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Summary

This report discusses the properties and conditions of wood that have major effects on the quality
of groundwood pulp, including the effect of density, the presence of compression wood, tension
wood and heartwood, the effects of fire char decay, storage and moisture content, and the
differences between dead standing timber and live timber. The groundwood pulping characteris-
tics of softwoods and hardwoods are also discussed and typical data on the groundwood pulps
obtained from a number of domestic and foreign species are given.

Introduction

Nearly all the physical properties of wood including the results of growth environment may affect
the quality of the groundwood pulp made from it. If different species of wood produce different
qualities of groundwood, it is because of characteristic differences in these properties. This
report is intended to review: (1) The properties and conditions of wood that have major effects
on groundwood quality; and (2) the quality of groundwood that can be obtained from a few of the
more common North American species and some foreign woods. It is necessary to keep in mind
that definite causes and effects are often difficult to pinpoint because of all the variations in
operating conditions possible in the groundwood process. Observations made under different
sets of operating conditions cannot be strictly compared. This inability to compare accurately
will undoubtedly influence some of the statements made, but as far as possible, comparisons
given here will be based on average or middle-ground operating conditions.

Effect of Properties and Condition of Wood

Density

3
Density— is an especially important property when wood is purchased by volume for pulping, since
it influences the weight of wood per cord. It is desirable, therefore, to use wood that is as

1
—Published as Chapter 3 in the Mechanical Pulping Manual. TAPPI Monograph Series-No. 21

(1960).

!Maintained at Madison, Wis., in cooperation with the University of Wisconsin.

!In this report density is defined as the weight of the moisture-free wood in a cubic foot of green
wood.
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dense as any available to the mill, provided it is suitable for the intended product. There is
a broad relationship among density of wood, groundwood pulp strength, and fiber size.— Lower
density woods are preferred for groundwood pulping to higher density woods, since they usually
make stronger and longer-fibered pulps. In the softwoods, or coniferous trees, variation in
density is strongly influenced by the ratio of summerwood to springwood, high density being
associated with high summerwood content. Density in coniferous woods is also influenced,
though less strongly, by rate of growth. Low density is associated with fast rate of growth as
indicated by wide annual rings (26) . 	 Rate of growth has an important influence on the density
of wood produced in hardwood or broad-leaved trees. Many hardwoods, such as yellow-
poplar, buckeye, willow, red alder, ash, and maple, produce heavy wood when the tree grows
rapidly. If growth rate is suppressed, these species put on thinner walled fibers and more cells
with larger pores (22, 23). Exceptions are the Populus species of hardwoods. Collectively,
within their range of density, they tend to be less dense with increased rates of growth (22).

Compression Wood 

As a rule, little attention is paid in groundwood mills to compression wood and the effect it can
have on groundwood pulp quality. Compression wood is a type of abnormal fiber structure that
forms on the lower sides of leaning trunks and the branches of all coniferous species. For most
of the uses to which wood is put, compression wood is undesirable. 	 If present in pulpwood, it
can cause lower pulp yields, lower pulp strength, and pulp bleaching difficulties. Though
compression wood may amount to a considerable proportion in some logs, the overall amount
is generally not large enough to give serious trouble in pulping. It can occur, however, in large
amounts in certain trees in a given area and affect the general quality of the pulpwood cuttings.
An influx of such material into a groundwood mill could well be the explanation of a sudden
reduction in groundwood quality.

Compression wood is ordinarily distinguishable at the end of the log, and a grinder operator,
after a little training, should be able to spot and discard those pieces that contain large amounts
of it. A log containing compression wood is often oval in shape with the pith off center. The
compression wood is characterized by eccentric wide annual rings, unusually large summer-
wood areas, and a reddish color. Two general classes are recognized: (1) severe and inter-
mediate forms that are easily distinguished; and (2) borderline forms that require some
experience to identify. The borderline forms give relatively little trouble. For a more com-
plete description of compression wood and its detection, the reader is referred to TAPPI
Tentative Standard 20 m-55, "Compression Wood in Pulpwood."

A study of the effect of compression wood in black spruce on groundwood pulp quality showed it
yielded pulp of lower strength and shorter fibers than that obtained from normal wood (24).
Compression wood in loblolly pine had similar effects. Moderate amounts of compression wood
caused a little lowering in strength. Wood consisting entirely of compression wood gave very
weak, bulky pulp of poor color (30). The structure of compression wood fibers apparently is
such that they break into small fragments relatively easily. The data for these tests are given
in table 1.

Tension Wood

An abnormal type of growth called tension wood, or gelatinous fiber, occurs in hardwoods. It
appears as bands of darker wood on the upper sides of leaning stems. Like compression wood,

4The term fiber size, as used in this report with reference to groundwood pulp, includes
particles of wood consisting of several fibers attached to each other, whole fibers separated
from each other, and particles of fibers separated or attached to each other. Fiber size is
generally estimated by a screen classification test.

5
—Underscored numbers in parentheses refer to Literature Cited at the end of this report.

Report No. 2220	 -2-



•

tension wood is denser than normal wood and is often found in logs with an eccentrically shaped
cross section. Whereas compression wood is characterized by containing more lignin and less
cellulose than normal wood of the same species, tension wood contains little or no lignin and
more cellulose than normal wood. There is very little published information on the effect of
tension wood on pulp properties. Work in Australia has shown that tension wood in eucalyptus
produces poorer quality soda pulp compared to that obtained from normal wood. On the other
hand, mechanical pulp produced by milling tension wood chips in a laboratory experimental
disk mill was much superior to similar pulp made from normal wood. The comparative ease
with which the tension wood was separated into fibers was attributed to its low lignin content (35).
If it can be assumed that similar effects would occur in conventional groundwood pulping,
these tests indicate that the presence of tension wood has no detrimental effect in the grinding
of hardwoods.

Heartwood

The heartwood of a tree is no different than the sapwood, except that the cells are infiltrated
with resins, gums, and coloring matters. It is, therefore, less permeable to water and often
has a lower moisture content. Heartwood is generally darker than sapwood, but in some woods
the two are difficult to distinguish. After cutting, the heartwood is less susceptible to stains
and decay than the sapwood. Fast-growing trees generally have less heartwood than slow-
growing trees.

The main effect that heartwood has on the quality of groundwood pulp is on the color or brightness
of the pulp. It may also be a source of resins that causes pitch trouble, which is an operational
difficulty rather than one of pulp quality. One of the reasons the spruces are excellent woods
for groundwood pulping is that their heartwood, though often present in large amount, is light
colored and almost indistinguishable from the sapwood. On the other hand, the pines, hemlocks,
firs, and larches have dark heartwoods and consequently produce darker colored groundwood
pulps unless the younger, faster growth material is selected.. The amount of heartwood,
therefore, that can be tolerated depends not only on the species but on growth conditions as well.
Discoloration of pulp by heartwood can generally be removed by bleaching treatments. Troubles
with pitch caused by resins and gums in heartwood can be effectively reduced by adding chemicals
to the pulp suspension. Difficulties caused by pitch can also he avoided by seasoning the wood.

Decayed Wood

The effect of decay on groundwood pulp quality is not clear cut. Conditions reported to have
considerable effect in some cases have little effect in others. This situation is likely due to the
number of kinds of fungi that can infect wood and to the varied conditions under which they
flourish or are retarded, as well as to the almost infinite degrees of deterioration that can exist
in a single lot of wood. Fungi, however, can be broadly classified into two kinds--brown rot
and white rot. Brown rot, which attacks the cellulose principally, generally causes lowered
pulp strength. White rot attacks lignin first, and attacks cellulose in the later stages of its
development. In its early stages, white rot will cause an improvement in groundwood quality,
but in later stages, it will cause a decrease in groundwood pulp strength (14). Decayed spruce
will produce weaker, darker colored, and shorter fibered groundwood than sound spruce (15,33).

Table 2 gives the results of groundwood pulping tests on aspen containing various amounts of
decay. In this case, the decay in the wood appreciably affected the brightness and slightly
affected the bursting and tearing strength and average fiber length of the pulp in inverse propor-
tions to the amount of decay present, but the decay had little or no effect on the tensile strength.
The greater proportions of decay also introduced appreciably larger amounts of dirt (9).

•
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Storage 

Recorded histories of the changes occurring in pulpwood in storage are generally inconclusive
and are often conflicting in regard to the effect of the changes on quality of pulp. Decay and
stains will develop if the conditions are right and, of course, there are the moisture and
chemical changes that usually occur in seasoning. Pulpwood is often allowed to season in storage
for some months to reduce pitch trouble. It is commonly said that hardening of the resins during
seasoning is mainly caused by oxidation, but recent experiments indicate that the chemical
changes occur independently of the presence of oxygen (34).

Groundwood pulping tests were made at the U. S. Forest Products Laboratory on green slash
pine and the same wood after storage for 4, 6, 9, and 12 months at a Louisiana pulp mill (18).
During this period, the wood lost weight in both moisture and wood substance, as measured by
the density. The moisture content of the green wood was 53 percent. After storage for 12
months, the moisture content of the rough wood was 46 percent and that of the peeled wood was
18 percent. The density of the green wood was 31 pounds per cubic foot. After storage for
12 months, the density of the rough wood was 26 pounds on a green-volume basis and that of the
peeled wood was 29 pounds. The loss in density was attributed principally to the presence of
Peniophera gigantea, an organism intermediate in the major groups of fungi that produce white
and brown rots.

One of the principal effects of storage was to reduce the brightness of the groundwood pulp. The
average brightness of the pulps made from the unpeeled wood dropped 1 percentage point in
4 months of storage, 4. 5 percentage points in 6 months, and 8 percentage points in 9 and in
12 months of storage. The greatest reduction occurred during the summer months of storage.
For the peeled wood, most of the decrease came in the first 4 months, amounting to 4. 2 percent.
The loss during 6 months amounted to 5. 5 percent; during 9 months, 6.3 percent; and during
12 months, 6. 2 percent. The bursting and tearing strength of the groundwood pulps did not
change much throughout the storage; but after the fourth month for the peeled wood and the sixth
month for the unpeeled wood, there was a marked increase in tensile strength with storage
time. The yield of pulp per cord would, of course, be lowered by the losses in density.

Another study was made by the Forest Products Laboratory on aspen stored in a Wisconsin
pulp mill yard. A section of about 2, 000 cords of rough and peeled wood was held for periodic
sampling during the storage period. The progress of decay was measured by a decay index that
included both amount and stage of decay. Wood with an index of 100 would be entirely infected
with decay in an advanced stage, and likely would be unusable.

In this study, the rough bolts were held in the storage pile through three summer periods. About
11 percent of the total decay, as measured by the decay index, occurred in the first summer
period, about 57 percent in the second summer period, and about 32 percent in the third summer
period. At the end of the third period, which was after 29 months of storage, the average
moisture content of the bolts (23 percent) was reduced to the critical level for development of
wood-attacking fungi; consequently, further decay of the rough bolts would be expected to be less
rapid than previously and would be more dependent on rain wetting than on the moisture initially
present in the wood. The progress of decay was much less for the peeled wood than for the rough
wood, and the decay index was only about one-tenth as great at the end of the storage period.

No loss in specific gravity of the wood was observed over the entire storage time. The differ-
ence of the averages for the samples was within the normal variation for sound wood. This
difference is contrary to the actual situation, since it is impossible for wood to decay without
undergoing loss of substance. It is apparent, , therefore, that the size of the sample was in-
adequate in this case to reveal loss in specific gravity by decay.

Each sample withdrawn from storage was ground under as constant conditions as possible. The
brightness of the groundwood made from the rough wood decreased from 62 to 58 during the first
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year of storage. After 29 months of storage, it dropped to 52. At the start of the storage
period, the peeled wood yielded groundwood with a brightness of 63, after storage for 12 months
the brightness was 60, and after storage for 26. 5 months it was 58. These decreases probably

can be associated with the increases in amount of decay.

The losses in most strength properties of the groundwood pulps were steady throughout the
storage period and were appreciable during the entire storage time. The tensile strength and
breaking length values were affected less. The magnitudes of the strength losses for the two

kinds of wood were about equal despite the fact that the amount of decay . was much greater in the

rough wood than in the peeled wood. Experimental data illustrating these results are given in
table 3.

Dead Wood

There is no evidence that dead standing timber will not produce as good a groundwood pulp as
live timber simply because it is dead. Differences, if any, will probably be attributable to the
causes of death and subsequent destructive agencies. Unless felled by wind and storm, trees
die naturally from the effects of blight, decay, insects, and fire. After death they may remain
standing on the stump for many years, during which time they undergo loss of moisture and are

subject to further destruction by the same influences.

Engelmann spruce killed by beetles and standing dead for at least 25 years in Utah contained
only 11 percent moisture. In nearly every log there was some blue stain, which amounted to
about 16 percent by volume in the 1-cord sample. The wood was otherwise uninfected. A
sample of standing insect-killed lodgepole pine from Montana contained only 1.6 percent by
volume of advanced decay, 1 . 7 percent of incipient decay, and 14.5 percent of moisture. Data
on the groundwood pulping of these woods, given in table 4, indicate that pulp of good strength
can be obtained from such wood.

Wood killed by fire, like wood killed by beetles, can be used for groundwood pulping if otherwise
suitable, unless it is charred or badly decayed. Trees that may have been killed but not badly
burned by fire can be salvaged by cutting out bolts that are not charred or from which the char
can be readily removed. Charred wood produces dirt in groundwood pulp in proportion to the
amount present. There is little if any recorded information available on the efficiency of
centrifugal cleaners in removing this kind of dirt, but it would seem likely that a considerable
amount could be removed in this way.

Groundwood pulping experiments were made at the Forest Products Laboratory on wood from
healthy and pole-blighted western white pine. Pole-blight is a killing disease that attacks pole-
sized timbers of this species. The two samples of pine received matched closely in age, growth
rate, density, heartwood content, and other features. The data in table 4 show that good-quality
groundwood can be made from the blighted material if it is otherwise in good condition.

Moisture

The moisture content of the wood used in groundwood pulping has long been recognized as being
among the important factors affecting grinding characteristics and pulp properties. Stored pulp-
wood does not dry out uniformly, and variation in its moisture content often causes disturbances
in the quality of the groundwood produced, especially if the dried wood is not thoroughly soaked
before grinding. Freshly cut or green wood is usually considered to be better than drier wood
for grinding softwood species. Thickens (33) reported that seasoned wood almost invariably
yields a shorter fibered pulp with a color inferior to that obtained from green material.

Black and white spruce, balsam fir, and jack pine were each ground at five different moisture
contents at the Pulp and Paper Institute of Canada (19). At the same pressure of grinding, the
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differences in pulp quality between that obtained from green wood and that obtained from wood
with 23 percent moisture were a drop in freeness of from 50 to 80 points, a decrease in bulk
and tear, and a decrease in average fiber length as judged by screen analysis. There was,
however, practically no change in bursting strength. The four woods showed similar trends but
at different levels.

Experiments were made at the U. S. Forest Products Laboratory on white spruce air-dried
to various moisture contents ranging from 40 to 11 percent and aspen air-dried to various
moisture contents ranging from 46 to 10 percent (27). The results were quite similar to those re-
ported in the Canadian experiments. They indicated that: (1) Under the same conditions of
grinding, a decrease in the moisture content of the wood caused a decrease in freeness and fiber
length for both woods, a decrease in bursting and tensile strength for the spruce pulps, and an
increase in the bursting and tensile strength of the aspen pulps; (2) for pulps of equal freeness,
the bursting and tensile strength of the pulps decreased in most cases as the moisture content
of either wood decreased; and (3) for a given energy consumption, the spruce with the higher
moisture contents produced pulps somewhat higher in strength, but the moisture content of the
aspen had little effect on the pulp strength when compared on this basis.

The rewetting of dried wood does not always give the same quality of groundwood pulp as does
the original green wood. Tests made on spruce at the Institute for Papermaking, Darmstadt,
Germany, showed that the same results would be obtained if the rewetted wood had not been
allowed to dry to below the 18 to 20 percent normal moisture content of air-dried or stored wood.
Above a 30 to 32 percent fiber-saturation point, most pulp properties remain constant and are
about equal to those obtained from the undried wood. With wood that has completely or consid-
erably dried out and is remoistened, however, the improvement in pulp quality is only slight.
Even if the moisture content is raised far above the fiber-saturation point the values will never
equal those obtained from green wood (4, 37).

Effect of Kind of Wood

More than 80 percent of the pulpwood used in the United States for groundwood pulping consists
of softwood species. Of these, those that are used in large amounts are black and white spruce,
balsam fir, western hemlock and southern pine. The others, which are used in small amounts,
include Sitka and Engelmann spruce, jack pine, eastern hemlock, and other true firs. Hardwood
species constitute somewhat less than 20 percent of the pulpwood used in the groundwood process,
and at least 95 percent of the volume of these woods is aspen.

Softwoods

The black and white spruces have long been the favorite woods for groundwood pulping because
of their light color and the relative ease with which the grindstone reduces the wood to a good-
quality pulp. Spruce groundwood pulps rank highest among other softwood groundwoods produced
under comparable conditions in strength, fiber length, and brightness. The properties of
several typical spruce groundwood pulps are given in table 4.

Balsam fir is ground with spruce in many mills. The strength of the pulp is generally good,
though it is slightly less than that of spruce. Balsam groundwood is bulkier and softer than
spruce groundwood and so contributes to these properties in papers where it is used. The
groundwood made from other true firs is quite similar to that made from balsam fir.

Western hemlock groundwood has fairly good strength, but it discolors easily in contact with iron
because of the presence of tannins. It is, consequently, generally bleached before being used in
paper manufacture.

Report No. 2220	 -6-



All the North American pines for which data are available are indicated in table 4 to be suitable

for groundwood pulping insofar as pulp strength is concerned. Pine groundwood contains more
resin and gives more trouble with pitch than do the spruce and western hemlock pulps.
Experience with southern pine indicates that the best groundwood is made from relatively young
wood in which only a small amount of heartwood has developed. Such wood is generally less

than 40 years old. Jack pine available for groundwood pulping is likely to contain more heart-
wood than southern pine pulpwood, and so it is more difficult to obtain satisfactory groundwood
pulp from it. Groundwood with very good strength can be made from western white pine.
Groundwood made from ponderosa and lodgepole pine is comparable with that made from southern
pine.

Tamarack groundwood pulp is similar in properties to that pulp made from southern pine but its
color is darker. The pulp is easily brightened to the level required for newsprint by bleaching
it with peroxide or hydrosulfite in a single-stage treatment.

The strength of groundwood pulp made from northern white-cedar is comparable to that made
from balsam fir, but the brightness of the pulp is very low because of the dark color of the

heartwood. In experiments reported by the Forest Products Laboratory, it was not possible to
raise the brightness appreciably by use of the normal amounts of bleaching agents. Though the
pulp could be used in darker colored papers or boards, bleaching it for use in white paper would
not appear to be practicable. Douglas-fir groundwood pulp increases the usual amount in bright-
ness with normal quantity of bleaching agents, but the brightness of the treated pulp is still below
that required for newsprint-grade pulp because of its very dark color initially. Its strength,
however, is adequate so the unbleached pulp can be blended with brighter pulps in cases where
high brightness is not required.

Hardwoods

Aspen is the most important hardwood (broad-leaved) species used for groundwood pulping at

the present time. Its importance is undoubtedly due to its low density and light color, as well
as to its abundance in the Lake and Northeastern States where the groundwood pulping industry
has been long established. Aspen groundwood is similar to balsam fir groundwood in properties;
principally both have moderately good strength and bulk. It is good for addition to the furnish
of groundwood book and other white printing paper where it can be used to replace some of the
softwood groundwood pulp. Typical data for the properties of aspen groundwood are given in
table 5.

Aspen and spruce can be ground together easily. Experiments show that the properties of
mixtures of aspen and spruce groundwood are in general the same whether the woods are ground
together or ground separately under the same conditions of grinding (28).

Cottonwood is very similar to aspen in its physical properties. The debarked logs of the two
woods are almost impossible to identify by observation. Cottonwood groundwood pulp also
is very similar to aspen groundwood pulp. In addition to their use in printing paper, coarse-
ground aspen and cottonwood are used in insulating board.

Black willow, also a low-density hardwood, is similar to aspen and cottonwood in groundwood
pulping characteristics, but the color of the pulp is dark because of the heartwood. Information
on the possibility of bleaching black willow groundwood pulp is not available. Because of their
low density and light color, basswood and boxelder should yield groundwood pulp like that of
aspen or cottonwood.

Groundwood pulps made from higher density hardwoods contain a high proportion of fines and
consequently have lower strength than those made from lighter weight woods (see table 5). If
they are light colored like those made from paper birch, white ash, and black tupelo, they can be

•
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used as filler stocks without bleaching. When added to the usual softwood groundwood-sulfite
newsprint furnish, however, the loss in strength of the paper is reported to become appreciable
if more than 10 percent is used (31).

Groundwood pulps made from hardwoods are suitable for mixing with semichemical pulps to
produce combinations with properties similar to softwood groundwood. For example, in
experiments at the Forest Products Laboratory, a type of newsprint paper was made from a
furnish of 30 percent of paper birch groundwood, 50 percent of paper birch neutral sulfite
semichemical pulp, and 20 percent of jack pine groundwood (29). Similar experimental combin-
ations of hardwood groundwood with hardwood chemigroundwood or with hardwood-cold-soda
pulps in making newsprint-type paper and groundwood book paper are reported (5, 10.

The strength of hardwood groundwood can be improved by pretreating the logs with chemical
solutions before grinding them using the chemigroundwood process. The treatment, however,
causes other changes so that the pulp is generally not so bulky and opaque as is groundwood
pulp. The strength of hardwood chemigroundwood is sufficient to allow it to be used in paper
furnishes as a substitute for softwood groundwood, but its lack of bulk and opacity will not allow
for a complete substitution in most cases. The strength of hardwood groundwood can also be
improved by treating the pulp with a hot dilute caustic soda solution. Like chemigroundwood,
the caustic-treated groundwood generally reduces the bulk, opacity, and brightness of the paper,
which may limit the amount that can be used in the furnish (3, 8, 20).

Most hardwood groundwood pulps are readily bleached with either about 10 percent of hypochlorite
or about 2 percent of peroxide. Bleaching also generally produces a significant increase in
tensile strength and a small but definite change in bursting and tearing strength (12, 13, 20).

Foreign Woods

In Europe the woods used for groundwood pulping are much the same as those used in North
America; these are mostly spruce and fir, and some pine. Poplar is used in fairly large
amounts in Italy. In India a low-density hardwood, Salai (Boswelia. serrata), is used for the
groundwood component of newsprint paper.

A large proportion of the newsprint paper produced in Australia consists of eucalyptus ground-
wood. Three species of eucalyptus are used, E. regnans, E. gigantea, and E. obliqua; the
first is the most important. Eucalyptus groundwood stock contains tannic acid that causes
discoloration of the pulp in the presence of iron and also presents a corrosion problem (16).
The poor-quality groundwood obtained from young fast-grown E.. regnans as contrasted to
good-quality groundwood obtained from old trees containing a high proportion of slow-grown wood
was attributed to shorter thinner walled fibers in the younger trees and longer thicker walled
fibers in the older trees, as well as to a more acidic condition that caused a mild hydrolytic
reaction in the old wood (7,36).

Experiments are reported on the groundwood pulping of several Indian woods that appear to be
promising, and include paper mulberry, (Broussonetia papyrifera) (1, 32); papita, (Sterculia
campanulata) (2); siran, (Albizzia stipulata) (2); puli, (Kydia calycina) (1); and gengwa or gewa,
(Exeoecaria agallocha) (1). Grinding tests on several species of Japanese pines, firs, hemlock,
spruce, larch, and cyprus are also reported (17). Rys states that satisfactory groundwood pulp
can be made from the young trees of parana (pinho) pine (Araucaria brasiliensis), but only the
light-colored outer portions of old-growth logs can be used for this purpose. Since the fibers of

parana pine are long and stiff, the pulp makes a bulky sheet that is difficult to calender (25).

The U. S. Forest Products Laboratory has conducted groundwood pulping experiments on gewa
(Excoecaria agallocha) from Pakistan. As a result of these experiments, gewa groundwood
and chemigroundwood are now used in making newsprint paper in Pakistan (6). Other

•
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groundwood pulping tests at the Forest Products Laboratory have included ilang-ilang (Canagium
odoratum) from the Philippines (11), insignis pine (Pinus insignis), Corsican pine (Pinus laricio),
and tawa (Beilschmiedia tawa) from New Zealand, several pines from Mexico, and a number of
hardwoods from South America. The properties of typical pulps made from these woods are
given in tables 6 and 7.
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Table 1.--Effect of compression wood on groundwood_pulp quality 

Species and type of wood :Screen analysis :	 Pulp test sheets
•	

: On	 :Passing :Bursting:Tearing:Breaking
:24-mesh:150-mesh:strength:resist-: length

: ance :

N.:Percent:Percent :Pts. per:G 4 per :
:lb. per :lb. per:

rm.	 : rm.

Black spruce 

No compression wood	 : 15	 ..	 46	 : 0.30 : 0.84 : 2,650

Large amount of compression wood	 4	 57	 .15 : .64 : 1,370

Loblolly pine	 •

No compression wood	 : 15	 45	 :	 .27 : .74 : 2,410

Compression wood, 11 percent by volume	 15	 46	 •.	 .24 :	 .73	 : 2,000

Compression wood, 25 percent by volume	 10	 49	 .23 : .65 : 1,995

Compression wood, 100 percent by volume:	 7	 47	 .09 : .39 :	 810
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