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WASHINGTON, D. C. :

-THE APPLICATION OF SILVICULTURE
~ IN CONTROLLING THE SPECIFIC
GRAVITY OF WOOD

By Bexsoxw H. PiuL

Sitvieulturist, Forcst Producis Loboratory,! Forest Service
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Until recently it has been possible to secure easily, whenever
needed, wood having the properties desired for a special use, The
extent of the progressive exhanstion of our virgin forests, however,
now emphasizes our ultimate dependence upon the younger, second-
growth forest stands to £11 sll of our needs for humber and other
wood. When the time of that dependence comes, the difficulty of
securing materials well suited for the more exacting wood uses will
become infinitely greater, because the supply must then come hoth
from fewer species and from trees of smaller size, that contain a
lower relative amount .of clear lumber, Learning -what growth fac-
tors affect the quality of wood the most has consequently become a
matier exceedingly important. C

This bulletin” gives the results of silviealtural studies which
show that the specific gravity of the woods studied may be
modified by controlling local factors which affect the growth either
of forest stands or of individual forest trees, so that it becomes possi-
 ble, within natural limits, to regulate the specific gravity of wood
| according to the particular use in view.

HISTORICAL

The investigations upon whick this bulletin are based are the
 first of their kind to be conducted on & comprehensive seale in the
United States. In Europe, however, research on silviewltural con-

2 Msintained &t ‘Madison, 'Wis,, by the Forest Eervice, U. 8. Department of Agriealture,
in cooperation with the Unlversity of iVisconsin,

4 80054—80—1 1
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trol of wood properties has been in progress for more than half &
century. 3
The investigations of Hartig (6-10)* undoubtedl hold first place .
among such efforts abroad. 'Working with both groad-lea.ve and |
coniferous species, he sought to determine the influence of climate 7
and of soil fertility u&o the weight of dry wood. He also studied -
the relations between the rate of growth of trees in diameter and the
resulting specific gravity of the wood produced by them.
After carrying on a great many experlments over a period of
more than 20 years, he formulated his conclusions into a system
which he termed the nourishinent theory (Erniihrungs Theorie) (7). %
In this theory he held that the specific gravity of wood is dependent
upon the reiationships of soil fertility, transpiration of water by
the tree crown, and sssimilation. He asserted that the anatomical ]
structure of wood conforms to the needs of the tree as influenced |
by external conditions; that the quantity of growth depends upon |
the total amount of folinge and upon the assimilative energy of the :
leavus which is affected by the quality of the soil, the sunlight, and -
the temperature; while the specific gravity of wood is influenced by
the proportional quantity of conducting tissue to supporting tissue. :
The greater the transpiration as compared with the production of ;
wood substance the greater the amount cf porous tissue formed and
the lighter the wood. Therefore, heavier wood results when the most
gbundant assimilation possible accompanies a normal transpiration. |
The large number of factors included in Hartig’s nourishment .
theory make it difficult to state which factor or factors may be the |
more important in controlling wood quality. In discussing the -
weight and structure of wood, Busgen 3), prebubly on account of
this uncertainty of factors, gives little credit to the results of re-
search by Hartig (6, 7, 8, 10}, Sanio (75), and Bertog (1). He sum- |
marizes the “ present state of experimental research on the influence
of external conditions upon wood structure” by saying: “In this
direction but little has been done, although attention has for a long
time been directed toward the dependence of anatomical relations '
upon environment.” i
The works of other early investigators had a much more restricted
scope than the resenrch of Hartig. Cieslar (4) found that spruce |
grown in the optimum of its natura] habitat showed higher Lignin
content than when grown in locations outside its natural limits of dis- |
tribution. Later (5) he investigated the properties of rapidly grow-
ing spruce in contrast with slow-growing spruce, basing his study |
upon a comparison of wood from twn stands. A dominent, a codom:- |
nant, and a suppressed tree were selected from each stand. In both
stands he found that the more rapidly growing dominant Spruce;
trees produced wood lower in specific gravity than did the codominant |
trees. but in one stand the suppressed tree produced wocd of high
specific gravity while in the other the wood was about the same;
weight as that of the dominant trees. He found that the higher
specific gravity figures corresponded to the wood that contained 2
greater proportion of summer wood in the annua! rings. The results
of this work agree with Hartig’s ideas that differences occur in the;

1 Refercnce ig made by itallc numbers in parentheses to Llternture Clted, p. 16
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quality of the wood in the same stand, and yet it can not be said that
either the larger or the smaller trees produce the better wood.

Janka (5) made sdditional investigations upon the hardness of the
wood 1n the same irees studied by Cieslar. His work showed that
the spruce wood of rapid growth ‘was softer than that of the slower
or more normal growth. In investigating the quality of larch wood
(11, p. £1-55) he could find no relation between the rate of growih
and the specific gravity, but he was able to show that the weight
depended upon the relative proportion of summer wood in the annual
rings.

The work of Hartig, Cieslar, J. anka, and other foreign investiga-
tors furnishes a background for silvicultural research now under
way in this count:c-ly. While the investigations thus far conducted
here do not include all of the possible factors that influence the
quality of wood, the results obtatned on individual factors are well
supported by the experiments of the earlier workers.

FOREST PRODUCTS LABORATORY STUDIES
BIGNIFICANCE OF SPECIFIC CRAVITY AS A RASIS FOR JUDGING WOOD QUALITY

Since 1622 the Forest Products Laboratory has been conduciing in-
vestigations of the influence of growth conditions upon wood prop-
erties. In these investigations, except in & few cases, no mechanicel
tests of the strength of the wood have been made, since with species
in which the relations of specific gravity to strength have been
worked out, it is possible to use the specific gravity of wood as a
basis for judging the strength when the original position of the
specimens in the trees is known. Such specific gravity-strengzth re-
lations for many of our native species including the species dealt with
here have already been established from various tests (18), s0
that the specific gravity of the wood is used as a measure of the
mechanical properties of the species in the present investigation.

To illustrate further the significance of the relation of gpecific
gravity of wood to strength, examples, taken from the results of
mechanicel tests, are given in Table 1 for one of the broad-leaved
and for one of the coniferous species included in the present in-
vestigation. The tests were made upon small clear pieces of wood
tested while in a green condition.

Tasre 1.—Relalion of specifio gravity 10 srength iesis

Kind of teat
Bpecific
gInTity Impaet Hardneas, load re-
{oven- hending, Compras- quired toimbed a
dry), Statle | beight | SOUPISS L g oitinch boll to
Specles based on | o bRl of drop aulleipto one-half Its dlam.
weight | 2UETE | esusing the grain gter
aod voi- of T complets marimued
1me when ture fuilare i
grean with 50- £rus ng,
pound | Etrengt End Bide
] harumer
4 Lbe, per Lbs, per
#g. . Incher | eg.im FPounds | Pounds
Flgnu! hickery (Hlerly ginkm).. | 0. 58 B, 200 5 3, 600 &3 780
3 [ .62 16, 80¢ 70 4,540 1,230 1,200
Loblally pine {Plons tusdo). ... 41 §, 870 i 3,900 30 400
Do_... 56 B, 740 36 4,230 460 500
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Tt may be noted from Table 1 that a difference of 0.12 in specific
gravity in pignut hickory was accompanied by a difference of
3600 pounds per square inch in moduwlus of rupture, 16 inches dif-
ference in height of drop of a 50-pound hammer in the impact-
bending test, 920 pounds difference in maximum crushing strength
in compression parallel to the grain tests, and 280 pounds differ-
ence in end hardness and 420 pounds difference in side hardpess
tests. Similar differences may also be noted for the loblolly pine.

An attempt was first made to correlate the specific gravity of
wood with geographic habitat. This attempt proved ineffectual

except for Douglas fir, which grows over
a wide area embracing distinet climatic
conditions. Preliminary work with
Douglas fir from the inland empire®
showed that the average specific gravity
of the wood was intermediate between
that of Douglas fir from the Pacific coast
and from the higher elevations of the
Rocky Mountains. Other species in-
vestigated, with attention to spetific
gravity as related to local growth com-
ditions as well as to general habitat, -
cluded white ash, pignut and shagbark
hickory, rock elm, sugar maple, and four
species of southern pine.

METHODS USED IN THE INVESTIGATIONS

The wood collected for the investi-
gations of the several species consisted of
¢ross sections taken from the stems of
trees at intervals of about 15 feet. The
north-south direction of each section
was marked. A description of each tree
was made before felling, photographs
were taken when possible, snd the prin-
cipal features of the site, soil type, topog-
raphy, and forest were recorded.* ]Exdi—
vidual trees from which specimens were
to be cut were designated by numbers,

) and each section talen was given its tree
Fiogne 1—Cutding dlagram 1of pumber and an identifying letter. The
specimens used for specific gravity deter-

minations were taken from flitches which extended in the north-south
Jirection through the center of each tree. (Fig. 1.} The specimens
were 6 inches long, about 215 inches wide, and of varying radial
thickness, since they were split off according to groups of annual
rings. These groups of rings which occur in such a flitch in pairs,
one group on each side of the pith, were matched carefully after

1T wooted srea lyving in porthwestern Montauna, Idubo north of the Solmon River,
Washlngton cast of the Cascade Mountains, and the northesstere tip of Qregon.

4The detailed afivieal descriptions of the foresf stands invesiizated, as well ng the
detatled results of the gpecific gravity determinations, mre coutalned in nnpublished reports
en file_af the Forest Products Laboratory, entitled ' Influence of Growth Conditions on
Wood Propertles™ Project 259




R X
CONTROLLING THE SPECIFIC GRAVITY OF: WO00D - D

splitting the specimens off the individual flitches, snd the first
_-,L{-ouping of rings selected in a tree, as far as possible, was carried
through all the sections taken from that tree; the result gave speci-
mens representative of definite periods of growth, from different
heights 1u the tree. The place of each specimen in the cross section
‘was indicated by number, making it possible at any future time to
locete accurately the original position of any individual est
specimen.

The radial thickness of euch specimen, the number of annual
rings included, and the years of formation were recorded in full
detail. In addition a carbon imprint of the annual growth rings of
each cross section was made. The specimens were allowed to air dry
for a period of several weeks and were then brought fo constant
weight by drying in an electric oven at a temperature of 100° C.
Specific gravity determinations were then made upon the specimens
by the immersion method.

INVESTIGATIONS OF BEODAD-LEAVED SPECIES

WEITE ASH

The first of the broad-leaved species selected for investigation was
white ash (Frazinus americana)}.

In beginning this investigation it was considered advisable to
determine, if possible, whether any noteworthy differences in the
properties of the wood of this species could be found associated with
the geographical location of the stand or with the characteristics of
the site. Following the practice of foreign investigators and guided
by the results of tests in this country (72, 13) the specific gravity
of the oven-dry wood was used as an index of ifs strength properties,

The first collection of white ash for the investigation was made in
the fall of 1922 from regions representing widely differsnt condi-
tions of topography and soil, ranging from the high slopes of the
southern Appalachians to the bottom lands along the Mississippi
River. Specimens were collected from two places in western North
Carolina, from two places in western Tennessee, and from éwo places
in northern Arkansss. Five or more trees were cut in each place.

Average specific gravity values for white ash from these different,
locations failed fo show any striking differences. The only feature
that could be attributed directly to the influence of locality was
found in the wood from the lower portions of the trees which were cut
from the overflow bottom lands along the Mississippi River. This
wood was lower in specific gravity than wood from cross sections
in the same trees 16 or more feet higher up, in contrast to the wood
from all of the other places where tﬁe wood at the base of the white
ash frees was heavier than that higher up in the trees.

Individual variations characterized the trees from nearly all loca-
tions. These variations were not only in the specific gravity of the
wood among the irees in the same place but were also within the
stems of the individual frees. The wood grown at different periods
in the life of a free sometimes exhibited widely different character-
isties.

Specific gravity determinations for the wood produced at different
stages of growth were obtiuined by separating the annual rings into
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groups including 10, 20, or more rings, representing the various
periods of growth, and by splitting out specimens in such 2 way
that the faster and the slower periods of growth would be contained
in different specimens,

A general application of the spgeciﬁc gravity results, however, did
not indicete any direct relation between the specific gravity o} the
wood and the width of the annual rings, but when individuel speci-
mens exhibiting low specific gravity were considered with respect to
the whole life of the tres from which they were cut, they revealed
o retardation of dinmeter growth in the tree. This suggested e rela-
tion between specific gravity and some factor that would retard the
rate of growth in diameter of the trees. This retardation in growth
was believed to be due to a lack of growing space, and, since a dense
forest stand is usually associated with slow tree growth, it was con-
sidered advisable to determine whether crowding of the trees would
influence the specific gravity of the wood and whether any beneficial
effects would result from thinnings.

Plots previcusly esteblished for silvical studies were sought for
this investigation but a thinned plot of white ash was not found.
The necessary combinstions of growth conditions, therefore, were
looked for in natural stands. Three suitable wood lots from soils
of about equal quality as judged by the height and age of the trees
were :Eoun(cll in northeastern Qhio. Two of them consisted of even-
eged crowded stands in which the trees had reached a stage of keen

owth competition. In the third wood lot o heavy thinning had

een made about 30 years previous to this investigation. In both of
the crowded wood lots the rate of growth in dismeter near the cir-

cumnference of the trees was very slow and was accomfanied by the

production of wood of low specific gravity. In one of the crowded
wood lots the average reduction from the specific gravity of the wood
produced at a time when the tree had more growing space was 18

r cent and in the other crowded wood lot it was 11 per cent. In
the thinred wood lot the average change in specific gravity since the
thinning was only 1 per cent and during the same time the rate of
growth of the trees in diameter had greatly increased.

Table 2 gives the results for the specific gravity determinations of
white ash trees in the three wood lots,

TsBLE 2—Comparison of rate of growth and average specific gravity of white
ash for different periods of growlh in unthinned and in thinned stands

Deazerlption of stand

Period of prowth

por inch

Perlod of growth

_per luch

(breast high)

Number of troes
| Number of ennual rings

Average dlameter
Bpeclfio pravity
Number of anoual rings
Bpeciflc gravity

Avernge Bge

)

Before crowd!ing | 8.4.0. 005 After crowdlng
(fivst 30-35 years). {last 15 yoars).
do, 8.5 . 044 do
Befove thinn!ng [1L0:,061) Aftor thlnning
{first 35-40 yaars). | (inat 30 years),

Unihinned_|

=]

m e g?} Average helght

a
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The study of white ash emphasized the belief that the width of the
annual rings or growth layers is not on index of the quality of
the wood of this species unless considered with respect o the life
history of the individual trees. The following deductions were
drawn from the results of the specific gravity determinations:

During the early life of the white ash trees studied, the rate of growth did
not seem to inflence the specifle gravity, slece wood of high specific gravity
was formed whether the growth was rapid or slow.

The white aslh trees that maintaived & nearly uniform rate of growth in
dlameter did not show any great differences in the specifie gravity of the wood
rroduced in different periods of their growth.

A retardatlon of the growth of the white agh trees studied, as exhibited
by tge formation of narrower gsnoual rings, produced wood of low specific

Favity.

8 An increase in the rate of growth of the white ash trees Investigategd,
following a period of suppressed growth, produced wood of high specifie
gravity., (Pl 1.)

When all growth conditions were favorable except space, thinnings
in & dense stand of white ash apparently not only assisted in a con-
tinuation of the normal tree growth but also assisted in maintaining
the wood unifermly high in specific gravity. Thus, wood having
the most uniform mechanical properties and the greatest freedom
trom defects may be produced in white ash trees which are closely
stocked in the stand during the early years of its formation, with
subsequent thinnings of such degree that the rate of diameter growth
of the trees is maintsined or increased.

PIGNUT HICEORY AND BEAGBARE HICEORY

To check the results of the investigation of white ash, a corre-
sponding study was undertaken during the spring of 1923 upon
hickory, a similar wood. Material for the investigation was col-
lected from two places in the mountain forests of western North
Carolina, from three places in the foothills of the Cumberland Moun-
tains in Kentucky, from the north and the south slopes of Mount
Logan in southern Ohio, and from two wood lots in southern
Indiana. At least five trees were cut in each situstion.

Two species of hickory were included in the investigation, pignut
(Hicoria glabre) and shagbark (H. ovate). The specific gravity
results conformed very closely to those obtained in the white ash.
A suostained or an accelerated rate of diameter growth produced wood
of uniform specific gravity and a retardation of the growth rate by
crowding or Ey the deterioration of the site produced wood of non-
mniform and lower specific gravity. The effect of unfavorable soil
conditions in producing wood of lower specific gravity was revealed
in a comparison of the wood of shagbark hickory trees from the
north and the south slopes of Mount Logan. The trees from the
southerly slope of this mountat: were stunted in height growth, were
of very poor form, and exhibited a slow rate of growth in diamweter
during recent years. Slow growth was not the result of crowding
as the individual trees had plenty of growing space, but the very
poor condition of the site was attributed in large measure to frequent
orest fires during recent years, which had on such a southern slope
no doubt lessened the meisture-holding capacity as well as the fer-
tility of the soil. The hickory trees on the north side of the same
mountain, hoivever, were erjoying very favorable forest conditions
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although the stand was becoming slightly crowded. The specific
gravity results for frees from these two sites appear in Table 3.

Tapry §.—Oomparison of raie of growih and corresponding aqverage apccifio
gravity for different growth periods in shagberk hickoery from ihe north end
from the south slopes of Mount Logan, Ross County, ORhio

Initial growth Fingl growth
parlod pericd

: Average
Sitnatlon aze

Annual ; Anhual .
Epecifio | Epecifie
g e | ghaviey | ISP | vy

Number Nunber Number
North slope, [ # 12.5 0.833 10. 4 0.792
Bouth slope. B 70 | 1.8 LB03 25.4 728

The results of the investigation of the pignut and the shagbark
hickories (pl. 2) corroborated the conclusions in the study of the
specific gravity of white ash (p. 7) and were likewise in agreement
with the results of tests of several species of commercial hickory (2).

ROCK ELM

Rock elm (Uimus racemosa) was chosen for further investigation
because, being less conspicucusly ring porous than ash and hickory,
it is intermediate in structure between the typical ring-porous and
the diffuse-porous woods. The material for this study was collected
in southern Michigan in the fall of 1924. Specimens were taken from
only two wood lots, but the resnlts obtained conformed so closely to
those for the white ash and the two species of hickory in regard
to the relation between growing space and specific gravity that for-
ther study of this species was deemed unnecessary. The wood from |
the vock elin trees in one wood lot showed the effects of a long period -
of suppression which had been subsequently relieved by a thinning.
In the other wood lot the conditions of growth had continued mue
more favorable.

The effect of the suppression of growth and of the release from
crowding upon the specific gravity of rock elm is given in Table 4.

TABLE 4. —Averege specific grovity for suecegsive growth periods in rock
alm trees

Initial growth Intermediate Flnal period of
perlod period of growth | wecelerated growth

Wood lot No.

Annnal

rings
ing

Annual Anpnual
Speeifie |3 Specifle Bpecific
gravity nrilg?él]lmr gravity H‘}ﬁ%g“ gravity

Number Number Number Number
H] 240 287 0.712 341 20.7 0. 660
5 233 s . T8 258 [i.i] 15.6 . 718

The table shows that the first group of rock elm trees produced
hieavy wood for a considerable period of time, followed by the pre-
duction of wood of lower specific gravity during a subsequent pertod
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M26T1: M2672; MBAIGF
COMPARISON OF WHITE ASH, SHOWING CHANGES IN RATEGF.DIAMETER

GROWTH AND STRUCTURE OF ANMNUAL RINGS

A and B.—Thestrueture of wide ond narrow annnal rings at pointsannd din C. The specilic gravity
of the wood in A is 0.85: B is only 0.48, i .

C.—Cross section of white ash. ‘The wood mopr the center of the tree is of rapid growth and Ligh
specific gravity., Wood of slow growth and low specific gravity follows, cansed by s long perlod of

unfavorable growth conditions. A chopge to more favorabie conditions is Shown by renewed
growth and wood of high specific gravity,
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o OF PIGHNUT HICKRORY, SHOWING CTHANGES IN RATE-OF-DiAM-

COMPARIS
GRAVITY, AND STRUCTURE OF ANNUAL RINGS

ETER GROWTH, SPECIFIC

3 owwd B, T wfrvs tuee of wbde and naeow arvnnil pitigs o peinds g amd Bin €, Bk gL speeitie
wenvity of B2, whade sl ol 33 < naly 651,

¢ Urims septinn shewiag the prelnat A dow e of e gross (hoad deereare in speeife gravicy
of the wam) cattse-b by Lick af pueit for erawn developauent.
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Age 220 years Age 200 years.

MITaor

COMPARISON OF GROWTH AND OF SPECIFIC GRAVITY IN CROSS SEC-
TIONS OF ROCK ELM

A.—~Experienced 4 long peried of erowding, which decressed the specifie gravity of tha wood,
and was [ollowed by a rapid crowth period as a result of thinning,

B.—>Malnotained 3 dominant position in the stand throughout its Jife and at 200 years of age
was growing rapidly and produeing wood of high specific gravity.
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\(T.. N
years

Age 127

OF SUGAR MAPLE

A, —Produged wood of high specific gravity until the peried of maximur rate-of-dlameter growth
was reached. Alterwards, as the resuilt of crowding and the reduction of the crown size, the

COMPARISON OF SROWTH AND GF SPECIFIC GRAVITY IN CROSS SECTIONS
ace, developed s larger crown, maintnined rapid diameter growth, snd

specifle gravily decressad.
B.—Enjored more growing Slp
¢ hlgh speeific gravity.

produced wood of uniform
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M2676; M2677

COMPARISON OF THE STRUCTURE OF WOOD PRODUCED DURING THE PERIODS OF RAPID AND OF SLOW GROWTH.
IN A YELLOW POPLAR TREE

A,—Has aspecific gravity of 0,41 and was produced during the early lifo of the tree, while it enjoyed suflicient growing space.
B.-—-Witzs p}'odt{cegsalfter the tree had suffered reduction of crown ss a result of many years’ crowding in the virgin forest; this wood basa specifie
gravity of only 0.31, ;
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2 -summer wood
t41} spring wood

MEBF

PHOTOMICROGRAPH OF A SECTION OF LONGLEAF PINE THAT GREW IN DRY
SANDY SOIL

4

The annuel growth rings contain little sumier wond.
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~conforming to the time during which the growth of the trees was
suppressed. The lust period of growth in these trees showed a re-
newed activity in the rate of dimmeter growth resulting from the
removal of some of the surrounding trees and a definite average
increase in the specific gravity of the wood. (Pl 3, A.) The spe-
eific gravity determinations for the wood from the second wood lot
gave uniform results throughout the lives of the trees. These trees
were grown under continued favorable conditions of soil and grow-
ing space in a wood lot in southern Michigan. As a result of
selective cutbing in this stand the trees continued to make rapid
growth in diaumeter and at 200 years of age were producing wood
practically as heavy as at any previous time. (PL 8, B.)

SUGAR MAPLE

Samples of sugar maple (dcer saccharim) were collected from
wood lots in southern Michigan, in northern Ohio, and in the Adi-
rondaclk region of New Yorl, Specimens from 44 trees were selected
from eight localities. The trees were divided into two groups, those
showing u decreasing rate of ditmeter growth with ad vaneing age
and those maintaining the initial rute of this growth.

The reaction of the wood of sugar maple to crowding in the stand
"i]'_‘s sioliown In the specific gravity results recorded iu the first group of

able 5,

TABLE G.—d4Awerage apecific gravity values for successive growth periods in sigar

maeple trees
i I .
: : I“‘Lgﬂr‘fgﬁ“ | Final growth period
. Woad it Nou. Troes | ATeruEe. ]

H i Annna Annuonl :

; " Speelfic | < Speeilic

i rf“iﬁ"’cl‘l’” uravity | PTESPETL graviey s

e e e el !
Group 1: ) Number | Yesrs . Nuwmber . Number
1ol ; 180 p 0.602 | o0 0.573
15 703 ¢ il 1]
18 - 485 ! H - 430
15 LE0L 1} 25 L 54d
19 LBY L a4 L 634
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While the results of the specific gravity determinations show fhat
the wood of the sugar maple trees investigated is affected by erowd-
ing in the smne manner as the ash, hickory, and rock elm trees
studied, the changes take place less abruptly. This may be due
to the fact that the sugnr maple trees usually occupied the better
soils and also that sugar maple is es eciglly tolerant of shade. A
comparison of the specific gravity of the wood formed up to and
including the time of most rapid growth in dimmeter with that of

BG05d—30—3
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the weod formed during periods of subsequent retardation -of diam-
eter growth shows a lower specific gravity of the wood “for the
periods of retardation in trees from all of the wood lots investigated.

The wood produced during the initial growth periods, even though
of slow growth, and the wood produced during periods of mamn-
tained or of accelerated rate of growth in diameter were the heavi-
est, while the wood produced during the periods of decreasing
growth always hed a somewhat lower specific gravity than that
1n the preceding period. (Pl 4.)

No sugar maple that exhibited the resuits of thinning a crowded
stand was collected but it is believed that this species would not be
different in this respect from the species already discussed or from
the yellow poplar which is considered later. Sugar maple trees with
sufficient growing space continued to maintain a fairly rapid rate of
growth in diameter and to produce wood layers of uniformly high
specific gravity.

The Kuropean red beech, also a diffuse-porous species like sugar
maple, has been found by Hartig to respond by faster growth and
henvier woed to thinning in the stand. Jn his work on this beech
(Fagus sylvatica) (10), Hartig includes specific gravity results
{or different periods in the life of two trees taken €rom a 150-year-old
stand that had been heavily thinned seven years previously. The
average specific grivity of the wood formed in these trees during a
93-year period just before the thinning was 0.60, whereas that of the
wood formed in the same trees during the T-year period following the
thinning had an average value of 0.70, and although the rate of
volume growth of these trees had been falling off before the tainning,
it ineressed fourfold as a result of giving the trees more growing
space.

TELLOVW POPLAR -

The wood of yellow poplar {Liriodendron tulipifera) was investi-
gated as a second example of a species with diffuse-porous structure.
The material used was obtained from forests in northern Georgia,
in western North Carolina, and in West Virginia. Twenty-five trees,
including both virgin growth and second growth, were cut.

The yellow poplar trees studied gave wider variations in specific
gravity than the sugar maple trees, but like the latter, they showed
less abrupt changes in specific gravity with the first retardation of the
growth rate than the typical ring-porous species investigated. But
whenever prolonged suppression of growth occurred, the severity
of the suppression was reflected in a lowering of the specific gravity
of the wood. {PL 5.) Similarly, old virgin-growth trees responded
readily to improved conditions of growth effected by a thinning of
the original forest stand.

The wood of the second-growth yellow poplar trees was heavier
than that of the old virgin-growth trees, which had struggled for
many years under the crowded conditions of the original forest.
In the second growth the wood of 14 frees under 150 years of age
had an average specific gravity of 0.460 while that of 11 older
virgin-growth trees averaged only 0.426.

The influence of improved growth conditions upon the rate of
growth and upon the specific gravity of ihe wood of virgin-growth-
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%ellow poplar trees in the mountains 6f West Virginia is shown in

2ble 6.

Aaprm 6—dverupe specifie pravity for successive perlods in the growih of
vellow pogplar trees

Periad of initial Intertaediato Final period of
pariod of
growih supprecsion accelesnted growth
Trecs | Avernge -
Anunusl i Specifie | Anzual I Specifis | ADDual

rings per P
inch t gravity

: z Speocifip
rlr%gscémri gravity {FOESEENY orviiy

i :
Number | Yesrs | Nuimder | Number . Number
[ 250 182 ¢ 0.403 3.1 | 0.3 10.8 0. 402

: I

RELATION OF 8PECIFIC GRAVITY TO THE STEUCTULE OF THE ANNUAL RBING IN
N HABRDWOODS

In the ring-porous species studied, a retardation of the rate of
growth in diameter brought the rows of large open pores in succes-
sive annual rings, as seen in cross section, closer together by a redue-
tion in the development of the portion of the ring containing the
thicker-walled summer-wood cells, This reduction resulted from un-
favorable growth conditions during the summer and consequently
affected the summer wood more than the spring wood. The net re-
sult was wood with a greater than normal proportion of the porous
spring wood, which caused a lower specific gravity.

In the diffuse-porous woods studied, less contrast existed in the
portion of the annual rings formed during the early and during the
later parts of the growing season, so that the first gradual retarda-
tion of radidl growth may not be reflected in the specific gravity of
the wood. A continnation of adverse growth conditions, however,
resulted not only in the formation of narrower rings but also in the
formation of rings more porous, so that the wood became correspond-
ingly lighter. 1In the ring-porous ash and bickory and in the diffuse-
porous sugar maple and yellow poplar, the resulf was essentially the
same and doubtless depends upon the same principles of growth,

CONCLUSIONS

From the preceding investigations of broad-leaved species it is
apparent that wood vaing the most uniform properties and the
highest quality with respect to both strength properties and freedom
from defects is produced, in the hardwoods, when the trees are grown
sufficiently close together while young io cause removal of Iateral
branches, and are subsequently thinned sufficiently to maintain or
increase the rate of diameter growth of the trees.  Where dry sites
or soils low in fertility are invoTved, the silvicultural treatment should
also aim to benefit the water-holding capacity and the fertility of
the soil.

Forest management may not anticipate a maintained or increased
rate of diameter growth throughout the entire rotation, a main-
tained volume increment being all that is desired. However, with
species such as hickory and ash, where the strength of the wood is of
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paramount importance, the additional effort required to maintain _.
the rate of diameter growth up to a practical rotation period sheould
be well worth while.

INVESTIGATIONS OF CONIFERQUS SPECIES

There is much confusion of opinion in regard to the relation be--
tween growth factors and the properties of wood in brosd-leaved
species and in conifers. This is perhaps due prinarily to the differ-
ences in structural arrangement of the elements in the annual growth
rings in the two classes,

The coniferous annual ring, typified by species like the hard pines,
redwood, and Douglas fir, consists of two distinet parts, the spring
wood and the summer wood. These parts are somewhat com-
parableto the parts of the ring of the ring-porous hardwoods except
that they ure more variable in width. The spring wood consists of
thin-walled cells. whereas the summer wood cells are thick walled.
As in the ring-porous hardswoods, the total weight of the wood is
influenced by the relative proportion of the two kinds of wood layers
present. Both very wide and very narrow annual rings in conifers
nsually contain a larger proportion of the spring-wood layer, so that
in these species wood representing either extreme of growth may be
low in specific gravity. The wood of interraediate growth rate is
usually the heavier.

The fact that conifers usually grow on lighter soils than the hard-
woods may sornewhat influence the relation befween the width of the
annual rings and the specific gravity, but there seems to be no doubt
that the relationship hetween rate of growth and specific gravity
differs in the conifers and hardwoods. This is shown by the gen-
erally recognized superiority in strength of the rapidly grown
second-growth hickory as corapared to virgin-growth hickory and
the inferiority in strength of the rapidly grown second-growth
sonthern pine as compared to virgin-growth southern pine.

THE SOUTHERN PINES

In the study of the southern pines that was begun in 1925, speci-
mens were obtained from 380 trees collected from 55 stands, repre-
senting the region from New Jersey to Texas. The species included
are longleaf (Pinus palustris), shortleaf (P. echinata), loblolly (2.
taeda), and slash pine (P. caribaea).

The principal phases of the southern pine study were: {1} A com-
parison of the specific gravity of the wood from virgin-growth and
from second-growth trees; (2) an investication of the influence of
closeness of stocking of the stand and of thinnings upon the specific
gravity; and {3) to some degree, the effect of the moisture condi-
tionf1 and the fertility of the site upon the specific gravity of the
wood.

COMPARIEON OF VIHGIN-GROWTI AND SEMOND-QROWTH SO0UTHERN IMIKE
The specific gravity of the wood of some second-crowth stands
= ) [

equaled that of virgin-growth stands while in others it was lower.
In both kinds of stands, vaviations in specific gravity were found
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ithat reflected the influence of the environmental conditions on the
‘trees in the stand at different periods in the lives of the trees.

As a rule, the virgin-growth soutbern pines contained wood of
dow specific gravity in the very narrow slow-growth annual rin%sl in
the outer portions of the boles and wood of comparativel igh
specific gravity in the central portions representing an intermediate
rate of growth. Exceptions were found in the trees that had made
very rapid growth jn early life and a&s a result possessed wide rings
-of low specific gravity near the center.

In the second-growth trees, however, the wood of low specific
gravity was contained in the wide growth rings usnally occupying
the central portion of the trees. This was especially 4rue in stands
where the trees started with plenty of growing spaece and then
crowded each other as they increased in size. The smallest variation
in specific gravity in the cross section of second-growth southern
pine was found in trees from fairly open stands. A fair comparison
of virgln»growth and second-growth southern pine must therefore
be made on the basis of the character of the stand. The wood of &
medium-growth rate in well-stocked second-growth stands was as
l‘ieagy ;’zs the best wood from virgin-growth trees, as msay be seen in

‘able 7.

TAsLE 7 —Comparison of rete of prowth end of average specific grovify for
auceceasive (rowth periods in virgin-growth aud in second-growth siands of
longleaf pine

Initial Frowth ; Intermediste | Final growts

period . growth period period
Loenlity Growth | Troes ﬁla;’g: i
! "“ﬁé’&“x Spacific Ag;gé‘:l Specific Agggsai Specifia
poringh Tavity per {nch gravley, por inch gravisy
. Number! Years |Numbper [ mber Number
Weiton County, Flg..__. Virgln.__ 6 ! 100-220 16| 0,080 31} 0,602 42} (.48t
Smith Counaty, Miss .da 10 } 175-550 ! 670 9! .817 30 , 508
Yernon Porish, Le._____ | I, 5§ 130-200 14 44 az 520 48 . 490
Ricliand County, 5 G do 41 300-140 mj .62 241 535 21 L 521
Berkley County, S, Q_2__'___do___~ 51 120-150 25F  L009 ! 2| .51 27 . 533
2 —.do__.._ 5 00-14D 25| .ga’ 11 589 15 . 681
8¢, Tammeny Parish, ILn_' Second.. 5 o8 I o.erst 14 o4 18 . 952
Columbis County, Fia.._; . (0. 5 35 il 505 B! .66l
Charleston County, 8, C.'__do____ 10 45 5 . 545 & . 550 12 . B8
‘Clay Counnty, Fla_ ..~ fodelll] 51 28 3 548 5 528
Do ide 6 30 5 54 14 804
Dol I--_do 5l &0 5 .58 9| .30
] 4

THE INFLUENCE OF CLOSENESS OF STOCKING AND THINNINGS

The trees from open second-growth southern pine stands developed
very large and spreading erowns which often covered a considersble
portion of the length of the bole. An examination of the wood
from such trees usually reveals very wide growth rings containin
& large proportion of spring wood that merges into summer woo
50 gradually that no definite point of change can be determined in
the ring. Wood of this type is, as a rule, light in weight, the
weight ﬁepending upon the proportionate amount of summer wood
present.
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Tn contrast with the wood from sparsely stocked stands, small.- |
crowned trees from fully stocked aress in the same forest, often, |
only a few rods distant, contained wood that was much heavier.. :
In these areas the rate of growth of the individual trees wes slower; |
the proportion of spring wood in the annual growth rings was less;: -§
there was an abruptiline of demarcation between the spring-wood: §
portion and the sumrier-wood portion of the agnnual growth ring; °
and the total proportion of summer wood, as measured on a radial:
Jine in cross section, was greater. Contrasts of this type were found
in second-growth stands of the four species of southern pine studied.. -
- The results of the specific gravity determinations are given in Table 8.

Manrs 8 —Comparison of crown size and of average apecifio yravily of the woed’
of second-growth southern pine lrees in stands of different density on the
same forest arec
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Tt is evident from this phase of the study that the proportionate
amount of spring wood in the annual ring is influenced 'la,rgalg by
the crown size. The development of the summer wood portion, how-
ever, appears to depend more upon favorable conditions for con--
tinued growth throughout the season. .

Investigations of thinned stands of southern pine and of trees-
left in logging revealed e great increase in the rate of growth in !
diameter after such thinnings. The wood of faster-growth rate:
produced after the thinning was sometimes heavier but more often -
the production of spring wood was proportionally so much greater-
than summer wood that lighter wood resulted. gome compLrisonss
of the specific gravity of wood in the same trees, representing the- -
wood before and subsequent to thinning, are given in Table 9.
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‘FABLE 8.—Comparison of rote of prowth and averag: specific provity of the
wood of scuthern pine befors and affer thinning

Finel growth
Initial growth Intermadiata
per?;d growth perlod piﬂhﬁé&r
Apecles Locality Trees Avaeggge
Annnel oo pe iADDUSH 000 0)n o [ADTOBH gron e

p:ﬁgsch Fravity perinlgsch ETAVY e fnon| BIBVILY

Number) Years (Number Number| Number
7

Longlsaf___} LeSslla Parlsh, Te__ 1z 20 0, 809 33 0.428 131 0. 812

DOy “’Egllton County, 5 100 22 N 43 - 800 13 537
.

Boortleaf..} Moore County, IV, C.| 5 55 jeed .51 a7 . 80T 18 . 681

THE EFFECT OF MOISTDRE CONRITIONS AND THE FERTILITY OF THE SITE UPON THE
BPECTFIC URAVITY OF "THE WOQOD OF BOUTHERN PINES

The reason for the formation near the perimeter of the old virgin-
growth trees of narrow annual rings, containing relatively light
wood, has not yet been positively determined. Several factors may
be involved. An examination of these extremely narrow annual
rings showed that they are greatly lacking in summer-wood develop-
ment. (PL 6.) Perhaps an insufficient water supply during the
summer accounts for the lack of summer wood. During yeasrs of
extreme drought, the development of the summer-wood portion of
an annual ring is very much below that formed in a season of usual
“rainfall, even though the spring-wood development for the same
fea.rs is practically normal. But these virgin-growth trees were also
acking in spring-wood development, which indicates some other
factor. Possibly the site had become deficient in one or more of
the plant-food elements required for tree growth. Frequent forest
fires may have decreased the soil fertility and lowered the moisture-
holdinfg capacity of the soil, thus causing an almost complete cessa-
tion of growth,

Further evidence of the importance of water and of soil fertility
in the production of summer wood in the annual ring was found
in a comparison of the wood of shortleaf pine trees grown on dry
sandy land with that grown on clay loam soils. The wood of the
shortleaf pine trees from the sandy site averaged 15 per cent lower
in specific gravity than the wood of the same species growing on
heavier and more moist soils. (Pl 7 and Tagfe 10.) Wood of
slower %rowth and Iower specific gravity directly attributable to
surfage burning of the site was found in shortleaf pine formed dur-
ing 2 17-year period in which the area about the trees was burned an-
' nually, and as compared to wood produced in the same trees previous
to the burning, and also as compared to wood produced during the
same years in near-by trees of the same species growing on an
adjacent unburned area. (PL 8) During the period of burning
there was a considerable decrease in the rate of the growth of the
p trees, and the wood produced was 6 per cent lower in specific gravity
than that produced during the same years in trees on the unburn=d
site.
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Panrx 10—Comparizen of avergge spevific gravity for second-grorwih srwrtleaf.
pine from different types of soil

Ipitial growth | Intermediste
perod growth period
Aver-

8ES i

height [Annual: Spe- jAnpuall Spe-
ringe } cifie | rings | afic
parlnchz Fravity|perinch| gravity

Feet Nmnber.[ Numbar|
Light gravelly sand. ; 65-70 50 8l 0456 15
Redclaylopm 10| &6-70 75 i) ; L4858 11

DOereene| 0 {M '35} 8{ .514

| MWrember|
10

60-70 0

It has been pointed out that the specific gravity of the wood of
the southern pines depends fo a great extent upon the relative amounty
of spring wood and summer wood present in the annual rings. Since.
the strength of southern pine, as in the hardwoods, is closely re-
lated to its specific gravity, the question of controlling the propor-
ti;n of the heavier summer wood by silvicultural methods becomes
of interest.

FACTORB INRFLUERCING BFRING WOUD ARD EUMMER WOOD DEVELCPMERT 1IN THE
BOUTHERN PINES

As already pointed out, the wide annual rings (Table 8) from
second-growth trees having relatively large crowns contained veryd
broad bands of spring wood and rather narrow bands of summer
wood. Also in the wider rings there is usually a very gradual change
from one type of wood into the other, a change far more gradual
than that in narrow rings. On the other hand, in the trees that
originated in very dense stands, where the crown development of
the individual trees was restricted, comparatively narrow spring:
wood bands and proportionately broader summer wood bands were
formed in the annual rings. It appears from the rate ef growth
near the center of the trees that most of the virgin-growth southern
pine stands originated under fairly crowded forest conditions; this
may be one explanation of the differences in the specific gravity of
the wood in virgin-growth and in second-growth southern pine|
stands,

REDWOOD {SECOND GROWTEH) .

Investigations of the influence of growing space in second-growth
redwood {Sequoia sempervirens) (14) show that the relations found:
in respect to trees with large crowns and small erowns in the south-
ern pines hold also in redwood. Wood was taken from large-
crowned trees in a sparsely stocked area and from small-crowned
trees in a densely stocked area of the same second-growth forest|
near Eureks, Humboldt County, Calif. Compressive strength tests
(parallel to the grain} were made on the same sticks that were
used for the specific gravity determinations. The specific gravity
and compressive strength values of both types of second-growth red-
wood trees are presented in Table 11. The wood from trees in the
more dense stands has a higher specific gravity and is stronger in
compressicn than the wood from trees in open stands,
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THE DIiSASTROUS EFFECT OF FiRE ON TREE GROWTH
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TYPES OF GROWTH AND THE RESULTING WOOD OF LLOBLOLLY. FINE CONTRASTED

B.—Rapid-growth wood from the large-crowned trees of A, .
C.—8Slower growth-and more dense wood from the stand shown in D. Stand A is 7 years old; stand D, 18. - The Lo grew very close to each othes

and all conditions, excepting the growing space of the’individual trees, are nearly eqnal.
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Tamry 11.—Relation of growing apace and of crowon development to the specifio
-gravilty and ile compressive sireagth pargllel to the grein of second-gropth
rediond

Aversge comprassive
‘3;;?;?: strength perplisl to

I
i gravity groin—
i Anusi (gvegd-dry)
Trees |  Crown developmant and growing space rings | Pheoo Tn alr
or inch E ar-dry
| b s In graen [ scondmnn R
! Voimo .5 parcon|
: when | oomeition [“roiunm
i graen content)
T

Lbs. per Lbs. per
[ Number: Number &, ., . iR,
8 H “Fress with large erowns o opee portion ofstand _ A 0.30 2,450 5, 420-
1¢ | Trees with smaller crowns from more densely
stacked portions of stamdd. . . L. L. __ 5.4 .35 3,430 T, 1t

t

The difference in specific gravity presented in Table 11, caused

y difference in growing space on the same ares, is greater than the
average difference in the specific gravity of close-grown second-
growﬁl redwood trees from the best and the poorest sites on which
1the species grows. The quality of the respective sites was deter-
mined on the basis of age and of height growth of the stand. While
fertility of the site apparently has an important relation to the rate
of height growth of the trees, the rate of diameter growth in the:
early ecades of the life of a tree is more closely related to its crown
development. Thus the open-growth second-growth redwood trees.
have increased ia dismeter nearly three times as fast as the more
closely grown trees.

A comparison of the structure of the wide and the narrow an-
nual rings in the sections reveals the fact that in the large-crowned
open-grown frees a much greater proportion of the annual ring is
joccupled by spring wood—the lighter-weight and weaker part of
the wood—than in the more narrow annual rings from the trees with
the smalier crowns.

CONCLUSIONS

From the investigations of the southern pines and second-growth,
redwood it may be concluded that: °

During the early years of the conifercus stands studied the size of the indl-
vidual tree crown appears to be the principal factor in defermining thé specifie-
gravity of the wood.

The young southern pine and redwood trees with large crowns growing in
fairly opep stnnds prodnced greater amounts of spring wood than summer
wood in the annual rings, while trees of similar age with small erowns grow-
ing in fairly dense stands produced more nearly equal amonnts of spring wood
and of summer wood. (Pls. 9, 10, gnd 11.)

Where crovwding in a southern pine stand had resulted in s decline in the-
specifie gravity of the wood, a thinning either caused & subsequent incresse in
rale of growth in dianmeter aecompanied by & remarkable increuase in specifie
stavity when all of the growth conditions in the stund were especiully favor-
able, or such a thinning eaused a decrease in the speeific gravity of the wood

- when the growth condltions were apparently more favorable to the produstion
of spring wood than summer wood. (PI, 12 and Table 9.}

The closely crowded trees on the good sites continned to produce wood of

high gpecific gravity under conditions of eroswding that greatly reduced the
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]gl;’gt\:th ritte. Inm puch trees the proporticn of sammer wood was relatively§
Heavy wood In the open stands of southern plne wae produced when the]
condltions of soll moisture and of soll fertllity were such that the irees con-
tinwed to grow throughont the vegetative season sufficiently to maintain a
Ligh proportion of summer wood in the annual growth rings. [
The second-growth shortlenf pine growing on e very dry site produced wood
of much lower Bpecifie gravity than that of the other second-growth shortleaf
pine stands investigated. ]

THE APPLICATION OF THE RESULTS

The results of the foregoing investigations show that the regula-.
tion of growing space is the silvieultural tool which the forester|
cen use most easily in controlling the specific gravity of wood. The’
species studied show a ready response to changes in the condition
of the stand, whether it be crowding or thinning. This response,
therefore, can be used to advantage in silvicultural management.

In all of the broad-leaved species investigated severe crowding in
the stands resulted in a decrease in the specific gravity of the wood 3
while relief from crowding was always accompanied by an increase!
in specific gravity. In addition, the production of wood of uni-:

formly high specific gravity was concurrent with a well-sustained,
usually a fairly rapid, growth rate, so that in future crops of species, .
such as ash and hickory, the trees may be brought to merchantable :
matuarity in & comparatively short rotation—one of perhaps 50 to 60
years. 4
In coniferous species, such as the southern pines and redwood, the §
control of sEeciﬁc gravity by the influence of growing space must
somewhat giﬂerently than wit %I

be dealt wit h the broad-leaved spe-
cies. In these species the specific gravity of the wood depends prin- .
cipally upon the relative proportions of spring wood and summer |
wood in the individual annual growth rings. In the second-growth |
stands of southern pine and redwood, the spacing of the trees had aj
distinct influence upon the width of the spring-wood portion of the .
growth ring ; this portion being much narrower in the small-crowned
trees of crowded stands. In trees growing under this condition the -
amount of summer wood was proportionately greater, and the wood |
accordingly heavier, but the growth rate was slower than in the
trees of the more open stands. Thus, in these species the production -
of timber having very high strength properties requires a longer ro-
tation than the production of timber having lower strength. Kor the |
best results, however, the stands should not be allowed to become -
too dense, since in that event the production of summer wood will be
curtailed. In order to produce timber of high strength in the -
shortest possible time it will be necessary to thin the stands care- ;
fully, to prevent forest fires, and to maintain as good soil conditions |
a8 possible during the life of the stand. Thus, quantity and quality
produciion are apparently combined on the more fertile sites.

Improvement of the soil is suggested as a means of improving
wood quality. The prevention ofg Forest fires in the southern pines -
should incrense the organic content of the soil, furnish nitrogen in
the process of decomposition, and increase the retention of soil .
moisture. Improvement of conditions in regard to these factors °
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:should increase the production of summer wood in the annual growth

ring. :

!Igo produce light wood in second-growth southern pines and red-
wood, relatively wide spacing of the trees throughout the entirs
peried of growth is required. The individual trees will then have

~ larger crowns, more .]motiz shorter clear boles, and & :J;Elher percent-

age of sapwood, but to offset these disadvantages it be possible
to grow a tree of a specified diameter in a much shorter time.
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