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Introduction

This report summarizes some of the important research results obtained in studies of the four principal species of southern yellow pine,
namely, loblolly, longleaf, shortleaf, and slash.
The summary is based on mechanical tests of both old-growth and
second-growth specimens. The results of mechanical tests reported in
United States Department of Agriculture Technical Bulletin 479 do not
differentiate between old growth and second growth. In table 21 of that
bulletin, tests indicated by shipment numbers 1010 and higher for
southern yellow pines are for second growth.
In the growth-quality studies an additional 100 trees from forests
classed as old growth, three-fourths of which ranged between 100 and
350 years of age, and 170 trees from strictly second-growth stands,
mostly between 25 and 75 years of age, were analyzed for specificgravity variation and for various site and stand relationships.
The results obtained from these analyses included the influence of site,
of soil moisture including irrigation, of stocking, of thinning, and of
1
—Maintained at Madison, Wis. , in cooperation with the University of
Wisconsin.
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released growth following logging upon the specific gravity and the related
properties of the wood.
In addition to the above, for each of the four species listed, several cords
of pulpwood from trees and stands ranging from 10 years upward in age
and representing wide, medium, and narrow growth rings were studied
and the specific gravity of the wood was related to stand conditions, to
width of the growth rings, and to pulp yields.
It appears from the foregoing that, considering the southern yellow pines
as a group, there is a vast amount of information available concerning
the properties of the wood, the relation of growth conditions to properties, and the effect of site and soil conditions. This preamble is given
so that in reading the following rather brief summation of research on
these species it will be realized that the statements made are founded on
a broad research basis. There are yet a few gaps in the data relating to
growth and quality of the southern yellow pines that will require some
special investigations to fill.
It is hoped that this summary of present information about the quality of
old-growth and second-growth southern yellow pines, and of the various
factors that influence the quality of the wood, may be helpful in judging
the kind of products obtainable from stands of different character and in
predicting the quality of products that may be grown under conditions as
they now exist or as they are modified in forest-management practices.
The literature drawn upon for this report is included in the references
at the end of the text.

Site Quality

Site quality is important in relation to timber quality, since site quality
influences height growth of trees, taper, knottiness, and specific gravity
of the wood.
Since site quality, expressed as a site index, is determined by the amount
of growth of trees in height over a given period of time, it follows that
poor sites have relatively short trees and good sites relatively tall trees.
Short trees usually have greater taper throughout their merchantable
length than tall ones of the same age; and since, in many species, whorls
of branches occur at the end of the terminal growth each year, the
shorter the height growth the closer together are the whorls of branches
and the greater is the number of knots per given length of tree bole.
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Since in the southern pine, however, branches are developed not only at
the annual terminus of the leading shoot, but also at intermediate points
along the season' s growth, the influence of site upon number of branches
per unit length of the bole is less obvious.
Except on certain very poor sites the quality of wood produced in
second-growth stands can be regulated within certain limits by the silvicultural manipulation of the stand. The exact treatment to be given
doubtless will have to be determined on a basis of individual site characteristics, including the factors of soil constituents and soil moisture.
Thus, a knowledge of site quality should enable a timber grower to decide in advance whether or not he ought to attempt to grow dense southern pine on a particular area. If the natural conditions of the site are
favorable and if growing space and crown development are properly
controlled, then the production of dense southern pine timber in young
stands should be accomplished without difficulty.

Soil Type and Soil Moisture
Soil type, principally through its capacity to retain moisture, has an important influence upon the growth and structure of wood. Soil moisture
is reflected in the continued growth of a tree, especially in diameter,
throughout the warm season. It is true, although not generally recognized, that many trees actually stop growing during seasons of dry
weather. This could happen on any kind of soil, but it is more likely to
happen on sandy or gravelly soils, and on impermeable soils and steep
slopes from which most of the precipitation flows away on the surface
and is unavailable to the roots of the trees. Trees on such dry sites
are likely to be deficient in summerwood, the part of the growth ring
that normally develops during the summer months (fig. 1). Lack of
water also may become apparent rather quickly in very closely crowded
stands due to absorption by roots.
Information available at this time indicates that the layer of humus and
leaf mulch in the forest is primarily important from the standpoint of
conserving moisture and also of adding fertility to the soil in the process
of its disintegration. In addition, it helps maintain the soil in the physical condition necessary to promote biotic and biochemical activity.
There may be sites, however, where the supply of moisture and the fertility of the soil would be sufficient at all times for forest growth even if
the leaf mulch were not present.
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A comparison of the specific-gravity values of longleaf pine from two
soil types in South Carolina showed that during the last 20 years the
wood produced in trees from a shallow soil that frequently became dry
in summer, was much lower in specific gravity than that of trees growing on a deep, moist soil in the same vicinity. In another comparison,
the specific gravity of the wood from trees growing on steep slopes and
ridges of the Ouachita Mountains was 12 percent less than that of trees
from more level land lying just below the steep slopes. With the exception of soil types very deficient in moisture during the summer, it
seems, however, that silvicultural considerations are of more importance , in determining the weight of the wood or the width of growth rings
than the soil type itself.
Low production of summerwood is commonly the result of lack of water
throughout the growing season. The prolonged drought of 1924 and 1925
in the South is reflected in narrow summerwood bands of the growth
rings for those years, except in moist situations. In order to produce
heavy wood in open stands the environmental conditions must be such
that the trees will continue to grow throughout the whole vegetative season. Longleaf pine trees having only a single row of summerwood cells
in a season of growth were found on very dry sandy soils. In some
similar cases, fall rains brought about renewed growth activity that resulted in wood intermediate in appearance between typical springwood
and summerwood.
An experiment was set up iri Choctawhatchee National Forest to determine the effect of irrigation upon summerwood production for certain
periods during the growing season. By keeping old-growth longleaf pine
trees, growing on deep sand, continuously supplied with water from
March to December, not only was the total ring width increased, but the
summerwood produced during a 3-year period of irrigation showed an
increase of 165 percent over the average for the 14 preceding years. In
these trees the summerwood increased about four times as much as the
springwood. The results of these investigations justify the conclusion
that a fairly close correlation exists between the current soil-moisture
supply and the formation of summerwood. In addition, it was found that
over a period of years the width of springwood was almost constant,
irrespective of rainfall, and that the amount of summerwood formed was
almost directly in proportion to rainfall.
Although irrigation of the southern yellow pine forests cannot be recommended as practicable, the results of such experiments indicate silvicultural factors that may be effective in forest management. The maintenance of forest soil conditions that will promote the retention of
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moisture and thus make it continually available to the trees, will result
not only in greater growth increment but also in the production of heavier
and stronger wood than that obtained when soil moisture is lacking. In
the southern pine region it is not a matter of conserving a limited water
supply, but rather one of holding some of the rainfall, which usually is
sufficient in total amount.

Silvicultural Considerations

Growing Space
One prevailing cause of wide variation in the density of wood in the southern yellow pines is the uneven distribution of trees in naturally stocked
stands. Young trees with a large amount of growing space, especially in
restocked old fields, grow rapidly in diameter with a high proportion of
low-density springwood comprising the annual-growth ring; whereas
trees growing in densely stocked areas that have narrower growth rings
and proportionately much less springwood, contain wood that is much
heavier and stronger.
Although a certain amount of crowding and crown restriction increase
the weight of wood, overcrowding for a long time has an opposite effect;
for, with too severe competition, growth of the summerwood portion of
the ring becomes less and wood of lower density results. Such wood,
rarely produced in second-growth forests, is often found in the outer
portion of old-growth trees. It is soft, easily worked, shrinks comparatively little, and is eagerly sought for many uses for which high strength
is not required. On a given site, therefore, regulation of inherent qualities (specific gravity) is most easily accomplished by control of growing
space of individual trees. The growing space, of course, will affect
competition among the trees for soil moisture and sunlight and will be
reflected in the size of the crown.
In natural stands the initial degree of stocking may be the result of
chance. Where stocking is very dense, the initial growth of the individual trees may be very slow. It can be accelerated by thinning. Thinnings,
perhaps, are the simplest form of growth and quality control. Where
wide spacing of trees occurs in sparsely stocked natural stands or in
plantations, silvicultural control of wood quality is more difficult of application. There appears, however, to be a possibility of control even
in such trees as a result of recent experiments in regulating the size of
crowns. A considerable reduction in the size of the crowns of trees in
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understocked stands had an important effect on the quality of wood currently produced through a reduction in width of growth rings and a curtailment of springwood growth more than of summerwood growth. This
phase of control is yet in the experimental stage (fig. 2). Regulation of
crown size, however, can have a twofold result: (1) clear lumber from
pruning side branches, and (2) increased wood density from curtailing
springwood development.
Several comparisons of the wood of second-growth southern yellow pine
trees, mostly 20 to 30 years of age and grown continually in the open,
with the wood of similarly aged trees of the same species in adjoining
densely stocked stands, showed early differentiation in the density of
the wood of the openly grown and of the closely grown trees. The trees
in the fully stocked stands increased more rapidly in specific gravity
from the pith toward the bark, with average values 8 to 15 percent
higher than in the open stand. The heavier wood of these stands showed
a greater reduction in the annual production of springwood than of
summe rwood.
One recent writer, 2— among others, has reported an increase in specific
gravity with successive growth rings in young plantations and has
attached considerable importance to the specific-gravity - age relationship. This age-density relationship is, however, subject to interruption
by environmental factors. Such interruption occurs under any of the following conditions: in very dense stands, on very dry sites, as a result
of partial cutting in a stand, by radical crown reduction, and by production of compression wood in leaning trees.
It appears that wood of uniformly heavy weight can be produced in the
southern pines if, under good forest conditions, the trees are spaced so
closely when young that a full-crown canopy will be established at a very
early age and if thinnings follow at sufficiently frequent intervals to
maintain a uniform width of growth rings.

Pruning
Pruning in itself may be considered a valuable practice in secondgrowth southern pine stands. If pruning is started very early, when
trees are no more than 1 to 2 inches in diameter and 10 to 12 feet high,
2
—Turnbull, John M. Some Factors Affecting Wood Density in Pine
Stems. British Empire Forestry Conference. Great Britain. 1947.
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lumber from the lower 16-foot log of each tree can be almost entirely of
the B and better grade. This butt log may contain nearly 50 percent of
the lumber in a 50-year-old tree. ,Computations based on prices of lumber grades a number of years ago even then indicated high possible revenues from pruning. Use of present lumber prices might show even
greater profit from pruning.
The time that branches remained alive in the lower 20 feet of the stem
differed markedly among the four species of southern yellow pines
studied. In loblolly and longleaf pine, lateral branches remained alive
for an average of 7 years, in shortleaf pine 8 years, and in slash pine 9
years.
In the southern yellow pines two to four branches usually occurred at
each node. The percentage of nodes having more than five branches
was negligible. The number of knots in different stands of the same
species appeared to be influenced by stand conditions. Where loblolly
and shortleaf pines were growing in mixture with hardwoods, the reduction in the number of knots in the first 20 feet ranged from 15 to 25 percent. In longleaf pine the denser stands also contained fewer knots.
The average number of knots for each species of pine in the first 20 feet
above the stump was as follows: shortleaf 110, loblolly 70, slash 50,
and longleaf 40. Among the southern pines dead branches persisted for
the longest time in shortleaf pine, for which the average was 12 years,
followed by an average of 8 years in loblolly (fig. 3, loose-knot zone)
and of 6 years each in slash and longleaf pines. The maximum number
of years of persistence recorded for dead branches in the first 20 feet
was 49 for loblolly, 41 for shortleaf, 20 for slash. and 17 for longleaf
pine. Considerable variation from the numerical figures given is to be
expected in different stands.

Partial Cutting
Partial cutting in southern yellow pine stands causes sudden acceleration, or released growth, and frequently alters the appearance of the
wood within the trunks of the trees by abrupt changes in ring width (fig.
4). Instances are on record where a diameter growth of 80 years had
been doubled in 20 years of released growth. In a number of studies it
has been found that in some cases the weight of the wood increases with
acceleration of growth, while in other cases it becomes lower than that
produced earlier in the same trees. Released growth does not, however, always change the specific gravity of wood to any marked degree.
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The degree of suppression before release, the response of crown development and subsequent proportionate springwood and summerwood formation in the growth rings, all play a part. Local conditions influencing the continued growth of summerwood during the greater part of the
growing season are the determining factors affecting the weight of the
wood produced when trees are released from competition by the removal
of the trees about them. Leaning trees may step up compression-wood
formation after release. Compression wood usually has a tendency to be
heavier than the normal wood of a tree.
In one investigation, the release of longleaf pine from the conditions
existing in the virgin stand caused all of the trees to increase in their
rate of volume production. Those in which the growth had been most
greatly suppressed in the virgin stand prior to release put on heavier
wood than that produced during the period of suppression. Trees that
had not been so severely crowded produced wood somewhat lighter than
before. The result was the production by all of the trees of wood having
about the same average specific gravity, but a much greater volume per
tree.

Mixed Stands
Second-growth southern pine stands containing a substantial mixture of
second-growth hardwoods of about the same age as the pine have been
found to produce a higher percentage of the lumber in the better grades
than pine stands that contained relatively few or no hardwoods in mixture.
The beneficial influence of the hardwoods is evident in an earlier natural
pruning of the stems of the young pine trees. The broadleaved hardwood
trees, by casting a heavier shade than the needle-leaved pines, hasten
the death of the lower pine branches while they are yet of small diameter.
These small dead branches soon break off and fall to the ground, and
thus leave the lower portion of the pine stem fairly smooth and clear of
branches. After the irregularities left by the fallen branches are
covered over by the growth of the tree, the wood of subsequent growth
will be clear and free from knots.
Studies made in loblolly pine forests showed the highest lumber values
were derived from stands in which 20 to 25 percent of the timber consisted of second-growth hardwoods well-distributed among the pines.
The hardwoods, though of the same age as the pine trees, were not so
tall as the pines, and this fact gave the upper portions of the pine crowns
abundant room for development. At the same time the broadleaved
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hardwoods shaded the lower portions of the pine trunks and assisted in
the removal of their lateral branches.
Other advantages also accrue as the result of mixed hardwood and pine,
stands. Hardwood leaves decay more readily than resinous pine needles
and thereby more quickly restore plant foods to the soil. Also, by absorbing and holding moisture, the hardwood leaves assist in the disintegration of the pine needles and the formation of humus. Thus, in mixed
stands, it is not only possible to produce better grades of lumber but
also to maintain the forest soil in a more productive condition.
The benefits of hardwoods in mixture were found to be offset by a lower
yield of softwoods when the basal area of hardwoods amounted to more
than 20 to 25 percent of the basal area of the stand. When hardwoods
are equal in value to the pine, the presence of more of them should not
be objectionable. In stands of mixed species of pines and hardwoods,
the pines must be allowed to maintain a predominant position to prevent
their suppression by hardwoods.

Wood Characteristics

Variations in growth conditions influence many characteristics of the
wood. Its appearance is affected by width of growth rings and by proportions of springwood and summerwood and of sapwood and heartwood.
The relative proportions of springwood and summerwood influence density, which in turn is an index of most strength properties. Density has
an influence on the amount of shrinkage, since, as a rule, the heavier
pieces shrink more during drying than the lighter ones. The proportion
of heartwood influences durability, because heartwood is less subject to
decay than sapwood.

Width of Rings
When other conditions are equal, moist sites produce wider growth rings
than dry sites. Rings may be fairly wide in trees on dry areas for the
first few years, however, if the trees are widely spaced. Usually, such
wide rings are largely of springwood. Wide-ringed growth is not generally maintained for a very long time, since, as the trees become larger,
they compete with each other and even the competition of herbaceous
vegetation may affect the width of growth rings. On good sites variation
in the width of rings may range from as few as two or three rings per
Report No. 1751

-9-

inch to as many as 20 or more within a period of only 20 to 30 years.
This type of growth is characteristic of stands that have originated on
good sites with little competition during the first few years, particularly
on old, once-cultivated fields. Similar results may occur in plantations
that are not thinned.
A comparison of second-growth longleaf pines of approximately the same
age in open and in crowded situations on the same site, showed that the
wood of the trees growing in the dense stand, although having a rapid
initial growth, became heavier with the first slowing in diametral
growth, while in the freely growing trees the initial rapid growth had
continued up to the time of cutting and the weight of the wood remained
uniformly low throughout the cross section.
In a study of loblolly and slash pines it was found that wood of rapid
growth is frequently low in density and is low in strength for its weight,
and that when it has fewer than four rings per inch, it shrinks excessively in the longitudinal direction, so that such lumber crooks and bows
when attached by growth or otherwise to normal wood. When the southern yellow pines initially grow very rapidly in diameter, they are likely
to produce wood that is unsatisfactory for many uses (fig. 5).
Second-growth southern yellow pine may present variations in specific
gravity just as great as were found in the virgin stands. In the secondgrowth trees the wood of lighter weight, if present, usually occurs at
the center of the tree rather than at the outside, as was often the case
in old-growth trees.
When southern yellow pines begin by making a rapid growth, the wood
formed is generally light. A subsequent slowing of growth as the stands
become filled up produces heavier wood, but a continued slowing may
result in again producing lighter wood. Such a sequence of growth and
weight apparently is not an essential part of the life history of the southern yellow pines, but is subject to modification by a change of
environment .
While the average specific gravity of the wood of second-growth southern
pines from stands as they now exist is somewhat lower than the average
specific gravity of virgin-growth trees, the indications are that this difference may become less as the second-growth stands become more
fully stocked.
Although the preceding discussion of the variations in the southern pines
has dealt principally with conditions favoring development of wide or
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narrow growth rings, in reality the width of growth rings in itself does
not determine the weight of the wood, but rather the effect of conditions
under which the trees are growing determines the proportions of springwood and summerwood in narrow-, medium-, or wide-growth rings.

Variation of Density in Springwood
and Summerwood
Summerwood, having a larger proportion of cell-wall substance per unit
of volume than the springwood portion of a growth ring, imparts density
to the timber and influences its properties. The summerwood itself
may vary considerably in density. A determination of the extent of such
variability on a basis of separate specific -gravity determinations for
both parts of the annual ring was made by the Forest Products Laboratory for nine young second-growth trees of the four southern pines, longleaf, loblolly, shortleaf, and slash.
The springwood of all four species was found to have a similar range in
density. The minimum specific gravity of springwood in all species
was 0.15, while the maximum ranged from 0.40 to 0.50. The average
specific gravity of springwood for the four species was approximately
one-half that of the specific gravity of summerwood, as shown in the following tabulation.
Specific Gravity
Species

Springwood

Longleaf pine
Loblolly pine
Shortleaf pine
Slash pine

0.280
.310
.265
.275

Summerwood
0.690
.625
.600
.570

In all species, except longleaf, summerwood was found to be more variable than springwood. In the trees studied, the variation in specific
gravity was similar in the separate species. As a rule, the springwood
specific-gravity gradient from pith to bark was either slightly decreasing or level. From butt to top it definitely decreased. The summerwood gradient increased from pith to bark and decreased from butt to
top; sometimes an increase from the bottom of the crown to the top of
the tree was evident. When the relative proportion of springwood and
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summerwood remained the same, the heaviest wood was found in the
lower portion of the tree.
Variations in density and width of springwood and summerwood bands
have a direct bearing upon the strength, hardness, workability, and
shrinkage of wood, upon its ability to hold paint, and upon the quality and
yield of pulp obtained from it.
In wide growth rings the transition from springwood to summerwood frequently is so gradual that no clear line of demarcation between the zones
is discernible. l. The transition from springwood to summerwood is
more abrupt in wood of narrow rings. Ring width in itself is not a good
criterion of density. Summerwood percentage is a better index of quality, but in the case of wide rings it is not entirely reliable. Wood composed of growth rings of medium width and that have a high percentage
of summerwood may be expected to supply the strongest timber.

Heartwood and Sapwood
Formation of heartwood is a natural consequence of increasing age and
size of trees. In the southern yellow pines, heartwood may begin formation at about 15 to 20 years of age or a little later, depending upon the
site and such other factors as crown size and growing space. In fully
stocked stands heartwood may begin to form in suppressed trees a little
earlier than in dominant trees. In one analysis of young stems, heartwood was evident at a height of 8 to 16 feet above the stump before becoming clearly evident at the stump itself. Among older trees, those
with large crowns that maintained rapid growth in diameter had wider
sapwood layers than trees in the same stand with small crowns. The
crown size may be used as an index of the sapwood thickness among
even-aged second-growth trees on a given site or in a given stand.

Shrinkage
It is commonly known among lumbermen that second-growth southern
yellow pine gives more trouble in warping than does old-growth. Bowing,
crooking, and twisting usually are attributed to spiral grain, diagonal

-Elias Mork has defined summerwood as the portion of the growth ring
in which the radial diameter of the cell openings is equal to or less
than twice the thickness of the adjoining cell walls.
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grain, distorted grain near knots, abnormal longitudinal shrinkage due to
compression wood, or careless stacking and storing of lumber.
The transverse shrinkage of a piece of lumber is related to its density.
The heavier pieces shrink more radially and tangentially than the lighter
ones. In the case of longitudinal shrinkage, however, the lighter pieces,
especially when of wide-ringed material that originated near the pith of
the tree, shrink longitudinally more than narrow-ringed wood further out
toward the bark. Severe crooking during drying occurred in pieces containing both wide- and narrow-ringed material. This crooking has been
one cause of rejection of 2 by 4' s required in the construction of frame
buildings. Such behavior is explained by the tendency of low-density
wood to shrink more longitudinally than high-density wood, and by the
fact that the wide rings near the center of the trees have a high proportion of low-density springwood. While the usual longitudinal shrinkage
of lumber is only 0.1 to 0.2 percent from the green to the oven-dry condition, shrinkage as high as 1. 9 percent has been found in wood having
less than four rings per inch. Shrinkage of this magnitude would equal
3.6 inches for a board 16 feet long. Such high shrinkage probably would
not take place in ordinary lumber uses, because wood, even though installed when green, would not become completely dried out without application of heat.
From an investigation of 75 trees, it appears that wide growth rings
with their accompanying abnormal longitudinal shrinkage are more prevalent in the lower than in the higher part of a tree, but in practically all
cases the shrinkage of wide rings near the pith was abnormally high in
all parts of the tree. There is no reason to believe that the pronounced
longitudinal-shrinkage characteristic of this type of wood will change with
advancing age of the trees, since the cellular structure of wood after
once being formed remains constant.
The unsuitability for many purposes of rapidly grown coniferous wood has
long been recognized in Europe. Foresters there strive to maintain the
width of growth rings of trees in young pine stands at about 10 to the inch.

Compression Wood
Compression wood is a peculiar type of wood that occurs to a greater or
less degree in all coniferous tree species. It occurs commonly on the
under side of leaning trees and branches. In the southern pines compression wood is frequently more evident in the butt logs.
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The most outstanding characteristic of compression wood is a tendency
to shrink along the grain to a much greater extent than normal wood
does. This tendency often causes considerable bowing, splitting, and
twisting, and occasional breaking across the grain. Compression wood
sometimes shrinks 10 times as much as normal wood. If a board is composed of both compression wood and normal wood, the shrinkage of the
compression wood will be more or less retarded by the lower shrinkage
of the normal wood attached to it, but the shrinkage will still be sufficient
to cause the lumber to bow, crook, or twist considerably.
Compression wood is usually easily identified by its appearance. The
annual growth rings in compression wood are often relatively wide, with
an apparent preponderance of summerwood and without a clear line of
demarcation between springwood and summerwood. The eccentricity of
annual-growth layers, together with the darker color of compression
wood, are distinguishing marks on the ends of logs (fig. 6).
When compression wood is difficult to distinguish from normal wood, the
use of transmitted light is particularly helpful in its identification. In
cross sections of wood, about 1/8 to 3/16 inch along the grain, that are
held against a bright light, the compression wood appears practically
opaque. Normal types of wood are translucent when held against light in
the same manner. Microscopic examination of compression wood shows
the fibrils of the secondary tracheid walls to lie at a greater angle than
those of normal fibers. In addition to the oblique spiral structure of the
summerwood tracheids, countless spiral cracks are apparent in the cell
walls (fig. 7). It is this discontinuous structure in the secondary cell
walls of the summerwood tracheids that, by dissipating the light, causes
the greater opacity of the summerwood of compression wood.
Compression wood differs markedly from normal wood not only in physical properties but in chemical composition, especially in an excessive
lignin and a low alpha-cellulose content, and in pulping properties. Its
presence adversely affects the yield, chemical purity, and bleach requirement of pulp. Strength properties of pulp are also adversely affected by the minute checking in fiber walls of compression wood that
accelerates fragmentation during processing.
While, on the whole, the total amount of softwood lumber containing compression wood amounts to an appreciable percentage of the total amount
sawed, that which would cause serious trouble in the utilization of the
lumber can be easily recognized. This is especially true if the moisture
content of the lumber is reduced to that of an air-dry condition or lower,
since pieces containing compression wood are then often twisted out of
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shape. For many uses slightly bowed or twisted pieces can be utilized
satisfactorily if the moisture content of the lumber containing compression wood remains unchanged.

Specific Gravity and Strength
In this report the relationship between modulus of rupture and width of
growth rings has not been shown since a definite relationship between
ring width and strength, in the sense of strength being proportional,
either directly or inversely, to width of growth rings has not been established. In some cases, however, particularly in young stands, width
of growth rings is an indication of density (fig. 8, A), which is related
to strength (fig. 8, B), and in this way width of rings may indicate relative strength. Accordingly, in applying the density rule, wide-ringed
wood is excluded from dense structural grades unless it possesses more
than 50 percent summerwood.
The average specific gravity and the frequency distribution of specificgravity values in 0.03 and 0.05 class intervals for the four species of
southern yellow pine are shown in figure 9. In each case the frequency
distribution follows a normal distribution based on the mean and the
standard deviation of all available specific-gravity data for the species.
These normal distributions are indicated by the curves on the bar charts
(fig. 9).
Figure 10 compares the range of specific gravity and the distribution of
the middle two-thirds of the specimens for the separate species. It can
be seen that loblolly and shortleaf pine are comparable insofar as average specific gravity (0.45) and distribution of the middle two-thirds of
the specimens are concerned. Longleaf and slash pine have approximately the same range of specific gravity and average values of 0.51 and
0.54, respectively.
Comparisons of old-growth to second-growth stands have been made for
loblolly and longleaf pine, whereas the data available for old-growth
shortleaf and slash pine are not sufficient to make similar comparisons.
Table 1 is a summary of the number of shipments, trees, and specimens
of each kind for which strength tests have been made.
From the test specimens the relationship between modulus of rapture and
specific gravity was determined by using the formula y = ax b and solving
for intercept and slope by the method of least squares after converting
the formula to log form, viz. , log y = log a + b log x. Modulus of rupture
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= y, specific gravity = x. The relationship between specific gravity and
rings per inch was determined by use of a second degree curve of the
type y = a + bx + cx 2 by method of least squares. Specific gravity = y,
rings per inch -1- x.
The curves computed from these formulas, while based only on available
limited data, yet indicate certain trends in the relationship of strength
to density and of density to rings per inch between old growth and second
growth of the same species and between species. Figure 8, A and B,
shows the relationship between specific gravity and rings per inch and
between modulus of rupture and specific gravity for the four species of
second-growth southern yellow pine. The light lines in figure 8 and in
figures 11 through 14 enclose 90 percent of the specimens. It appears
from the curves that old-growth loblolly pine tends to have a consistently
higher average specific gravity (fig. 11, A) than second-growth of the
same species for similar growth rates. It is possible that this difference
is accentuated largely by the presence of extractives in the heartwood of
old-growth specimens. A comparison of the curves for old-growth and
second-growth longleaf pine (fig. 11, B) shows curves widely divergent
at 6 to 8 rings per inch and intersecting at 11 to 12 rings per inch. The
form of these curves is affected by the scarcity of data on second-growth
longleaf pine having more than 12 rings per inch and on old-growth of
less than 8 rings per inch. Where there is comparable data, however,
the indication is that old-growth longleaf pine has a slightly higher average density than second-growth of the same species and of the same
width of growth rings (rings per inch). In comparing the curves for both
old-growth and second-growth specimens, longleaf pine appears to have
a higher average density than loblolly pine having the same number of
rings per inch. Similarly, slash pine appears to have a slightly higher
average density than shortleaf pine (fig. 12, A and B).
For the relationship of modulus of rupture to specific gravity, the curves
(figs. 13 and 14, A and B) indicate that at below-average densities
second-growth trees produce wood with correspondingly higher modulus
of rupture than old-growth trees. Thus, in second-growth stands it
would appear that rapid growth is accompanied by the formation of wood
of lower density than in old-growth stands; yet this wood of lower density has a slightly higher average modulus of rupture than old growth
with an equivalent number of rings per inch.
Of the four species of second-growth southern yellow pine discussed here,
the average density and modulus of rupture of each for a given width of
growth rings (rings per inch) rank, in descending order of magnitude, as
follows: slash pine, longleaf pine, loblolly pine, and shortleaf pine.
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Pulpwood
The results from pulping loblolly, longleaf, shortleaf, and slash pines of
similar growth characteristics point to the conclusion that a variation of
10 percent in springwood content in any one species results in a greater
difference in pulp quality than was exhibited among the different species
examined.
Because of the collapse to a ribbonlike form of the thin-walled fibers of
the springwood, which are of greater diameter than the summerwood
fibers, springwood pulps were more pliable and formed denser sheets
that had a finer texture, smoother surface, and lower porosity than
summerwood pulps, which, although stronger, are coarse, bulky, darker,
and more porous, and have a somewhat higher bleach requirement.
The specific gravity of wood influences the yield of pulp per cord of wood,
with the heavier wood giving the greater yield of pulp. As the springwood content increased, the tearing strength of sulfate pulp decreased
and all the other pulp qualities improved. The decrease in tearing
strength of sulfite pulp with an increase of 10 percent in the springwood
content (with normal summerwood) was approximately 0.2 gram per
pound per ream.
Both in longleaf and shortleaf pines the lowest yields of pulp, of cellulose,
and of alpha-cellulose were obtained from the wood grown in wide-spaced
areas in the forest, which provide a condition conducive to wide-ringed
wood. In a comparison of three lots of shortleaf pine of varying widths of
growth rings, the physical, chemical, and pulping data showed that the
slower-growth, more mature, and less tapered wood is somewhat better
for the production of kraft pulp than that grown in open wide-spaced
stands. On the other hand, in mechanical pulping, fast-growth wood appears preferable.
Heartwood affects pulp quality because of its dark color and of the fact
that sulfite liquors will not easily reduce it.
The presence of compression wood and of associated abnormal wood of
high fibril angle frequently is an important consideration in southern yellow pine pulpwood. This abnormal material lowers the yield and
strength properties of the pulp and increases the bleach requirement.
For the production of pulps for subsequent manufacture into grades of
paper requiring good formation and smoothness of surface and good
bursting and tensile strengths but not high tearing strength, pine wood
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containing a relatively high volume of springwood is likely to be more
satisfactory than wood containing a high amount of summerwood. On the
other hand, for papers and boards in which resistance to tearing and
porosity are desirable and smoothness of surface and high bursting
strength are not so important, wood containing larger amounts of summerwood may be expected to give better results.

Timber of Uniformly High Density
It is quite apparent that the production of dense second-growth southern
yellow pine will require longer rotations than many timber growers expect. It will be distinctly advantageous to work out more expeditious
methods of growth that will shorten the time required for the production
of material satisfactory for certain purposes requiring high strength. It
is believed that creating and maintaining more favorable soil-moisture
conditions will be one of the more important factors. It is only on the
better sites that afford a greater proportion of summerwood production
in the annual-growth ring that the young trees may be more widely spaced
if the production of heavy wood is desired. From the point of view of
ring width, it appears from the relation of ring width to specific gravity
that a ring-width objective of 8 to 15 rings per inch will generally yield
wood of satisfactory density.

Round-Wood Products
There is a tendency toward the production of heavier wood in dominant
second-growth trees that accompanies the progressively increasing
closeness of stocking of the stand and the gradual proportionate reduction of the crown size. This feature could be applied in forest management in the production of material for uses not requiring wood of uniformly high density all the way to the center of the tree, as for posts or
poles. A timber of suitable size could be grown more quickly if the
trees were allowed to grow fairly rapidly until a diameter up to about 4
inches was reached, when a gradual change of growing space and crown
size as stands became more closely stocked would produce a cylinder
of heavier wood on the outside of the trees.

Nondense Timber
In the production of nondense timber, width of growth rings is not of
great importance except when rings near the pith exceed 1/4 inch in width.
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Wood of that character is likely to shrink longitudinally so as to cause
severe warping. In general, boards of fairly uniform ring width throughout will give better satisfaction in use both from the standpoint of appearance and of utility. Growth rates of less than six rings per inch should
be avoided.

Growth Objectives
The virgin timber of the south is practically gone. In its place are tremendous areas of second growth, differing in character markedly from
the virgin trees. In many (or most) instances these second-growth
trees developed in an entirely different environment than that of their
ancestors. These changes with environment point to the possibility of
developing specific wood and timber qualities that are best adapted for
certain uses. A growth pattern recommended for conifers is a medium,
uniformly sustained ring width from the center outward. For production of wood of the average or higher specific gravity of a species, a
ring-width corresponding to that of the desired specific gravity, as frequently observed in old-growth stands, is suggested as an objective.
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Table 1. --Summary of number of shipments, trees, and specimens for which strength tests have been made

Species

Second growth

Old growth

Ship- : Trees : Spec- : Ship- : Trees : Spec: ments :
: imens : ments :
: imens

Longleaf pine

3

20

Loblolly pine

5

46

306 :

Shortleaf pine

3

30

: 159 •

Slash pine

2

20

:
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97

117 •

5

24 : 388

1

10

:

74

Figure 1. --Summerwood development in longleaf pine. Left, moist
site; right, dry sandy soil. The dark bands are summerwood.
Z M 82213 F

Figure 2. --Crown control by severe pruning improves form and wood
quality of open-grown longleaf pine trees. Left, tree pruned 10
years; right, a matched unpruned control tree.
Z M 84349 F
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Figure 4. --Accelerated growth in longleaf pine following removal of
surrounding trees in logging a virgin-growth stand, showing abrupt
change in ring width in each of three heights of the same tree.
Z M 39152 F
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Figure 5. --Ring-width patterns in loblolly pine with corresponding
specific-gravity values. Left, desirable; right, undesirable.
Z M 69221 F

COMPRESSION
WOOD
Figure 6. --Cross section of longleaf pine showing concentric growth
while tree remained upright; eccentric growth with compression
wood on the long radius after the tree leaned.
Z M 22142 F

Figure 7. --Highly magnified tangential section of compression wood
showing numerous obliquely oriented fibrils and cracks in the
tracheid walls.
Z M 22145 F

