA, Forest Serv. 
Res. Pap. SE-45, 1969, 16 p. 

15. Lee, C. H. Proc. 21st Northeastern For. Tree Im­
prove. Conf.: 36-41(1974). 

16. Gammon, G. L. USDA, Forest Serv. Res. Note 
NE-99, 1969, 6 p. 

17. Maeglin, R. R. USDA, Forest Serv. Res. Pap. 
FPL-202, 1973, 40 p. 
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pers 29:479(1946); Paper Trade J. 123(4):41 (July 
25, 1946). 
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RED PINE 

Scientific Name Pinus resinosa Ait. 

Synonyms Norway pine 

Family Name Pinaceae 

Range Southern Canada, Lake States and Northeast, in 
a relatively narrow zone about 1,500 mi (2400 km) long 
and 500 mi (800 km) wide around the Great Lakes and 
the St Lawrence River (7). The species covers about 1 
million acres (405,000 ha) in the Lake States (2). 

Silvics The tree has a symmetrical oval crown, a well-
formed, long, cylindrical bole, and a spreading root 
system with a poorly developed taproot Formerly, mag­
nificent pure and mixed stands grew on sandy soils in 
the Lake States. Now, on cutover lands, this species ap­
pears to be following jack pine and is often found in 
mixture with i t It grows chiefly on areas where the soil 
is acid and has good drainage and aeration. Where it is 
abundant in the Lake States and Ontario, red pine grows 
most commonly on level or gently rolling sand plains or 
on low ridges adjacent to lakes and swamps, at elevations 
from 800 to 1400 ft above sea level. Paper birch, gray 
birch, and aspen are sometimes in mixture with red pine 
in young stands. Although seeds may be produced each 
year, good crops occur only at intervals of 3-7 years. The 
species is rated as intolerant 

Tree Dimensions Medium-sized to large tree; 50-80 ft 
(15-24 m) tall and 2-3 f t (61-91 cm) in diameter. 

Pathology Resistance to decay: low 

A disease of great concern in red pine plantations is 
scleroderris canker {Scleroderris lagerbergii). Red pine 
has proven to be very susceptible to this dieback and 

canker disease and, because of its lack of genetic variabil­
ity, no resistant strains appear to exist Another serious 
disease of red pine is the needlecast fungus, Lophoder-
mium pinastri, which can cause great mortality in nurs­
eries and plantations. However, the trees appear to ac­
quire resistance to the fungus as they get older. Red pine 
is also subject to several rots including white stringy root 
rot {Heterobasidion annosum), red heart rot {PhelIinus 
pini) and red-brown butt rot {Phaeolus schweinitzii). 
Red pine shoot blight is an important disease of red pine 
reproduction. 

The pine tussock moth {Dasychira pinico/or) is a serious 
pest of foliage and is capable of completely defoliating 
trees. The Zimmerman pine moth {Dioryctria zimmer-
mani) bores inside the base of the terminal shoot, lateral 
shoots, or any branches. The European pine shoot moth 
{Rhyacionia buoliana) is one of the most destructive 
shoot-boring moths, with seedlings and young planted 
saplings being the most susceptible to i t The Nantucket 
pine tip moth {Rhyacionia frustrana) is another major 
pest of young trees, The white pine weevil {Pissodes 
strobi) attacks the terminal growth of red pine. The Sar­
atoga spittlebug [Aphrophora satatogensis) kills sapling 
pines. 

Gross Features of the Wood The sap wood is white to 
yellowish, and the heartwood is light red to orange 
brown or reddish brown. The wood is moderately soft 
and moderately heavy, medium textured, straight and 
even grained, and has a fairly strong, resinous, nonchar-
acteristic odor, without a characteristic taste. The early-
wood zone is generally wide; the transition from early-
wood to latewood is more or less abrupt; the latewood 
zone is narrow to fairly wide, darker and appreciably 
denser than the early wood zone. Flat-grain boards ex­
hibit a distinct, inconspicuous growth ring. In thex-sec-
tion the rays are very fine, not visible with the naked 
eye, appearing whitish with a lens where they contain a 
horizontal resin canal, and forming a fine, close, incon­
spicuous fleck on the radial surface. Both longitudinal 
and horizontal resin canals are present. The longitudinal 
canals are relatively inconspicuous with the naked eye, 
appearing as minute, brownish flecks, relatively conspic­
uous with a hand lens, numerous, confined largely to the 
central and outer parts of the growth ring, solitary or 
rarely 2-3 contiguous in a tangential line, not visible or 
forming relatively inconspicuous streaks along the grain. 
The horizontal canals are less conspicuous than the lon­
gitudinal canals, appearing as whitish, radial lines spaced 
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at irregular intervals on the transverse surface. Longitudi­
nal parenchyma cells are absent Zahner, et al. (5) dis­
cuss the earlywood-latewood features of red pine grown 
under simulated drought and irrigation. Described by 
Whitmore and Zahner is the development of the xylem 
ring in young red pine (4).. 

ing irrigation (5). 

According to a study by Larson (6), the influence of 
drought was directly on the growth of the terminal meri-
stems and only indirectly on tracheid diameter through 
the intermediate action of auxin. 

Scanning electron micrograph of red pine, showing summerwood normal wood (left) and springwood compression 
wood (right). The compression wood exhibits the typical rounded tracheids with intercellular spaces. Part of a bordered 
pit can be seen at the top of the center fiber in photograph on the right. Magnification, 2200X (left) and 1800X (right). 

Microscopic Structure of the Wood 

Tracheids. Average, 3.4 mm in length (1.2-5.2 mm) and 
30-40 fim in diameter. The weight factor (unbleached 
kraft) is 0.90 and coarseness is 21.4 mg/100 m. Bordered 
pits in 1, or occasionally 2, rows on the radial walls; 
tangential pitting absent or very sporadic in the last few 
rows of latewood tracheids; pits leading to ray paren­
chyma large, windowlike, 1-2 (usually 1) per ray cross­
ing; ray tracheid pits small and uniform in size. When red 
pine was irrigated with municipal wastewater for 4 years 
and compared to untreated trees or the same tree prior 
to irrigation, stem wood tracheid length was found to be 
unaffected by treatment However, decreased cell wall 
thicknesses occurred in tracheids from wood grown dur-

Resin Canals. Longitudinal, 80-110 /urn in diameter; 
horizontal, usually less than 50 jum; thin-walled epi­
thelial cells; frequently occluded with tylosoids in the 
heartwood. 

Rays. Two types, uniseriate and fusiform; the uniser­
iate rays are numerous and 1-15 cells (333 /xm) in height; 
the fusiform rays are scattered and contain a horizontal 
resin canal, 2- to 3-seriate in the central portion, tapering 
to uniseriate margins, up to 23 cells (422 jum) in height 
Ray tracheids are present in both types of rays, marginal 
and interspersed, shallowly dentate inner walls. Four 
rays per mm tangentially on the x-section; 21-25 rays 
per sq. mm. on the tangential surface. Volume occupied, 
approximately 7%. 
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Gross Features of the Bark Flaky and orange red on 
young trees, eventually breaking up into large, flat, red­
dish-brown, superficially scaly plates irregularly diamond 
shaped in outline. 

Microscopic Structure of the Bark 

Rhytidome. Remnants of the phloem lie to the outside 
of the last-formed periderm, mixed with expanded par­

enchyma cells which occupy much of the area between 
periderms. 

Periderm. A periderm layer is composed of 2-3 layers 
of phelloderm, a layer of phellogen, and a number of 
thin-walled phellem cells that usually alternate with sev­
eral layers of thick-walled phelem cells. 

Secondary Phloem. This is composed of sieve cells, Ion-

Cross section of red pine wood and bark. Elements depicted include xylem 
tracheids (XT), cambium zone (CZ), sieve cells (SC), phloem parenchyma (PP), 
phloem ray (PR) and a periderm (P). Magnification, 75X, 



gitudinal strands of phloem parenchyma and phloem 
rays with marginal albuminous cells. The sieve cells are 
aligned in radial rows of 6-8 cells, sometimes up to 10 
cells in a continuous row. These types of cells are inter­
rupted by parenchyma arranged in short radial rows of 
1-3 cells aligned more or less tangential I y in continuous 
lines in cross section. Styloid crystals, composed of cal­
cium oxalate, were evident (tangential section) in many 
of the phloem parenchyma cells. 

Sieve Cells. Uncollapsed sieve cells near the cambium 
zone are rectangular in cross section and average 30-40 
/am tangentially and 20-30 jum radially. 

Parenchyma. Parenchyma cells are about the same in 
cross-sectional area as sieve cells but are more oval and 
slightly.broader radially. 

Rays. Of two sizes, uniseriate and fusiform. Uniseriate 
rays are comparatively low, mostly 8 or fewer cells or 
about 20 /am. Fusiform rays containing horizontal resin 
canals are usually less than 100 jum wide and 300-400 
/am high on tangential section. 

Scletehchyma. Absent in the secondary phloem. Some 
phellem cells in "he periderm sclerify and become stone 
cells. These types of cells have irregular projections at 
their margins arid interlock with adjacent cells in a cog-
Jflce manner. Individual cells are small (av; diam. <100 

Physical Properties of Wood 

Specific gravity 

Density, Ib/cu ft 
(kg/cu m) 

Density, Ib/cu ft 
i (kg/eu m) 

Green volume 
Air-dry volume 
Oven-dry volume 

Green 
Air-dry 
Oven-dry 

Oven-dry weight 
per green volume 

0.39 
0.48 
0.51 

42 (673) 
34 (545) 
32(513) 

27 (432) 

Gilmore (7) reported that specific gravity of red pine in 
plantation-grown trees in Illinois increased from north to 
south. 

"Overall decrease in specific gravity with increase in 
height of tree (8). 

According to Gray and de Zeeuw (9), density of the 
wood in both earlywood and latewood was shown to be 
decreased by treatment of the site with potassium. The 
density changes were shown to be related to changes in 
tracheid dimension. A bibliography dealing with the ef­
fect of fertilization on wood quality has been compiled 
by Clemson University, Department of Forestry (70). 

Other publications on specific gravity of red pine include 
Baker (77), Cody (72), Maeglin (73-14), Pronin {15), 
Wahlgren, et al. (76-77), and Baker and Shottafer (75). 

Percent shrinkage, dried to 0% moisture content: r - 4.6, 
t -7 .2 , v- 11.5(79). 

Percent moisture content, when green 
Green basis 35 
Oven-dry basis 54 

Percent moisture content, oven-dry basis (79) 
Heartwood 32 
Sapwood 134 

Moisture content, based on green weight (20) 
Bolewood 50.9 
Topwood 59.6 

Physical Properties of Bark 

Specific gravity, 
green volume 

Density (100% 
moisture content) 

Specific gravity, 
oven-dry weight 
& volume (27) 

Inner bark 
Outer bark 
Total bark 

Green weight/ 
green volume 

0.20 
0.29 
0.27 

0.62 

0.32 

Moisture content, based on green weight (20) 

Bole bark 
Top bark 

Proximate Analyses. 

Lignin, % 
Holocellulose, % 

55.1 
61.6 

i of Wood 

Clermont and F.P.L 
Schwartz (23) (24) 

23.40a 26.2 
67.3b 71.3 
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Aloha-cellulose, % 47.80c 46.8 
Hemicelluloses, % 15.11a -
Ash, % 0.23 -
Pentosans, % 7.97 10.0 
Acetyl, % 1.87 -
Methoxyl, % 4.51 -
Solubility in 

Alcohol-benzene, % - 3.5 
Ether, % 8.24 2.5 
1%NaOH,% 21.41 13.4 
Hot water, % 5.18 4.4 
Cold water, % 2.71 -

Uronic Anhydride 3.14 -
In Hemicelluloses 

Pentosans 37.3d -
Uronic Anhydride 15.6d -
Hexosans 

(by difference) 47.1d -

acorrected for ash 

corrected for extractives, ash and lignin 
ccorrected for lignin and ash 
d«.s % of moisture-free hemicellulose 

Pulping 

Kraft Is readily reduced and is strong; the yield is nor­
mal (29). 

Neutral Sulfite Semichemical. Chidester {30) has stud­
ied the effect of acid, neutral, and alkaline pretreatment 
and bleaching on yield and mechanical properties. 

Oxygen-alkali, Use of a two-stage process using oxygen 
in both stages produces pulps in low yield equivalent in 
strength to kraft pulps. The oxygen pulps also are more 
rapidly beaten and produced denser sheets than the kraft 
pulps (37). 

Sulfite. Young trees and sapwood are reduced readily; 
yield is normal, and pulp is pitchy, fairly strong, and of 
good color. The pulp is fairly easily bleached. Pulp pre­
pared from mature wood contained a very large amount 
of pitch (29, 31). 

Utilization of Wood and Bark 

Extractives. For information on extractives see Drew 
and Pylant {25). 

The volatile oil from the wood, d 2 0 0.8636, r?20 1.4713, 
[ a ] D 17.4°, contains pinene. This oil is not identical 
with that from oleoresin {26-27). 

Other information. For information fatty acids and 
resin acids see Swan {28). 

Chemical Composition of Bark 

Proximate Analyses. 
Institute Paper Chemistry, 

Project 3212, 
Report 6 

Ash 
Calcium 
Silica 
Alcohol-benzene 

extractives 

1.3% 
0.3% 
0.03% 

5.8% 

Use properties of wood. The wood is moderately 
heavy, moderately strong in endwise compression 
strength, stiff, moderately soft, and moderately high in 
shock resistance. It is generally straight-grained, is some­
what resinous, and has a resinous odor. The lumber has 
moderately large shrinkage when dried and is not diffi­
cult to air-dry or kiln dry without checking or warping. 
It stays in place well when properly seasoned. It rates 
below eastern white pine in ease of working with tools 
and is about the same in nail-holding ability. 

Calorific value of wood. 
millions of Btu/air-dry cord: 19.7 
millions of kcal/air-dry cord: 5.0 

Calorific value of bark. 

Btu/oven-dry lb. 9070 
kcal/kg 5039 

Other uses of wood. The wood is used for particle 
boards and hardboards. 
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JACK PINE 

Scientific Name Pinus banksiana Lamb. 

Synonyms Scrub pine, gray pine, black pine, Banksian 
pine. 

Family Name Pinaceae 

Range Canada, Lake States and northern New England. 
The species grows farther north than any other Ameri­
can pine (7) and is found on more than 2 million acres 
(810,000 ha) in the Lake States (2). 

Silvics Jack pine is a short-lived, small-to-medium-sized 
tree which can endure extremely cold climates. The tree 
has a scraggly appearance and has poor natural pruning. 
The root system is widespreading and moderately deep. 
Jack pine can maintain itself on very dry sandy or grav­
elly soils where other species scarcely can survive. Best 
growth is made on fairly deep, moist soil with good 
drainage but it is usually crowded out of such locations 
by species requiring less sunlight This species is a pio­
neer tree and occurs in pure stands or in open mixtures 
with aspen and white birch or scrub oak on dry sandy 
soils. Farther north black spruce may be a common asso­
ciate. Red pine and eastern white pine are frequent as­
sociates of jack pine and eventually replace it. Some 
cones are produced annually; many of them persist on 
the tree for several years before they finally become 
sufficiently dried by wind and sun or fire heat to open 

and distribute their seed. The species is rated as very 
intolerant 

Tree Dimensions Can grow to 70-80 f t (21-24 m) tall 
and 12-15 in (30-38 cm) in diameter but is usually much 
smaller At 60 years of age on a medium site, Jack pine 
averaged 60 f t (18 m) in height and 8.8 in (22.4 cm) in 
diameter (7), 

Pathology Resistance to decay: intermediate. 

Dwarf mistletoe (Arceuthobium americanum) is a ser­

ious pest of jack pine in Canada. Jack pine is also at­
tacked by a number of rusts including sweetfern rust 
{Cronartium comptoniae), eastern gall rust (Cronartium 
quercuum), stalactiform rust {Peridermium sta/acti-
forme) and western gall rust (P. harknessii). Rots affect­
ing jack pine include Heterobasidion annosum and Phel-
linus pini. 

Although the jack pine sawfly (Neodiprion pratti bank-
sianae) attacks all sizes of trees, small trees with open 
crowns are the most susceptible. Mortality seldom oc­
curs from a single defoliation but may result from 
successive defoliations. The jack pine budworm {Choris-
toneura pinus) causes top killing and stagheadedness. 
Outbreaks last 2-4 years. The Saratoga spittlebug 
(Aphrophora saratogensis) kills sapling pines. The white-
pine weevil (Pissodes strobi) larvae feed on inner bark 



.and outer wood while the adults feed on both old and 
mature new growth. 

Gross Features of the Wood 

The sapwood of jack pine is white with a yellowish 
tinge, and the heartwood has a reddish tinge. The wood 
is moderately soft, moderately heavy, and medium tex­
tured. It has a distinct, resinous, noncharacteristic odor, 
and not characteristic taste. The earlywood zone is us­
ually much wider than the darker-colored latewoodjthe 
transition is more or less abrupt Flat sawn boards ex­
hibit a distinct but not conspicuous growth ring. In the 
x-section the rays are very fine, not visible with the 
naked eye, and form a fine, close, inconspicuous fleck 
on the quarter surface. Both longitudinal and horizontal 
resin canals are present and relatively inconspicuous with 
the unaided eye. The longitudinal canals are numerous, 
confined for the most part to the central and(outer por­
tions of the growth ring, mostly solitary, forming incon­
spicuous, brownish streaks along the grain. The hori­
zontal canals are inconspicuous, appearing with a hand 
lens as whitish, radial lines spaced at irregular intervals 
on the x-section, barely visible with a lens on the t-sec-
tion. Parenchyma cells are absent 

Microscopic Structure of the Wood 

Tracheids. Average, 3.5 mm {1.5-5.7 mm) in length and 
28-40 jum in diameter. Weight factor (unbleached kraft) 
is 0.90 and coarseness is 18.0 mg/100 m. Fiber walls are 
relatively thick. Fiber dimensions for juvenile jack pine 
grown under intensive culture are covered in a paper by 
Crist, et al. (3). According to Kribs (4), latewood tra­
cheids are in most cases somewhat longer than those in 
earlywood. 

Resin Canals. Longitudinal, 75-90 jum in diameter; hori­
zontal canals less than 45 jum; thin-walled epithelial cells; 
tylosoids present in the heartwood. 

Rays. Two types, uniseriate and fusiform; uniseriate 
rays numerous, up to 27 cells (562 jum) high; fusiform 
rays scattered, 2- to 3-seriate in the central portion, ta­
pering to uniseriate margins, up to 29 cells (575 jitm) in 
height Ray tracheids both marginal and interspersed, 
the interspersed usually being found in the higher rays; 
shallowly dentate inner walls. Five rays per mm tangen-
tially on the x-section and 27 per sq mm on the tan­
gential surface. 

Longitudinal Parenchyma. Absent. 

Scanning electron micrograph of jack pine, showing cross-sec­
tional and radial views. Illustrated are border pits which, unlike 
in most conifers, are predominantly on the radial walls of the 
fibers. Magnification, 155X 

Gross Features of the Bark 

Dull brown with a yellowish hue on the outer surface, 
the relatively thin jack pine bark forms small scales and 
narrow furrows. Narrow layers of pinkish-yellow peri­
derm and deep reddish-brown secondary phloem with 
abundant resin canals appear in the outer bark. The in­
ner bark is very narrow and about the same width as the 
rhytidome layers. According to Marden, et al. (5), bark 
averaged 3.9% by weight of the total green wood-bark 
weight Bark thickness" is also covered in a publication by 
Hale (6), 

Microscopic Structure of the Bark. 

Rhytidome. The formation of the narrow and numer­
ous rhytidome layers involves the expansion of paren­
chyma and ray cells in the inner and outer bark, and the 
development of the thin and alternately thick, heavily 
lignified phellem cells in the periderm. Isolated by the 
successive periderm layers, the secondary phloem tissues 
in the rhytidome are in great contrast to those of the 
inner bark because of the expanded parenchyma, 
crushed sieve cells and numerous resin canals. 

Periderm. The rather broad periderm is composed of a 
layer of phellogen, alternate layers of thin and thick-
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walled phellem and 4-7 layers of phelloderm. Phellem 
and phelloderm cells, rectangular on cross section, are 
about the same size and shape, mostly 30-40 jum and 
about 20 jum on tangential and radial dimensions, respec­
tively (7). 

Inner Bark. Composed of sieve cells, phloem paren­
chyma and both uniseriate and fusiform rays. 

Sieve Cells. Radially aligned, rectangular on cross sec­
tion and variable in size. Usually 15 ± 10 jum in radial 
diameter and 35 ± 15 fim in tangential diameter with an 
average length of 1.2-3.0 mm. Cell walls are cellulosic 
and appear to show distinct secondary wall thickenings. 
Interrupting every 11-19 cells in a radial row are single-
layered lines of parenchyma. Sieve cells account for ap­
proximately 80% of the tissue elements of the secondary 
phloem (7). 

Sclerenchyma. Absent in the secondary phloem. 

Parenchyma. On cross section, parenchyma ceils close 
to the cambial area are. similar in size and shape to the 
adjacent sieve cells, but they quickly expand and occupy 
most of the secondary phloem region. Individual cells 
are usually 70-150 jum in height, and a parenchyma 
strand is about the same length as the neighboring sieve 
cells. 
Rays. Uniseriate rays are generally 10 cells or 200-300 
/urn in height with erect ray marginal, or albuminous 
cells, 2-3 times the height of regular ray cells, in all rays 
close to the cambium. Fusiform rays contain horizontal 
resin canals lined by 3-4 thin-walled epithelial cells. 

Physical Properties of Wood 

Specific gravity Green volume 0.39 
Air-dry volume 0.43 
Oven-dry volume 0,46 

Density, Ib/cu ft 
(kg/cu m) Green 50(801) 

Air-dry 30(481) 
Oven-dry 29 (464) 

Density, Ib/cu ft 
(kg/cu m) Oven-dry weight 

per green volume 24 (384) 

Other publications relating to specific gravity include Er-
ickson (9), King (70), Maeglin (77), Pronin (72) and 
Wilde and Voigt (73). 

Percent shrinkage, dried to 0% moisture content {14): 
r-3.4, t -6 .5 , v-10.4. 

Percent moisture content, when green 
Green basis 51 
Oven-dry basis 105 

Physical Properties of Bark 

Specific gravity, 
green volume Inner bark -

Outer bark 0.43 
Total bark 0.41 

Density (100% 
moisture content) Green weight/ 

green volume 0.83 

Additional publications on bark specific gravity include 
Hale (6) and Lamb and Marden (75). 

Percent moisture content, based on green weight (9). 
Bole bark 54.9 
Top bark 65.6 

Another publication on moisture content of jack pine is 
bv Marden, et al. (5). 

Grigal and Sucoff (5) reported that, as the distance to 
the crown increased (measured from the ground to the 
lowest green branch), the proportion of earlywood de­
creased and the specific gravity of the wood increased. 

Chemical Composition of Wood 

Proximate Analyses. 
Clermont 

and 
F.P.L. Schwartz 

F.P.L. (76) (77) 
Lignin, % 29.9 26.7 27.38a 

Holocellulose, % - 62.3 68.0b 

C.&B. cellulose, % 58.3 - -
Alpha-cellulose, % 42.8 45.2 47.52c 

Hemicellulose - — I6.18a 

In hemicelluloses 
Pentosans - — 33.7d 

Uronic anhydride - - 15.0d 

Kexosans 
(by difference) - - 51.3d 

Ash, % — 0.3 0.19 
Pentosans 

Total, % 14.0 9.7 10.13 
In cellulose, % — 9.3 -

Acetyl - - 1.08 
Methoxyl - - 4.97 
Solubility in 

Ether, % 2.4 2.3 4.30 
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4.2 3.7 -
13.9 11.2 16.3 
3.1 2.9 -
- - 6.64 

27.38 
— — 3.67 

Alcohol-benzene, % 
1%NaOH, % 
Hot water, % 

Moisture content 
Lignin (corrected 

for ash) 
Uronic anhydride 
aCorrected for ash. 

Corrected for ash, lignin, and extractives. 
cCorrected for ash and lignin. 

Results expressed as % of the moisture-free hemi-
celluloses. 

Barnes (18) found the solubility in ether to be 2.4-3.2% 
and solubility in alcohol-benzene to be 3.1-4.9%. Mingle 
and Boubel (79) found the ash content to be 2.1%, vola­
tile matter 74.3%, and fixed carbon 23.6%. 

In addition, Chidester, Bray, and Curran (20) have re­
ported analyses on top, middle, and butt logs from the 
same tree; Chidester and McGovern (21) compared sap 
and heart analyses; and Hajny and Ritter (22) gave data 
on holocellulose and C.&B. cellulose. 

Extractives. For information on resin acids and fatty 
acids see Swan (23). For information on extractives see 
Sinclair and Dymond (24, 25), Chapman, et al. (26), 
Hibbert and Phillips (27), Buchanan, et al. (18), Drew 
and Pylant (28). 

Resins from green and seasoned wood have been studied. 
The extractives from seasoned wood contained less fats 
and more resin acids. The fatty acids are largely unsatu­
rated,, A phytosterol, m.p. 131-2°, was found, together 
with resenes and polymerized terpenes (27). 

Pinosylvin monomethyl ether; 2,3-dihydrochrysin; 
C15H12°5 (Poss ib |y 2,3-dihydro-3-hydroxychrysin); 
and arabinose have been reported (29); also pinocembrin 
and pinobanksin (30). Arabogalactan has been found in 
the water extractives (31). 

Chemical Composition of Bark 

Proximate Analyses. 

Chang 
and 

Mitchell 
(32) 

Institute 
Paper 

Chemistry, 
Project 
3212, 

Report 5 
Milliken 

(33) 

95% alcohol, % 
Hot water, % 
1%NaOH 
Methoxyl, % 

Ash, % 

Calcium content 
Silica content 
Solubility in 

Alcohol-
benzene, % 

Volatile, % 
Fixed carbon 

12.4 
3.0 

41.3 
3.07 
1.7 1.3 

0.3 
0.14 

15.3 

2.1 

74.3 
23.6 

Carbohydrates. For reducing sugars from extractive-
free bark, see Chang and Mitchell (32). 

Other Information. For an ultimate analysis of bark, 
see Milliken (33); he found the ash content to be 2.0%. 

Pulping 

Ammonium bisulfite. This process can be used; for in­
formation see Detcher and Jones (34) and Stevens (35). 

Calcium bisulfite. This process is not suitable, espe­
cially if a high percentage of heartwood is present (34). 

Groundwood. Groundwood from chips makes excellent 
pulp with high brightness and excellent strength charac­
teristics (36). It can be bleached by a two-stage process 
of H 2 0 2 followed by ZnS204 . For information on 
bleaching see Wayman, et al. (37). The wood is reduced 
fairly readily to a pulp of gray color and standard 
strength in a yield of about 89%. It usually leads to 
excessive pitch in the papermaking phase. It requires 
40-50% more power than white spruce. Knots and heart-
wood are common {38-44). For information on refiner 
groundwood see Dor land et al. (45). 

Kraft. The wood is readily reduced; strength is variable 
from slightly below to slightly above average, and the 
yield is normal (20, 38, 41, 44, 47, 48). The yield of 
bleached kraft pulps is increased by pretreatment with 
black liquor. For kraft pulp properties see Legg and Hart 
(46). Kraft pulps are very strong and useful for wrapping 
paper, high-grade printing paper, fiberboard, and hard-
board™ The pulp is often mixed with groundwood and 
other pulps for a wide range of products. 

Magnefite. 
pulps (49). 

These pulps are superior to regular sulfite 

Solubility in 
Benzene, % 8.0 Nitric acid. The "Nitrocell" process makes pulp about 
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as strong as sulfite pulp and not so strong as krafL Nitric 
acid pulp is produced in relatively high yield [50). 

NSSC. Chemical consumption is high, and digestion 
time is relatively long {47, 51, 52). 

Soda. See Wells, et al. {53). Cold soda pulping is not 
satisfactory {54). 

Sulfite. Pulp can be produced by a 2-stage process; for 
pulp properties and methods, see Sanyer, et al. {55). 
Low-yield bleached sulfite pulp is used for fluffed pulp 
{56). Pitch is a problem with sulfite pulping. Satisfactory 
pulp is produced only from sapwood. 

Other Information. For bleaching experiments see An­
drews and DesRosiers (57). 

Utilization of Wood and Bark 

Use properties of wood. The wood is moderately light, 
moderately low in bending and compressive strength, 
lacks stiffness, is moderately soft, and is moderately low 

in shock resistance. It has moderately small shrinkage. It 
is average in workability with tools. It is not so good as 
white pine in holding nails and is more apt to split when 
nailed than red pine. It is moderately difficult to pene­
trate with preservative. In paint-holding ability it rates 
below white pine. The lumber is generally knotty and is 
somewhat prone to warp and check in drying. 

Calorific value of wood. 
millions of Btu/air-dry cord: 21.6 
millions of kcal/air-dry cord: 5.4 
Btu/lb (bone dry) 8930 
kcal/kg (bone dry) 4962 

Calorific value of bark, 
Btu/ft3 240,461 
kcal/m3 1714 
Btu/oven-dry lb. 9393 
kcal/kb5219 

Other uses of wood. The wood is used principally for 
pulpwood. Lumber is used for rough local construction 
and for boxes, crates, and shrpping containers. Other 
uses are for ties, poles, posts, piles, and fuel. 
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LOBLOLLY PINE 

Scientific Name Pinus taeda L. 

Synonyms Oldfield pine, North Carolina pine, shortleaf 
pine, yellow pine, southern pine, Arkansas pine. 

Family Name Pinaceae. 

Range Atlantic and Gulf Coastal plains. Sea level to 
about 800 ft (245 m) above sea level. The loblolly-short-
leaf pine type occupies about 58 million acres (23.5 mil­
lion ha) (7). 

Silvics The tree is medium sized to large with a long, 
cylindrical bole, an open crown, and an extensive lateral 
root system. It grows on a wide variety of soils, from the 
flat, poorly-drained ones of the Coastal Plain to the old, 
residual ones of the Upper Piedmont. It grows best in 
soils with poor surface drainage, a deep surface layer, 
and a firm subsoil. In the Coastal Plain pure stands are 
found on river bottoms, and pure stands also occur on 
drier upland soils. On cutover lands this species has 
spread remarkably and is especially aggressive in forming 
pure stands on old fields. Throughout its range various 
mixtures are found with the other southern pines. Mix­
tures with various hardwoods are common and include 
sweetgum, various oaks, hickories and tupelos. Loblolly 
pine grows more rapidly over long periods of time than 
do the other species of southern pine. Large amounts of 
seeds are produced after about the twenty-fifth year. 
The species is rated as intolerant 

Tree Dimensions 90 to 110 f t (27 to 40 m) tall and 2 
to 2.5 f t (61 to 76 cm) in diameter. 

Pathology Resistance to decay: intermediate, 

Although loblolly pine beyond the sapling stage are sel­

dom killed by disease, fungi cause appreciable cull in 
older stands (2). The most important of these fungi is 
Phellinus pini, which causes heart rot, and Phaeolus 
schweinitzii, which causes butt rot Young loblolly pine 
are susceptible to the root rot fungus, Heterobasidion 
annosum, and southern fusiform rust (Cronartium fusi-
forme). 

The several species of Ips bark beetles cause the loss of 
over 100 million board feet (350,000 cubic m) of pine 
each year (3). The southern pine beetle (Dendroctonus 
frontalis) is the most destructive of the eastern species of 
bark beetles, with death to the tree resulting from gird­
ling or the effects of a fungus, introduced by the beetles. 
Two additional pests of loblolly pine are the black tur­
pentine beetle (Dendroctonus terebrans) and the loblolly 
pine sawfly (Neodiprion taedae taedae). 

Gross Features of the Wood The wood cannot be sep­
arated with certainty from that of other southern yellow 
pines. The sapwood is nearly white to yellowish orange-
white or pale yellow, and the heartwood ranges through 
shades of yellow and orange to reddish brown or light 
brown. The wood is moderately hard to hard and moder­
ately heavy to very heavy, medium textured, with a dis­
tinct resinous, noncharacteristic odor, and without a 
characteristic taste. The transition from early wood to 
latewood is very abrupt, but the widths of each vary 
within wide limits. A distinct growth ring figure is pres­
ent Rays are very fine and are not visible to the unaided 
eye except where they include a horizontal resin canal, 
forming a fine, close, inconspicuous fleck on the radial 
surface. Both longitudinal and horizontal resin canals are 
present The longitudinal ones appear as whitish or 
brownish flecks which are conspicuous or relatively con­
spicuous with the nakecj eye, plainly distinct with a hand 
lens, numerous, confined largely to the central and outer 
portions of the ring, solitary or rarely 2 to 3 contiguous 
in a tangential line, generally visible as relatively incon­
spicuous streaks along the grain. Horizontal rays are less 
conspicuous and appear as whitish, relatively inconspic­
uous wood rays spaced at irregular intervals on the trans­
verse surface. Longitudinal parenchyma cells are absent 
except immediately surrounding epithelial cells. 

Microscopic Structure of the Wood 

Tracheids. Average, 3.6 mm (1.2 to 5.9 mm) in length 
35 to 45 [±m in diameter and very thick fiber walls. 
Weight factor (unbleached kraft) 1.45 coarseness of 23.5 
mg/100 m. Bordered pits in one row or paired on the 
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radial walls; tangential pitting on the last few rows of 
latewood and first-formed earlywood tracheids; pits 
leading to ray parenchyma variable in size and shape 
(pinoid), 1 to 6 (generally 2 to 5) per crossfield; ray 
tracheid pits small and uniform in size, marginal and 
interspersed. Volume occupied, ca. 91%. 

Resin Canals. Longitudinal, average, 90 to 150 fim in 
diameter; horizontal, less than 70 /im; thin-walled epi­
thelial cells; tylosoids common in the heartwood. Vol­
ume occupied, <1%. 

Rays. Two types, uniseriate and fusiform. The uniser­
iate rays are numerous and 1 to 8+ cells high. The fusi­
form rays are scattered, with a horizontal resin canal, 2-
and 4-seriate in the central portion, tapering to uniser­
iate margins, up to 12+ cells high. Ray tracheids occur in 
both types of rays and are marginal and interspersed, 
with prominently dentate inner walls; marginal and in­
terspersed tracheids are often "n several rows; low rays 
frequently consist entirely of ray tracheids; ray paren­
chyma are thin walled. Volume occupied, ca. 8%., 

Longitudinal Parenchyma. Absent 

Publications in this area include Cote and Day {4), How­
ard and Manwiller (5), and Brttt (6). 

Gross Features of the Bark The structure of the rough, 
thick bark among closely related species of southern 
pines is quite similar, although external appearance be­
tween individual trees of one species is highly variable. 
In mature southern pine, the thick, large-scaled rhyti-
dome generally consists of dark porous tissue subdivided 
by merging bands of periderms with thin and thick-
walled cells. The innermost periderm separates the rhyti-
dome from the inner bark. The much expanded, de­
formed and loosely arranged secondary phloem tissues in 
the rhytidome are in great contrast to the phloem in the 
inner bark. Southern pine barks generally fall in the low 
to intermediate bark density range. Bark of loblolly pine 
is quite variable. Scaly and nearly black in the young 
trees, it later appears as irregular dark-brownish scaly 
blocks changing to reddish-brown scaly plates in very old 
trees. The periderm bands are quite inconspicuous and 
slate gray. Measuring 0.85 to 2.0 in. (2.1 to 4.1 cm), the 
comparatively thick loblolly pine bark accounts for ap­
proximately 10% of the total log volume. 

Microscopic Structure of the Bark 

Bark characteristics of all southern hard pines generally 
overlap. 

Young Trees or Branches. Protection for the young 
stem is provided by an epidermis consisting of one or 
more layers of epidermal cells which have a very thick 
and cutin-free surface. Beneath the epidermis in 2- to 
3-year-old twigs are 2-3 layers of rectangular cells with 
thickened walls on the outer tangential surface and 
showing distinct lamellate layers and simple pits on the 
secondary walls. In very young bark, the periderm is 
composed of mainly thin-walled cells; it quickly devel­
ops alternate layers of thin- and thick-walled cells. The 
cortex consists of regular cortex cells, resin cells, and 
vertipal resin canals. Parenchyma, sieve cells, and narrow 
phloem rays form the inner bark (secondary phloem). 

Mature Trees 

Outer Bark. Composed of dead cells, the outer bark has 
alternating layers of distorted phloem cells and periderm 
bands. Cut off and isolated by the successive periderm 
formations, these deformed phloem cells are crushed 
sieve cells and greatly expanded longitudinal paren­
chyma cells of the secondary phloem. Sieve cells greatly 
outnumber parenchyma cells in the inner bark, but in 
this old, isolated phloem tissue, the enormously enlarged 
parenchyma occupy most of the volume, accounting for 
the porous structure of the outer bark. 


