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Technical Bulletin No. 861 « June 1944

Financial Aspects of Selective Cutting in the
Management of Second-Growth Pine-
Hardwood Forests West of the Missis-
sippi River’

By . R Wuevsolss, forest cconomist, Seuthern Forest Frperiment Stotion, W. E.
Boxn, senfor forest cconowmist, Sauwthern Forest Dxperimenl Stalion, and Burr
P. Kiuxuasn principal forest economist, Forest Sevvice.
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INTRODUCTION

_The shortleaf pine-oblo]ly pine-hardwood forests west of the Mis-
sissippi River typieally are young second-growth forests. There is
very little old-growth timber, and not much sccond growth large

1 Snlinitied for publication Augnst 10, (M43,

1 The writersneknowledye their indebtodness to the Crossetl Lumber Co., Crogsett, Ark,, which furnished
w1 equipment and timberlnnd for the study, and Lo the Charles Lathrop Pack Forestry Foundation, which
mwnrtled a Iellowship to the senior nuther for 2 years as A hel) in naneing the study. Credit is due the fol-
Jowing members nnd former members of the Forest Servieer A, E. Wackeriman, formerly of the Southgrn
Frrest Experinent, Station, whe sale many valuable snegestions ns 1o methods and procedures lor the
study; R. A, Chapman, for pssistanee i nnelysis of field data; W, N. Sparhawk, for Lectmical review of the
mamoseript: Tke Kowls: and C. CL Delavnn, A group of C0C beys rendersd invaluabile assistance fu the field
work, and R, B. Thomson aud hior associafes, in New Orlesns, in the Work Projects Administration, assisted
~ith the computatinng.
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enough for good sawlogs. In mest stands, sll of the merchantable
trees have been cub ab least once during the past 30 years, and the
residual stands have been damaged by repeated fires. In conse-
quence, prictically all of the stands, except some of those that have
come up on abandoned ficlds, are understocked.  Small trees are too
few and too unevenly distributed to make full stands, and the stoeking
of larger trees is slill more inadequate.  In the average stand, there
are less than one-fourth s many trees more than 12 inches in diameter
a8 there should be to utilize Mully the produelive capacity of the lorest
land. Many of the trees have erooked or imby stems and inadequate
crowns, or are fire-scarved and partislly decayed, or for other rensons
are growing slowly and not likely to make good tinber.  The stands
are generally uneven-aged, except those on old fields, and even those
exhibit a considerable range of tree sizes.  Whether the stands are
dense or open, lavge and small trees ave usually inlermingled, singly
and In groups.

The metheds of exploitation that prevailed in the past are not well
adapted to the understocked young stands of (oday, 1t is necessary
to adoptl new methads, which will yield a reasonable current income Lo
Iandowrners and operators, and at the same time ennble the forest
to build up a growing stock more in harmony with the preductive
capacity of the land. 1f production of sawlogs is Lo be permanent
and profitable, cutting practices in the woods musl be constantly
studied and revised to assure greater and more valuabie yiclds, and
utifization standnrds and methods of transportation nmust be improved
to increase the margin ol lncome over cost.  These ure not impossibio
objectives; they de, however, demand n realistic view of the stluation
and intelligent planning.  The time has come when the best brains
of the forest-products industries must be applied to the woods' end
of the operaftons and notl econfined Lo the munufncture and sale of
Turmnber.

The development of inodern motor trucks and trailers has made it
possible to adopt methods of logging that would nol have been prac-
tical a fow years ago.  With cuilrond fogging, commondy employed in
the iarger operations in the South, there was little opportunity for
adapting culting operalions lo current market demands. I an area
supperting low-grade timboer was being logged, everything was satis-
factory so long as Lthe demand was for low-grade construection mate-
rial; but if the demand shifted to high-grade material and the nearest
stand af high-grade timber was 15 miles away from the railroad, it
was praciieally impossible to piclt up and move lo that area. The
mill could fill only those orders calling for the grade of matorial that
was heing eul al the time.  In logging with trucks, on the other hand,
it is enlirely feasible to cut what the market demands.  1f an order
calls for material of special size or grade, it is possible to cut the logs,
deliver them to the mill, saw Uem up, and place the lumber in dry
kilns within a day or two, and be ready to ship within a few days.
Thus, the timber operator can take full advantage of market flue-
tuations, can salvage timber killed By fire, inscels, or windstorms,
atd can make thinnngs as and where they ave needed.  In this way,
much material can be ulilized that would be lost i ibs extraction
depended upon reaching it by railroad.

This bulletin presents the resulls of a study of some of the cconomic
aspects of timber management in the shortleal pine-loblolly pine-
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hardwood type west of the Mississippi River. The purpose of this
study was two-fold: First, to test on a commercial logging operation
the financial Teasibility of light cuts under the selective method; and,
second, to show owners how to apply the results of the study in man-
aging second-growth forests of this type so as to maintain profitable
operations now and produce grester yickls of better tumber in the
future.

The systermn of management that Was invesligated is frequently
referred to in this report as “sclective timber management.”” T 1s
described 1t Part 1. 11 was chosen for intensive study of its finan-
cial aspeets because it appeared to be readily applicable to the mixed,
aneven-aged, second-growth stands that generally occur in the region.
Seleclive timber management has not been tested in this forest type
by & long period of trial, and subsequent development of the stands
under the treatment prescribed may indicate the need of modifi-
cations. So far, however, the system has proved satisfactory on
the study aren.

The permanent sample plots, near Crossett, Avk., that were pro-
vided By the Crosseti Lumber Company for the field work of the
studics discussed here were loeated in second-growth lorests seleeted
as Lypical of the region.  The old-growth timber was cut about 1913;
practically all the merehantable pine and most ol the high-grade
hardwood wrees were removed.  Belore profeclive measures were
adopted, in 1827, frequent fives destroved many of the smaller
(rees and injured the larger ones.  Kven since 1927, there have been
several destructive fires within the protected arvea. Consequently
there is but hitle advance young growth, and many ol the larger
treos have delective butt logs.  Ln Uw sample plots, pines and hard-
woods each make up approximately 50 percent of the number of trees
ahove 11 inches in diameter, bat in the smaller dinmelers pines are
about twice as numerous as hardwoods?

Because of the many cconomic phases of these studies and the
varied (eelinigues necessary to deal with thiem, it has been convenient
to arrange the subject matter of this bulletin in four parts,

Part | explains the major objectives of selective cutlting in manage-
ment of second-growth shortleal pine-loblolly pine-hardwood forests
and the problems invelved in starting and carrying on a program of
management for sustained yield. 1t contributes to an understand-
ing of the nature of the forests, especially of the great range in val-
nes of the individual trees. 1L also aims to make clear the natural
inctors of forest production; the precautions needed to conserve
them; and the need of cutting practices that will vield immediate
income and at the same time ay foundadions for larger fulure in-
comes.

Part I1 reports on thorough Lests, in commercial logging operations,
to determine the costs snd the goneral feasibility of sclective cutting
of different volumes per acre, leaving speeified volumes as the basis
fer Tuture growth.  These tests have proved that on the flat Iands and
gentle slopes characteristie of the region, if snitable logeng equip-
mens and methods are employed, the volume cut can be adjusted to
the needs of sound forest management without any financial loss.

* A ilst of the comaeen and botanken! of the cin) trec spreies present s given in the appendix.
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Part TIT describes techniques by which individual tree and log val-
ues can be determined with reasonable accuracy, and presents the re-
sults of applying them to the study data. These findings are directly
applicable over a considerable area. The cost data are valid over a
still wider territory. Of chief jmportance, however, is the showing
that the second-growth pine-hardwood forvests contain a wide tauge
of values which owners can recover most profitably by cutting only
the trees that will yield necessary immediate income and preserving
those that will continue to grow atb a profitable rate. The desirability
of close study ot each property by the owner, or by a competent tech-
nician in his behalf, is emphasized.

Part IV deals with the application to sccond-growth pine-hardwood
stands of the selective-cutting methods developed in the studies. Tt
sums up the results of the studies from the viewpoint of obtaining
currently needed forest products, and income for the owner, the oper-
ator, and workers by operations conducted in such a manuer that cven
better returng can be expected in the future.

L SELECTIVE CUTTING AND FOREST PROBLEMS INVOLVED
IN MANAGEMENT FOR SUSTAINED YIELD

Large arcas of land in Arkansas, Louisiana, Texas, and southeastern
Oklahoma bear stands of shortleaf and loblolly pines, often containing
substantial volumes of upland hardwoods. Surveys and studies have
well established the fact that these forests nre producing less than half
as much timber as they are eapable of producing. Undoubtedly, gen-
eral application of sound principies of forest management could double
the rate of production in 20 years or less.

SustTAINED-Y1ELD MANAGEMENT

A major objective of sound forest management is sustained yield.
Sustained-yicld forest managenient may be defined as munagement of
a given forest tract under o systematic plan whereby it yields s
substantinlly constant output of timber products,

In placing forests under sustained-yield management, the aim is not
merely to maintain present output, but further than that, to butld up
the stands so that they will yicld more and better timber. TForest
owners should not be satisfied with the low yields from neglected and
mismanaged forests. Mismanagement consists of premature cutting
of trees and stands; removal of the betler trees, leaving the poorer
ones; failure to regulate density by thinning overstoelked stands and
filling blank spaces m undersiocked stands; lack ol provision for regen-
cration; and absenee of protection against fire and other sources of
damage. Torests handled in this manner eannot produce more than
a fraction of their potential yields, cither in volume or in quality.

While sustained-yield management ean bhe applied with wvarious
degrees of profit to most forest properties, many e not at present.
qualily. TFor example, on the large arens where all of the mercliantable
ttimber has been cut or will be cut within a fow years, returns will not
mect carrying chiarges for many years to come, e matier how well the
land may be managed.
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Secective Twmeer Curmine

In uaderstocked stands, which constitute more than 90 percent of
the forests of this region, the aim of sustained-yicld management is to
build up the volume and quality of the merchantable tunber. The
volume can be increased by cwrently vemoving less volume than is
ndded by growth, and the quality ean be improved by removing trees
of poor form and vigor and holding the better-formed and more vigor-
ous trees until they arve financially mature. These purposes can be
accomplished by lght and frequent selective cutting,

Forest management in general involves several different kinds of cut-
ting, namely, release cutting, thinming, improvement cutting, and
harvest cutting, Release cutiing is done to f{ree desivable sprouts,
scedlings, and small saplings from harmflul competition; thinning is
to reduce density in stands of large saplings and poles; improvement
cutting, somelimes ineluding thinning, involves the removal of less
desirnble trees in stands of any size above saplings; and harvest eut-
ting takes the mature trees of the main crop.  Selection cutting is one
of several harvest-cutling methods. In lorests cut under he selection
method, the operations may take place in sequence as stated above or,
more generally, may be combined in one or more cuttings in which all
of the purposes indicated are accomplished cach time the area s cut
over. The tern “selective cutlling” in this report connotes all these
types of cutting.

The merchantable timber stand is never cut all at once but, instead,
single frees, usually the largest, or small groups of trees are removed
and reproduction is obtained under the remaining stand and in the

openings. A growing stock including trees of all sizes, from scedlings
to sawlog trees, is lelt. Under this system, timber ean be harvested
from the same stand continuously, without the long walting periods
that are required under other moethods of cutting.

SeELEcTivE TimseEr MaNAGEMENT

Selective cutting ean be applied te one aere, one stand, or a whole
forest property.  When apphed to nn organized forest, it becomes
move than a method of culting; it becomes a system of forest manage-
ment, masmuch as it dictates the character of the protection system,
the lay-out of roads, the method of logging, the organization
of the forest into working units, the order of cutting operations,
and the size and character of the sawmills and other proc-
essing plants.  This system of management, built around the sclec-
tion method of cutting, 18 desienated as “selective timber manage-
ment’ throughout this report.

In an organized industrial forest, selective timber management
contemplates culling in most of the compartments or subdivisions
at intervals of 3 to 12 years. Although cutting and logging are
curried on periodieally in each compartment, the operations are
continuous in the forest as o whole. It is the aim to cut over as many
compartments cach year as will yicld enough titnber to mcet the
requirements of the owner, within limits set by the productive capacity
of his forest, the manuflaciuring capacity of his mill, and his ability
to market the product at a profit. The choice of thie compartments
to be cut each year is guided mainly by: (1) the relative ripeness of
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the stands for cultural and harvest cutting; and (2) the desirability
of equalizing logging cosis through- balancing short against long hauls
from stump o mill.

The data on costs and returns and the discussion of values derived
from the tests made in this study apply dircetly to solective-cutting
practices regardless of the particular over-all management system
employed. In Part IV, the application of this maferial io seleetive
management of an erganized forest is indicatoed. However, a full
treatment of this subject, which covers the procedures through which
an industrial forest property becomes a going business, would regiire
more space than can be given in this bulletin.

Susmvision oF TForesT PrOPERTY

Actual woods operations for sustained yield must be applied to
definite units of arca and specific growing-stock conditions. Before
cutting is started. a forest should be subdivided indo blocks and com-
partments for purposes of administration, control of logging, ar
reeord keeping. In large propertics, blocks usually excond 50,000
acres fn area.  Compnriments are final units of management and on
large properties usunlly include fram 300 to 1.500 weres, bounded by
& combination of roads, streums, and land lines.  [na counley covered
by a public-land survey, sections of 640 neres or smaller are eonveniont
units. Al compartment hourstaries should be Tlainly marked an
the ground and accurately mapped.

It is advantageous to seeregate hardwood bottom lands in separate
compartments, but it is not necessary thal pine stands be separaled
by stand conditions, for alter some years of soleetive manggement ali
pine statds will tend to become fairly uniform ns lo stamd condition.
Conpartments, heing the unils of record keeping and logging control,
should be carelfully laid out for permancnce and with the definite
purpose of cstabhshing awnd maintaining an adequate but simple
system of permanent records. Tt is ebvious that a well-devised road
system is necessary il 1he lowesi costs possible are to be attained by
metorized logging,

Forest Prorecrion

Fovest protection is essential 1o sustained yield and should be
mitiated early In any management program.

FIRE
Protection against five involves the prevention of forest fires and
their prompt detection and eflicient suppression. For continued forest
production in this forest type. a reasonable woal limits the average
area. burned annually Lo less than 1 percent of the area protected.
State proteclion, as organized under the Clarke-MoNary law ol 1924,
costs the private owner in this region hetween 2 cents nned 4 cents an
acre; however, cnicrgency eonditions may requive additional expenli-
ditures by the owner,
Two conditions that ¢haractorize selectively cutshortieaf pineloblolly
pine-havdwood forests mnke fire protection relatively easy. The first 1s
the small amount of fuel on the ground, which not only lessens the
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danger that fires will cause heavy damage to the living trees but alse
makes 1t possible o construct fire lines cheaply dnd expeditiously,
The sceond is the densily of the reserved stand, which reduces the
velocity of the wind. It is common knowledge that in this region
fives arc far tess diflicult to control on tinthered arcas than in the open
or in very light stands.  The practice of cutting pulpwood from tops
of felled sawlog trees further reduces the five hazard and permits more
efficient control of fires.

Selective timber management will be successful only il accidental
fires are held to o minimum.  Conlrolied burning to aid in the redue-
tion of hardwood brush {8}1 on some areas may have a place. As yet,
the use of five for this purpose is in the experimental stage, and & con-
sidernble amount of research is still needed hefore definite conclusions
can be drawn,

INSECTS

Observations made in seleclively fogead siands indicate that inscets,
particularly the engraver hootle (IpeY and to a less dogree the southern
pine beotle (Dendroctonus froniadis), have killed some timber. The
volume of the trees killed, however, has generally heen an insignifieant
proporiion of the toinl volume of the stand.  The little damage done
hos been i stands logged during the summer, parlicularly in thoese
Jogged during o very dry period. Oecasionally beetles are attracted
to and infest trees that have been badly searred in logging, more
often those with woonds on the upper trunk than those with butt
wounds.  Control in most cases is quite casily accomplished by in-
structing saw crews Lo fell aill {vees that bave been badly mjured in
the upper stems during an extremely dey poriod.

As is commonly known, there s abways danger of some damage
from insects during the dey summer months even though no cutimg
is in progress.  This small loss, howoever, s not considered a serious
deterrent to growing shortleal and loblally pine.  Sclective cutting,
which removes thie untheifty and reserves the theifty {rees, should
control rather thon increase Lhis damage,

FUNG] OR DECAY

All Gimber stands conlain same trees that have been attacked by
rot-causimg fungl.  Unnmnaged second-growth stands, particulady,
in which all Jow-gquality individuals were {oft from the first and later
cuts contain relatrvely large numbers of infocted trees, parctly beenuse
of injuries from forest fires.  Such trees should be removed from the
stand as early as possible.  With frequent light cuts the number of
infected trees and the loss of voluine can undoubtedly be reduced
almost to the vanishing point within a relatively lew years,

DISTURBANCE OF GROWTIl BY CUTTING OPERATIONS
When it is recognized that growing econdilions approach bhe opti-
mum in {fully stocked stands and that such a stand consisting of useful
species and (rees of immediale or prospoective value is laying on a

i Ltatie numibers In parentheses refer to Litertiore Cited, p, 108,
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maximum of wood growth, it _is obvious that ill-planned cutting
operations may unpair this maximum productien. If too heavy cut-
ting occurs, not only will an inadequate number of trees remain o lay
on growth but those remaining may also be injured by excessive ex-
posure to ice and wind. A program of light and frequent cutling is
the simplest means of protecting second-growth stands against set-
backs in growth. In shortleal-loblolly pine stands, this menns
removing every 3 to 12 yewrs from 50 to 100 percent of the periodic
ncrease 1n volume, which is usually equivalent to 20 to 40 percent
of the total merchantable volume, The shorter cutting intervals
are suitable for small, closely supervised properties, and the longer for
properties where cutting areas would be too extensive or stocking is
too light to yield suflicient volume if cutting occurred every 8 to 7
years i cach portion.

This light and frequent cutting procedure applies to virtunlly ail
species represented by merchantablo-size classes. Al though mature
individual trees of all the species veprosentod can usually be harvested
in the same operations, in stands having many f{rees approaching
maturity special cutfing procedures may be necessary to wvoid
disproportionate regeneration of the less desired speeics.

Whenever for financial reasons more volume has to be removed
than a uniform light cut will provide, the additional cutting should
generally be made in the most mature groups, leaving as much of tho
stand fully stocked as possible.  Otherwise, losses of production will
be caused by diverting growth from merchantable timber to brush
and regeneration.

Even light cutting involves some injury to the stand, the extent of
which depends on the care exercised in felling and skidding. Detor-
mination of the desirable length of ecutting eyele (pm"ioﬁ between
successive cultings) may be considerably influcnced by observations
on the relative number and persistence of injuries associnted with
different culting intervals. With well-trained workmen, however,
these injuries arve negligible.

THE S1GNIFICANCE OF THE GROWING STock

Seleetive timber management for sustained yield aims to improve
the growing stock by light sclective cuts ab short intervals.  Sinec an
ample, vigorous, and high-quality growing stock is required for maxi-
mum yiclds and returns, the growing stock is defined, classified, and
diseussed here in some dotail (2),

CLASSIFICATION OF GROWING STOCK

The total growing stock on a given area consists of all trees growing
therecon, of whatever age and species. It includes seedlings and sap-
lings, as well as trees of pole and sawlog size, whether merchantable
or unmerchantable. 1t may appropriately be thought of as a variable
quantity to which nature is continually adding and from vhich, within
conservative limits, any desired portion can he withdrawn. It i best
evaluated in terms of the number of irecs in cacli diameter class, as
shown by figure 1, A, for a typical 40-acre sccond-growth stand in the
Crossett Experimental Forest. 1t may also be measured in terms of
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TABLE }.—Growing slock prr acre of destrable und wndesirable pine and hardwood

species, by diameler (d. b. b} class, tn a typical second-growth. stand

NUMDER OF TRERES

Pines Hardwoods
Dismeater class (hnches) s )‘c\::i]e $
Desir- | Undesir-| o0 Dresir- § Unddesie- | oo s i
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.4 4.7 56.0 1342 w22 26,5
7.0 5.1 ] 2.5 50.5 B5.6
50 201 8.7 0.0 w7 1.8
31 15.7 49 0.0 [1IX] 0,6
2.t 2.2 4.8 44 7. 4 0.6
14 9.4 2,4 2.0 4.4 148
L3 (X B4 1.3 57 9.4
.8 4.2 N R or] G2
b 19 .t .5 11 K]
.2 .8 L8 N .G 1
.2 . .2 i 4
S 1 1 2 2
Total, ..o 212.9 53.0 l 45, ¢ l 1577 | 248.3 47, 0 62,9
BASAL AREA AT BRUAST HEIGHT IN SQUARE FERT
i.31 0. 53 | 1,64 12§ 2,05 L3 5. 87
54 LB 3403 1,35 3.0 4.3 7. 44
304 U8 .92 150 314 4.5 .76
1. 40 108 518 1.7h 2.09 150 9,24
534 1.1 6 65 31§ 1.45 4,03 190,
5 B4 1.49 7. 38 15§ &7 35 i8.83
5 it 1.y F LA Ly &80 4. 14
4,74 IS .86 151! 1.2 2.5 T
2.4 LTl &8 L .88 104 £330
1.31 44 175 05 ] 1.0 2 84
53 ) Sl s, 159
e .3 .32 N 63
bV T 38,21 i 046 dRG? I 15.73 | .41 @54 - 82, 81
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Snplings: | I l I |
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snat ogmel s 1747
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1585.4 B8 dE5 . 218, 9
1| IR A o
} ; ;
ST Y e 5.9
L2 ISLE L 64 | 24,4 G, 2
2.0 .01 2Lt 0y 158, 4
R N T N T N ; 8.7
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Of more influence on immediate sustained yield than the total grow-
ing stock is that part of it that may be termed the merchantable
growing stock—trees of such size and quality tha they will vield
salable raw material when cut and properly preparca.  Very few mer-
chantable products can be made from southern pine trees below the
G-inch diameter elass (i. c., trees under 5.0 inches d. b. h.};® this, there-
fore, is ordinarily the smallest diameter class for which basal area or
volume need be computed. '

Of still greater signifieance is the sawlog growing stock, or those trees
of the salable species that are of a size and quality to meke merchant-
able sawlogs. Sawlogs are frequently cut from smaller trees, but ex-
tensive studies, some s carly as 1915 (1), have shown that the large
commereial mills in the South can seldom make profitable use of
sawlogs from trees under 13 inches d. L. L. Sawlog growing stock
may be expressed in board-foot volume, as in figure 1, L2,

The importance of producing high yiclds makes the protection and
development of adequate forest growing stock the primary require-
ments of forest management.

In order to consider both the possible uiilizalion of the present
growing stock and its possible future development under various
cutting practices, a useful procedure s to classify it into timber classes,
that is, groups of diameter classes.  Such classes are shown in table 1
and figure 1, in which the following groups are designated:

Lito meter cluxsey (Farhes}
Seerdlings. . B} .. Under 100
Saplings_ .- - 2and 4 (1.0 1o 4.9].
Bmall {imber or poles. .~ .. G. 8 10, andg 12-ineh (5.0 to 12.9).
Medium timber 14, 16, 18, and 20-ineh {13.0 1o 20.9).
Large timbero . - oo 22-inch and over (21.0 and over).

A small portion of the small-timber or pole stand consists of trees
sufliciently straight and elear to be valuable for posts and poles, but
most of the trees in this stand ean yield only pulpwoad, fuel wood,
and other cordwood.

To the medivm-timber ¢lass, those trees (usually not over 20 percent
of the stand) of a quality suitable for high-class poles and piling have
a high stumpnge value, but they are still only moderntely valuable
for saw Llimber.  They conslitute the base for current growth ol high-
volue material.

The large-timber class, obviously, net only brings much greater
stumpage returns {earnings on the investment in land and growing
stock) but provides greater margins for operating risks and profit.

Distribution of growing stock, both on the average acre and over
the entire foresl property, has much bearing on management pro-
cedures, although less so on properties of which all parts are accessible
to logging operations.

. YVamery oF Vanugs To Be Deavr Witk

Tt should be clear from previous discussion that the practical
aspeets of continuous-yield forest management cenler around main-
tenance of a substantinl growing stock suiled to production of timber
of the desired types. The decision on which trees to cut and which
trees to leave to achieve this purpose requires a choice between

¢ &, b. h.=diamecter at hreast height, or 4.5 {eet abeve ground surface,
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elements of cver-changing value. Two kinds of value must be
determined, either by the exercise of judgment based on experience
or by appropriate investigations and cemputations: velue for im.
mediate cutting, and value for futurc cutting, after further gain 1in
volume and quelity, It would be possible to arrange all the trees
on any arca in g series, aceording to the value of cach for immediate
cutting. Or the same trees could be aranged in a parallel series
according to their value for future growth. IRach series would stapt
with values well below zero and would range upward to positive
values, generally of cousiderable magnitude. A few trees would
have the same value in both serics, but most would show markoed
differences.  Eecnomic considerations indicate timmediate cutiing of
trees that show high positive values for immedinte use, but cultura
needs may require reserving some trees of this charnctor.

In practice, these value determinations are made only for certain
parts of the stand. Thus, they are not needed for individual! trocs
mn the scedling or sapling classes, beyond verifying that these pre-
merchantable c¢lnsses are present to replace merchantabie trees that
are to be removed. Where pole stands are clearly of unmerchant-
able characler and thinnings are not contemplated, these also may
be omitled from value determinations.  Value determinations may
beginr with the G-inch diameter class, howover, where cordwood and
saw timboer are both marketable. Tnasmuch as cordwood products
are usually of lower value than saw timber, the cutting objective
in the small-timber class (5 (o 12.9 inches d.b.b.) is removal of sur
plus smaller trees so that the larger and botter trees, which are more
valunble for holding than for immediate utilization, will have suff-
cient ‘growing space,

In the medium-timber class (13 to 20.9 inches), value doterming-
tions are bascd on saw timber, becuuse of its higher vilue por cubie
foot, with only oceasional exceptions when poles and piling sre the
more valuable, Many trees in this class are still growing vigorously
and the carnings they can make Dy further growth arc oiten greater
than those of any other part of the stand. Considering both volume
and value growth, trees in this group may earn as mueh as 15 per-
cent annually on their current investment value.

In the large-timber class (over 20.9 inches in digmeter) more timber
is approaching maturity and a smaller proportion of the stand is
growimng 1n value [ast cnough to warrant holding. "The investment
value per tree is harge, and only the most vigorous trees commanding
ample growing space should be retained.

Values diller aniong species, and especially belween the pines aned
the hardwoods.  The wo major objectives always to be held in mind
in cubtings are (1} to leave in the stand for [uture growth an ample
supply of well-sclected growing timber, in order to maximize produe-
tivity m volume and value, and (2) to withdraw from the forest each
year mature, overmature, and surplus frees in such quantity and of
such quality as to make the forest enterprise practical and cconomic.

Value determinations necessary to ntiain the objectives indicated
in the discussion so far may be complioated. Techniques bave been
developed, however, which reduce these determinations to a practical
basis.  Parts 1T and TI1 of this publication give practical examples
of such techniques and indicate the probable costs of woods operntions
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and the margins remaining for stumpage, profit, and risk for pines
and hardwoods of various sizes.

1I. ECONOMIC FEASIBILITY OF LIGHT CUTTING
FXPERIMENTAL OPERATION

The field work of the studies of costs of selective eutting discussed
here 7 was begun ab Crossett, Ark., in Mareh 1935, and wes for the
most part completed during 1930. The methods subjected to cost
analysis at that time hove sinee boen extensively employed by the
Crossett Lumber Co. without iscovery of any reasons for revising
the initial indings. It is therclore possible to present these findings
with [ull confidence in their relinbility.

The cuttings were made on six experimental blocks, totaling 254
acres, and were so planned as to roveal the differences in costs and
returns between light and heavy cutting and the minimum volume
that it is economically feasible to cut.  Volumes ranging from 636
to 4,192 board feet per ncre wore removed. The cost of logging and
milling is generally greater for hardwoods than for pines, even if
both have grown under the same conditions; the hardwoods arc
shorter and characteristically more crooked than the pines and,
consequently, their yield per tree is less. For this reason, in order
to dotermine the cost of logging pines alone and the cost of logging
pines and hardwoods together, the cut was limited to pines on four
of the six test blocks, containing 186 acres, and both pines and hard-
woods were cut on Lwo blocks, containing 68 acves.

On cach of the test blocks the work began with a 100-pereent
inventory of the stand over 6 inches in diameter. A decision was
then made as to the number of trees in cach diameter class that
should be removed in order to obtain the required volume of sawlogs
and at the same time leave the stand in a pood growing condition.
After this the stands were retraversed and the trees to be cut were
marked.

The costs of milling the logs and the sale vajue of the Jumber were
computed, and from these figures was derived for cach method an
estimate of the margin available for stumpage, profit, and uninsured
rieks. Because both labor costs and values of lumber and pulpwood
have increased signifieantly since 1935, the results have been adjusted
on the basis of 1940 wage rates and lumber values.

The cubic-foot and boeard-loot volumes per acre of the original
stand, of the trees cut, and of the reserved stand on each test block
are given in table 2. Figure 2 shows on a per-acre basis and by
diameter class the number of trees before cutting and the number of
trees cub on cach test block. Although a relatively large percentage
of the total merchantable volume of the stand was removed, very
{few Lrees were cut on all average acre. Because of heavier cutting
in the larger diameter classes, volume per log and grade of average
log were considerably higher than they would have heen if all trees
over 13 inches in diameter at breast height had been cut.

t Supplementsl studies oo jog grades sod costs of thinnings, imprevenent entlings, lopeing, snd milling
are discussad later.
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TapLE 2.—Bonrd-fool and cubir-fool volume per acre of original stand, of lrees cul,
and of reserved stand, by test block

VOLUME IN BOARD FERT!

t Originul stand ‘P'recs cut ‘ Reserved stand

Test hlock and nuinber of acres

! Hardwood | Pine | Hardwond

Pine [Ted womd Pinwe

31,098 Wit “,
4, (00 g, 558 )
5 4,264 1,
2 L8 "o
425 ]
INTY 636

BT

' 1,900 ¢ 2, 404

i . 4, (0

! 5064 1, 54

i 3o
e Bn2
|

1
2
1

b

VOLUMIE IN CUGRIC FEET?

4, 50 105 s ‘
LAy T2 1 326
1,012 S6i 551,
T 18
240 04
Mo i3

1t Merchyninble volumie, by [nlernationnl H-incl rutle, of pine trees 10 inches d. 1. I, and larger and hard-
woods 12 inclies niud larger.
3 Volame Inside bork of pine and hardwood 1oees 6 Inetws 4, b hoosnd larger.

Relatively small merchantable trees were removed H they were
defective or if certain portions of the stand were in. need of thinning,
and relatively large trees were veserved for additional growth if they
were increasing in value at o satisfactory rale. It will be noted in
figure 2 that on cnch test block except block A, which was cut to a
d_ b, k. limit of 17 inches, some trees were cut from every diameter
olpss over 13 inches, and that some trees even as large as 20 inches
. b. 1. were reserved.  The aim was not only to obtain necessary logs
for the sawmill but also to improve the growth rate of the trees in the
stand and to build up the stand in volume and quality as rapidly as
possible,

How Cur Pk ACRE AFFECTS Cost oF FELLING AND BUCKING

In sccordance with the usual practice of the Crosscett Lumber Co.,
the trees out were converted at the point where they were felled into
the log lengths demanded by the milt or the market (fig. 3). Each
tree was cub into logs from 12 to 20 feet long, the length in each case
depending upon the quality of individual portions of the tree and the
total merchantable length. The aim was to have each log include
only one kind of material—clear high-grade, medivm-grade, or rough.
In all cases, the logs averaged close to 16 feot in length,

Two-man crews did the felling and bucking, and also the swamping
and limbing. Altogether seven suw crews worked at onc time or
another during the study. The yesults obtained, therefore, are
representative for reasonably cfficient operations. Tree and log
numbers were pleced on cach log, so that it could be identified in
later parts of the study and no further measurement would be neces-
sary. This made it possible theoretically to reconstruct the trees and
to determine not only for each log but also for each tree the total costs
of logging and milling, and the gross and net values. Two observers
with stop watch, diameter tape, scale stick, and the necessary forras
were assigned to cach felling and bucking crew and obtaiued the
following information for cach tree felled: (1) Distance between treces,
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Fieure 3.—Felling () and bueking {B) irce marked for cutting,  Cost per unit
volume of felling and bueking is not substantially greater ander a lght sclective
cutting system than in clear cutiing or heavy seleetion eutting. The extra

crew time spent in walking belween brees on the Hghter operation custs less than
3 cents an zere.
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(2) walking time between trees, (3) species and diameter, (4) swamping
and barking time, (5) felling time, (6) limhing time, (7) jump-butting
time, (8) bucking time for cach log and for all logs, (9} delay time,
(10} length of cach log by position in tree, (11) top diameter of each
log inside and outside bark, {12 grade of cach log, (13) Doyle-Scribner
seale of each fog, and (14) length of top not utilized for logs.

Saw crows in the South are usually employed on the picce-work or

contract basis. In this study part af the cutting was done on o con-
tract basis and part on a day basis, in order to compare the effective-
ness of the two metheds. In 1935 the cutters who worked on a
contract hasis were epch paid 35 cents per N feet (Doyle-Seribner rule)
of logs produced, and those who worlked on the day basis were each
paid 25 conts an hour.  Although the contract method usually resuits
in greafer daily production and greater hourly wages to the eatlers, in
this study there was practicaliy no difference.  This can be attributed
to close supervision of the work by the contraetor and by the men
collecting the data.
+ The 1040 wage rate, on the hasis of which the data were adjusted,
was 30 cents an hour.  The average cost of operation per hour per
saw crew, based on these wages, 15 miven in table 3, which includes
total hourly enst per man for comparison with costs ol operations
eniploving ather than 2-man crews.

TavLe 3. Extimated hourly cost of felling and bucking per I-man crew
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For comparison of the efficiency of one crew with anather and of the
present operation with those in other parts of the region, the ineflective
time, or ime cach crew lost beeause of rest periods, filing axes and
saws, and other miscellancous delays, but not including the lunch
period, was recorded along with the effective time [or each of the test
blocks (table 4).  Apparenty there is little eorrelation between cut
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per aere and total meffective time.  Ineffective time is determined hy
such factors as size of trees aut, percent of hardwoods, degree of limbi-
ness, and amount of brush present.

The time data in table 4, used in connection with man-hour cost
figures from table 3, give felling and bucking costs.

It has often been suggested that selective logging would consider-
ably increase the cost of log production per M bosrd feet from what
it has been under the old clenr-cutting method, because the cutters
would spend & large amount of time in walking from one tree to
another. If so, the cost of log production should be greater on a
selective cutbing where, instead of 50 pereent of the merchantable
stand volume, ondy 15 to 20 pereent is cut.  Table 5, giving number
of trees cut per aere, volume per tree, average distance hetween trees,
and time required and cost per tree for walking, felling, bucking, and
other operations for cach test block, shows that because of irreguiar
distribution there is no exact relation between number of trecs cut
per acre and average distance between trees. or betwoeen average
distanee between trees and average walking time. The greatest
avernge distance between trees cut on any test block was 121 feet
and the least was 74 feot—a difference of 47 feet,  The greatest aver-
age walling time botween Lrees was 3.68 man-minutes and the least
was 2.06 man-minutes—-a difference of 1.62 man-minutes.

Man-hour requirements and costs per M board feet (Tnternational
#-inch rule) and per 100 enhie feet of solid wood for ench Lest block
are given in table 6. Careful analvsis of these data has led io the
conelusion that the vaviation in costs per unit of volume among the
several fest Dlocks must bave been caused largely by variation in
the size and quality of the trees cut. At the rate of $0.0059 per man-
miute, the cost of walling belween (rees averaged only $0.0096
more where the eut per acre was 636 board feet than where it was
4,112 board feet.

Tanuk b Man-minsde requirement Vand cost ® per tree for felling and bucking and
assacinted aperations, by lest Mock
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TABLE h,—Man-hour requirement and cost ! per unil of polvme for felling and bucking
and assoctaled aperations, by test black
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Deenose the cost of walking between trees is affected by [aclors
othier than distanee, o purely theorctieal case may show the cffect of
distance more strikingly than the actual field data have done.  In an
evenly spaced stand averaging 4 trees to the acre, with o total volume
of 800 board leet per acre, the trees would be about 104 feet apart,
and in one averaging 25 {rees to the aere, with o total volume of
5,000 hoard feet, they would be alout 42 leet apart.  The walking
distances per M board leet would be 520 feet and 210 leet, respeetively.
IT the average rate of walking is 0.015 minute per foot and the average
cost $0.005¢ per man-minute, the cost per M board feet for wallmw
between trees where 4 per acre were cut would be $0.0451 and where
25 peraere were euf il would be 30,0181, The extra cost per M board
feet Tor walking where cutting removed 300 board feel per acre as
ngainst 3,000 board fect per aere would be only $0.02740.

'!um]vs;s of data obtained i the studics hns led to the conclusion
that the felling and bucking cost per unit volume is not appreciably
greater under ight selective ('ultmv than under heavy seleetive culting
or clear cutting.  In any cvent, fhe cost dilferential is too small to
be determinative in choice of a cutting policy.

How Cur Per Acii AFFECTS CosTs oF SKinnInG aNo LoaniNg

All logs cut in the study were skidded and loaded by animal power.
A teamstor and n team of two horses or mules madle up a skidding and
loading unit.  DBeenuse of the relatively short truek hauol (3.3 to 5.5
miles), & unit wias usunlly assigned to each truck. IBach teamster
was expected to do all the werk for his (ruck, including swamping
road building, skidding and hbunching of logs for cach loud, loading,
and assisting in pulling the truck through muddy spots.

Each teamster seleeied places where the Jogs could be bunched
and the trucks loaded quickly and efectively (fig. 4).  He sorted and
bunched the logs by size, so that the largest possible load eould be
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Froune 4,—4, Teamsier loading truck by covunon cross-haul system.  Increases

in cost due to Lhe somewhal greater skidding distances involved in very light
delective eulting are negligible,  Cosls may be raised much meore fsy olher
factors, snelr as irregular Lree distribution, or unde

rhrush 50 dense as Lo require

much swamping, I, Truck loaded with fogs leaving woods.  Clost of hanling
oudition Lthan on volume

depends much more on log size, load earried, and road ¢
of cut per acre.
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made at each point. Usually the lnrger logs were placed so that they
could be loaded first, without additional skidding. The smalier logs
were placed close to the loading point, so that very little further
skidding was necessary.  While the truck was at the landing, he did
all the necessary swamping out of the logs and of the various loading
sites or “‘sets” and, il necessary, clenred out and worked en the woods
ronds. The truck driver was usually in direct charge of londing.  He
determined the order in which the logs concentrated al any one sel
should be loaded and helped the teamster do the actual foading.  He
also unloaded at the landing,  When the truck returned to the woods
the teamster directed it to the next loading point and, with the team,
often helped to deag the trailer into pesition to be loaded.

Logs were loaded by the common crossnul method; that is, they
were pulled and rolled up two woaden skid poles onte the truck by
means of a chain.  After the leading was completed the chain was
used to bind the load.  Although this method of loading may take
longer than ether methods, 1 shionld not be condemned as inefficient
on that score. Tt is simple, does not requive skilled and highly paid
workers, and does not requive a large investment in high-priced and
complicated machinery.  Also, il logring is temporarily halted, the
team can be used to good advantage on other work,

In order to determine the hourly cost of skidding and londing,
dailv records were kept of (1) the actual expenses for {eed, Inbor, and
repairs to harness, grabs, ete.; and (2) the time in crew-howrs spent
on the job.  Allowance was miade for deprecintion of team and equip-
ment, interest on Lhe investment, personal property taxes, supervision,
and overhead.  Hourly cost per crew was determined by adding all
the costs together for the period of the study and dividing the (otal
bv the number of howrs worked. The resulting figures, as presented
in table 7, may be used in comparing (his operation with others in the
pegion, and may easily be adjusted o the luture for increase or
docrease in costs of specific items.

Tanni 7.—Estimated howrly rost of skidding and louding per leamster with 2-horse
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An observer with a stop wateh obtained the following information
for cach log: (1) Log and tree identification number, (2) skidding
distance, (3) skidding time, (@) loading time, (3) swanping time,
(6) road-building time, and (7) ineffective time. Necessary rest
periods for the team were considered ineffective time unless the
teamster was performing some operation, such as swamping, building
a road, or locating a loading site.  From this information the average
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time and cost per trec and per unit of volume for skidding, for loading,
and for the associated operabions combined were computed for ench
test block,

Ineffective time made up a large part of the total, ranging from
29.0 to 41.2 percent on the different test blocks (tahle 8). This
indicates that the skidding and londing operations were not perfectly
integrated with the hauling, Team rest periods accounted somewhsat
for the large proportion of ineffective time.  Anothor reason was the
faet that, beeause the time required by the trucks to malke a round
trip to the landing was unpredietable, the teamster was inclined
to bunch the next Jond as quicldy as possible so as to aveid holding up
the truck.

To determine whether skidding ane loading cost is influenced by
volume cut per acre, the information obtained in this portion of the
study was summarized (table 9) on u per-iree basis, a. per-M-board-foot,
basis, and a per-100-cubicfoot basis.
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Variations in trec and log size and other factors make it difficult to
judge the influence of any single factor. Morcover skidding, being
dependent on the rate at which trucks removed Jlogs, could not be
pushed ahead as if it were an independent operation.  To eliminate
the effect of log size, table 10 was prepared, giving average skidding
distance per log and cost per M [vet for 14-inch logs. This table
shows about the same relative costs as if logs were of the same average
size on each block. Tt shows that cost per Al leet increases with aver-
age skidding distance. Tt shows also that hecause of tree distribution
or other factors the skidding distance per log and the skidding cost
per unit volume may be relatively greater for aress such as test block
C, on which a heavy cut of 4,112 feet per acre was made, than for
areas such as test block T, on which only 636 feet per acre was cut,
Furthermore, when the effoct of log size is eliminated the cost of
skidding ob block T is only 10 cents more per M feet than on block
D, where 3,350 feef per aere was cutl.

Tasre 10— Co.. per M board feet of shidding 14-Tneh logs the neeroge distunce for
etrek fest Mord:
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To summarize, the data show that skidding and loading cosls may
be higher than average (1) when very light selective cuts are made,
resulting in long avernge skidding distances; (2) when tree distribu-
tion is irregular, so that even heavy cutting results in long average
skidding distances; (3) when logs are above the maximum size that
can be handled effectively with teams; (4) when hardwood logs,
which are heavier and more diflicult to handie than pine, make up a
large proportion of the cut; (5) when logs are relatively stnail; and
(6) when underbrush is so dense that swamping is necessary lTor nearly
every log.  They show, however, that any cost increase resulting from
limiting the eul to 600 board {eet (International Y-ineh rule) per acre
is nogligible in comparison with total logzing costs, and can be avoided
by proper marking of groups of trees to make up load lots. laght
seleetive cuts are financially feasible so far as skidding and loading
costs are concerncdd. In fact, the team method of skidding and load-
ing, combined with truck transportation, makes light harvest cut-
tings:-and improvement cuttings -cconomically possible in under-
stocked stands that, if subjected to heavy cutting, would be wrecked
for production during the nest 15 to 30 years,

How Cut PEr Acke Arrects Cost oF Truck Haunineg

The equipment used for truck logging in the shortical-loblolly
pine-hardwood region is fairly well standardized at the present time.
Some 80 pereent or more of Lthe operators nse astandard 1%-ton short-
wheel-base truck with dual wheels at the rear and o dual-wheel
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trailer, which is attached by means of & coupling pole and which
works on a [ifth wheel.  The tires on the truck and trailer are usually
32 by 6 inches or larger, and interchangeable.  The teuck aud trailer
equipment used in the selective logging study was of this description
except that one trailer had single wheels,

The experience gained i this study proved quite conelusively that
it was cheaper to load at a dilferent set coch time than to skixl logs
to a central londing point.  In most cases no attempt was made Lo
siid large logs,  Fowas usually cheaper and easier 1o drive the Lruck
to the logs.  IEnough smualler logs were skidded 1o the larger ones Lo
complete n foad.

Most contractors pay their truek drivers on the per diem basis ol
expect a fixed nusnber of lowds per day.  In the experimental opera-
tion the (ruek drivers were not vequired to take a given number of
loads per dav, but were expeeted to make as many trips as possible
during a wo king day of a delinite number of hours,

For each vruckload or trip, a record wns made of (i} {ime spend
locating set, (2) time spent Joading, (3) time spent. binding lond, (4)
time spent on trip to landing, (5 time spent unlonding, (8) Lime
spent returning to woods, (7) delay time for cach of these operations,
(8) number of logs earried per load, (9) identifieation number of cach
log, and (10) distance hauled.

The same observer wha recorded the time spent in skidding and
loading logs recorded also the truek time spent on the various opera-
tions in the woods. He recorded the time the Joader: truck feft the
woads for the landing and the iime the emply truek arrived at the
next loading point.  An observer at the landing recorded the time
when cach truck arrived, the time spent in unloading, and the time
when cach truek started the retwrn trip. 1n ease of breakdown or
other delay between the woods and the landing, the driver kept the
amount of lost time and reported it to the observer in the woods.
He also reported the distance of each hanl,  The fact that each log
had been numbered and measured made i possible to record the
volume of each foad.

To determine the cost of operating the trucks and trailers, a daily
record of gasoline and oil usel, and cost of repair parts and labor,
greasing, cte., was kept for cach.  Other ecos(s, such as depreciation,
taxes, and license, were delormined by averoging recowds of several
truek owners iu the loenlity.  Because cost of repairs averaged con-
siderably lower than for other opevators, the average cost of repairs
per truek with teailer has been adjusted for the purpose of this report
on the basis of other operators” experiinee, and is set at $112.50 for o
year of 225 10-hour days,

In use of working thne the log hauling was the mast eflicient of
all the woods operations; ineffective time amounted Lo but 6.71 percent
of the total time on the job.  Approximately half this lost titme was
chargeable to tire and engine trouble, and the remainder to delays in
loading caused by breaking of the cross-haul chain or harness. This
does not mean that the loading and hauling were entirely efficient. A
considerable amount of wasted cffort, gs in rolling a log over the load
in loading or skidding the wrong log into position for loading, could
perhaps have been avolded.  The time required for such operations
was recorded as offective; also that required to adjust the logs on the
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trucks in loading, since such adjustments were necessary fo build
londs of cffective size.

The ndjusted hourly cost of operaling a 1%4-ton truck and trailer is
given in table L1,

Panne 11— Estimated hourly cost ¥ of operaling o [Y-ton ruck with trailer
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To compare hauling costs invelved in a heavy selection eut with
those in a light or very light selection ent, the time and cost records
for all parts of the hauling operation have been summarized In table 12

TawlE 12~ Man-minnle requirement and eost t per Iond for loading, truck hauling,
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The average timne per load given for each clement includes both effpe-
tive and ineffective time. In order that the results for the various
blocks may be directly comparable, the hauling time is given in number
of minutes required for a reund trip on a I-mile haul.  Time required
and costs per M board feel (International ¥-inch rule) and per 100
cubie feet, computed from table 12 and the average volume per foad,
are given in table 13, ’

TABLE 13.~ Man-hour requirement and cost | per wnil of rolume for londing, truck-
hauling, and assorivled operations, by test block
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Analysis has shown that except for block C the total loading and
hauling cost vavied among the blocks by only $0.06 per 160 cubie feet
and $0.08 per M board feet of logs handied.  For bloek O the cost was
exceptionally low owing to the fact that only rather large pine logs
were cut there. Tt is appavent that, althongh such factors as log
size, load carried, and condition of ronds may affect materially the
unit cost of truek hauwling, the cut per aere has no significant effeet
upont this eost. The differences in unit cost are (oo small to have
much influence on sclective-cutting policy.

MEssures For Renucive TransrorTATION COSTS

The costs of truck hauling in the expoerimental opertion are maidy
for hauling over ungraded or vory low-class woods or country roads
and may correetly be applied to similar logging chances,  Trucks
have proved cfficient for hauting logs in dry weather even where there
are no roads whatsoever. Nevertheless, Iumber companies and
logging contractors who haul all or some of their logs with trucks
reatize the necessity of building good, well-graded dirt or gravel roads
in order that the trucks can maintain good speeds.  They know thai
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in general the cost of producing logs varies inversely with the quality
of the roads available and that over a period of years good roads will
pay dividends in the form of cheaper logs, even to comipanics that
contract all their logging, For these reasons most of them have
already built or are building relatively high-class truck roads. In the
future most truck transportation of logs and other forest products will
be over roads of this description.

Many dry-weather roads can be converted into all-weather roads
by draining them properly and applying gravel in some places. If
properly located, an alloweather seeondary road can be built in most
cnses for $50 to $300 a mile, which is considerably below the cost of
prepaving o railroad right-of-way and laying the ties and steel. The
road can be used continuously lor an indefinite length of time for
transporting forest procducts harvested selectively, whereas the rail-
rond would be removed after one heavy cut had depleted the timber.

Figures on costs of hauling for various lengths of haul over such roads
are presented in table 14. They were computed in the following
manner:

TasLk 14— Cosi of kauling per unit of volume, by length of hated, in dry weather on
weil-graded dirt or gravel rouds
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1 Cosl per mile==$0.067, Jncluding tires $0.033, gaseline §0.025, oil and gressiog 008, and repairs 1,006,
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L. From table 12 the total time per load reguired for locating the
set, loading, and binding the load was determined, for all the 466 loads
hauled from the study area, to avernge 63.94 minutes. This timne is
the same regardless of distance of hanl or type of roads over which
the hauling is done,

2. Through supplemental studies of hauling time and truck speods
for well-graded dirt nnd gravel roads, the average round-trip time ro-
quired per mile of one-way distance on such ronds was dotermined as
9 minutos.

3. The total time required for any length of haul cquals Lhe produet
of the actual round trip time @ncluding delay thme) per mile of hau!
and the distance faclor plus the fixed preparation tinie.

4. The number of loads hauled per day for any given tength of haal
was_determined by dividing minutes in a 10-hour day by minufes
per load.

5. The fixed costs per load, including $0.312 for tabor, $0.045 for
supervision, and $0.228 for depreciation of truck and trailer (without
tires) and other ownership costs, were found to total $0.585 per hour
or $5.85 per i0-hour day. Dividing this fixed daily cost by the
pumber of loads hauled per day gave the fixed cost per toad.” The
costs per mile that.are dependent upon distance traveled were de-
termined as follows: $0.033 for tives, $0.025 for gasoline, $0.003 for
oil and greasing, and $0.006 for repairs, or a tolal of $0.067. Multi-
plying the cost per mile by the number of miles of round-trip distance
gave the cost per load [or various lengths of baul.  With better roads
the deprecintion, gasoline, oil, and repair costs are less than with
ungraded roads. _

6. From the total cost per load and the volume of the average load
tho cost per 100 cubic feet and the cost per M board feet by the
International ¥-inch, Doyle-Sceribner, and Seribner rules were com-
puted for eacl length of haul.

In using the figures given in lable 14 it should be remembered that
they will need to be adjusted for other operations if items of operating
cost or size of load are different from those of this study. With the
detailed information that is given, this can be done casily. Cost
figures will need adjusting, too, if the average size of log diffors from
what 16 was in the study. It should be remoembered that these cosis
are based on dry-weather conditions and on hauling over well-graded
dirt or gravel ronds.  The cost per unit volume may be different for
paved, blacktop, or low-class dirt roads, or for hilly country. Fus-
thermore, the figuree include only the actusl cost of hauling; nothing
has been included for the operator’s or contractor's profit and risk.

The winter or rminy season in the South, extending frowin about the
middle of December to ahout the first of April, presents a scrious
problem in selective logging.  During this time it is extremely diffi-
eult to drive a track into the woods and seme roads become nlmost
impassebic.  Logging during this period is expensive, cven in old-
growth timber ander the railvond method.

One way of meeting this problem is to reserve for cubting during
this period any timber within 300 feet of all-westher roads and along
main-line railroads.  Another solulion, more commonly used at
present, is log storage (fig. 5, 4).  Beginuing the Intter part of October,
or as soon as ¢ool weather arrives, all available logeing equipment and
manpower are direeted toward getting out logs.  Logs not needed by
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Fiaorg 6.4, Trucked logs stored along railroad track for immediate o nture
tse—one solulion of the problem of supplying logs to the mill in winter, B,
T.oading logs ou railvoad ears. The cor-{op loader here shown can load about
& cars an hour snd usually ean be moved to the next car as the engine pulls
the log train 1 car forward.
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the mill for the next 2 months are banked on all-weather roads, on
main-line railronds, or at the mill, to supply the mill over the worst,
of the rainy season. I wurm weather oceurs during the latter part
of the storage season, blue-stain fungi may attack and discolor the
logs, and so reduce the value of the lumber produced from them; but
this loss can be kept very low by spraying the ends of the freshly cus
logs with well-known chemicals.

SuMMARY oF OPERATING COSTS FroM STUMP 70 RAILROAD

Large arcas of timberiand in the South, in tracts of various sizes,
are owned separately from sawmills or other manufacturing plants.
The owner of an area of 500 neres or more can engage in selling logs,
pulpwoad, and other forest raw materials, independentiy of manu-
freturing. It is common practice. also, for manufacturing concerns
owning timber to contract the logging. It should be of interest to
many, therefore, to summarize at this point the average logging costs
for each of the six test blocks. This is done in table 5, on the hasis
of the International Y-inch kerf rule. Dayle vule, and cubic_foot seale.
The averages show that preperly planned and supervised light selee-
tive cuttings can be carried on at moderate costs per unit of volume,
where timber of suitable size and quality is available.

TavLE 15— Mun-howr requirement and rost of logging aperaiions fram stumrp o
railroad or foeal will
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In short, carefully planned and supervised motor truck transps. -
tion, together with careful selection of trees to be cut and stnple
skidding and loading metheds, makes i passible to vealize the objee-
tives of forest management discussed in Part 1 of this veport. Simply
stated, Lhe sotution consisls in sclecting cach year and transporting
to the sawimill or other primary mauufncturing plant such mature
trees, surplus trees from dense groups, and other troes in need of
romoval a3 can be handled al » profit or at least without loss.

111, INDIVIDUAL LOG AND TREE VALUES—ECONOM IC BASIS
OF TREE SELECTION AND CURRENT FOREST INCOMI

During the earlier part of the three centuries of forest exploitation
in North Americn, 16 was recognized by neasly all forest users that,
cortain Lree spocies and certain individual trees served ilicir purposes
better than others. Timber cutting, except for land-elearing opera-
tions, was highly sclective. Later, in the great expansion of the
lumber industry into the rather uniform cirgin forests of Pennsylvanta,
the Lake States, and the South, increasing lumber values and mass-
produetion methods brought an ers of wholesale cutting that almost
destroved some forest fypes, such as the Lake States white pine.
This ndiscriminate cutting undoubtedly caused enormous losses 1o
the industry as a whele. although it brought wealth to a small percent
of the operators.  Fortunately for the South, nature hias been gonerous
and on many cul-over arcas has presented another opportunity for
sound forest management.

Even when timber utilization has passed from a purely exploitative
stage to one characterized hy methods designed to perpelnate produc-
tivity, forest matagers have often atlempted to grow uniform stands
that could be eut all at onee.  Since the early 1930%, however, forest-
jmanagement experience and research results have increasingly sup-
parted the prineiple of continumg care and opportune utilization of
the individua) tree 0 the foundation ol a seund management progranr.
It has already been noted in Part I that the cave and timely utiliza-
Gon of individual trees ts properly based on individual tree values;
and that, with few excoptions, ench tree has two definite values—
value 1o hold for future growth in volume and quality, and volume
vadue for immediate cutting.  Part 1} deals with values of the fatter
class. It is based on further analysis of the study data used, as tte-
seribod in Part 11, to test the economy of light selective cutting, on
studics of costs for loading an cars, for railroad haul, and for milling,
and on & stwdy of lumber-value recoveries. It gives logging, railroad-
haul, and milting costs of individual logs and trees; value recoverics
dotermined for cach log size and grade by subtracting costs from gross
lumber-valire recoveries; and correspending values obtained for trees
by combining the data for logs making up the trees in cach size class.
Tr. the analvsis for individual log and tree values, the technigues of
which are deseribed, the data from all the test blocks were comhined.

Cost of production for cach part of the logging and mitling operation
is given in man-hours as well as in dollars, to permit easy application
in operations in which unit costs differ from those of the expertnental
operation, and also to facililate revision of figures on costs and returns
as changes take place in condilions affecting costs. The costs guoted
arce based on the Doyle-Sceribner, Internntiona] ¥-inch, Seribner, and
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cubic-foot scales. These cost figures are considered applicable only
to stands under sclective management.  Details of costs are shown in
tables in the appendix.

Of all the items of expense included in the cost of finishod lumber,
manufacturing is by far the largest. “This is the one part of the whole
lumber production operation that can wake or break company,
with or without good practice in the woods. It is at the mill, also,
that the kinds of logs that wre profituble, and those that are unprofit-
able, can most easily be checked.  Three men in 2 days’ time, at n
total cost of not more than $30, can make a simple study in the mil)
that will determine roughly which logs ure Deing ¢ut and milled at i
loss, It is then asimple matter to prevent the cltting of unprofitable
legs in the wouds,

Costs of lumbser manufaclure vary grestly with type, size, und
efliciency of mills, Operating costs differ beiween mills of the Suine
size class in the same region, owing to differences in operaling condi-
tions and efficiency of mill and management.  kven for an individual
mill, costs vary considerably from year fo year according to Lol
number of hours of operation and volume of Tambor produced.  The
figures on cost of lumber manufacture per M feet found in this study
may not be applicable to any other operation, and cach operator i3
strongly advised to caleulate his own costs,  OF much ureater signili-
cance are the relative time requirement and cost of mifhing by log-size
class, since these vary but lit!le from year to vear for a given operalion
and are more likely to be consistent for dillerent mills of the snine
size class.

‘The Crossett mills (fig. 6) are quite typical of the large older mills
in the South thet contain two or more hiead saws and cul from 60 M
to 90 M feet per saw oach S-hour shift, They operate three band
head saws and o Swodish gang saw and, cxcept for the large shotgun
feeds, are entirely electrified.  The earristges are large and heavy and
at the time of the study were manually operated, three men to the
carriage.  The mills have a large dryv-fitn capacity, und wheun they
are being operated on the customary one shift per day all the pine s
kiln-dried.  The vompany has complete renmnulacturing fusilities-—
a flooring plant, n box factory, and a gluing plant  all run in direct
conmection with the sawmill.” The plants are so mtegraled that the
lnmber cut on the head rig ean all be haneled currently through the
edgers, trimmers, green chain, dry kilns, remanulacturing plants,
shipping department, and sales organization.

The mill at which the pine and Lardwood logs ineladed in the
study were cut was cquipped with band head saw, edger, amd trimmer
for rough lumber manufacture.  {t was (Uherefore relatively simple to
measure the time required by the snwver to cut each log into lumbeor
and to grade and tally the lumbee that was produced from eaehy fog,
and later to reconsiruct from the tree and tog kientification numbers
on each log the trees represented,  Oue man siationed nt the head siw
wilh a stop watch recorded the ficld log and tree nunibers, the time
required to saw cnch log, and the amount of delay time  the time
the mill was net in operntion because of the changing ol saws or
mechanical frouble. A sccond mun waerked cach bourd from cach
log so that an expert grader and his assisiant at the green chain could
identify and tally for each log the size and grade of all lumber produced.
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Ficone 6.—Typical large southern sawmill, with irainload of logs and leader in
foreground.” Sueh o mill usualiy has two or mere head saws, cach gutting 60
{0 90 M board feet per S-hour shift.,
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The miill study proceeded only so far as rough lumber tmanufacture,
meluding pond, bead saw, edgers, trimmers, and green chain.

How Loc Size Arrecrs CosT OF SELECTIVE Loccing

Uosts and returns for individual logs not only enter into determina-
tion of individual tree values but also indicate what kinds of lo
can be used profitably lor lumber and what kinds should be diverted,
if possible, to other uses.

Because of the very large number of logs prodnced in the experi-
mental operation, not all logs cut and measured in the woods were
included in the computation of costs of logging by log size; but all
the very large and all the very small logs were imcluded, in order to
obtain sound results covering the whole runge of sizes.  The average
cost per M feet computed Tor all logs, therclore, does not always
check exactly with the average cost per M feet for all trees or for
the trees on individual test blocks.

Since the logs cut varied in fength from 12 feet to 20 feet, averaging
close to 16 feel, weighted averages prescuted for diameter classes
represent logs of the average woods-run lengtih,

FELLING AND BUCKING

In order to determine the cost per log of felling and bucking by
log diameter, it has been neeessary to prorate the cost of walking
from one tree to annther, the swamping cost, and the actual felling
cost among the logs produced from each tree.  These costs have boen
divided in dircct proportion to the cubic volumes of the individual
logs. Thus, if the second log of a given tree contained 30 percent
of the cubic volume of all logs in the tree, 30 percent of these costs
plus the bucking cost of the second log were charged to this log.
After the proraling of time and cost the total felling and bucking
time, in man-minotes, and cost per log were summarized by log-
diameter class. The summary for pine is presented in appendix
table 34, and that for hardwoods in appendix table 37. Time in
man-hours and costs per unit of volume for the three seale rules and
for cubic measure were computed and are given for pine logs in
eppendix tables 55 and 56 and for hardwood logs in tables 58 and 39.
These cost data, illusteated for pine in figure 7, show, as do the tabies
for all species, a strong tread of increase in cost as log size decrenses.

SKIDDING AND LOADING

The field records of time required for the skidding and loading on
trucks of the pine and hardwood logs wore compiled by log size {ap-
pendix tables 54 and 57). Costs per log are uniform for pine logs
up to 15 inches top diameter, but increase rapidly with inerease
beyond that point in log size, In team skidding and loading, usually
only one log is handled nt a time, and the tean moves at 4 uniform
rate except when the log is large and the animals become winded and
require rest periods. Figure 3 and tables 55 to 59 in the appendix
show the trends of the skidding and loading costs on M-board-foot
and 100-cubic-foot bases, Regardless of type of cutting, there are al-
ways some small logs that are relatively costly per unit of volume ; but
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aclective management, allowing individual trees to reach full develop-
ment before they are cut, will reduce the number of these and lower
considerably the skidding and Jeading as weli as all other costs per
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unit volume, as compared with costs in clear cutting.  For instaunce,
an inerease in the diameter-inside-bark average for pine logs from 10
inches to 14 inches would reduce both the skidding and the loading
cost per M fect (Doyle-Seribner rule) by about one-third.
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In order to determine the cost influence of skidding distance for
pine logs of various sizes, the costs per log and per unit of volume for
skidding 100 feet were computod from the study data (table 16).
These figures include hooking and unhooking time, prorated delay
time, and time spent in manenvering the logs into position for immedi-
ate or later loading on trucks, and represent average costs for dry-
weather skidding on a typical truck-ogging job.  Except in extremely
wel weather, log trucks are usually driven to all paints in the weods,
so that in most instances logs are skidded a distance of less than 200
feet and only a few nre moved so lar as 1,000 feck.

Tavue Ho— Man-minute rrquivenent t and cost per log and per wnet of voluwme for
skidding 2 shortivaf-loblolly pine logs of various sizes
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TRUCK NALU),

The time required for the 4-mile teaek banl was compuied in man-
minutes per log for the various dinmeters @ppendis tables 34 and 37).
Stmilar information on a unit-volume basis is given in figure 3 nnd
appendix tables 55 and 56 for pine and in (ables 58 and 39 for hard-
wood.  The hauling cost per M feet (Doyle-Scribner ruie) is more
than fwice as great for 10-inch pine logs as for HM-tneh, indicating
bhe great reductions possible through a cubting practice that will
increase average log sine.

The widespread sdoption in the South of truck transportation for
logs has led Lo repented requests for information on costs for various
lengths of haul and for logs of various average volumes. In order to
turnish. this information, separnte compilations have been made of
the trucking data in actual time per load and cost per M board feet
by the different rules for logs of various volumes (Internationsl) on a
4-mile haul @ppendic table 60). Table 61 gives the cotresponding
cost per additional one-half mile, 1t should he remembored that these
costs do not include contrnctor's profit or skidding and loading cost,
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are based on hauling over ordinary dirt roads, and musb be adjusted
to fit individual wage rates and local conditions, such as different
truck-opernting costs. Quee the cost per minute for any given set
of conditions has been computed, the cost per unit of volume for haul-
ing any given number of miles can be determined quickly by multi-
nlying the minute rate by the number of minutes required to haul
loads of logs of various sizes, and dividing by the average nuitber of
units of volume per load. The costs per additional one-balf mile
given here ean be corrected on the basis of the diflerence in pereent
bc*l;\;fven the new rale per minute and the rate ($0.0171) used in the
study.

How Loc Size Arrrcrs Cost oF RAILROAD TRANSPORTATION

The use of railrosds for transporting logs part of the way to the
milt is justified from a cost standpoint if the volume to be hauted by
rail is large and the maximum hauling distance is 26 miles or more.
Beeause of the high cost involved, however. an operator should make
a very detailed cost study hefore deciding to use railroads in places
where the entire haaling job could be done with trucks.

LOADING ON CARS

After all the logs produced in the experimental operation were de-
livered to the landing, they were loaded on standard-gage railvoad log
cars for Lransportation to the mill.  The loading was done with a car-
top loader, opersited in conjunction with a smail rod locomotive (fig.

5, B). This loader is very efficient; it can Joad a string of 25 log cars
in about 4 hours. As cach load is completed the loader moves over
to the next car and loads Lhe car just vacated. The move {rom one
car to anolhier requires but 12.5 pereent of the total loading time, and
is usualiv accomplished as the engine pulls the loader and cars abreast
of the logs ot the landing.

In loading the logs cut in the experimental operation, the engine
and losder crow worked on a contract basis of 25 cars per day; thatb s,
when 25 loads were compleled and delivered at the mill the crew was
through for the day and drew a full day's pay, vewardless of actual
number of hours worked. Bince the number of cars loaded per day
wsunlly varies, according to length of train haul, the man-hour oper-
aling cost for the loader and locomotive were determined on the basis
of an 8hour day, The cost per howr of actual loading time (table 17)
was determined by dividing the total cost per 8-hour day by the aver-
age actusl number of hours of leading time in such a day. The total
cost of the loading crew and equipment per day amounted to $31.040,
and the average effective loading titne per 25-car trainload of logs was
3.833 hours. The loading cost per eflective hour of operation was,
therefore, $8.098. With a loading crew of 3% men (including one-
third of the locomotive engineer’s and one-third of the fireman’s time)
the cost per effective man-hour was $1.429 and the cost per effective
man-minute was $3.0238.

A stop-watch time study was made of the loading operation, and the
actual effective time required to load cach log was obtained. This
information was sorted on the basis of size of log, and the man-minutes
required for logs of each sizc class were computed. The cost per log
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was then determined by multiplying the number of man-minutes by
$0.0238, the rate per effective minute. The data are shown for pine
and bardwoed in appendix tables 62 and 65. The man-hours and
costs per unit of volume by log size have also heen computed and are
given in appendix tables 63 and 64 for pine and Lables 66 and 67 for

hardwood.

Tanre 17— Estimated average operoting cost for car-top loader ' and locomotive * per
howr of actual foading time
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TFRAIN HAUL

After bemg loaded, the train of 25 ears was pulled by a rod leco-
motive aboul 20 miles to the mill.  The costs of the haul are shown
in table 18. Only two-thirds of the costs of the train and crew are in-
cluded because one-thivd was charged aygainst loading.  Cost per day
of & hours was $27.944 and cost per car was $1.118. Man-hours Te-
quired averaged 10.667 per day and 0.427 (25.60 man-minutes) per ear,
~ In order to determine the man-minute requirement and cost per
log the following caleulations were made:

1. Average size of log was determined for each our, and carloads
were grouped accorfdingﬁ/.

2. Average number of logs per load for each log dinmeter group
was determined, and man-minute requirement and cost per log were
obtained by dividing the totals per car by this number.

Labor time and cost of train haul per log and per unit of volume
are given for pine and hardwoods in appendix tables 62—-67, which
include car-foading data.
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TagLE 18.— Estimalcd average operaling cost for [oramotive ! and 25 log cars? per
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MAIN-LINE TRACK

In addition to the actun) cost of Lthe train haul there is a cost of
main-line track, ineluding maintenance, depreciation, interest on the
investment, and taxes. This cost, obtained from company records,
amounts to $0.679 per M feet Doyle-Seribner scale, or $0.544 per M
foct International (¥-inch) scale, From the company’s reeords of
men employved in maintaining the track and the lotal of timber
hauled, it was found that 1,595 man-hours were required per M feet
Doyle-Seribner scale, or 1.276 man-hours by [nlernational scale.
Maintenanee and depreeiation, making up the greater part of the
costs of the track, are directly proportional to the number of londed
log cars that are hauted over it. By dividing the total man-hours
required and the total costs of the track by the total number of londs
of logs hauled, the man-hours per car were fowsul to be 3.611 and the
cost per car $1.538,  With these figures available, the main-line track
costs per log and per unit of volume by log size were determined by
{he same method used to determine the effeet of log size upon costs
of frain haul. The results are given in appendix tables 62-67.

How Loc Size ArvecTs CosT OF LUMBER M ANUFACTURE

Twe types of costs were recognized in determining the total cost
of manufacturing lumber from logs of various sizes and grades—(1)
those varying with log size, and (2} those fixed at a constant amount
per M feet of lumber.  The first included the cost per minule or per
hour for cutting each log on the headrig and for edging and trimming
the boards and handling them on the green chain. The second was
an average cost per M feet for handling the lumber through the dry
kiln and the remanufacturing plants, and for shipping and setling and
overhend expenses, Costs were determined sepurately for pine and
for hardwood and were figured on the headrig doing the sawmg and
on that proportion of the plant and sales organization handling the

lumber from that particular headng.
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Costs and man-hour requircments were ealenlated on the basis of
the company’s 1940 produetion cost figures (fable 19), the total run-
ning time (effective plus ineffective) in hours, and the number of men

Tanre 19.—Costs per M board fect (green-chain tally) of wmanufacluring pine and
kardwoad lwmber in o large mili, 1940
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employed on cach phase of the work., Tor pime-lumber mannfaciure
the costs were $0.820 per man-hour for the 18 men in rough-lumber
manufacture and $0.463 per man-hour for Hie 207 men in the remainder
of the plant; for hardwoods the costs were $1.07 per man-hour for
the 15 men engaged in rough-lumler manufacturing and $0.4555 per
man-hour for the 157 men m the remninder of the plant.  The differ-
ence in lotal costs was chiefly due to the fact that the hardwood lumber
was air-dried and the pine limber was kiln-dricd.

The rough-lumber production time in minntes for cach log as
recorded from a stop watch was inereased by a proportionate amount
of delay as ineffective time (eqnivalent to 6.56 pereent) and then con-
verled to man-lours. This figure was multiplied by the rough-
lumber production rate per man-hour to get the rough-lumber cost
per log. To obtain the per-log cost for the remainder of the milling
operation {(fumber handling, kiln drying, planing, shipping, and scll-
ing), the green-chain volume per log was multiplied by the constant
cost per M feet as given in table 19.” The total cost of lumber manu-
facture per log was computed by adding together the rough-lumber
costs affected T)y log size and the otler cost.

The time vequirement and the cost per log and per unit of volume
of cutting logs of vavious sizes into lumber af the headsaw and of
performing all other mill aperations involved in producing and selling
dried and finished pine snd hardwood lumber wre given by log size in
table 20,
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TABLE 20— Man-hour requirement und cosl ' per log and per unit of volume for
sawmilling ? logs of various sizes
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1

1 Rate per man-hour for pine: Pond, swwmlll, green-chnin, 30, 3201 remainder of mill, #), 462. Hate per
mnt-honr for hardwond: Pond, snwmiil, groen-ehiain, $L070; renainder of mill, $0-15655

t Tneluding milling, shipping, and selling.

3 Sep table 1% for elassifiention of fixed undd vaciaide vosts.

How Loc Siwze Arrecrs Taorar. Cosr Per Trrr oF Mic Cur ror
Loceing, Rarnrosd TraNsSPORTATION, AWD MANUFACTURE

Tn order to compare logging and milling cost with the value of the
lumber produced from both pine and hardwood logs of various sizes, it
is necessary that overrun and underrun be taken into consideration
and that both sets of figures be based on lumber tally at the mill.

The overrun and underrun of mill tally with respect to log scale
for pine and hardwood logs of various sizes are given in table 21. It
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TABLE 21.—Uverrun or underrun of mill fally witk respeci to log scale, for logs of
various sizes
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is important to remember that, in scaling, no deductions were made
for crook or hidden defect, as lumber companies buying cn Doyle or
Doyle-Scribner scale generally do not make these deductions. ™ This
explains why in this study thie International (¥%-inch) rule, which for
straight and sound logs approximates very closely the mill cut, overruns
the mill cut. Furthermore, these overrun fizures are based on the
material removed in the first cut in selectively logged stands, which
included the defective, crooked, and otherwise least desirable trees.
Second and later cuts to be made in the same stands should and
undoubtedly will produce a much greater percent of straight and
sound logs.
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Costs of logging, railroad transportation, and manufacture per M
hosard feet of mill lumber tally were computed by log size for both pine
and hardwood by dividing the mill lumber tally per log into the total
cost of production per log, and then multiplying by 1,000. The

42

40

38

%

34

Erd

20

28

Z2E

24

22

oF '
20 e _2RODUC TION
H

VALUE AND COSY PER M FEET MILL FALLY (OOLLARS)

18 L . i :
)2 13 4 1518 17 ® & 20 2 22 23

LOG TIAMETER INSIOE BARK (INGHES]

-

Pracis S.—-Valne of lumber produced from shorfleaf and loblolly pine logs of
grades 1, 2, and 3, and total cost of production.

rosults are given for pine in figure 8 and for pine and hardwood in
appendix table 68,

How GrapE AND S1ZE oF Lo¢ AFFECT GRADE AND YALUE OF 1LUMBER
Propucen

In determining profitable and unprofitable sawmill logs, the factor
of log grade must be considered. For example, & velatively small clear
log may vield better grades and more valuable lumber than a large
rough log and may therefore be more profitable.

1.OG GRADES RECOGNIZLZED

TIn order to arrive at definite figures on the effect of log grade as well
as log size upon grades and values of lumber produced, the data from
all logs in the study were sorted by log grade and then by log size
for cach log grade. The following four grades of logs were recognized:

No. 1. Surface-clear logs 19 inches d. i. b, or over, and logs over
16 inches @, i. b, with not more than three 2- to 4-inch knots; length
10 feet or over.
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PERCENT
100

M Moo

“uoor

i
18 20 22 23
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Figuny 9.--CGrades of green lumher preduced from shorileaf and loblolly pine
logs of grades 1, 2, aud 3.
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No. 2. Logs 8 inches d. i. b. or over containing numerous smail
knots; or Jogs more than 14 inches d. 1. b. containing four to six 2- to
4-inch koots; length, 10 feet or over.

No. 3. Knotty or crooked merchantable logs 8 inches d. 1. b. or
over that do not fall in either No. 1 or No. 2 grade; length 10 fect or
over.

No. 4. Logs that ave extremely crooked, or less than one-third
sound. '

These are very simple log grades; in applying them a considerable
amount of judgment is required of the log grader. If log grading
can be proved to be desivable, however, everyone connccted with log
production, including the men who cub the logs, must be able to
understand these %m?lcs and to apply them. A scb of grades inclusive
enough to require little or no judgment in applying it would have te be
so involved that only an expert could use it.

CRADES OF LUMBER PRODUCED FROM LOGS OF VARIOUS GRADES AND SIZES

The percent of B and Better and No. 1, No. 2, and No. 3 Common
lumber graded on the green chain from pine logs of various sizes for
grades No. 1, No. 2, and No. 3 is shown in feure 9 and in appendix
table 63. There were not enough grade No. 4 logs to work oub jumber
grades by log size.

1t was found that large No. 1 logs yielded 25 to 40 percend B and
Better lumber, a uniformly high percent of No. 1 Common, and a
moderate percent of No. 2 Common and timbers.  This is consistent
with the findings from many other mill studies on southern pine.
No. 2 logs yielded 15 to 20 percent B and Better, a large percent of
No. 1 Common from 8- {o 1G-inch logs and Litle from larger logs,
and o large percent of lower-grade Jumber, especially from larger logs.

As might be expected, the pereent of high-grade Jumber produced
from No. 3 logs is very small, and thab of the lower grades corre-
spondingly large. These logs are usually produced either from the
upper portions of good-quality Lrees or from any position in limby,
very fast growing “woll”" trees. Lamber produced from trees of this
class is very likely to warp and twist badly and lias often caused
purchasers to assume thab all shortleaf and loblolly pine is of very
poor quality.

Since No. 4 logs are extremely crooked, or rough, or less than one-
third sound, it is hot surprising that the average log of aboub 10 inches
viclded only 1 percent B and Belter lumber, It is very doubtful if
any of these Jogs could be cut into lumber a6 a profit except under
very favorable market conditions.

Appendix table 70 gives the grades of lumber produced from hard-
wood logs of various grades. The numbor of logs produced, however,
was insufficient to permit a valid comparison of lumber-grade yields
by diameter class for each grade of log.  Table 70 indicates that there
are very few high-grade hardwoed logs and that No. 1 logs are but
little belter than No. 3 logs in yield by lumber grade.

LUMBER VALUE PER M BOARD FEET BY GRADE

Since the mill-scale study was not carried beyond the green chain,
it did nobt cover reductions in the green lumber tally to account for
loss due to drying, dressing, and remanufacture. ¥ailing the very
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complicated and difficult study hecessaty to determine these losses
by size and grade for each log, reference was made to a similar study
(4) completed & few years previous at the mill at Fordyee, Ark,, by
the Forest Products Laboratory of the Forest Scrvice. From the
report of this study, losses were compiled for different grades of pine
lumber in percent of volume of green lumber (appendix table 71},
allowance being made for inerease in the upper grades and loss in lower
grades due to remanufacturing of boards of a given grade to a higher
grade, as well as for drying and Crimming losses.  When the prices of
dried and dressed lumber are reduced by these percents, values are
obtained that can be applied directly to lumber on the green chain,
giving the value of this same lumbor dried, dressed, and remany-
factured. These values based on pine-tumber prices for the first
8 months of 1940 were computed and are given in appendix table 72.
The unreduced 1940 pine values by lumber grade are compared
with 1935 values in table 22. The prices for 1940 arc hased on the
average for the fist § months, to avoid unusualty high prices due to
the defense program.
TavLE 22— Values of finished pine howmber per M fect bourd 2 1995 and in 13401

Lumber grade | 1935 MG f Ineronse ; Lagtuber pracie ; 1535 09y, [ierense

Dottars | Daltars | Dolitrs ! Percent Dollary | Dotinrs | Datiars| Percent
B and better....| 40.30 1 §0.75 | 10,36 25.6 || No.3 Common_.| 1471 | 20.6 5, B 40, 1
No. 1 Cemmon.] 2.28 | 3008 5 40 0.8 | Thnbers...__._| 2270 I9.00 7.30 32.2
No. 2 Common.| .20 | 2494 7.04 0.6

LAvernpe for 12 isonths.
* Average for § montis (3 antiary Lhrpugh Angnst).

Table 23 gives for hardwoods the average price of finished lumber
for the first 8 months of 1940, the loss pereent of green-lumber volume
due to drying, dressing, and remanufacture, and reduced lumber
velues which, when applied to the green-chain tally, will give values
of the finished lumber to be expected from such processing.  These
losses from drying and dressing are based not an any given study
but on the experience of the company at whose mill the study was made.

Taseg 23.—Values of finished hurdwood bimber per M houed feel, and carresponding
values | applicable lo green-chain tumber tally

Fipp. Jo088 int !

L ighwsl.  TEXINg ;. Qreen-

Lanmber grade snd specics” Wymber Blre- lyinher
Cvalne §benn- | velye

. Ifncturf.‘- I.

Fine ;Lusgini

ishod.  orring | Green-
Lanuber gravde gegl spurcios htipber 80 PR hunber

valye mnnu-l value
i lacwre!

474 Firsts stud Seconds: Dm’farsi Perceat . Palturs ‘I, 444 Bobid wormy: Lintiury P.er.cem* Daollurs
Wity onk &4 53 BG4 - While tnk | | R R 3] ¥

44 Mo, | Common:
Wilte onk.ooeee.. | 37.08
Led onk .67

874 Nirsts and) Seeonds:
Whileonk. _______..| us.64 i TRaD
Bedeonk.. o0 S8 Gl G4

24 Deelking, white onk 14, 34 4. 34

48,0 p: B/4 Decking, white nak. | 14,34 14,34
Red onkb. ..o L] 2540 2, o Onr stork, while enk L [

4 No. 3 Common ang !iiriti;;unlnnk. whtite onk ., & 26, 88

3A: Tiey

A 20, 88
Whiite onk | 74
Red oak., oM Fl

j . .
Redonwk. _________ .1 5874 ! R 4l ek Ry | N

[

i

! Vulues of finished humber for the first § months of IHE Jave bueh redaerd by the pereents of volwge
loss due to drying, dressing, aned romanuhetare so Liab the vitlue of Snishact humber can be obtained direetly
by spplying the reduced valees to Lhe greve-chain tally,
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VALUE OF DRIED AND DRESSED LUMBER PRODUCED FROM LOGS OF
VARIOUS GRADES AND SIZES

Tn order to compare the logging and milling cost with the value
of the lumber produced from pine logs of various grades and sizes, &
separate compilasion has been made table 24, fig. 8) of the value per
log and per M feet of the lumber produced from each size of No. 1,
No. 2, and No. 3 togs, by multiplying the 1940 values given in appendix
table 72 by the respective volumes of cach grade of lumber in each
log. There were not enough No. 4 logs to separate them by sizes, but
the average value per M feet, mill tally, was $26.55. Avernge values
per log and per M fect by log size without consideration of log grade
are given in table 25. A comparison of the values in these two
tables illustrates strikingly the importance of considering grade
as well as size in separating profitable from unprofitable logs.

TABLE 24 —Value por log and per M bourd feet of dricd and dressed bumber produced

fram pine logs of various gredes el sizes
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Tanne 25.—Value of finished lumber produced from pine and hardwood logs of var-
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Figure 8 shows that from 12 or 13 inches up to 16 or 17 inches in
diameter, all grades of logs decrease in value or remain nearly station-
ary. ‘This is most pronounced for No. 2 logs, 16-inch logs having the
lowest vnlue. This tendeney is explained by the removal in the selee-
tive cutting (1) of many 14- to 20-inch pines which beeause they wore
rough, defective, or otherwise unsuitable for further growth vielded
logs below average values; (2} of small clear-stommed trees severely
suppressed by an overstory, viclding logs nbove average values; and
(3) of large mature trees, producing large logs and relatively high-
gracde lumber.  In future seloctive cuts, however, 12- to 17-inch logs
should be of higher value, and ne doubt the sag in the curves of values
will be straightened out,

The hardwood logs were 00 fow to permit a determination of lumber
value by size classes for each log grade; conscquently, the vajue per M
fect has been computed only by log grade for red and white oak and for
postoak. The results are given in table 26.  Values perlog and per M

Tasui 26.— Vatue per Al bonrd Jecl of bunber produced from vl logs, by log grade

Brecies Nu. i N ¥ o No,

. Lotiar Lalters | Loltars ¢ Daltees
Red nont white quk ... ... - 3,37 2017 28,2 ¢ 24,05
Post onk . e reeeieim ot B 97.42‘ 2730 ) 22

{

feet by log size without. consideration of log grade are given in table 25.
The value of the fumber produced from No, 1 togs of red and white oak
is but $2.20 greater than for No. 2 logs, and for post onk only $0.62

greater. Likewise, No. 2 logs of all specics are not on Lite sverage worth
very much more than No. 3 logs.  Beeause of the relatively low grade
of all post onk, this situation would undoubtedly held true regardless
of whether the hardwood portion of the stand weore clear cut or selee-
tively cut, or whether the stands were even-aged or all-aged. But on
the other hand, the main reason for the small difference in the value of
the red and white oak logs is (he fact that only low-grade defective
trees were removed in Lhe seleetive cutting. Undoubtedly the value
of the togs of these two species that will be removed in the second
selective cut from the same aveas will show o much highor value and a
much greater difference in value betwoen log grades.

EFFect oF Grane AND Stzi orF 1oc ox Reanzsrion VarLue
REALIZATION VALUE OF PINE LOGS

Realization value is the difference betwoeen the lumber sales value
and he total costs of logging, transportalion, and milling, and includes
stumpage, profit, and uninsurved risks. Table 27 gives the realization
value of pine per M board feet lumber tally by size for each log grade.
Table 28 gives realization values by log size without consideration of
log grade. Value trends are veadily understandable without Ferther
discussion,

It should be remembered that the lumber prices on which the data
given in_this seetion are based are for 1940 and may be expected to
vary.  Furthermore, the miling costs may not apply at other miils,
In using these figures one should, therefore, ndjust them to present-day
lumber prices and to milling costs al the mil' in question. Exeept in
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unusual cases, however, all No. 1 logs will prove to be profitable saw-
mill logs. Furthermore, No, 2 logs 12 inches and over and No. 3
logs 18 inches and over usually will show a positive realization value.
The marginal logs, those that may or may not be profitable, ave theve-
fore No. 2 logs 9 to 11 inches in size and No. 3 Jogs 13 to 17 inches in
size. Only with very favorable prices lor low-grade lumber, or very
low milling costs, can most mills avoid severe loss of net income from
cutting this class ol log. It is, therefore, decidedly important for both
the forest owner and the mill owner to determine how many of the
marginal logs will prove profitable. Tt is equally important to de-
termine what cffect eacl change in marlet price for lumber will have,
and to adapt utilizatign practices accordingly.

TapLE 27.—Realization values' per log and per M board fect {umber lally?® for
pine logs of variens grades and digmelers
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It is advantageous to divert the material from unprofitable logs into
pulpwood or into some other product, 1f logs are not profitable for
any product it is better to leave them in the woods, and so to avoid
further deductions from the returns obtained from the high-quality
and high-value material.

REALIZATION VALUE OF HARDWOOD LOGS

The average realization values per M board feet for the various
grades of hardwood logs produced are given in table 29, "Phe realizn-

TanLe 20~ Realization values per M boord Jeel lumber tally for hardwood logs, by
fag grode
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been given in table 28,

REALIZATION VALUE OF PINE LOGS WHEN UTILIZED FOR PULPWOOD

The recent rapid expansion of the pulp mills in the South has
opened up a market for pine pulpwoed throughout much of the short-
leaf-loblolly pine region. The owners of sawmills, therefore, usually
heve & ready market lor practically all material that is unprofitable
as sawlogs or for other products.

In order to compare the realization values of the material in marginal
logs when utilized for pulpwood and for sawlogs, the values of pulpwood
per log and per M feet of logs were computed for logs of various sizes,
assuming realization values of $6.50 and $1 per standard cord. A
converting factor of 84 cubie feet of solid wood inside bark per cord
was used.  The value of puipwood contained in 1 M foct of logs was
determined by multiplying the value per log by the number of logs
required to produce | M feet of lumber. The resulls ape given 1n
table 30.

Tanue 30.— Realization valuc per cord and per M board fect of pine logs of various
divemeters when wtilized for pulpwoor
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1t should be noted that with lumber prices and operating costs
similar to those used in this report and no more than g $0.50 value for
pulpwood a company would realize & greater net return in pulpwood
than i lumber from materini that would cut to 13-inch No. 3 logs, or
10 No. 4 Jogs that could be split or from which the unsound portion
could be removed without too much cost. These low-grade logs would
net $0.82 to 50.99 per M feet as pulpwood not s farge amount, but
considerably better than a loss of a few cents. or possibly ol nearly
$5, per M feet at the sawmill.

PURCHASING LOGS BY SIZE AND GRADE

Most lumber companies in the South purchase from farmers and
olhor timborland owners al least a small part apd In many cases a
large share of Lhe logs they mill, customaniy at u given price per M
boned Teet Doyle-Seribuer rule, regardless of size or grade of the logs.
Sometimes the logs are small and mostly of No. 2 and No. 3 grade,
offering little chance of profitabie manuincture into lumber, and in
such cases the companics olten pay too much for them. On other
purchases, of large, high-grade logs, the companics rarely pay the
landowners the real vatue of the logs. The enc fair way for both
pacties is to buy and sell on size and grade of log. This is not only
fair to both purchaser and seller. but it also encourages landowners
to produce relatively large and high-arade logs.

In order to show the possibilitics of this system, the reahzabion
values per M board fect (Dovle-Scribner rule) of pine logs of various
sizes and grades are given in table 31, These figures for the difference
betwoon lumber sale value and total costs of logging and milling repre-
sent the margin for stumpage, profit, and uninsured rsks.

Tanui 31~ Boalization vafue per M bourd feel {(Doyte-Scrilmer rule) for pine logs,
by fog grade and diameter
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The figures in table 31 show that a company would make a greater
profit ($1) by paying $15 per M fect for 15-meh No. 1 logs than it
would make ($0.74) on 15-inch No. 3 logs, even though the No. 3 logs
were given Lo the company without cost. A careful analysis of these
realization values for pine logs of various grades and sizes should
convince any mill operator that buying timber at a set price per M
feet. regardless of size or grade 1s very unbusinesslike, and thet grading
logs proves advantageous to both buyer and seller.

How Tree Size Arrects Loceing Cost

To determine cffects of tree size on cost, time and cost date recorded
on felling and bucking have been recombined with similar data com-
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puted for each log size. In this computation cach diameter class
contains an average number of logs, each of which in turn contains an
average volume. To assemble the time and cost data for an average
trec of any diameter cluss requires only selecting and adding together
the data for the log sizes in that diamcter class. ~ This is true for cach
stage of utilization from the stump to finished lumber.

Data in each case have been computed and tabulated for the four
more or less common etlods of measuring tree volume—-Doyle-
Scribner, International Y-inch kerf, and Seribuer log rules and cu?)if:-
foot volume. It is well known that the Internationsl rule usually
comes nearest to actual mill-tally yiold of logs. For reasons discusscd
later under overrun, this was not the case in the present siudy.
Cubic-foot vofume is given because it is the most necurate gage of
actual log volume and weight, Tables in terms of Doyle-Seribner and
International Y¥-inch seale are presented in the text, the others in the
appendix.

FELLING AND DUCKING

The costs per tree of felling and bucking, expressed hoth in time and
in dollars by l-inch size elasses, have been dotermined for pincs
and hardwoods as given in appendix tables 73 and 76. Time includes
walking between trees, felling, limbing, and buckiug the trec info logs.
Cost per tree was obtained by multiplying the time by the rate per
man-minute (table 5) of the men doing the work. In table 32 and
figure 10, respectively, the man-hours required and the cost per M
board feet for felling and bucking shortleaf and loblodl pines of var-
ious sizes are given. Additional data for pines and hardwoods are
given in appendix tables 74-78.

The evidence is conelusive thal the cost of felling and bucking per
unit of volume decrenses considerably with increase of tree sizc; for
example, the cost per M board fret (Doyle-Scribner rule} for pine
trees 12 inclies d. b. h. is about (wice as great as that for |7-inch
pines and about three times as great as that for 24-inch pines.

SKIDDING AND LOADING

The time and cost per tree of skidding and loading the logs from
pine and hardwood $rees of various sizes are also summarized by di-
ameter class in appendix tables 73 and 76. The cost per tree was
obtained by multiplying the skidding and loading time per tree by the
rate per man-minnte (table 7). The costs per M board feet {table 32)
and per 100 cubic feet were determined upon the basis of costs per tree
and the volume of sawlogs per tree, for various tree sizes. Sec also
figure 10 and appendix tables 74, 75, 77, and 78.

Cost per M board feet for skidding snd londing, like that for felling
and bucking, decreases with increasc of size of tree for both pines and
hardwoods.” By the Doyle-Seribuer rule, this cost, for pine togs from
12-inch trees is almost 23 times as great as that for logs from 17-inch
pines, and about 3 times s greal as for 24-inch pines. For hardwoods
the difference in cost between small and la rge trees is less pronounced,
probably beeause large and small hardwooids differ less in total mer.
chantable length than do large and small pines.  For troes of & given
diameter the skidding and londing cost is greuter for hardwoods than
for pines,
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Taerg 32.—Man-hour requirement and cost ' per M board feel for logging pines, by
provess and free diameter
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TRUCK HAULING

The truck haaling tine and cost per M board fect and per 100 cubic
feet for trees of various sizes for o 4-mile haul (including ¥ mile woods
road, 2 miles graded dirt, and 1% miles grovel) are given in table 32
and in appendix tables 74, 75, 77, and 78, They are shown graphi-
cally in Ligure 7.

Data on hauling Lime and cost were comiputed on the basis of averago
size of logs produced.  No properly conductod selective-lagging opera-
tion produces logs of one size only from any culting area, and logs arc
never hanked in loads of uniform log diameter. Al contraets for
cutting and hauling, therefore, are based on an wverage of different
log sizes.  The reason leads as actually built up invariably include logs
of different sizes may be explained as Iollows: Assume log bunks of
such size that when extended to (he maximum width they will barely
accommaxlate threr Jogs of 28-inch diameter on the bed, or a total of
8 logs of this size to the load. 1t is apparent thal no mere than two
29-inch logs will be accommodated on these bunks, or three 29-inch
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logs to the load, and that the cost per M board feet of hauling a load
of three 28-inch logs only will be considerably higher than that of
hauling six 28-inch logs. It is possible, however, to load two 29-inch
logs plus one 28-inch log on the bunks and three 28-inch logs above, and
t»hlIlS to haul at less expense than if the load contained 28-inch logs
only,

In the case of hauling, also, the cost per unit of volume decrcases
rapidly with increase in diameter of the trees. TFor example, the cost
per M feet (Doyle-Scribner rule) for 12-inch pine trees is 1.8 times
that for 17-inch pines and 2.5 times that for 24-inch pines.

TOTAL LOGGING COST TO RAILROAD OR MILL

Total logging eost per unit of volume decreases rapidly as larger
trees are selected (fig. 10 and table 32 and appendix tables 73-78).
The rapidity of growth of southern pine, particularly in the small and
medium timber classes, is well encugh known to male it very obvious
that holding vigorous individual trecs for 10 to 20 years not only will
permit each tree to double in volume but also will bring greatly re-
duced logeing costs per unit of volume. These savings In utilization
costs far exceed the cost of holding these tree sizes for a few more
years, Implications of inercased net refurns resulting from intel-
ligent timing of cutting are clear.

Tt should not be overlooked that the margin of value between the
costs, as shown in figure 10, and values of the logs f. 0. b. railroad or
mill has to cover stumpage, profit, and uninsured risks. Where
cutting operations liquidate successive tracts, as is still common
practice, stumpage value will probably average no more than half
of this margin., In continuous operations resulting from ubilizing
efficiently the productive capacity of the forest, visks gradually de-
crease and o greater pars of the margin above costs may accrue to
stumpage. The cost trends shown by these tables and graphs deserve
carefut study and should not be overlooked by forest owners and
managers seeking the best financial results.

How Tree Si1ze Arrects Toral Cost Per Uit or Miwy Cut

In addition to the data given thus far on logging costs on tree and
log-scale bases, it is desivable to determine for trees of various sizes the
total cost of production from stump to finished product per M board
feet lumber tally.

OVERRUN OR UNDERRUN OF MILL TALLY WITH RESPECT TO LOG S5CALE

The percens overrun and underrun of mill tally with respect to log
scale for pine and hardwood trees of various sizes is given for pine
and hardwood in table 33.

It should be pointed out that deductions in the log scale have been
made for major defects but not for minor or hidden defects or for
crook or sweep, in conformity with the common scaling practice in
the region. The underrun of the International rule in this study
shows the sericusness of sweep and minor and hidden defects In the
first cutting in seleclively logged timber, occurring chiefiy in the
smaller pine trees that were removed because of suppression, crook,
rot, or other defect, and in the larger overmature hardwoods. The
removel of these trees insures, however, that this large defect will
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not recur at the time of the next cut. It should be noted also that the
hardwoods in the smaller diameters were of much better form and
quality than the small pines and that the large hardwoods were of
poorer quality than the large pines.

TasLE 33.—Overrun or wnderrun of wull tally with respect to log scale, for trees of
various diamelers

SECOND-GROWTH SHORTLEAF-LOBLOLLY PINE

Log-senle voluine Overrun (4) or underrun (=), by log rule
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For all pine trees studied, the mill cut overran the Doyle-8eribner
rule by 15 percent, but underran the International rule 11 percent and
the Scribner rule 3 percent. Twmber by the cubic-measure rule was
from 38 to 60 percent of cubie volume. If deductions for crook and
minor defects had been made in the woods scale, undoubtedly the mill
cut would have approximated more closely the International rule,
would have overrun the Scribner rule, end would have overrun to a
greater cxtent the Doyle-Scribner rule. For all hardwoods, the mill
tally overran the three log rules by 32, 2, and 11 percent, respectively,
and yielded rough green lumber amounting to 54 percent of cubic-foot
volume of wood in logs.
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pines, and then very slowly to 30-inch pines. The total cost of produc-
tion, excluding stumpage for the average pine cut, represented by the
17-inch trees, 13 $23.48 per M fect.

For hardwood the same trend will be noted. The cost average of
all hardwood cut, represented by the 20-inch trees, is $21.75.

How TgreE S1zE Arricts GRapE AND VaLUE oF Lumser Propucep

GRADE OF LUMBER PRCDUCED BRY TREE SIZ21E

S¢ much has been said and written to support the common and
erroneous belief that second-growth timber can preduce only small,
rough logs of very low guality, it may be surprising to many to learn
that under proper management the contrary is true. Management
of second-growth shortleaf and loblelly pines in which the financially
mature timber is selectively cut and only those smaller trecs are
taken that form the inferior and low-quality portion of the stand
yields a relatively high pereent of clear lumber even in the first cut.
Under such management, reserving a substantial representation of
larger trees at each cut, the owner will undoubtedty obtain from later
cuts progressively more high-grade logs and lumber.

Table 35 and figure 12 give the percent of total volume of B and
PERCENT

oo

HO. 3 COMMON

1B 18 20 22 24 26 28 30
TREE DIAMETER (INCHES)
Figune 12.—Crades of green lumber produced from shortleal and lobiolly pine
trees of various sizes.  (DBasis, tally of vough green No. 3 Common and Better
lumber froin all pine frees cno in siudy.)

Better and Nos. 1, 2, and 3 Common lumber produced on the green
chain from the pine Lrees cut in the present study; some timbers
also were cub and arve included in No. 1 Common. 1In the present
study, B and Better and No. 1 Common made up 47 percent of the
total volume; No. 2, 34 pereent; and No. 3, 19 percent. Such yields
may be surprising but they are not unusual in sclectively cut stands.

The grades of lumber produced from the hardwoods cut at the
same time as the pines are given in table 36. A glance at this table
will show that the amount of the higher grades produced from these
trees was very small. Tt is apparent, therefore, thaé unless the price
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for bridge plank, ties, and sound wormy lumber equals logging and
milling costs plus a reasonable amount for stumpage, it will not be
profitable to cut these woods-run upland hardwoods into sawlogs.
Generally it would be advisable to cut them into chemical wood or
ties in the woods.

TabBLE 35.—Distribution of lumber’ pradured from pines of various sizes by lree
dimmmeter and tumber grade
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2 Ineludes some Limbwers,

Most of this hardwood is post oak of a uniformly poor quality
because of shake, rot, grubs, and mineral stain. A few high-grade
post oak logs, however, can be produced in natural second-growth
shortical-lohlolly pinc-hardwood stands. Most of the red cak and

TABLE 36— Distribution of lumber U prodiced from hardwoods of various sizes by
iree diameter and hember grade
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forked-leaf white oak found in these stands is of high quality. It is
difficult to determine which trees will prove to be profitable sewmill
trees, until they are felled and the logs can be graded.

VALUE OF FINISITED LUMHER BY THEE SIZE

"The values per tree of finished fumber produced in the study from
pines and hardwoods of various sizes, given in table 37, were computed
for pine and hardwood separalety as follows:

1. The green~chain tally by grade for each log was multiplied by
the values given in appendix table 72 for pine and in table 23 for
hardwood, $o obtain the total value of the fimished lumber for each log.

2. The logs making up ecach tree were grouped together and the
total value of finished lumber for cach tree determined.

3. Aversge values for trees of cach size were computed, these
averages were curved, and values for each size class were read from
the curve.

Tante 32—Vulwe of finished luwmber U produced from pines wnd hardwonds of
various sizes
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"The values of finished lumber obtainable from 1 M feet of green
lumber after drying, dressing, and remanufacture are also given in
Lable 37. Figure 11 shows in a diagram & comparison of valucs of
finished lumber and costs of logging and milling for pines and hard-
woods of various sizes. The lowest values for pines are in the 15-
16+, and 17-inch dinmoters, probably because only defective, limby,
or otherwise poor-quality trees of these sizes were cut.  From a low
of $30.35 per M. feet for 16-inch pines the values increase consistently
to $36.49 for 30-inch trees. Hardwood values inerease consistently
from $26.18 for 12-inch frces Lo $28.53 for 23-inch trees, thereafier
decreasing to $26.46 for 30-inch trees. Table 37 and figure 11 show
the small pie trees to have a relatively high value per M feet, doubt-
less beeause they were badly suppressed Lrees with clear long boles
and very poor crowns. Such trees are usually quite old and yicld
good-quality lumber, but are poor risks for future growth. The fact
that both pmmes and hardwoods gain in quality as well as in volume as
they grow in size and pass into higher diameter classes is of mueh
significance in  forest management, Hardwoods, however, may
finally reach a sine and age at which they become defective and of
less value per M feet than smaller sound trees.
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How TREE Si1ZE AFFECTS REALIZATION VALUE

Of most importance to forest owners are realization values, or the
margin available for stumpage, profit, and uninsured risks. The
figures for 1940 for pine and hardwood trees of different sizes cut in
the study are given in table 38.

TaprLE 38.—Renlizalion values per M bourd feel Dumber tally® for pines and hard-
woods of various sizes
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PINE REALIZATION YALUE

Table 38 shows clearhy that smaller trees utilized for logs were cut
at a narrow profit margin for pine and a loss for hardwood. It is
fater shown that, by diverting low-grade logs to pulpwood or other
use, trees as small as 12 inches can be utilized with a narrow margin
of net return. Fluctuations in lumber valucs, however, make it
desirable to avoid operating risks by cutting mostly in the larger
diameter classes.

As has been pointed out previcusly, in view of the fact that lumber
values and costs vary widely from year to year for a single mill and
among different plants in the same year, no one should assume that
the results obtained in this study can be applied direetly to his con-
ditions; rather he should substitute current values and known costs
and caleulate reliable realization values which can be applied directly.

Although the realization values obtained in this study are reason-
ably satisfactory, selective logging can be made still more profitable
if better management is practiced.  Tu the recent past it has been the
commeoen practice for most Jumber companies in this region to cut into
a8 log any section of s {ree that was 12 feet long, or longer, and ap-
proximately 10 inches in diameter at the small end, hitle or no atfen-
tion being paid to the smoothness or roughness of the logs or the
amount of cull or sweep they contained. Despite the ceriainty that
meany logs would prove unprofitable, this practice was followed in
this study, in order to determine which trees and which Jogs are
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rofitable and which are unprofitable. From analysis of costs by
ogs it is apparent that (1) a good profit is made on most butt logs;
(2) the cost of production about equals the sutes value of the lumbey
for many of the sccond logs; and (3) the cost of production on many
of the top logs is greater than the value of the lumber produced. In
some cases the loss on the top log is suflicient to offsct any profit on
the other logs in the tree and netuslly results in a net loss for the tree
as a whole.  On the other hand, if the unprofitable logs are exeluded
these same trees below 14 inches in dinmeter will show a stumpage
value above all costs.

It is definitely the intention in sound plans of sclective culting to
send only those parts of the trees to the sawmill thal can be profitably
utilized. To fmake a sinall profit of $1 to $2 per M feot by ineluding
only profitable logs from these trees is mueh better than Lo sustain a
loss of from $1 to $4 per M feet as a result of sending all logs to the
sawmnill.

Although 30-inch trees show a net realization value of $14.98 per
M board fect as compared wilh $9.70 lor 20-inch trees, it is not
always desirable or possible to produce only vory large trees, Most
shortleaf and loblolly pine trees will not crow to 30 inches in size
even though left for 300 vears, Many of them nre mature at 20 to
24 inches in diameter.  Furthermore, most of the timber in the
shortleaf-loblolly pine type is sceond growth of relatively small
dianmeter and it would be ceonomically impossible to shut down the
mills for 20 or more vears while waiting for these {rees to grow into
the larger diameter classes. Tt is much hetter to continue present
operations by realizing as much as possible from the smaller sizes,
but at the same time to improve and build up stands so that ovenlually
they contain a fair propartion of these large and high-volue trees,
Furthermore, it may be possible. during the time required to grow
one 30-inch Lree, to grow several 18- or 20-inch trees on the snme area.
The point to be stressed is that, in seloctive culting, attention must
be paid to individual trees and even to individual logs,

DARDWOOD HEALIZATION VALUE

Logging and milling hardwood Lrecs of relatively small size is also
shown in {able 38 Lo be definitely unprofitable for a large band mill
such as that at Crossett. The cost of producing lumber from the
12-inch trees removed in the seleelive cutting is greater than the
value of the lumber produced from these trees. Twenty-ineh trees,
which are about the average for all hardwoods cut, have n realization
value of $6.36 per M feet, and 23-inch trees with a value of $6.93
represent peak return.  Realization values for the stand can be
considerably inereased if the small and costly trees and top logs are
nob included.

The reasons for the lailure to make at least logging and milling cost
on the small hardwoods are quite similar to the reasons for the not
loss on the smaller pine trees, namely: (1) Cerlain togs and some
whole_trees are of sueh low grade that they are really not sawlog
material; (2} only the poorer Lrees below 17 Tnehes in size have been
removed in the selective cutting; (3) a large proportion of the hard-
wood trees in these stands are post oaks which are almost uniformly
of low quality regardiess of sizve. With this class of material, good
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profits can be made only if there is a very favorable market for car
stock, bridge plank, and ties,

As already stated, the net loss on somc trecs and the low net
return on others are not due to the selective type of cutting. Losses
on such trees will oceur regardless of the type of sawlog cutting.
Under clear cutting, removal of more of the bigher-quality sm
trees might change the average for certain dianmeter classes from a
minus to a plus value; but this would only mask the very unprofitable
nature of much of the other material as saw timber,

Again it should be mentioned that, if a timberland owner is inter-
ested in the business of growing Limber as a crop, provision should be
made for ulilizing us firewood, ncid wood, ties, ar any one of a dozen
other products that will vield @ small profit, those trees that are
unprofitable sawlog material.

An insuflicient number of red and white oak trees was cut to justify
& separale defermination of total logging and milling costs and of the
sales value of the lumber produced from them. From a limited
analysis of the data awvailable, however, it is appavent that most
logs from second-growth trees of these two specices yield lumber of a
much higher average grade than that from post oak logs. DBecause
of this fuet and because the growth rate of these two species is nearly
as good as that of shortleafl and loblolly pine and much greater than
that of post oak, all immature und high-grade trees of these two
species should be reserved Tor additional growth. This practice was
followed in the experimental operation.

UriLizamoxN oF Tors Froy Sawnoc Trees AnNn 1yrsovEMENT CUTTINGS
rroy REsipual. STaxns

All persons familiar with timber know that if only the valuable
saw-timber (rees ave cut, there will be at cach return cul an aceumula-
tion of low-grude trees occupying ground that shouid be available to
valuable trees.  Also if tops from saw-timber trees are not utilized,
fuel Tor forest fires will accumulate, making five fighting more difficult.
Tinally, it is obvious that any net carnings from utiizing tops and
thinnings will help swell the net proceeds from the forest property
as a. whole.

TFor these reasons two studies were made of cordwood utilization
of two products salable on the area—pulpwood and distillation wood.
At the time of the studics, only pines were salable for pulpwood. On
some arcas hardwoods also are used for pulpwood and probably will
be in greater demand in the future. The area of the studies is one
of the few in the United States where distillation wood, for which
only the dense hardwoods are suitable, is utilized.

Immedintely after sawlog cutiing on each of the test blocks, a
marking crew covered the area and marked for cutting into pulpwood
all defective, injured, badly suppressed, and low-quality pine trees.
Saw crews then began cuttmg these trees mto pulpwoeod, at the same
time with the tops left from the sawlog cutting. As soon as any
considerable quantity of pulpwood had been cut it was hauled by
truck to the nearest railrond, loaded on cars, and shipped to a pulp
mill. TFollowing the pulpwood cuttting, the process was repeated for
cutting of distillation wood from hardwood tops and poor-quality
hardwoeods removed in improvement cutiings,

i R R T —
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In order to determime the profitableness or unprofitablencss of
cutting tops as well as standing trees, a stop-walch time study was
made of cach portion of the pulpwood operation on about half of the
total stidy aren and of the disiillation-wood oprration on 28 acres of
typical pine hardwood. Two men with the necessary equipment
obtained records of diameter breast high and tree number for whole
trees cut and sawlog tree number for Llops cuf into pulpwood and
distillation wood; lelling time lor standing trees; limbing lime per Lree
or lop; bucking time fov ench sticl; diameter inside bark for each stick;
splitting time Tor cach stick; delay time; and number of unifs of
wood cui per block,  In addition (o these «dain, records were kepl on
the cost of lubor, oil, wedgoes, saw filing, ote.

Two men usually composed a crew in cutting pulpwood and dis-
tillation wood, and, since they worked the sare hours and used exaclly
the same cquipment as did the erew felling and bucking sawlogs, the
seme crew rate of $0.700 per hour and man-hour rate of $0.353 (table
3 was paid.

VOLUME. VALUE, AND COST OF MJILPWOOD PULOBTCED FROM TOI'S OF
SAVWLOGC FRERS

Table 39, recording the average volume per fop in cubic feet, angi
the production time, cost, and the gross and net value per cord and
per 100 cubie feel of pulpwoad produced from tops of 398 sawlog
trees of vavious sizes, shows that (ops from sawlog trees 20-22 inches

Tanne 30 Man-howr vegitirement, cost of production, and gross and net value
per eord wnd per T eubie foet of prlpteaod produced from lops of saw-tinber pine
trees of varions sizes
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Fiovrng 13—Top from 2 3-log 20-inch pine tree (A) before and (B)Y after eutting

ol 16 =i of pulpwood, scaling 5 cord.  Pulpwood ean usnally be eut at a

profit from the {ops of all trees 24 inchies d. b, b, and swaller, and such utilization
subslantially reduces fire hazard.
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m diameter yielded the greatest average volume of pulpwood per top
or about 12 cubic feet; and that pulpwood from lops of all trees not
more than 24 inches d. b. k. had a net value (fig. 13). The volume
produced from tops of trees above this diameter decressed with
nerease in tree size, not because the tops of the largér trees did not
contain more volume, but rather beeause the thickness of the limbs
often made it very difficult, if not impossible, to split some cuts into
pieces of the required size.  In fact, out of a total of 535 tops on the
pulpwood study area, it was feasible to cut pulpwood from only
398, or 74 percent. The percent of tops utilized in cach diametor
class, as given in table 39, would, of course. vary with apceralions,
depending upon the size and nature of the timber eut.

Ii‘hv value of the pulpwood after felling and bucking, but without
stacking or penning, was $2.42 per unit of 144 cubic [eet (4 feet by
4 feet 6 inches by 8 feet] in the woods, or $3.85 delivered . 0. b, the
railrond 5 miles away. This is equivalent o $2.15 per standard
cord (84 cubic feet of solid wood, inside bark), or $2.56 per 100 cubic
fect, for pulpwood in the woods. Phe cost of production (table 39)
increases rapidly, from $1.10 per cord for 10-ineh trees to $3.52 per
cord for 30-inch trees, By subbracting the production cost from the
gross vatue of the wood, the net value for stumpage, profit, and interest
15 obtained. '

Figure 14, which gives n graphic view of praduction costs and gross
values, shows that pulpwood frem lops of all trees 24 inches and
smaller in diameter had a positive net vahie per cord.  Although trees
20 to 22 inches 1n diameler yiclded the greatest average amount of
wood per top, the greatest net profit per cord, or per 100 cubic feet,
ncerued from fops of trees from 10 o 16 mehes d. b, b, The net
value per cord of pulpwood produced from tops of 21-inch brees was
$0.51, whereas for 12-inch trees it was $5.04.  T'his is beeause of the
relatively large amount of Jimbing and splitting time required when
prodhueing pulpwood from lops of large-sized trees.

It should be remembered that the figures given here are based on
gverages, aml some tops of trees over 24 inches d. b, h. will prove
profitable, just as some under this size will prove unprofitable.  Use
of good judgment is therefore as necessary in selecting the tops to
cut as in sclecting the logs to send to the sawmill,

For the studies as a whole, the average tree cul into sawlogs was
about 17 inches d. b, . and the cost of producing pulpwood from tops
of 17-inch trees averaged $1.27 per cord; the value of the wood was
$2.15 and the difference, or $0.88, was the amount left for stumpage,
profit, and uninsured risks. Thus, where the value of the pulpwood
in the woods is al feast $1.50 per cord and the costs are not more
than those given in {able 39, the culting of tops into pulpwood will
be a profitable financial propesition. m addition to substantiaily
reducing a very veal five hozard,  [n working out the financial possi-
bilities of cufling pulpwood from his own land, each forest owner
must apply loeal values and cosls of production. [f costs of pro-
duction are not available, the figures in table 39 can be used as a
rough basis.  These cosis. based on a $0.20 per hour wage, should be
adjusted for other wages.

FERCENT OF TOTAL VOLUME USED FOR PULPWODD AND FDR SAWLOGS

Table 40 shows, for #ll 535 pine trecs of various sizes cul on the
pulpwood-production study irce, the velumes and percent of total
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volumes utilized for pulpwood and left in tops unmerchantable hecause
of limbs, crook, rot, and other deferts. The volumes utilized for
sawlogs were also computed for the 535 trecs, but sinee these volumes
by trec size were practically the same as voluines for similar tree
sizes for the 1,207 Lrees cut on all test blocks, the latter figures were
uscd, in order that sawlog volumes of pines of various sizes might be
identical in all tables of this veport.  Of the (otal cubie-foot volume
of these rees, 81 percent was cut into sawlogs, 13 percent into pulp-
wood, and 6 percont was unmerchantable. It must be remembered
that the percent of total velume cut into pulpwood is low because of
the 137 trees whose fops were rejected as too rough for profitable
operation. Tt was found, both when cutting tops for pulpwood
and when cutting sawlogs and pulpwood, that the amount and percent
of the toltal volume unmerchantable for any product mereases with
inerease in diameter of the tree.  For trees 10 to 16 inches in diameter
the percent unmerchantable is 3.0 to 3.9, whereas for trecs 25 to 30
inches d. b, h. it is 9.2 to 104, Likewise the diameter of the top of
the utilized portion of the tree and the length of the unused top
inerease with increase in diameter breast high,

VOLUME, VALUE, AND COST OF PULPWOOD PRODUCED FROM INJURED,
DEFECTLVE, AND LOW-QUALITY THREES

The volume produced, time required, cost of production, and gross
and net values of improvement, cutting per tree, per standard cord,
and per 100 cubic feet for pine trees of various sizes were computed
from field records of operations in removing injured, defective, and

low-guality frees. Table 41 gives these data on a tree basis and table
42 on a cord and 100-cubic-foot basis.

TaBLE 40.—Volume and percent of lotal stewm volwnie of pines eul into sawlogs and
pulpwood and tncluded wn wnmerchantalle lops
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TABLE 41.—Average tolume, production time und cost, and gross and net value per
tree of pulpwoed produced from defective, injured, amd low-guolity pine trees of
various stzes .
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TarLE 42— -Aperage cul por acre, production time end cost, and gross and net value,
per cord and per 100 euble feel of pu Leood produced from defective, infrred, and
low-qualily pine frecs of various sizes.
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With a value in the woods of $2.15 per cord after felling, bucking,
and splitting, and before stacking or penning, there was a margin for
stumpage, profit, and uninsured risks for all sizes from 5 inches d. b. h.
up to and including 12 inches. A comparison of costs and values per
cord is afforded also in figure 14. The minimum production cost of
$0.76 per cord and the maximum net value of $1.39 both applied to
9-inch trees. The high cost of $2.33 and low net value of —80.18 for
4-inch trees are the result of the labor invelved in handling the many
small sticks making up & cord. The slightly greater costs for 12-inch
trces than for 9-incl trees were due to greater limbing reguirements
and difficulty in handiing iarge, hoavy pieces. Besides the trees in-
cluded in table 42, & few 13- and 14-inch trees were cut into pulpwoced.
While an adequate sample was not obtained for these sizes, indications
are that costs imeressed rapidly, owing chiefly to time consumed in
splitting and limbing. The gencral practice was to leave round pieces
12 inches in dismeter and smaller, but to split larger pieces. Most
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trees above 12 inches, however, contain o log with a greater net value
than ean be obteined from pulpwood.

As might be cxpected, the cost per cord of producing pulpwood from
whole trees removed in improvement cuttings was less than that of
producing pulpwood from tops of saw-timber trees. prineipally because
of lower limbing and splitting costs. The felling cost charged to
pulpwood cut from whole trees was only & small pereent of the total
cost of production.

VOLUME OF PULPYWOOD PRODUCED PER M BOARD FEET
OK 100 CUBIC FEET OF LOCS

In preparing estimates of the possible yicld of pulpwood from tops
and injured trees for a given logging operation, it is often desirable

Freure 15.—Pulpwood stored heside unloading spur, awaiting delivery to barker.

to know the approximate number of cords that can be eut per M hoard
fect or 100 cubie feet of logs. Accordingly, conversion factors were
derived from the data collccted on the 76.07 cords cut on the area
devoted to the pulpwood utilization study, as follows:

Cord of pulprood per A
bourd fect or 160 cubic fect of
{ogy

Daoyle-Seribner rule (154,060 board feet of logs) -

Serihner rule {181,388 board et} _.___ . _ e e

International rule (197,822 hoard feet)

Cubic-foot ruie (29,040 cubic feel)y__. . . .. ___ ... .. |

Although these yicld factors may be applied dircetly only under

similar log and pulpwood utilization practiees, they will serve as
rough approximations of probable yiclds for reasonably well-stocked
iecond-growth stands of loblolly and shorticaf pine.  Of the total
volume of pulpwood produced about 68 pereent came from defective
whole trees, cut to improve the composttion of the stand, and 32 per-
cent from tops of saw-timber trees.  The type of pulpwood proditced
is shown in figure 15.
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VOLUME, VALUE, AND COST OF DISTILLATION WOOD PRODUCED FROM
TOPS OF SAWLOG THEES

The average volume per top in cubic fec", the production time and
cost, and the gross and net value per cora and per 100 cubie feet of
distillation wood produced from tops of sawlog trees of various sizes,
are given in table 43, This table shows the volume of distillation
wood per top as increasing only slightly from 14-inch trees up to 25-
inch trees.  As was true for pine, the larger tops actually contained
a much greater volume of wood, but production was unprofitable for
large portions of these tops because of excessive costs of removing
large limbs and then splitting the knotty tops. Qut of a total of 182
tops from hardwood Lrees utilized for sawlogs only 64, or 35 percent,
were utilized for distillation wood; the others were considered too
limby {or profitable operation.

The time required per cord to produce distillation wood from tops
inereased from 4.681 man-hours for 14-inch trees up to 5.931 man-
fiours for 20-inch trees and then decrcased lo 5.497 man-hours for
95-inch troes.  The gradual inerease in time per cord is duc probably
to imereasing size of limbs, making limbing and splitting more time-
constiming. The decrense in time per cord for trees larger than the
90-inch size is due probably Lo the crews’ rejecting more of the very
limby tops, and possihly also to utilization of some of the larger
straicht limbs which required less labor than the very limby top stem.
A few tops were taken from larger trees, up to 30 inches in dinmeter,
but these were insufficient to affect: the averages, because of the great
irregularities in time required and volumes obtained.

Tanne 43— Average volwme per lop, production time and. cost, and gross and nel
vnlue, per standard cord and per 100 cubic fect, of distiflotion wood produced
from tops of hordwoods of various sizes
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The value of the distillation wood split from tops, but not stacked
or penned, was $2.42 per unit of 138.6 cubic feet (8 fect long, 4 feet




74 TECHNICAL BULLETIN 861, 1J. S. DEPT. OF AGRICULTURE

high, but with sticks 4 fect 4 inches long) in the woods, or $3.85
delivered at the plant, 6 miles away. This s cquivalent to $2.24
per standard cord (74.3 cubic feet of solid wood, inside bark, making
up the average cord), or $3.01 per 100 cubic feet, lor distiliation wood
In the woods. The cost of production per cord increased from $1.85
for 14-inch trees to $2.09 for 20-inch troes and then decereased to
$1.94 for 25-inch {recs. The margin {representing stumpage, profit,
and uninsured risks) left after subt racting these costs from the gross
value of $2.24 per cord decreased [rom $0.50 for 14-inch trees to $0.15
for 20-inch trees, and thew increased to $0.30 for 25-ing, {rees. The
most important fact hrought out in table 43 is that distillation wood
was eut al a profit from tops of trecs of all sines.  The results indicate
that more tops in the smallest and largest sizes might have heen
utilized profilably and that some tops i the 18- to 22-inch classes
should have been rejected. The margin in all ¢lasses is small, how-
ever, and the importance of selecting only these tops and portions of
tops thal can be utilized withoul excossive limbing and splitting
should be emphasized.

YOLUME, VATUE. AND COST OF DISTILLATION WOOR PRODUCED FROM
IRJURED, DEFECTIVE. AND LOW-QUALITY THEES

The volumes, time required, cost of production, and gross and net
valucs por Lree, per stamdard cord. and per 108 cabie feet for hard-
woods of varions sizes were compuled from the field records of im-
provement cuttings, which vemovad injured, defective, and low-quality
trees.  Table 44 wives these data on & Lree basis and {able 45 on a cord
and 100-cubic-{ool busis,

Tamn 44.— Average volume, production time and casl, and gross und net value, per
tree, of distillation wond, pradueed front defective, fujured, anwd fow-guality hardwoods
of yurtous sizes
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TAnLE 45.—Average cut per ticre, production {ime and cosi, fond grass end nel valve,
per cord and per 100 cubic feel, of distitlution wand produced from defective, tnjrred,
and low-prealily hardwoods of vorious sizes
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Table 45 shows that distillation wood, with a value i the woods of
$2.24 per cord, had a negative value for stumpage, profit, and unin-
sured risks, after costs of production from 4-, 5-, and b-inch hardwoods
were deducted. A positive value per cord wus obtained for all larger
trees, inercasing from $0.05 for 7-mch trees up to $0.52 for 13-, i4-,
and 15-inch trecs and then decreasing to $0.46 for 24-inch trees, which
were the largest cul on the area.  The reason back of the heavy costs
for the smallest trees is the excessive time required to fell and limb
the trees in proportion to the volume of wood obtained.

VOLUME OF DISTILLATION W00 PRODUCED PEIR M HOARD FELET OR 100
CURIC FEET UF LOGS

On the ares devoted to the distillation wood utilization study the
total volumes of sawlogs and total volumes of distillation wood pro-
duced were measured. ‘The [ollowing tabulation gives these volumes
and also the amount of distillation wood per unit of logs, on the basis
of the 48.61 cords produced:

Cords nf distiftation wood
por M fourd fedd or 100
cnbic feet nf fogn

Doyle-8eribner rile (38,986 board fect of logs) ... oo L25
Serthuer rule (47,672 bourd feef} . .

Intermutional rule (51,514 hoard fect)

Cubie-foot rule {77.27 cubie lcet)

Of the total volume of distillation wood produced about 78 percent
ecame from defective whole trees, cut to improve the composition of the
stand, and 22 percent from fops of saw-timber trees.
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IV. APPLICATION OF RESULTS OF CUTTING STUDIES TO
FOREST MANAGEMENT

Previous sections of this report have discussed basic factors of
sustained-yleld management and cexperimental findings as to the
applicability of light cutting practice in the southern pine-hardwood
type. They have also discussed findings as to the relation of tree size
to (1) the utilizable yield of pines and hardwoods in cubic feet and in
beard feet by three different log rules, (2) the ratio of lumber yield to
log scale, (3) logging and milling costs, (4) sale values of lumber, and
{6) pet realization values of Jumber. It is believed that each of the
studies reported upon is direetly significant in its bearing on the tech~
nies of logging time and cost studies and in its gencral hearing on
industrial engincering in the field of forest products. One important
objective of these studies was attained through the development of a
dependable balanced system of logging and imitial transportation to
rallroad or mill that is adapted to light harvesting cuts of timber.
These experimental results all contribute toward a system of selective
timber management for sustained yield.

The economic aspeets of forest management involve unique relations
between invested capital, current income, and future income, Those
unique relations arce due to the factor of growth, which insures that,
barring adverse activities of man, sueh as setting ous fires and cutiing
destructively, the base investment capital in forest growing sfock will
be yielding, year in and year out, through depression and prosperity,
ab a substantial compound-interest rate.  Closely related to this highly
significant fact is the fuct that in sclectively managed forests, where
growth is continnously couvcentrated on trees of merchantable size
(that is, for shortleal and loblolly pine, trees 6 inches or more in
diameter), 80 to 90 percent of the investment is in such trees. Within
the limits imposed by the time required to log, manufacture, and sell &
given quantity of timber, usually the forest owner ean ehoose between
converting any part of the growing timber into immediate income and
holding it for increase in value. While the properly administered
forest property is a “long-term’’ investment, like other forest properties
it 1s readily convertible into liquid form—in contrast, for example, with
g railroad property. This ready convertibility has permitted many
fine forest properties to be destroyed because of lack of thrift or fore-
sight on the part of the owners, The following section deals with the
questions how fo determine finaneinl maturity of individual trees and
when to cut, so {ar as the data collceted in these studies are applicable
to this purpose.

SELECTION aND REMOVAL OF FINANCIALLY MATURE TREES, AND
Ornen Covrurar Currtine

Correct selection of mdividual trees for cutting on cach compart-
ment is of primary importance both from the standpoint of immediate
returns and from the standpoint of future yiclds and returns. In
general, the objective is to improve the qualily of the growing stocls,
the species composition, and the spacing of the trees as much as pos-
sible and as quickly as possible in order to grow a greater volume of
bhigh-quality material. Ordinarily, any cutting operation must be
profitable, and frees that will not at least pay their way should not
be selected for cutting unless there is o distinet and desirable cutbural
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gain in the stand loft for future cutting that justifics small imme-
dinte reduction of profit.

Tinancial maturity of a forest tree may be defined as the stage
beyond which the tree will no longer make profitable increase in
value. Trees that should be removed because of financial maturity
are of two classes: (1) Valuable individuals that have gone through
their period of most rapid increase in volume and guin in quahty and
have reached the point bevond which annual increases in value do not
constitute a sutisfuctory relurn on the base invesiment, and (2) other
salable troes that show no promise of incrense in value or show little
promise in comparison with competing trees.

THIE LESS VALUABLE TREES

In order to clear {he way for the more intricate financial problems
of dealing with class { trees, the problem of class 2 trees will be dis-
cussed Arst. Class 2 trees are often subject to removal in thinnings
or improvement cuttings, which, under selective management, are
commonly concurrent with harvest cuttings of the larger timber.

Second-growth shorticaf-loblolly pine-hardwood stands commonty
contain many trees of low quality. Some of these are limby “wolf”
trees, containing not more than one present or potential sawlog esch;
others are crooked or defective; and still others are of unmerchantable
species (figs. 16 and 17). A special need is o remove diseased and
inseet-infested trees. It is no less necessary to foster permanent n-
vestment values by removing these trees as soon as possible after tae
arcas are put under management than to manufacture only profitable
materinl i the mills. In many shortieaf-loblolly pine-hardwood
stands low-grade hardwoods occupy from one-third to two-thirds of
the offective growing space and scriously interfere with the growth of
the pine and better-quality bardwood trees.  Unfil they are repiaced
by more valuable trees it is practically impossible to develop well-
stocked stands, that is, stands containing 8,000 to 12,000 board feet of
profitable timber to the acre, which can be expected o lay on o usable
apnual growth of 300 or more board fect to the acre. In stands in
which no utilization cutting will be done until 4 or 5 years after or-
ganized management is undertalken, improvement cutting should be
done as soon as possible.

Previous scctions of this report have shown that the pine removed in
improvement operations can profitably be cut inte pulpwood, for
which there is & market throughont much of the southern pine-hard-
wood region. Low-quality hardwood trees can profitably be cut in
many cases into chemiceal wood, pulpwoad, ties, fence posts, and fire-
wood, and in some cases, by use of small portable sawmills, inte lumber,

The existing second-growth shortieaf-loblolly pine-hardwood stands
charactoristieally contain few large trecs of high quality but have a
near-normal number of small trees. The latter often occur in over-
dense groups, and there is usually a problem of thinning and release
cutting on portions of each acte even though other portions mey be
bare of trees.  In thinning, the best trees with spacing that favors rapid
growth arc reserved as crop trees (fig 18). Gcn{:raﬁy an experienced
teehnician can readily recognize the poorer trees and the spots that
are too dense. There is opportunity, however, for exercisc of the
highest skill in selecting trees for cutting, As shown in Part III,
the retwrns from culting any individual trce of small size are
low. There is, therefore, no great financial urge for cutting such
trees unless no bigher-value trees are available or the small trees are
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Fravre 16—, Leaning tree with fire scar. B, Tree with redheart. Tt 'is no less important to increase

investment values in the timber stand by removing low-quality trecs than to use only logs of supcrior

quality in themill. - Here, and in figure 17, are examples of trees to be taken in improvement cuttings,
which should be one of the first operations under organized forest management.
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Fictre 17.—Bxtremely limby tree. Rough dominant frees of this cheracier
should be removed before large knots make them useless for lumber or pulp-
wood,




Y

Ty me .
-~

‘ r

b«
- o
T e

,
LF3
$ot

it
L )

T

e
s

S .
“'7-__‘1- -

LT -

1
-
'

ot

Faag227

Ficune 18—Fven-aged stand thinned when abont 35 ye: s old, es in this

stand will grow at differential rates. With cuts o i to 10 years, final
removals will net take place before new tree groups provide parl of the cut,




FINANCIAL MANAGEMENT OF PINE-HARDWOOD FORESTS 31

needed in a pulp mill or other dependent manufacturing plant. Com-
monly, decision on when to cut should be oriented toward the welfare
of the remaining individual trees and of the stand or forest property
as a whole.

Owing to lack of experience with seclective cutting in the Umted
States, often too many of the inferior trees are removed. Trees that
may be functioning o prevent limbiness of better trees, to protect
the soil. ote., should be reserved. In most stands of saplings or
small-pole timber, density must be maintained to promote natural
pruning of the crop trecs.

It is frequenlly a sound rule to confine improvement cutting to
trees that will pay cosls or more,  Where o stand has been opened by
roads or otherwise to utilize the more valuable timber, costs charged
to improvement cutting need nol include any part of the develop-
ment costs and may even omit other indivect costs. There are now
large arcas where mueh can be gained through improvement opera-
tions with little or no risk of financial loss. On some other areas,
tabor and other costs may be so high that the value of cordwood and
other cheap forest products would be less than the costs of extraction,
In such cases the lorest manager should weigh all factors involved
before cutting the low-vatue trees. He should take into account
the advantages to future productivity and the Limber requirements of
any dependent industry.  Other cuttings that involve financial loss
include not only removal of unmerchantable clements of the stand
but also release of seedlings and saplings that have been bent down by
limbs from felled irees. Often there will be justification for making
cutlings at some financial loss, especially if concurrent operations in
saw timber on the same property are very profitable.

Where stands ean be improved only at some net cost, the best
method of financing is to set up a budget item for each fiscal year or
shorter accounting period.  This cultural budget item should take its
place along with similar cost ilems for forest administration, taxes,
fire protection, ele. It appears reasonable to provide sufficient funds
in the cultural budget item at least to experiment with this type of
cutting; where funds permit, operators may go further. Ovwer a
pertod of vears, correct management of timberland already owned is
almost invariably a less expensive way for an owner to increase his
[totnl annual production of timber than purchase of additional timber-
and.

Generally, release work can be done most effectively after eyclic
atilization cuttings, when it is easier to judge what trees need further
retease and whether the released trees will remain undisturbed for at
least o cutting cyele (fig. 19). :

In most cases there will be a few medium-sized or large trees to the
sere that cannot be cutb profitably into any product and that would
hetter be killed by girdling.  Such lrees may occupy, on the average,
0.01 scre each, and the cost of girdling will average less than $0.02
per tree. A total cost of $2 per acre of ground released is certainly not
pro(}}nibitive and is very much less than is usually paid for geod forest
land.

Pruning, another class of forest work properly chargeable to the
cultural budget, will usually inflnence financial matunity by changing
the time or form of future utilization. For example, the pole and

5552318 —44——8
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piling industry prefers, for creosoting, trunks in which the knots are
covered with ¢lear, sound wood.,  Pruning 10 vears or motre in advance
of cutting might qualify many trecs for poles and piling that would
otherwise be suitable only for pulpwood. A more common method of
pruning is to start with trees under 3 inchies v diameter and prunc
as many as 200 crop trees per acre Iy successive stages, at intervals
of several years. Pruning may take the lower part of the live crown
at several stages; it should not take, altogether, more than the lower
third of the crown. Pruning is generally carried to a point on each
{ree above what is expecled to be the first utilized trunk section—{ov
example, 8 18-foot butt leg, a 22-fool telephone pole, or a 30-foot
pile.  later thinnings or improvement cutlings favor the pruned crop
lrees.  Like release cuttings, pruning should generally be undertaken
only on an experimental basis al firsl.

Tow workmen have been trained lor these cultural operations, An
operator who provides an experimental buchyret for such work should
place a competent Llechnician in charge, with instructions to frain a
crew of intelligent workmen. Youths entering employment: for the
firet time are an important source of labor. Work can proceed
ofliciently only so fast as cflicient labor hecomes available.

1t shouldl be realized (hat with prices of timber lower than in Europe
and labor costs generally far higher, many desivable forest proactices
commeon in Jurope cannot ne undertaken here. There is ample
warrant Tor cutling to improve forest stands insofar as the value of the
product egunls or exceeds the cost, and for beginning, at least experi-
mentally, some other cutting practices such as these just mentioned.
The purpose is to restore to forest production spots of soil thal are now

oceupied hy worthless vegetation, thus transforming an unproductive
item of investment to a productive one and laying the foundation for
future inereases in income. In the meantime, gradual removal of
inferior components of stands may be Lhe basis of substantial earnings
from dependent industries.

THE MORE VALUABLE TREES

In secking to inercase the grawing stock of desirable species and
individual irees, and to bring about a distribution of size classes that
will maximize enrnings of the forest property, it 1s necessary to meet
the space and other cultural requirements of eacl ¢rop tree, to watch
it from the time it beeomes a reeruit in the small-timber class until its
period of rapid growth and carnings is past, and todilize it promptly
at financial maturity. Cutting of healthy and vigorous trees should
be so timed as to aveid any needless sacrifice of high-yielding invest-
ment value by premature conversion to current ineome or any sacri-
fice of earnings by deferring cutting too long. Such timing reguires
close financial calculations.

Up to the present, few all-aged sceend-growil pine-hardwood
stands have been under selective management for periods long enough
Lo permit accurate determinntion of the diameter growth of individual
trecs in stands so managed.  Several of the stands studied, however,
arc comparable in age and density to managed stands.  On the basis
of growth information obtained through detailed studies of these
stands given in column 4 of table 46, it is possible to prediet the
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results from good mansgement of the present understocked second-
growth stands.?

For an operating company the difference between the sale value of
Iumber end the cost of logging and milling is the realization value, and
the reslization value of timber cut for other products, such as pulp-
wood, is determined similarly., These values, and the net increase
in realization value per annum, are given in table 46 for pine trees
of various sizes. For trees up to 11 inches d, b, I, the ealeulation of
earnings is based on pulpwood ulilization only, and for trees over 14
inches it is based on sawlog utilization only.

TaBLE 46— [Mtilized volume per ires, roie of dinmeter growth, and incrense in value
wer tree for gines in managed standy )
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Saw-timber utilization through a large mill may start with 12-inch
trees nb an average value of 12 cents per tree, as compared with a
pulpwood utilization valuc of 38.5 cents. Trees 14 inches and larger
in dimmeter yicld higher returns as sawlogs than as pulpwood. An-
nual increass in saw-timber value exceeds 15 percent for the 14- to
16-inch stage of diameter increase, and does not fall below 8.2 percent
until after the 20- to 21-inch stage. Thus_ the highest percentage
rates of investment return occur mostly within the growth stage
represented by trees having diameters of 13 to 20.9 inches, and the
sreatest opportunity for building forest-investment earnings lies in
this group. Any trees that are of good quality and vigor, if well
spaced, should be held in the stand through this period of rapid value
INCreuse,

Table 46 warrants careful study. It shows that in the section and
in the ways studied pine trees from 5 to 12.9 inches d. b. h. (the small-
timber or pole group) have small net values for immediate utilization.
A slight decline in market value of pulpwood or logs or a slight rise in
costs might wipe out these small profit margins, and cutting operations
bascd exclusively on such trees may be financially precarious. It is
obvious, however, that unless a forest contains at all times ample
numbers of these brecs capable of developing into high-value trees, its
future investment value will be circumseribed.  The trees may be dis-
tribubed cither singly or in groups. Every subdivision of the forest
plropcrt.y should have ample numbers of promising trees in this size
class.

Of equa! significance with value by diameter class is the annual rate
percent of carnings (table 46, col. 14) from increase in realization value
of individual trecs. This starts on the smallest trecs of the small-
timber group ab a high rate, based on pulpwood utilization. The high
rate is not very significant because of the extremely low investment
values to which it applies. For trees from 9 to 12 mches in diameter
the rate, still based on pulpwoad, is only moderate. Owing to the
small financial valucs dealt with, timber marking and cutting problems
for this group are related chiefly to removing inferior and other surplus
trees. ‘The poorer trees usually are readily identifiable, but con-
siderable skill in sclecting trees for cutting is requived if the residual
stand is to be properly stocked and spaced,

As the financial success of management is very closely connected
with the bandling of trees 13 to 20.8 inches d. b. h. (the medium-sized
timber), the best available technical skall should be applied here.
Bvery tree should have very close scrutiny in the marking for each
cyelic cut. It should be remembered that a large proportaon of the
trees entering this size group will be cut before they grow into the
large-timber group. ‘‘Passage” through this group usually takes
25 to 30 years. 'Thus most trees will be considered three to six times
to determine whether to cub or leave. Bach time, judgment should
he based on size, quality, vigor, and space requirements.

The larger trees i this size group are much more valuable and are
carning less by growth (table 46). If they are competing for space
with smaller trees or show any sign of insect attack or disease, they
should generally be cut. Only those of exceptional quality and vigor
need be beld in preference to smaller trees. Those of high quality
well separated from others should be held if the cutting quota for
the tract can be attained without them,
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Pine trees of good quality in this sizc group are distinguished by
30 to 50 feet of straight, cylindrical Lrunk, {ree from protruding knots
or other blemishes; by a live crown extending through 30 to 60 percent
of tree height and made up of numecrous moderate-sized branches
rather than a few large branches ; and, of eourse, by freedom from
other visible defects or evidence of discase. To be classified as “best,”
trees should have grown uniflormly not over 3.5 inches each 10 years—
a point that can be judged with fair suceess from trunk and crown
charscteristics.

Vigor is indicated by a healthy crown extending through not less
than 30 percent of tree height and including an ample quantity of
needles of good length for the specivs, by firm bark, frec from evidence
of fungus attack, and by absence of large deenyed knots or other
lesions. Closce observation and experience are needed to develop
judgment of these characteristics,

Judgment of quelily and vigor often involves choice bebween
extremely vigorous but yough and larec-branched dominant frees
and smoother, more evenly grown codominant and Intermediate
brees.  Rough dominants, if kept, will soon develop many large
branches. ‘They should, therefore, be among the first sawlog trees
cut.  This provides for an carlier yield of sawlogs from the young-
tree groups than would otherwise be obtained. Logs from rough
dominants cut at this size will saw into No. 2 Comumon lumber, rather
than into lower grades as they would later, A variable proportion
of the dominant frees will be suitable in quality to be kupt for future
cubbing, but most of the larger trees of fine quality will develop from
trees of the codominant and intermoediate crown classes. When a
stand has been brought under good management, W is poor business,
as well as poor forestry, to cut relatively small high-quality trees
thal are increasing in volume st the rate of 8 or more percent per
year or 30 pereent or more in value for cach inch xwense in diameter,
or large trees that are wind firm, healthy, of good quality, and growing
at least 2 inches in diametor every 10 years.

Spacing in cxisting stands is exbremely irvegular. In each cubbing
cyele, tree selection should be directod toward bebbor distribution
of the stand. Expericnce and good judgment must be the chief re-
liance in attaning good spacing, but these should be checked by
carcful investigation of dimmeter growth rate velated to crown size
and stand density.

A rule of thumb for spacing crop trees in dense groups is to remove
cnough of the lower quality trees so that the spacing between the
crowns of any two erop trees s ceuivalent to one-half of Lhe sum of their
respeetive cvown widths.  Other vules (6) have been devised that fix
space bebween frees ab some mulliple of the tree diamoters,  Such
rules may offur some guidance lo the novieo learning to mark timber
for cubting, but shoald not be » pplicd indiscriminately,  For instance,
ib may be satisfactory for a group of as mony as 8 or 10 trees to stand
much closer to cach other than any such rule wonld justify, if there
are no other trees within 40 to 50 Toet.  In the understocked stands
pow to be dealt with the problem is to obtain the necessary volume
ab each cyclic cut without unduly reducing stand density, Fow
groups are ovevdense. TFor the time being, sise, quality, and vigor
are more important lactors than spacing

In trees 21 inches d. b. h. and larger (the large-timber group), value
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per tree continues to increase but rate of carnings percent falls off.
Generally a large percentage of the trees that pass 21 inches should
be rernoved in the next regular cutling. Problems of relative size,
guality, and spacing have largely been solved before any trees reach
this size. Vigor adequate for further sustained rapid growth is the
main reason lor deferring cutting. Trees of exceptional vigor and
guality may occasionally be held until they are as large as 30 inches.
In some localities quality products, such as veneer logs, {rom trees
of that size bring prices high enough to maintain increases in realize-
tion values and warrant postponing the cut.

The decline in rate percent of increase in tree value would occur
later if forest owners received full intrinsie value {or the best logs from
trecs of the best species.  The fine-vencer industry produces hundreds,
or even thousands, of dollars in value from a thousand hoard fect of
logs. There is good reason to believe Lthat in the future production
of large trees will be even more profitable.

The innumeraile decisions that have to be made on when to cul
individual trees call for the highest technical skill and experience, 1f
they are to contribuie not only toward realizing satislactory eurrent
meome from the forest but also toward adjusting the growing stock
so that it will yield greater returns in the future. . The latter objective
is the heart of the problem ol building up investment values in
southerp forests.

The best seloctive management practice for stands in good condi tion
for such management, one used commonly in several European
countries and increasingly in the United States, follows this routine:
(1) Among all the divisions of the forest that are in need of cutting,
as many are chosen as the plan of management preseribes should be
heluded m each annual cutting operation or as will yield the annual
cut preseribed by the plan. (2} The saw timber or other high-quality
fimber that is financially mature or urgently needed is marked by a
technician. (3} The marked trees are removed.  (4) The technician
resurvevs the stand and marks salable trees of poor quality that
should he removed.  (5) These poor-quality trees are cut and worked
up together with usable wood in tops of saw-timber trees, generally
for some type of cordwood. (6) Having been adjusted in density and
in character and prepared fov fire protection, the stand Is left undis-
turbed for 3 to 12 years to lay an growth and increase in value, The
rapidity with which increase in valuc occurs depends on the skill used
in carrying out the above-mentioned measures. Tach following year
ofher divisions of the lorest are eut over in the same manner until the
cutting cycle is completed and another cut is in order on the divisions
cut over first.

GOOD MARKING AND UTILIZATION PRACTICES

Owing to the wide variation in markets for forest products and in
character of second-growth stands within the region, if is difficult te
define the types of trees that should be removed and their priority of
cutting further than bas already been done. In the areas being
logged, cutting should extend currently through all merchantable
Jdiameter classes and remove the {ollowing classes of trees:

1. Badly suppressed trees that are cerfain to die naturally before
the pext cut, :

5 Trecs that show unmistakable evidence of infection with red-
beart or other wood-lestroying fungi, or bark-bectle infestation.
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3. Leaning trees, and trees with fire scars or other injuries suffi-
ciently severe to make them susceptible to wind damage.

4. Crooked trees that would never develop into high-quality saw
timber. Small crooked trees that will vield pulpwood or chemical
wood may be left for further growth if they do not interfere seriously
with the growth of more valuable troes,

5. Extremely limby trees that would never produce fumber of an
average quality belter than grade No. 2C, and that would become
less valuable for pulpwood or cordwood as the limbs grew Jarger.

6. Limby trees that would never produce even one No, 2 sawlog,
if they arc interfering with the growth of more valuable trecs.

7. Trees of inferior species that have g very limited market as saw
timber,

8. Mature and overmature trees that have passed the stage of
optimum development and are now deteriorating,

9. Poorly formed and unshuifty trees that arc crowding the better
trees in overstocked stands.

In addition to trees of the above-mentioned classes, a sufficient
volume of the lnrger good-quality trees should be removed to make up
the total allowable eut, Thus, if the allowable cut amounts to 2,500
board feet per acre and the low-quality trees selected for cu tbing will
vield only 500 bonrd feet of profitable sawlog material, 2,000 board
feet of the larger good-quality timber should be cuf.

Large openings are not, generally necessary in order to get reproduc-
tion on avernge sites.  On the Crossett Experimental Forest abundant
regeneration has occurred in openings even as small as those left by
the removal of single, large, ‘mature treos. Thercfore, removal of
groups of trees is not advantageous unless each of tho trees making
up the group is mature, defective, infested with insects, or for some
other reason unsuitable for further growth.  On poorer and drier sites
large openings may he required. (It is recognized, however, that
tree quality may in the future be improved by growing in groups,
preferably of mixed pine and hardwoods, beeause this favors carly
shading off of side branches.)

Marking practice may vary from time to time with market condi-
tions.  When prices are high it may be desirable to cut & larger pro-
portion of low-value trees beeause such trees will then yield an operat-
ing profit. At or near the low point of the business cyele, only the
better trees may yield any net returns. B taking thesc facts into
consideration progress can be made in stabi izing income from forest
properties.

In order to make money i a sasmill the timber manager should
give first attention to the woods. If woods and mill practice are
properly correlated and only profitable logs are sent to the sawmill,
in any mill that is evon reasonably cofficicnt good returns can be ob..
tained from sawing second-growth shortleaf and loblolly pine and
- hardwood logs. On the other hand, if a large portion of the material
that is cut nto sawlogs is unprofitable, & sawmill will produce low
returns regardicss of how efficient it is. Tven if a lumber company
utilizes completely every tree felled, still its utilization practice will
be poor if unprofitable logs are cut o any considerable extent,

Large expenditures to improve mill machinery and keep it in first-
class condition, or to provide frst-class supervision of mill operation,
are worth while only if close supervision is exercised in the woods
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operations of cutting and u tilization. It is very important, therefore,
thet o forester or some other person who understands log grades, mill-
scale studies, and logging-cost studies be placed in charge of woods
utilization for each individual mill. Such a manager should determine
first the logging and milling cost by log sizes and the lumber-sale
value of logs of various sizes and grades, and thus determine which
trees and logs are profitable and which are anprofitable for the mill
ander any given set of market prices for lumber. Then he should
supervisc the cutting, strictly enforemg rales that prohibit the eutting
of unprofitable trees and logs.

The present study indicates that for mills of the type studied, and
with 1940 costs nnd prices, no tree should be marked for culting into
sawlogs unless it contains at least one grade No. 2 leg 10 inches or
larger in diameter inside bark at Lop; also, that no grade No. 2 log
Yess than 10 inches or grade No, 3 log less than 14 inches in dinmeter
should be cat from any tree even though the tree is on the ground
and other logs have alveady been cut {rom it QOther limitations on
cutting arc revealed by tables 41 and 42. Material in trecs or tops
of treos that is unprofitable for sawlogs should either be cub into
pulpwood, or some other product from which a profit can be made,
or else be left in the woords.

These limits of utilization are based on uniform recovery of costs
throughout the utilization field. It may justifiably be ruled that the
more profitable trec and log classes, that is, the medium and large
timber, should hear all of certain charges, such ns road costs, and that
subsidiary utilization necd bear only direct costs. This may indicate
utilization of some logs that cannot bear full costs. Throughout the
greater part of the South values hayve now reached such levels that 1t
is possible to assume uniferin distribution of all costs and then con-
aider relative values of trees and logs for different products. Where
there is sufficient timber it is possible to select high types of logs for
sawrnill utilization and devote lower grades to other purposcs.

Every tree selected for cutting should be marked. Marking should
he done by expericnced men trained for the task, who will sclect the
aréas to be cub over on the basis of their relative needs for cutting.
Because the great variety of conditions found in irregular second-
growth stands of loblolly and shortlenf pine and hardwoods makes ib
hard to prescribe adequate marking rules, miuch reliance must be
placed on the scasoned judgment of the men in the marking crew.
These men rmust be able to distinguish the trees that should be
reserved for future growth from those that should be cud. Poor
marking is reflected in subsequent returns and cannot be remedied
for many years. :

Tt is commonly inadvisable to use & marking ax, as inscet or fungus
attacks may be induced. Paint applied with a brush is customarily
used. Where large volumes of timber are to be mavked, & paint gun
of proper design speeds the worl.

CHARACTERISTICS OF A SILVICULTURALLY AND FINANCIALLY
PrODUCTIYE STAND

Desirable physical snd financial characteristics of a sacond—growfh
short Jeaf-loblolly pine-hardwood stand will be indicated by making
a compatison bebween test block E, which is representative of many
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usable timber per acre in frees 12 inches and larger in dinmeter,
Under market conditions that might be regarded as a gencral average,
probubly 10,500 feet per acre could profitably be logged and milled
by a large sawmill (fig. 21). The volume in 6-inch and larger trees
amounis te 2,570 cubic Teet, of which 2,068 fect is in 12-inch and larger
trecs. (These statements refer (o conditions at the end of the cuti;inf_g
evele, before the eyclic cut is taken.) The timber stand on block K
does not appear to be seriously understocked as regards total nunber
of trees per nere.  Like most other present-day seeond-growth stands,
howover, it is noticcably understocked with trees of the Inrger diameter
classes (appendix table 79). This typical stand has approximutely
58 percent as many treos over 5 inches in diameter as 1he well-stocked
stand, bul has oniy 23 pereent as muclt merchantuble volume.

PTAmLe $T.Ciomnlative fuble of stand and intel and saw-I¥mber volumes per acre of
test bock £ ot of o well-stoeked forest area

Anw-limler valuee {In-
ternntioeal 1y-ineh rule)
Minimun digmeier breast e e R - B
high (inches) Tost Well- Tost Well- Test wll-
hibick stocked Iilark stocked hluck stagked
B aren | I aria I ACE

Pries . ol vehine

Cathie Cuhie flourd Fiorrd
Niuwler Nrember feet Jeed
i th 1 4
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13
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I%
2
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The condition of the stand on the well-stocked area is one that can
casily be hrought about by proper management of existing stands. 1t
takes only 15 to 80 years to transform a stand with a surplus of smail
iimbor into one with & good proportion of large timber, if cuttings are
propetly distributed. In cidentally, the average grade of the logs in the
unmanaged stand can be greatly inproved through proper manage-
ment practices already discussed.

Table 48, based on the example llustrated in figure 10 and on other
examples cited, indicates closcly bow investment values would be dis-
iribufed on the average fully utilized aerc of fovest within the short-
lead-loblolly pine-hardwood zone. The cstimates on which this
table is based are not, of course, precise, and maximum stumpage
values for immedinte cutting vary among diflerent localities. On the
whole, however, the estimafes arc believed to represent a very close
approximalion of the maximum productivity, investment values, and
returns attainable by reasonably good forest practices. From the
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Fraure 21.—A4, This bank of logs, pulpwood, and hardwoeod distillation wood

represents the annual growth on 40 aeres of well-stocked shartleaf-lobiolly pine-

hardwood land. B, This is the stand from which the material shawn in A
was tuken as the fourth annus! cutting of 1 year's growti.
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gross investment returns shown in table 48, 1 to 2 percent must be
falen to cover administrative costs (including fire protection, etc.}
and taxes. Under the present conditions of understocking these costs
seldom exceed 40 cents an nere annually.

TABLE 48.— Desirable disiribution of investment value on averuge Jully slocked acre,
before and ufter periodic cut on S-ycar cyele

Tnend stond Timber cud

Investment or
Forest fuvestioont item utilizntion
value
Volume

Par Per
uniy Jilid

N wnber Cords | Dallurs! Dellery | Naaber, b, m. TDigllars
Soff .. ..co-s - R - - !
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Sianll tinher, - 1, i}
Modinm {imbe K 7 B.O6 1 56.00
Larpe timber. : P | w0

w.on\ 120,60

Residual stond

Potential
RrosS
snnual
eari-
inps

Anual

Annusl voluine valoc
Inerenient ? inere-

ment ?

. Ttevost-
Forest investment item 1 Volume mciut
valie

i i
; AlfE

Lo/, | Corde | Potfurs . wt. Dollars
Boil, o ieventcmmm— e —mmmmm—e oo - ] Q a
Improvemenks. ... cann- 4 LB o
Seedliings ued sepHings__ .- 3 i}
Smali timber.
Moupdinm timber ___ 3 R I -3 i)
Targe thinber 3. . 1.5

8.9 3 . 21,5

1YW ikhin eaeh § years the smaittimber class should provida (in additlon to trees cut) 10 to 16 recrnits to
the medivm-tirnber elass and recoive ot leust an equal mummber of reeruits, and the mediune-timber class
shewld provide (i addilion Lo trees cut) aboul I to & recehits to the large-timber class.

T Bimede inberest rale.

3 Renlizabie al next periodie cut, sfter 5 yeas.

+ Beunls b7 pereent on residunl investment including soil

1t appears that the average investment per acre in a fully stocked
forest may eventually increase to about $109, which would carn a net
of abont 4 percent annually.  On this basls, at present the investment
opportunitics in the average southern forest are utilized only to the
extent of 25 to 30 percent.

Table 48 shows the expected periedic cut if the stand is managed
on & 5-year cutting cyele. Cutting a¢ this rake would utilize approxi-
mately the entive growth and therefore yield approximately the entire
accrued money value,  Owing to the size of the imber included in each
periodic cut, costs of logging, rail transportation, aud milling would
be at their lowest level (as shown by ample data in this report), and
renlization value at & high level.

Under good management, culting of merchantable saw timber in &
quantity closely approximating the volume of medium and large
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timber in the residual stand after the periodic cut assumed to be made
In 1942 would occur in the noxt three 5-vear cutting cyeles, as shown
in table 49. After the 1957 cut o stand capable of yielding 8,500
board feet of logs and 6 cords of pulpwood would be left. In table 49
these future values are discounted Lo 1942

TABLE 49.~—Approwimate varliee, current and disconnted to 1843, of three culs, on a
S-year cycle, in residual stand represented in table 48, and of stend left by the
third of these culs

| Vialte diseonnted to lcir-l'z af eiven
- h rirle of eonn pasnd ineresy
Cureent i

Vahime vadue

dnereent Spereent 8 pereent 10 pereent

: ) S — e

Afft. b, Fofturs i Finllurs  Dotlurs | Doliurs | Dotlury
4.1 R 25 U8 A Pl 18, 50

3! M50 22, : 1834 13,80 11,40

p T S R PR S TS .13
nen! wms! ma 25 50

All 3 cuts .. f, ! 190,40 - . 5597 | 43.47 | 37,11
Cuts plus 1957 restdunl stund. 3 . 124,88 - 08 35 i 7190 58,7

Values presented in table 49 illusirate how prospective incomes of
differens dafes may be consolidatod at a given thme by discounting at
rates commensurate with apparent risks. During the transition from
destructive liquidation to conservalive mvestment practices, it is to
be expected that the discount raio mnay be as high as 10 percent.
However, in European countries with stable government well-managed
sustained-yield forest properties have i variably been valued so
highly that nterest earnings were at a low rate on the capitalized
value.  Additionnl experienee in sustained-yield management of
forest properties in this connlry must he acquired before complete
harmony can be established befwoeen valuations of timber for imme-
diate cutting and valuations for holding as growing stock. Careful
selection of timber to be ncluded in each oyclic cut should gradually
produce reserve stands m which most trees have greater value for
further growth than for immediate cutting.

Indiscriminate clear cutiing, which the authors believe is injurious in
old growth because it disturhs the con binuiby of production, constitutes
& more extreme waste in young stands. 1t has heen shown under the
discussion of financial maturity that vigorous pine frees 12 to 20
inches in diameter will make bigh earoings if they are simply left to
grow. (This is true o a losser degree of hardwood trees of that size)
The investment values of such timber often are capable of carning
10 percent or more snnually. In stripping such timber from millions
of neres each year, fimber owners arc sacrificing the stands at the time
when they are shout to malke their most rapid growth and produce
vast quantitics of wood. Stripping of the sfand usually caunses
loss of 10 to 30 years of the productivencss of the cut-over area.

Owing to the smaller tree sizes usable for pulpwood, stands can
be stripped much closer in pulpwood than in lumbering operations.
Where this short-sighted policy is followed for long over Iarge aren
the lumber industry must disappear, leaving to the pulpwood industry
all the forest-production costs of fire protection, taxes, and
admipistration.
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Pulpwood produced under these conditions will inevitably be much
meore expensive than if forest management were such as to utilize the
forest’s capacity for producing higher-value  materials. Careful
studies, herein reported, have shown that pulpwood and other cord-
wood can be produced economically {rom tops of saw-timber frees
and in improvement cuttings and thimm mgs. Conversely, the studies
have shown that high-quality pine or hardwood sawlogs cannot be
produced cconomically or fo the full capacity ol the lorest without
frequent removal ol inferior trees and surpius small trees from which
sawlogs cannot be obtained. The samc is true in greater degree of
cordwood industries that use hardwoods. From 40 to 50 pereent of
the total wood grown under careful meanagement will be unsuitable
in size and quality for high-grade sawlogs, and should be pui to
other uses.

1% should be clear from the foregoing that the best management of a
forest calls for integrated utilization of the timber. T4 is inpossible to
grow wood of strictly uniform sizes and quality, bub disposing ol
surplus small trees al the proper time can greatly incrcase the rate of
growth and the proporiion of high-quality material.  Wherever
selective management is careiully practiced constant offorts are made
to increase the pereeniage of large timber, and as a vosull higher-
quality wood is produced.

DETERMINATION AND Preriopic CHECK OF ArvowannLe AxsnuaLl CoTt
CALCULATING THE CUT FOR THE PROPERTY &§ A WHOLE

Although light sclective ents at frequent intervals may maintain
cortain yields on definite areas, it is necessary to know as early as
possible the approximate volume of timbor that can be cut annually
from the culire property without depleting the growing stock. In
the early vears of organized management, determinution of the volume
of altownnece annunl cut must be based on & preliminary estimate or
inventory of the total merchantable growing stock and n predicted
growth in merchantable yolume, Detailed surveys for obtaining these
data are costly and wholly out of place, since vields of second-growth
shorticaf and Joblolly pine forests can be changed so rapidly through
good or bad practices.  For this reason, it is better, at the beginning,
Yo be satished with reasonable approximations ol volume of growing
stock nnd rate of growth and to cancentrate expendlitures on manage-
ment practices that will build up production.

11 forost pwhers do not have information from recent timber cruises,
the cheapest and best method of obtaining a reasonably securate esti-
mote of merchansable volume and growth rate is by a Ime-plot survey
conducted by a competent technician. Such a survey will vary in
ngensity depending upon the size of the property and uniformity of the
stands; usually less than 5 percent, and on large propertics a much
smaller percentage of the total ares need be included in the sample
plots. PBasecd o the volumes of stands and rate of growth obtained
on these sample areas, the total volume of the merchanfable growing
stock and annual increment for the property as a whole are deter-
mined. Methods of forecasting growth desceribed by Wahlenberg in
Department of Agriculture Technical Bulletin 796 (7) are recom-
monded as effective. Theorctically, the maxmum sllowable cut
for any period for s managed forest is the total estimated growth of
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merchantable size classes for o like pertod—actually the nocessity of
building up the less than fully stocked stands ustally encountered
limits the allowable to a volume somewhat less than the maximum
cut indicated,

SELECTING AMEAS TO BE CUT

After the total allowable cut has heen approximated for the property
" as 8 whole, the next step is to decide upon the location and order of the
cutbing operntions. 1n determining the order of cutling, the need of
the various compartnients for cutting should be carcfully considered,
but, in the final analysis the decision as to time and place will be affect-
ed by the requirements of good logging practices in order to reduce
¢osts to the minimum. The cutting plan should not be rigidly binding,
since changes in market conditions may necessitate changes in the
volume of future annual cuts and also in the lkinds of materials to be
cut. During the first cutting cycle, it is, therefore, advisable to desig-
nate the arcas for cutting only 1 or 2 years in advanee rather than for
5 or 10 years, Normally, in laree propertics, it is best to fix the allow-
able aunual cut for oach block once every 5 or 10 years leaving freedom
of action in the location of the cut to bake care of eultural necds and
other local conditions,

The cut during the early yoars of management should include (with-
In cconomic limits) any compartments in which treos havebeenseveroly
damaged by dangerous insect imfestations, by recent forest fires, or
by windstorms. It should also include within Iimits of the allowable
cub those compartments most heavily stocked with finaneially mature
or overmature timber as well as those younger stands seriously in need
of improvement cuttings or thinnings beeause of overerowding or other
conditions unfavorable to growth and future yiclds of highi-quality
material.  Intensive and costly surveys are not necessary in order to
locate those compartments in need of immediage cutting, but a certain
familiarity with stand conditions in the property must be maintained.

CALCULATING THE ALLOWARBLE ANNUAL €UT FOR CONMPARTMENTS

Periodic cutting, such as is rocommended in this publication, will not
lead to better-stocked stands and inereased and more valuable yields
unless cutting of the growing stoel is regulated on each comparfment
as well as on the forest property as a whole. A timberland owner
entering upen conservative management is immediately confronted
with the problem of determining for each compartment selected for
cutfing during a particular year, the ent of sawlogs, pulpwood, and
other products that should be made. The total volume cut from all the
comprrtments during the year should be in reasonablo agreement with
the total allowable annual cut for the whole property.  For cach com-
partment the cut should at least be equalled by growth on the reserve
stands during the ensuing cutting cyele. In order to reserve as much
bigh-quality growing stock as possible, light cuts are essential. With
light cuts, larger arcas must be logged i order to obtain the fixed
volume required by the mill, Consequently, the whole property will
be cut over within a relatively short period and successive cuts on cach
compartment will follow cach otherat intervals of 3 fo 12 years. The
short cycles should prove to be profitable, because & much better reali-
zation of the values of the growing stock will be obtained than with
long cycles. Periods of fast growth immediately after cutting are less
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likely to be followed by periods of stow growth as the stands close in,
Distribution of the trees is also under much bebter control than it would
be if cutting were done at 15- or 20-year intervals.

Determination of allowable cut depends upon several factors of
which the most important are growth rate expected and present vol-
ume of stand. Volume growth is ususally estimated for a 3- to 12-year
period, If the expcctc(T volume growth is computed in terms of »
compound-interest rate, the percentage of the lorest growing stock
that theorctically can be added by growth in a given tutting eyele
can be computed from the following formula,.(7), in which p is com-
pound inferest growth percent and n the number of years in the
cutting cycle:

100
Allowable cut =100 — 0D

If a cut is to be made immedialely, obviously only the volume of trees
to be left shonid be used in caleulating growth. on fhe reserve stand.

Table 50 shows, {or various compound-interest growth rates and
varions cubling cycles, the percenfage of the volume that can be
removed it any oub with the expectation that it will be restored before
the next subsequent cut. Tt should be understood that such values
as these are only appreximate, owing to the faet that the growth rate
may increase or, if the cutbing cyele is long, decrease beeause of grad-
nal closing in of the stand. In any case, until a stand has been under
management long enough for the volume and the growth rate at the
time of cach cutting to become constant it will he necessary to use
approximations and to depend to 2 considerable degree on judgment.

TanLE 50— Volime of cut,! in percent of forest growing slock, theoretically reslorable
at o given annual rale of growth willin o given cutling cyele

Ratio of restorable eut to volume of growing stock hiefore cutling if mRin-
tainalile comipound-interest rats of growlh pereontage of residunl stand ls—
Cutting eyelr {years)
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- The figures given in table 50 represent maxima. I the total allow-
able volume indicated in this table is cut from cach sere during each
cutting cycle, there is litile possibility of incressing the amount of the
growing stock, although through selection the quality and distribution
of the stock may be improved, Since one of the chief objectives of
management, usually, is to increase the volume of the growing stock,
the percentage of volume to be removed should be graduated according
to the volume of growing stock present, from the maximum (given in
table 50) for well-stocked stands down to perhaps half s much for
poorly stoclked stands,

The percentages of the growing stock to be removed in 5- and 10-
year cutting cyeles from stands of various volumes, caleulaterd for a
G-percent compound-interest growth rate, which is typical for large
areas of shortleaf-loblolly pine-hardwood forest, are given in table 51.
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TanLe 5l.-—Suggesied proporiian of volwme of sau-timber growing stock ' to be
cut, in each cycle, from slands that are growing af the rate of 6 perceni compound
tnderest each year
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For stands containing 10,000 feet or more, log scale, of sawlog timber
per acre  trees above 12 inches in diameter, it is suggested that the
cut be'so calculated as to be equaled by the increment that may be
‘expected during the ensuing cutting cycle, so that at the end of the

period the stand will again contain 10,000 feet, log scale. This cut
would include about 25 percent of the volume ol the medium and
lorge timber on a 5-year cycle, or 44 percent on a 10-year eycle.
About 2,500 feet, log scale, wonld be removed from the stand on &
5-yuar cycle. In stands containing only 2,000 feet, log scale, to the
acre, the cut would be held to 22 percent of the velume or 440 feet
log scale, on a 10-ycar ¢ycle, and to 13 percent of the volume, or 260
feet, on & S-yenr cycle. The differences between increment and cut,
or 12 and 22 percent of the stand, respectively, would be added to the
growing stock. Similarly, smaller proportions of the growth would
be eut irom poorly stocked than [rom well-stocked stands.

Anyone wishing to use these data should first determine the approxi-
mate growth rate on the property involved, and if the rate is some-
thing other than 8 percent should revise the tabulated figures accord-
ingly. A difference in entting eyele likewise necessitates adaptation.
Affer the table is constructed, an cxperienced fovester can easily
train a marking crew to estimate ocularly with a veasonable degree
of accuracy the volume of material on each acre and to give individual
treatment for cach condition found.

The periodic cut of sawlogs, cordwood, ete., from cach compartment
should be measured and recorded. In order to check whether the
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total volume of the periodie cut on a given compartiment is restored
by at least an equivalent volume of growth during the ensuing cutting
cycle, inventories of the growing stock of small, medium, and large
‘timber should be taken immedialely after the present cut and just
before the next selective cut at the end of the cutting cyele. The
difference in volume of these two inventeries is the net volume incre-
ment of the compartment during the cutting cycte. i the inventory
recognizes log grades as well as volumes, the change in quality and
value as well as in volume, can be cheeked. A study of mortalicy
and other factors iniluenced by cutting should be included. This
continuous inventory melhod checks also the succeess or fajlure of the
marking procedure and is made with a view to perfecting cutting and
management procedures so as to realize maximum productivity.

In chiecking the eut ngainst the growth for the whole property, it is
nnt necessary or desirable to make checks in every compartment, but
rather Lo use sample compartments well disiributed in the various
forest conditions throughout the whole property. Thus, over a
period of several cutting cvrles, experience can be accumulated grad-
ually and made te produce both increasing volume vields and increns-
ing financial veturns.  The results during each cutting cycle shiould
he recorded systomatically in o manner to disclose trends in growth,
volume, and condition of small, medium, and large-timber growing
stock. A method of setting up adequate forest management recoxds
is discussed in Chapler VI1[ of Seleetive Timber Management in the
Douglas-Fir Region by Kirkland wnd Brandstrom (5).

MamascumenT Costs ANp HETURNS

Private forest management depends not only on regular yields of
saw timber, pulpwood. and other forest products but also on a reason-
able margin of return over costs.  Gross and net retarns per acre pur
annum from stands with various voluies per acre, scaling down from
10,000 fect, cut according to the inethods suggested here are given in
table 52, If the entire amount of current growth is cut from a stand
containing 10,000 {cet log scale of profitable sawlog material per acre
wnd in addition profitable pulpweod or olhier matevial, the yield per
acre every 5 years should be 2,500 to 3,000 feet of logs worth $25 to
$30 (al a stompage rate of $8 fo $12 por M feet b, m., International
¥-ineh rule) plus 2 standard cords of pulpwood worth $2.  The total
grass income per acre every § vears should be $27 to $31, and the
annual income $5 to $6.  Instead of these rounded-off stumpage
values table 52 shows realization values taken from the study data.,

Table 52 shows that deficieneies in growing stock reduce net returns
from management even more than they reduce production rates per
ncre,  This is because most timber-growing costs are determined by
acreage, regardless of rate of production.

The conclusions to be drawn from these fAgures are quile apparent.
The timbecland owner has a choice of Lhree programs of action: (11
He can continue to eut all the growth from badly understocked stands
and obiain returns approximalely equivalent to the carrying charges;
(2) he can continually cut out the high-quality trees, until he has only
cull and weed trees that will produce Tittle or no income; or {3) he can
remove less then the total volume growth of high-quality material
and coutinually cut out the low-quality trees, and thus in a relatively
{ow years increase the returns per acrve by several hundred percent.
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TasLe 52.—Periodic (5-year cycle) and annval yields and returns per were from
second-growth pine-hardwood stands of various volwmes pér acre
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With full stocking of 10,000 fect or more per aere and a gross veturn
for stumpage, profit, and uninsured risks ol $5.86 per aere, the gross
return onr 50,000 acres would be $293.000 per annum and the net
$280,500. This staterent is of inferest only as showing what could
he accomplished on a foreslt property of considerable size by system-
atically building up growing stock over a period of several years:
propertics in such excellent condition do not exist. A stocking of 4,000
fect per acre may be bypical of the better grade of existing second-
growth shortleal-lobloliy pine-hardwood propertics. For an area so
stocked (table 52} the gross anunal retrn per acre is about $1.41,
and the gross return per 30,008 seres is $70.500.  Doducling costs of
$12,500 (tabie 53) leaves a net veturn for that acrenge of $58.000.
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CONCLUSION

Contrary to ecarlier expeetations, the modern woild depends more
aud more on the producets of the forest. In the existing war emergeney
it has become necessary to substilule wood tn numerous uses for which
metat and olther materials have long been preferred,  Forvest products,
particularly those of high grade, are becoming searce, Theve are sound
reasons for believing that m some fields the use of wood is only in ils
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infancy. Tn the South, wood as & raw material is of paramount value
because of its availability throughoul an extensive (erritory as a
support to, widely distributed industries. The great public need for
continuing production creates an equally great demand for manage-
ment of {orest resources.

To increase cutputs of factory products, new capital must generally
he invested. To increase a lorest arca’s output of timber, extensive
new investment is usually unnecessary; on the contrary, under the
methods describeid here the process is attended by continual realiza-
tion of net income frem the forest, through [requent, widely dis-
tributed eutting operntions.

Natural seconil-growth shortleal-loblolly pine-hardwood stands west
of the Mississippi River are charactenstically uncven-aged. The
oldl-field stands, though even-aged, are heterogencous as to dinmeter
class. It has been shown that the small-timber class (trees 5 to 12.9
inches d. I, 1) is of low value for immediate ulilization but increases
rapidly in size and value; that the value of the medivm-timber ¢lass
{trees 13 to 20.9 inches <. . h.) is moderate but increases rapidly;
and that the value of large timber s high but increases slowly, A
system of seleetive management under which the material cut consists
mainly of trees that are nancially mature promises returns that may
he expeeted to imercase over a peried of vears. In making plans
Tor selective management of a lorest property, therefore, the first
problem is te determine whether the initial rvestriction of yield per
acre that may result from limiting the cut to financially mature trees
will unduly inerease eosts,

Results and conclusions from the studies are summarized as foliows:

1. The existing second-growth shortleaf-loklolly  pine-hardwood
stands are generally anderstocked and contain many worthless and
low-quality trees.  An owner of such a stand must raise both the
quality and the quantity of the growing stock before he can obtain
sirnificantly ncreased returns,

2. A system of improvement cntling and light utilization cutting
on a shorl cyele is the best means of raising hoth the quality and the
nuantity of growing stock and at the same time obtaining income
from the property.  Light cuts also result in much less fire hazard
than heavy cuts.

3. The cost per unit volume of felling and bucking sawlogs is
approximately the same whether the cut per acre averages 500 board
foct or 5,000 board leet.

4, 10 use is made of trueks with dual-wheel trailers, which in dry
weather can be driven to auy point in the woeods, the skidding, leading,
and truck-hauling costs per unit volume are very little greater for a
per-acre cut of 500 hoard feet than [or enc of 5,000 board feet. TUse
of this equipment makes it possible to log any portion of a large
timbered aren immediately after timb e s damaged by five, lightning,
ingects ar wind.

5. wsts of logeing and milling per unit volume (specific figures on
which are given in Parts 11 and IIT and in certain appendix tables)
decrease as Lree size INCTCASCS.

6. Of the lumber produced from the pine logs selectively cut on
the study area 20 percent was graded B and Better, 27 percent No. 1
Common, 34 pereent No. 2 Common, and 19 perecent No. 3-Common,
Because most of the lower-quality trecs were removed in the first cut,
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the lumber grades will undoubtedly improve with cach succeeding
cut.  The mill or green-chain tally for pine logs cut on the sludy area
overran the Doyie-Sceribner rvale by 15 percent, but underran the
Internationnl J-inch rule, the Seribner rule, and the cubic-foob rule
by 11, 3, and 48 percent, respectively.

7. Data on velative realization yvalues of trees by 1-inch diameter

" class, from 5 inches up, show a mise of value with increase in tree size,
Rates of annual earning based on sawlog utilization eulminate at
about 15 percenl on Lrees passing from the 14- to the 16-inch size and
decline with increase in size {rom that point on.

8. The stumpagereslization value (difference between sales value
of famber and costs of production, oxcluding stumpage, profit, and
uninsured risks) was usually aegabive for trees under 13 inches and
positive for farger trees.  Owing to varialion in tree quality the line
between positive and negative walues is not sharply dofined.” Logging
operators should nim to aveid cutling many trees of doubtful value.
The stumpage vealization value for 8 pine tree 17 inches in diametor,
which was about the average size of trees cut in the study, was about
7 per M feet in 1944,

8. The importance of log grading is bhrought out by the fact, for
example, that stumpage-realization value per M feet lumber tally
was $11.01 for 12-inch No. 1 pine logs, $6.84 for 12-inch No. 2 logs,
and $0.00 for 12-inch No. 3 logs. Values for other log sizes were found
to vary simlarly,

10. Because of the present widespread market for pulpwood
througheout the shortleal-lobloliy pine region, Lree Lops and also whole
trees that are unprofitable for saw timber and not necded as growing
stock should e cut into pulpwood, or other products. When pulp-
wood was cut from tops ol saw-timber pine trees, not values of $1.05
per cord for 10-inch {rees down to $0.05 lor 24-inch trecs, and negative
values for larger troes, were rvealized.  When pulpwood was taken
from defeclive and low quality trees in improvement cuttings, the
largest net income per cord was $1.39, roalized from 9-inch pines.
Bven 3-inch pines showed a net value of $1.02 per cord.  For the
wholc experimental operation, on the average aboul one-half eord por
M feet (Doyle-Scribuer rule) of sawlogs was taken from tops and in
improvement cutiings,

11, Under applicalion of the principles of forest management set
forth in this report to stands of various densitics, the following net
annual incomes are prodicted: With 10.000 feet (International Y-ineh
rule} growing stock per acre and 2 cut equaling the full amount of
growth. more than §5 per acre; with 6,000 leet v acre and & cut
amounting to about three-fourths of the growth, about $1.50 per acre
(plus an annual addition to stumpage value of growing stock averaging
about $1 per acre); with 2,000 feet per acre and & cut amounting to
half the growth, about $0.20 (plus an addition to stumpage value of
growing stock averacing $0.80) per acre.

12. The information obtained in the present studies indicates that
owners of badly understocked stands have the choice of (1) removing
volume as fast as it is added by growth ov faster or (2) cutting less
than is added by growth and gradually building up the stands to a
well-stocked and highly productive condition.  Under the first pro-
cedure the returns from present undersiocked stands are low because
of the cutbing of too many small tices, and future returns from [urther-
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depleted stands may be less, wheveas under the second the net returns,
including increment on the growing stock, may be gradually increased.
Besides enrning all taxes and administeative and other fimber-growing
and logging costs, stands with 2,000 feet or more of saw timber per
acre may increase to 10,000 feet or morve of saw {imber per acre, alter
which they should veturn annually $5 or more per acre.

In gencral, the tested results of these studies show that the great
arcas of pine-hardwood forests in the vegion west of the Mississippi
River present a vast opportunity for enterprising management, The
steadily increasing demand for forest products justifies great ackivity
in this ficld. Suceess in management requires not only production of
an increasing flow of lorest produets year by year but also praduction
during the next 20 to 30 years of al least enough additional wood
arowth to double the present volume of standing tunber.,  Wven this
merease would leave the vields and financial veturns of the southern
{orosts below their maxima.  Despite present demands on the lovests
for war materials and substitules for other materials, cutting should
be condneted in & manner that will leave to the post-war world im-
proved forest stands rather than forest ruing.
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APPENDIX

Commercral. Tren Species PreEsEydT 18 Sranns Srumen

Fotenicufl nuwme Coerl inon neane
Pines:
Pinus echinala . shortical pine.
Lobloliy pine.
Hardwoods:
Aeer rubrum Hed maple.
Fragivus awericona___ .. White ash.
Garye yn. Hiceria) spp . Hickory.
Liguidambar styraciflue, . S Bweelgun,
Nyssa syloation_______ . _. . Blackgum.
Guercus alba While onk.
0. wigra.___ Waior cak,
0. phellns__ . Willow onk.
Routhern red oak,
. stellota Post oak.
€}, veluting e . Black oalk.
Ubmus wmericona . . . American elm.

SurrLEMENTARY TABLES

TannLe Sd.—rfan-minute requirement wid vast ) per log for logging pines, by log size
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TABRLE 55— Man-hour requirement and costt per AF baurd feel for logging pines,

by log size
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TanrLe 56e—Man-hour requirement and vost? per 100 eubic feel for logging pines by
log size
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TABLE 58 —Man-hour reguirement and cost ! per M bourd feet for logging hqrdwoods,
by log size
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TaBLE 58.— Man-hour requivement and cost ! per 100 cubic feet for logging hardwoods,
by log size
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Tanig 61.—-Cost of hauling pines per Al board feel or 100 cubic Jeel for each half
mile (beyond 4 miles), by log size
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Tarre G3.—dan-hour requirement and cost! per M loard feel for loading and
hauling pines on reifrouds by log size
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TaBLi G4.—Maon-hour requirement and cost per 100 cubic feet for {fouding and
houling pines on railreads, by log size
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TABLE 66.—Man-hour requirement end cost 1 per M board fect for looding and
hauling hardwoods on ruilroads, by log size
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TavrLE 67.— Man-hour requirement and cost | per 100 cubie feel for louding and haul-
wng huridivouds on retlrogds, by loy siee
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Tapue 69.—Relative production of tumber grades from pine logs of different sizes
NO. | LOGA

Pistribution of lambor by grade, 4 Distribatton of kanber by grade,
in pereent of log velumoe! i in perevnt of g volume
Diameter [N . C BMasewener L L —— .
inside Dark : Enside butk
{Iochest 1% gnd : . 1 1}imen- {inches}
H Tivtter Nl No, 8 No. i csionnnd
: « THmbors

w7 15
T 1
w0 1
i 9
1
5
17

imen-
No, U Noo? Neod sionand
timiwrs

ERTHTH
" Better

pd)
H
28
il
an fi
4
i

[EYEIETE R ETE ]

[ —

NG ¢ Lo

WO sToas

EH !

2 LA
4 )
48 5
al G
B3] 12

5 [E]

&

|

TanLe T0-—Helotive production of Lionber grades from hardwood fogs of different
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TaBLEe 72.—Value per M board feel of greew 'pi-n.e fumnber !

115
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TaBLe T4 —Man-hour requirement and cost! per M hourd feel (Seribner rule) for
logging pincs of vartous sizes
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TaBLE 75— Man-hour -rr:qm'rmumrt_ and cost! per 100 cubie feel Jor logging pines
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Tavue 76— Man-minule requiremeni and cost' per lree for logging hurdwosds
of varions sizes
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TanLe 77.—Man-hour requirement and cost ! per M board feel for logging hard-
woods of vurious sizes
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T T e ke P e}
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8. 5l
a3
3. 286
A, 164
oA 938
4. 8
4. 6490
4. 583

s8Ry

e
ETi=Sey

21 LS
CEL | tanG
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! Mun-hour rates: Felling and bucking, $0.333; skidding and loading, $0.617; truek haal, $1.028.
¥ Dristanee, 4 miles.
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TaBLE 78.—Masn-hour requirement and cost ! per 100 cubic Jeel for logging hardweods

Diameter inside
(inches)

hark

Velunie
|1er
trec

Felling and
buteking

Skidding and
loading

Truck hanl#

Cutric

A fea-
hotirs

1. G2
1.6
1600
1. &5
1. Gk
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L.413
1367

Muan-

G2 N

A
“uld

877 1
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812
- 7RE
- 156
-7
LT
.68
<t

A8

howers ) Doliurs
.14 074 .

L L
JHIS 6

Afun-
howrs
.02
1A
s 5

L8580

S e R R IS R 1S 1
ABEREERNELE

I Mun-lour rates: ‘Fellin,
* Tristance, 4 iniles,

stocked arcu

z and bucking $0.35%; skidding and loading, $0.617; truek hanl, $1.028,

TanLE 79.—Stand and stock lable per ucre of lest block B compared with g well-

Dlemeter inside bark (incheg)

Number of trees

Volutes of suw
timber t

Total volume ?
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bloek
)]

Well- b Test
stoekedl block
area E

Numher
7.5

el o e gt

=] B8 e 0 0 e L2

12 plus..._..

ot B

Nh by
12,

i T

SRR KEL S s
Ll k= = v g e - L I e k=T =]

well-
stoeked
aren

‘I'est
blpek
E

Well-
stocketl
aron

Hnaril

! International (L-inch) log seale.
1 Merchantable (inside bark).
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