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INTRODUCTION

Forests of ponderosa pine (Praus ponderose Eawson) ecover a larger
total aren than those of any othier conifer of the westerr United States.
They oceur in all the States west of the Great Plains and arve the
prevailing forest cover in eastern Oregon, eastern Washington, and
parts of Montana, Tdaho, Utah, Anzom, New Mexico, California,

and South Dakota. In eastern “’aq}ungton #nd easbern Orogon alone
the area in this type is estimated at close to 10,000,000 acres, or almost
40 percent of the entire forested aren In the two States. Of this total
about 7,500,000 acres is located in Oregon and about 2,500,000 acres
in Washington, The naticnal forests of the two States confain the
following areas of ponderosn piune timber; Oregoun, 3,095,000 getes,

I Until 1031 the oflicinl comtngn name {or this gpecies wis western yellgw pins.
P0ERE°—34—1.




2 TECHNICAL BULLETIN 407, U.S. DBEPT. OF AGRICULTURE

merchantable and 84,000 acres immature; Washington, 716,000 acres
merchantable and 13,000 acres immature (34).2

According to TForest Secrvice estimates made in 1930, ponderosa
pine timber amounts to 15,000,000,000 board feet in Washington and
79,000,000,000 board feet in Oregon, forming 14 percent of the volume
of timber of all specics in the two States. This proportion is second
only to that formed by Douglas fir. Thw ponderosa pine timber in
Washington and Oregon copstitutes about 38 percent of the entire
stand of this speeies in the United States, estimated by the Forest
Service in 1932 % a$ 250,000,000,000 board feet.

Between 1911 and 1925 the annual cut of ponderosa pine rose in
Cregon from 186,000,000 board {eet to 1,000,000,000 board feet, and
in Washington from 185,000,000 board feet to 441,000,000 board feet.
Al the present time, the annual cut in average vears may be estimated
roughly at 1,000,000,000 board feet for Qregon and 400,000,000 board
feet for Washington. The present average cut in the two States
amounts to 47 percent of the total avernge national cut of the species.
(An additional 37 percent is contributed by the two neighboring States
of California and Idaho.)

The general extent of the pondeross pine forests in the Pacific
Northwest 1is shown in figure 1,

PURFOSE OF THE STUDY

The statistics just given indicate in a broad way the great extent
of the ponderosa pine forests of Oregon and Washington and their
industrial impertance both to the two States themselves and to the
Nation atlarge, If the industries dependent on these forests are to be
perpetuated it will be necessary to adopt logging and silvicultural
practices such as will provide against the present and potential forest
lands’ becoming deploted or unfit to produce further timber erops.
The purpose of the present study is to answer questions on only one
phase of this general problem, namely, the growth rates and yields
that can be expeeted I managed ponderosa pine forests. This sub-
ject includes the producing capacity of forests thot have beon cut
selectively and the relative precticability of different methods of
cutting, The report gives rates of growth for reserve stands varyving
widely in volume, from {hose lelt by a practically clean cut to those
constituting more than 50 percent of the oviginal volume. It ulso
provides means whereby the growth rates of uncut stands may be
estimated. Tt discusses briefly the essential factors affecting the
growth and yicld of uneven-aged stands. It freats in some detail of
the development ol the single tree, showing the effect of such factors
as tree class, site quality, and relense distance.

THE FOREST

IExcellent descriptions of the charaeteristic forms of pondevosa pine
forests in the Pacific Northwest and other regions have been given in
previous publications (11, {6, 26, 28, 31, 86). The typieal ponderosa
pine forest of tho Pacilic Northwest is fairly pure, {airly open, and
many-aged. Over lavge arens it Is absolutely pure. Among the more

2 Itnlic numbers in paroniheses refor (o Scleciod Relerenees, p, 46,

? UUKITED STATEN DEMARTMENT OF AGRINULTURE, FOREST SEEVICE, THE FOREST SITUATION 15 THE
THITED STATEX A& SPECLAL REUVORT TO THE TIMBER CONSERVATION ROARD. 0 p, 1932 [Muoltigraphed.]

1 Pacille Nortlwest” in Lhis bulletin refers to Washington und Orogon valy.
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common assoeiates, which vary in importance in different parfs of the
region, are lodgepole pine (Pinus conforte Loudon), sugar pine (P.
lambartiana Douglas), white fir (Adies concolor Lindley and Gordon),
lowland white fir (4. grandis Lindley), Douglas fir (Pseudotsuga tasi-
Selic (Lamarck) Britton), and western lnrch (Lariz occcidentalis
Nuttall). Associates of lesser importance are incense cedar (Libocedrus

.
j
|
|
|

|

Fiavrg |.—Distribution of forests in Orepan and Wasbington fn whick ponderosa pine is the dominant

spegies, nnd the lpcation af sreas stiedied in Lho investicalion of growilb.  (Facl dot repregents ote or mare
plots.}

decurrens Torrey), western red cedar (Thuja plicata D, Don), western
juniper (Juniperus occidentalis Hooker), and Rocky Mountain red
cedar (J. scopulorum Sargent).

Not all the component species listed are represented in equal
degres in each part of the region; most of them oceur te a varying
extent and in some localities not at all. For instoncee, sugar pine and
incense cedar are found only in the southorn part near the Rogue
River, Deschutes, and Fremont Nafional ¥orests; western red cedar,
only in the north on the Colville Forest; lodgepole pine, Douglas fir,
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and white fir, throughout but in widely varying quantities; and west-
ern larch, from the Blue Mounteins and the Mount Hood National
Forest north. The mixture varies greatly between the lowest portion
of the pondeross pine zone, adjacent to the desert, and the uppermost
portion, which ad}o’as a zone occupied by more mesophytic forest types.

The pure stands arc estimated to contain approximately 75 percent
of all the commercial pouderosa pine timber in the region.

Uneven age is another outstanding characteristic of the pondeross
pine forest of the Northwest. Single scattered mature or overmature
trees are continually dropping cut and being replaced by groups of
young trees, On most areas every age class from 1 year to 350 years
or more is present. In pearly every stand seedlings are starting, sap-
lings and poles are established singly or in'clumps, snd advance bull
pines s and mature and overmature trees sre scattered throughout.
Typical age composition is illustrated in table 1. The counts given
in the tabie are not complete, sinve they do not include the young
unmerchantable trees and the reproduction classes, which may far
outnumber the trees of merchantable sizes. A number of stumps
with rotten or fractured centers, also, are omitted.

Tasue 1.—Age composilion of typical pondervsa pine siands

Nnmber of slpaips Namber of stumps Nurmber of stumps
counted ! colinted | eountad ¢

Ames ol | Aren of
10 neres | 26,77 neres
near

Avenof | Arcaof Aren of | Arenof

40 acres [ 26.17 neees Ag,‘é::g)ss 40 acres 126.17 aeres
ncear TEAT aenr

Ermibody, Embedy,

Oreg.

Age class
(years)

Age clnss
{yoenrs)

v b B3 D LD o 0

Gyt -

Total...-

' S far o5 possiblo, age class was determined for cvery SHIMp presont oo Lho aroas.

The fact that the relative representation of the age classes varies
widely complicates the problems of management and cufting,
Growth and mortality rates depend greatly upon age, as upon domi-
nance and spacing. Marking practice that is not properly adapted
to age composition leads to low rates of growth and high rates of
mortality, Hach stand is o special problem. In some stands the
most practical and economical cutting method leaves & reserve volume
of not more than 15 percent; in others it leaves 50 percent of the
original volume.

5penness of the stand is a third characteristic of the usual ponderosa
pine forest. Munger (26), Korstian (78), Krauch (83), and others in
published and unpublished reports give instances of the relatively
small number of trees per acre. In most of the stands in Oregon and
Washington, trees of merchantable size number only 10 to 35 per
acre. Behre (7, 8) shows that the fully stocked even-aged stand at
150 years of age and on a site comparable to the average eastern

2 In tho Pacifle Northwesl ponderost pine trees less than abont 150 vears of ngo nre crlied " buall pine',.
o term comiparable Lo the VY iMackjael ® of olher reglons, 'Phay havo rough inek burk, pointed crowns, an

?hs;?o:tl} rufcc of growil, Alplura traes ure commonly called " yeliow plne®, Leesuse of Lhe yollowish eclor of
BiT DATE.
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QOregon site contains about 104 trees 12 inches or more in diameter
per acre. At 250 years a fully stocked even-anged stand on such a
site contains about 80 or 85 trees of this size per acre.

In the even-aged stand, especially if it is fully stocked, the yields
per acre are mich higher than in the uneven-aged stand and there is
a richer, denser flora and a thicker, more complete mantle of litter and
humus. In the open uneven-aged stand, the action of the sun and
wind hinders the development and continuance of suck conditions.

Much of the pondeross pine fimber forms an initcrmediate type
between mixed coniferous forests and desert. Although the pine can
grow where the annual preecipitation is as low as 17 or 18 inches,
heavy mortality sometimes occurs locally during periods of drought.
Previously the openness of the stands was considered to be principally
the result of damage by fire and insects. The experience of the past
few yeers has shown that drought is an equally important cause.
The even-uged stand is less likely to oceur on arcas where rainfall is
deficient than in the upper ranges of the pine belt next to the aveas
;}ccupied by the mixed conifer type, where rainfall is not & limiting
[actor,

METHODS GF CUTTING

TPonderosa pine, like other pines in general, responds well to many
different silvicultural practices. At the beginning of national-forest
management in the ponderosa pine type, the Iforest Service adopted
a type of cubting (10) thut approximated a heavy grade of selection
cutting. In different regions and at different times the cutting had
characteristics of tree selaction, of group selection, and of shelter-wood

cutting. Marking instructions often stipulated that the faster growing
trees and the trees less subject to windfall and insect damage be left.
Emphasis was placed now and again upon one consideration or another
such s spacing or type of tree, but in essence the principle remained
the same. At present, in uneven-aged ponderosa pine stands on the
national forests and the Indian reservations a systemn of partial
cutting is employed that leaves from 15 to 30 percent of the merchant-
able volume for accelernted inerement and insurance of seed supply
and as the basis of o later cut after an interval of 40 to 75 years. A
stand cut according to this system is shown in plate 1.

Cuttings made on privately owned land have in many instances
constituted an unintentional selection cutting or culling. Several
lumber companics have recently raised their diameter cutting limit
and as a result are leaving reserve stands that, although of n:iigh'ter
grade than those left under Forest Service practice, will forn the
nucleus of o later cub,

Carelul protection of partially cut stands from fire assures o future
merchantable stand, the time of the next cut depending largely upon
the volume of the original reserve stand and upon market conditions.

The Forest Service cuttings just described will be called selection
cuttings in the following discussion, although in g strict sense they
cannot be so classified. This method of cutting will result in eliming-
tion of the older age classes within ome or two cycles, conversion to
younger and younger ages, and, probably, final transition into an
even-aged stand. Increasing the percentage of reserve volume will
postpone this final conversion; but unless present marking practice
is greatly modified, a true selection forest with a wide range of age
classes will not be maintained indefinitely.
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The heavier the cut, the younger and the smaller will the reserve
trees be. The avernge growth rate will be greater, because of the
more responsive characteristics and inereased growing space of the
individual reserve trees. On aress heavily cuf, however, the votol
volume growth per acre may not be sufficient to permit a later cut
early enough or large enough to be profitnble. In order to plan a
cutting operation with a view to producing a successful laber cub,
one rush be able to estimate the growth of the trees and the yields
per acre.

METHOQDS USED IN FORMER STUDIES OF GROWTH IN SELECTIVELY
CUT STANDS

Since the usual selectively cut lorest of ponderosa pine is complex
in character, with various age classes, tree classes, spacings, and in-
crement and meortality rates, the predietion of ifts growth and yield is
nob a simple and clear-cut process, A number of methods have been
used, ench having certain distinet advantages and also certain disad-
vantages. These methods, which are more or less interrelated and
all of which are based on measurement of the single tree, can be
grouped under four genernl headings:

{1} Permanent sample plots, as used by Dunning (18}, Karstian (I8}, and
Kraueh (25).

(2) Dismeter aceretion. Kraueh (20, 22, 88).

(3) Growth percentage. Hanzlik (17), Dunning (72).

{4} Reserve-stand growth, hoased upon reconstrueted temporary sample
plots. Meyer.®

Althougl: the permanent sample plot method gives the most accu-
rate inforrnntion for small aress and this information is directly ap-
plicable to areas where conditions are similar, it requires long periods
to yield reliable results. Prolenged growth cycles and epidemics
must be expericneed before average effcots ave determi. able. In ad-
dition, permanent sample plots at the most can actually represent
only a small portion of the total region. It would be an enormous if
not impossible task to cover by this method all the essential varieties
of condition and stocking. Besides, if successful manngement plans
are to be luid it is imperative to make the growth caleulations at the
present time, before the stands are cut.

The diameter-aceretion method can be based upon permanent sam-
ple-plot data, but can equally woll be based upon increment borings.
To apply this method, & stand tally is needed. The more detailed the
tally, the better will be the result, because trees that are of the same
diameter class but differ as to age, dominance, and crown class grow ab
differsus rates, respond differently to release, and vary in mortnﬁity.

Growth-percentage methods, although they appear to be smong
the simplest, have n nwnber of weaknesses and aro opposed by wany
investigators. Growth percentages cun be applied either to stand
tallies or to the stand as a whole. One ol their woaknesses is that
with variation in size of free & growth percentage comes to mean
totally different absolute volume growth. For small fast-growing
trees the growth-percentage curve falls so rapidly that a highly inac-
curate resplt is obtained unless the time and size clerients are very
carefully considered.

TEMuvER, W. H. PRELIMINARY ALINEMENT CHARTS FOTL DRTERMINING GROWT[ IN SELECTIVELY CUT

STANDE OF WESTERN YELLOW M,  Pucifle Northuwest Forest Bxpt. Stn. Farest Resenreh Notes, No, &,
U, 1530 [ Mimeographbed.}
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Each of the four methods outlined has advantages over other meth-
ods at eertain times and in certain places. For this reason the basie
tables of growth rates of the single tree are included in this report,
in the section beginning on page 37.

METHODS USED IN THIS STUDY

In the present study an attempt is made to incorporate the virtues
of several methods. In the inifial computations diameber-accretion
data, stand fables, plot records, and the like were combined. The
result was 5 compound set of average values which show growth and
vield, on the aere basis, according to the volume of the reserve stand.
Then an analysis was made, one by one, of the factors that cause a
departure of growth from the average, and methods were developed
of correcting growth and yield estimates for these factors.

The basic data of this study were gathered in the course of the field
segsons of 1928, 1929, and 1930, In eastern Oregon and castern Wash-
ington. Measurements were made on 179 temporary sample plots in
selectively cut stands. The location of each group of sample plots
used in the stucdy is given in figure 1 and in table 2, which gives also
their acreage and thoir distribution as to site quulity and age of cui-
ting. The plots were loerted in representative stands scattered from
sonthernmost Oregon to northernmeost Washington and from the Cas-
cade Range f{o the castern bounduries of the two States. The ex-
treme southwestern part of Oregon was excluded from the study be-
cuuse the ponderosa pine stands occurring there ave ol a different
character from those typicaily occurring under average conditions in
the central and eastern portions of the States, mbemblmtr rather the
mixed pine forests of northern California.

TaBLE 2—Summary of dete by locality and site quality of plols and by age of cutiings
DISTRIBUTION v F PLOTS BY LOCALIYY

. Nutl- | Acrengo
Vivinily of - lipr of of
pls plows

Prosehutes Natfonasd Forpste . o0 0 L L L E 45, 76
Hogue iver Npuoninl Forest . p

Framont Nationul Forest..

1 Gehoeo National Feresl. .

Malieur Notionn! Forest .-

Whitiign Natienal Forest..... . .. . . R
Umnntille Nuvtonal Foresb. . ... 0 . L o0 oo
Yoakime inading Heserviation .. e e PO
N snoduabnie Notienal Foresl, o0 0 L L L
Whashington .. ...o.... _[§ Wenalehea Nationn! Forest

Chelan National Forost. ..

Colville National Forest. .

Tolnboeaae ol [ amma -

DISTRIBUTION OF PLOTS BY BITE GUALITY AND BY YEARS SINCE CUTTING

{ Numher of Mots, by site quality

Years sinee enttlng v
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The plots were so chosen as to represent the greatest possible
variety of reserve-stand conditions, on the assumption that the com-
bination would result in data expressing general conditions. Each
plot was chosen arbitrarily to represent a certain condition, and not
as & sample of average conditions for the area of which it was a part.

The sampling was restricted almost entirely to site qualities III,
IV, and V.  Site quality VI was omitted from the analysis hecause
no suitable cutting areas representing this quality were found.

On each plot the growth of sach tree was analyzed separately by
means of increment borings. Detailed deseriptions and measure-
ments were recorded for almost 6,000 trees, including such items as
diameter, total height, age, and diameter growth by 10-year intervals
from 30 years beforc the cutting to the date of examination. A stand
map was prepared, locating all trees and stumps and also the repro-
duction. The hoard-foot and cubic-foot volumes and basal area of
every tree were computed for every decade after cutting and the plot
volumes reconstructed. From these plot data, yield alinement charts
were constructed by a method similar to that outlined by Bruce and
Reineke (9) for stand tables.

Since the alinement charts represented the elements of age and
volume only, the effect of site quality, structure, and other factors
remained to be determined. For this purpose the percentage differ-
ences between actual volumes at every deende and velumes estimated
ont the basis of the growth charts were subjected to statistical com-
putation.

Several elements ol error are undoubtedly present. But after the
accumulation of data from a large number of plots and thousands of
borings some of these elements become compensative; and in this
instance none of them can have led to overestimation of yields,
because a couservative view was adopted where there was any choice.
The results of the study are intended for use in the Pacific Northwest,
and in other regions having similar conditions, until the time when
permanent sample plots have given reliable and comnsistent results.

FACTOR'S INFLUENCING RATES "I(‘)AFN I(J}é{OWTH IN SELECTIVELY CUT

In & pure, even-aged stand only site quality, age, and stocking
need be considered in predicting growth; but in & many-aged cut-over
stand & number of other influences demand attention. The following
factors will be discussed here, in the order given:

1. Bite quality.

2. Reserve volume.

3. Tree elass pudd staud structure.
4. Spacing und release,

5. Composition.

6. Crowth cycles.

7. Length of cutting cycle.

8. Mortality,

SITE QUALITY

Every tree species is eapable of enduring a wide range of site quali-
ties, but even in the case of trees originating from the same parent
tree the sizes attained depend largely upon the kind of soil, the mois-
ture rnd drainage conditions, and other site features. In the ponder-
osn pine forests of the Pacific Northwest, the site quality of forest
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-lands bearing mature timber crops iz judged by the average height
of the mature dominant trees. Tigure 2 illustrates the classification.
For the young age classes, the curves are based upon observations
made by C. E. Behre in yield studies of even-aged stands in northern
Idabo (7, 8) and confirmed through similar unpublished studies by
the author in Cregon and Waghington. The central values of site
rwualities I, I, IIT, IV, V, and VI correspond to site indices 127, 112,
v6, 80, 65, and 51 of Behre’s classification, site index being the average
height of dominant and codominant trees of even-aged stands at 100
years.

For estimating the site quality of lands occupied by uneven-oged
ponderosa pine forests, the procedure is as foilows:

Measure the total height, in leet, of 15 to 30 mature, dominant
trees of Dunning’s iree class 3 (14).  Average these values and enter

S5ITE
QUALITY
1

I

/
/
|

—

"
||
g
[

"""

TOTAL HEIGHT {FEET

\ 1 I 1 1
4] 00 350 400

150 200 25
AGE (YEARS)

Figuny 2.—Site-quality classificailion of ponderosa pive lands, based upen averge tolal beight of domivant
Lroes,

the average value upon the chart at the approximate average age of
the trees. For mature trees exact nge is not necessary, since height
changes little after maturity is reached. The curved line nearest to
the point entered upon the chart indieates the site quality. For
instance, an average height of 110 feet at maturity—about 300 years—
indicates site quality IV,

For immature even-aged stands, the procedure is slightly modified.
In this case the average heights of the dominant and codominant
trees are taken and the exact age of the stand is found by means of
stump counts or by increment borings. The height is then ontered
upon the chart at the determined age. If a certain even-nged stand
is 75 years old and the dominant and codominant trees average 78
feet, for instance, the site quelity is II1.

The relations shown in figure 2 are expressed in terms of merchant-
able height in table 3,
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TapLe 3.—8ite qualities of ponderosa pine land as defined by lolal height or by
merchaniable fieighi of average dominani tree

Total height Aecchantabls

Site quality I}:A?SEE ?rf E;uB‘

AL 100 years| At matarity| oot logs

Teef Fepl aumher
T] o e oo Atrmm = mmmm—————— s e 112 16§ Sra .
I, . peli} T8 7.
) o ! 114 1 & to .
v e oA it R 4 mn m = i G5 80, [ Jto4.
Wl mmmmmm— e tuamimamne manee- Al ¢4 | Less thun 3.

In Oregon and Washington the most common site qualities of
pine lands arve 11T, IV, and V. A little land of site quality II is found
in southern Oregon, and some land of site quality VI is found in the
poorest situations throughout the two States, At least 75 percent of
the entire pine-forest area in the two States is estimated to be of site
guality IV,

RESERVE VOLUME

The volume of the reserve stand largely defermines its rate of
growth and its yield. On one plot, for instance, on which the reserva
stand amounted to only 4,617 board feet per acre, in the 16 years
after cutting the annual growth per acre averaged only 71 bhoard feet.
On a neighboring plot with the same general site conditions but with
a reserve stand of 9,540 board feet per acre, the annual growth per
acre during the same period averaged 134 board feet. The volume on
the first area incrensed at the rate of 1.54 percent a year and that on
the second at the rate of 1,40 percent a year. The percentage rates
of growth are on the whole most rapid for the stands of small reserve,
since in these stands the trees are wider spaced and usually younger.

he larger the reserve, the lower is the percentage rate of growth on
the whole, but the higher the absolute rate of growth. Thus in
30 years' time the average stand with an initial reserve volume of
2,000 board feet will increase to 4,000 board feet, while a stand with
three times thut initial reserve will increase to 8,600 board feet. The
stand volume increases in the first instance by 100 percent and in
the second by only 48 pereent, although the annual growth rate is
67 banrd feet 1n the first as compared with 97 board feet in the second.
An example of a heavy reserve stand and one of a light reserve stand
are shown in plato 2.

TREE GLASS AND STRUCTURE

A system of classifying ponderosa pine frees that was introduced
by Dunning (£4) for California conditions has been generally adopted
in the Pacific Northwest and other regions. It distinguishes seven
types of trees, which are iflustrated in figure 3. Dunning’s descrip-
tions of the different tree closses are as {ollows:

Class 1. Age elass, young or thrifty mature; position, isolated or deminant
{rarely codeminant}; crown lengtl, 63 perceut or more of the total height;
crown width, average or wider; Torm of top, pointed; vigor, good,

Cluss 2. Age elass, young or thrifty mature; position, usually codominant
(rarcly isolated ar dominant); crown length, less than 65 percent of the total
height; erown width, average or narrower; form of top, poinfed; vigor, good or
rodernte.
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Class 3. Age class, mature; position, isolated or dominant (rarely codominant);
crown length, 685 percent or more of total height; crown widéh, average or wider;
form of top, round; vigor, moderate.

Class 4. Age class, mature; position, usually eodominant (rarely isolated or
dominant}; erown length, less than 85 pereent of the total height; erown width,
average or narrower; form of top, round; vigor, moderate or poor.

Class 5. Age class, overmature; position, isolated or dominant {rarely codom-
inant); crown of any size; form of top, flat; vigor, poor.

Class 6. Age elass, young or thrifty mature; position, intermediate or sup-
pressedd; crown of any size, usually small; form of top, round or pointed; vigor,
moderate or poor. )

Class 7. Age class, mature or overmature; position, intermediate or sup-
pressed; erown of any size, usually small; forin of top, fiat; vigor, ponr,

In the field, if the classification is observed strietly 1t may scem that
4 large proportion of the trees are border-line specimens. After n

Frauiee 3. —Tree classes in eneren-aged stands of ponderast pine, s defined by Dunning.

little practice with an experienced estimator, however, the determing-
tion s easily made at a glance, In border-line cases age and vigor are
given more weight than some of the other factors,

Onsite quality IV in Oregon and Washington, in the virgin stands
tree class 1 has the best growth rate und is followed as & rule by the
other classes in this order: 2 and 3, 4, 5 and 6, 7. In selectively cut
stands, although the trees respond individually to release according
to spacing, tree class, and dinmeter, the rank of tree classes as to
growth is%ittle changed {rom that in the uncut forest, being 1, 3,24,
6,7, 5.

In rate of mortslity, these tree classes have been ranked by Dunning
for Californie conditions as foliows, with the least susceptible first:
1,6 and 3, 2, 5 and 4, 7. Studies by the Division of Forest Insects,
Buresu of Entomology, discussed on pages 30-31, have revesled a
more complicated ranking, shown in table 15.
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The composite of the proportion of each of the seven tree classes in
a stand is indicated in this report by the term ‘*‘structure.” A perfect
expression of structure would cover all tree classes, but a compound
factor of this nature would be too unwieldy for practical use.
Thorough investigation of the influence of each tree class and of
groups of tree classes upon the rate of growth of the stand has shown
that the percentages of eubic-foot volume or of basal area contained

20°
o

T :' ;—-l-‘
s F st
O o ° .
} Cla T

B, -

BOUNDARY SCALE RESERVE TREE,WITH
9, 2r 40 6O , B0 FELT O_., TREE CLASS

u:)ﬁgos::ca\jl.s 2 CUT TREE
1015 20 55 % 3T wenes @ SPECIES OTHER THAN PINE

Ficunre 4.—Reserve sinnd unsaiisfhctorily spaced aod containing nn unnsual percentage of old brees,
which showed i:rnwlh sorncwhai belaw averape for selectively cul stands.  Sample plot no. 52, Qdessa,
Oreg. Original stand per gere (of pine ondy), 24,600 Loard feetl; originnl resarve per nero, 8,360 huard feet;
voluthe per ucre 20 years aiter cttbing, 10,633 hoard foet.

in tree classes 1 and 2 on the one hand and in tree class 3 on the other
hand exert the most powerlul influence upon volume growth next to
site quality and total volume of the reserve stand. These two groups
include three of the fastest-growing tree classes. The larger the per-
centsze of tree classes 1 and 2 in relation to the pereentage of all
other classes, the faster is the growth. The larger the percentage of
tree class 3 In relation to the percentage of all other classes, also,
the faster is the growth, but in this instance the effect is iess pronounced.

In this study, structure is expressed in terms of the percentages of
the stand composed by these two groups of tree classes. The struc-
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ture expression 25-50, as an example, means that of the total cubic-foot
volume or basal area of the stand 25 percent is composed of tree
classes 1 and 2 and 50 percent of tree class 3.

SPACING AND RELEASE

The effect of release upon the growth of ponderosa pine has been
measured frequently (12, 18, 14, 18, 22, 24, 26, 29),7 and the results
stated both in ahsolute growth rates and in percentage of acceleration.
For the purposes of this study percentags of accelerntion is hardly to the
point, since all the computations hove beent made in absolute values.

It must be remembered that the removal of part of the stand in
the general vicinity of a given tree does not invarinbly coustitute
release and cause ac-

celeration in the tree's D

rate of growth. To be aget o4

susceptible of release,a &' T

tree must be in actual ’ T T

competition with other ot ot L Te e

trees for moisture and a '

nutrients. e © o’ O Ty
The growth acceler- | s°* o .

atlon resulting fromre- %} O 5.5 00 O3 P

lease varies somewhat B o3 L IS K N

according to the con- 4 % v o ‘9

dition and vigor of the L2 “ Vowe

tree, The most vig- e o, T oy OF

ornus trecs respond al- G oo

most immediately to a O % SIS

slight extent; their ) et Wb D

growth accelerates for o %Ca oo e %

about 5 years and then s ~

maintains o new level sounpany scat

for several decades, un- L2 0 L % e O, RESERVE TREE, WITH

less other factors de-  TREE scar "3 TREE CLASS

stroy the bhalance, A 33889 ey ¢ euT TRee

Cross SL‘.C_tr]OIl of a DON- proepe A-=8lapd composerl ehiefly of immeturs und young mature
derosa jne tree Sh()\\'— }rcrs.v_ip \&'hit‘hht‘x]:I'Em'r{ﬁlmriiy '2{0‘“1“-“}? 'ru}e:m! cm}ditiqns Tosulted
ing marked accelera- ho, Iﬁtlﬁeﬁ‘i Sty Orog.Ornl Siasg e wore. SeB uans
~ Hon 1n gI'OWi}]l aftor ier;.[:raofrllfﬁl:gurtri??l?,ul-ll.x?;o ul‘;;g‘r J,gﬁ:.hnnrd feet; volume per aere 32
releasenppears as plate

3. Figure 4 shows a reserve stand containing an unduly large pro-
portion of old trees and unsatisfactorily spaced, the growth of which in
the 20 years following cutting was below average for selectivel

cut stands. Figure 5 shows in contrast with this a stand in which
the trecs reserved were prineipally immature or in an early stage
of maturity and relense was extraordinarily complete, and which
in the 32 yews following cutting grew at a rate much above av-
ernge. Figure 6 illustrates the progress of growth in o stand that
was selectively logged ifn 1899; of 10 sample trees, all cxcept 1
responded to o certain degree within 2 vears, and the growth rate
increased rapidly for several yenrs with variations between climatically
favorable and unfavorable years. The marked decline in radial
growth starting about 1917 was due not to a cessation of the cffect

P MEYER, W. H. Seelusinote .
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of release but to a period of generally unfavorable climatic conditiops,
which is reflected in the growth rates of ponderosa pine throughout the
Pacific Northwest. In & period of average climatic conditions, growth
increase due to release can be expected to persist for 40 years or more.

COMPOSITE RECORAD OF 10 TREES
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FIQURF ,—Progress of growils fellowing relense in n potilerosa pino stand logged in 1548, ns shown by the
rnelial growlh of 10 trens separately and combined.

Removal of a single sizable tree [rom a clump has a beneficial effect
on the surrounding trees with which it has heen competing directly
for nutrients, soil moisture, and, to a lesser degree, light.

The distance to which release is effective varies somewhat with
tree cluss and with site quality. 1n general (see table 21), trees that
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have been liberated on one or more sides within a distance of 40 feet
on site qualities III and TV show approximately the same acceleration
in growth rate as other trees of the same class released on the same
number of sides and within that disfance. Acceleration is discernible
in trees released at distances as great as 50 feet or sometimes even
greater.
COMPOSITION

Several of the species commonly found in mixture with ponderosa
pine, such as white fir, Douglas fir, and sugar pine, grow faster than
ponderosa pine, but do not respond so rendily to release (13). Others,
such as western larch, grow at approximately the same rate as pon-
derosa pine and still others, such as lodgepole pine and juniper, grow
more slowly. The effect of mixture upon the accelerated growth rate
of the stand depends therefore entirely upon what species contribute
to the mixture. The tables developed in this study apply very well
to the ponderosa pine of mixed stands in which other species constitute
not more than 25 percent of the total volune, and their application
even to the total volume of all species in such stands is well within
the acceptable limits of error.

GROWTH CYCLES

Tt isnot an easy matter to evaluate climate and growth relationships,
especially the ocrurrence, intensity, and extent of climatic cycles as
shown by tree-ring putierns.  So mumerous are the factors that can
affect the rate of tree growth, so wralved is the history of a forest stand,
that the final ring pattern of a single tree is highly individualistic,
Tree-ring patterns record certain major eventsin the fife history of the
stand, but rarely agree throughout a stand in any marked degree.
Only agreement in general ving-pattern charactoristics in tree after tree
and con area upon arca can be taken as evidence of general climatic
changes.

In searching for evidence ol growih eycles in the pondeross pine
region of the Pacific Northwoest it was imipossible to cover all the avail-
able data, taken from some 8,000 inerement corves; it was therefore
decided to choose arbitrarily 24 localitics representative of the region
and in each of these to select a few cores of mature trees, usually 10,
for examination. In case evidence of growth cyeles was found, the
plan was {» endeavor to determine whether they were sufficiently dis-
tinct to ulfeet yield predictions and how regularly they could be ex-
pected to recur during the interval between successive euts,  Whether
aseparate correction for elimatie eveles had to be introduced into the
growth predictions depended upon the results of this determination.

If this growth study had been mude 10 years earlier, the importance
of this information might not have been apprecinted. Soon alter the
inception of the study, ovidence was found of a major reduetion in
growth rate extending over a number of reconb vears.  As more and
more arcas werce investigated, it beeame increasingly certain that
this retardation of growth wus well defined over the two States,
The period of retarded growth seemed in a general way to start about
1917; on some aveas it did not begin intil several years iater, and on
o very few areas the retardation was hardly observable. If this
phenomenon recurs repeatedly, at repular or irvegular intervals, as
2 phasc of a natural sequence, yicld predictions extending over a long
span ol years should tuke into aceount periods of slow growth ns well
as periods of good growth, "The inclusion or noninclusion of the
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period of slow growth therefore hinges upon the existence or non-
existence of erowth cycles,

The method of dealing with the dnte is shown in figure 7. The

. curves shown in the chart indicate thaf there was a wavelike pro-
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indelterminate growih.
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INDIVIDUAL AREA RECORDS
AREAS WITH GROWTH BELOW AVERAGE
AREAS WITH GROWTH ABOVE AVERAGE
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occurrence of poor and of good anousl growth, expressed in pereentages of the whole numbier of plots for which pericds of peor of good growth

were determinable,

represent perlods ol geod groweh. Unflled bars represent periods of poor growth,

FicrRE 7.—Periods of poor and of good growth oo 24 areas widely distributed through central and eas

gression of pood and of poor growth years. When more than 50
percent of the plots showed coincidentul periods of good growth or
of poor growth the phenomenon was considered significant.  On this
basis, major peaks of growth at intervals of 17 to 30 years were
distinguished. These are listed in table 4.




GROWTH IN SELECTIVELY CUT PONDER(QSA PINE FORESTS 17

TapLn 4.—Pegks of geod growth and of ﬁoor growth in ponderesa pine forests of
Cregon and Washinglon'

Maejor peaks of poor growth Major penks of pood growth
Approximate ff‘ﬁ: Approsimate {?\Eeira_ Approximate {iﬁ’; Approximale E?éo:;
dates veRes dates voars dades FCRrS dutes years
...l isor PR T T R 21
s BT ) S RUTEE il H
3l LB49. 18 | 1682 14 2]
2 1873 24| 1705, 13 37
2 1851 181 1335, b 30
JL R 331 0FEL L L 18 . -
1w 1374, .. ocmees -z} Awverage. .. 219

28 Averngo. | 224 ITHE. . L. it}

1 Tahie based on Incrament-gore datn for 24 areas, representing in general 10 trees on coch ares,

The loeations of the areas on which the increment-core data pre-
sented in figure 7 and table 4 were taken are as follows: 1, Pokegama,
Oreg.; 2, Odessa, Oreg.; 3, Lakeview, Oreg.; 4, Lakeview, Oreg.; 5,
Lakeview, Oreg.; 8, Lakeview, Oreg.; 7, Silver Lalke, Oreg.; 8, Fort
Rock, Oreg.; &, Sisters, Oreg.; 10, B ineville, Oreg.; 11, Ochoco Na-
tional Forest, Oreg.; 12, Malheur National Forest, Oreg.; 13, Aus-
tin, Oreg.: 14, Sumpter, Oreg.; 15, North Powder, Oreg.; 186, Starkey,
Oreg.; 17, Heppner, Oreg.; 18, Yakima Indian Reservation, Wash.; 19,
Wenas, Wasis. ; 20, Cle Elum, Wash.; 21, Wenatchee, Wash.; 22, Wenat-
chee Lake, Wash.; 23, Chelan, Wash.; and 24, Knowlton, Wash.

Ar aversge interval of approximately 22 years between msjor
peaks of good growth or of poor growth Is indicated. Each of these
periods includes several subsidiary fluctuations. As compared with
the cycle averaging 22 years, this minor cycle shows o much greater
variation. Its recurrences are shown in table 5.

TanLe §5.—Ceneral periods of good and of poor growth in ponderesa pine foresisof
Oregon and Washington

Approx—' ! ADDrox-
fmnte I imnte
Approximate dates | durn- | Clineacter of growth || Approximate dates | dura- | Charaeter of growth
tion, in ion, in
yours years
12 | Below average (ex- 4 | Below average.
cepe M637-38). § | Ahava average.
il | Above average. 2 | Below avernge.
§ | Below aversge. & | Above average,
4§ { Above nverige. 16 | Below average {ox-
4 { Below avernge. cept 15034}
71 Above average. IG | Abave avernge.
13 { Below average {ex- 8 | Tielow averags.
¢l T6E4), G | Above nverape.
7 i Abuvo nvernge. 1t | Delow averago.
7 | Below avernge. 17 | Ahovoe nvernge.
6 | Ahove nveroyc. 7 | Below avernge.
5 | Helow average. 6 | Above nverage.
4 | Abeve aveinge. 14 | Below averoge f(ex-
il | Delow wvorage. ceph 1885).
il | Above nveragu. 3 | Above sverngu.
& ] Lelow nverage. 5§ Below avernge.
11 ] Alpvo avernge. 14 Abovo averngo.
71 Jlelow nverage. i4 | Below average.
5§ Abeve averape {ex-
cept 1768-70),

Tables 4 and 5 represent only general tendencies, evidence of which

appeared on the majority of the 24 areas.
them are based on about 217 ring patierns,

The data presented In
no one of which was

exactly identical with any other. These data establish the fact that
20888°—34—2
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& growth cycle having a duration of approximately 22 years occurs
in the Pacific Northwest pondeross pine region. This eycle tends to
recur about three times during & 60-year cutting cycle, and should
therefore be taken into account in growth estimates. It has been
talken into account in this study. Hence the rates that were derived
are adapted to long-tcrm predictions. Should the term be short or
overlap o partial cyele, the chances are that the prediction will be
somewhat low, since the recent pertod of slow growth has been ob-
served to be one of the most extreme in the entire record.

LENGTH OF CUTTING CYCLE

The length of the cutting cycle, ov the interval between cuts, has
& subordinate effect upon the average rate of growth, since in a
selectively cut stand where many trees have been released the growth
rate renches & maximum in the second decade after cutting and then
grodually tapers off, approaching the rates previous to relense. For
mstance, if o reserve stand of 2,000 board feet is held 30 years, the
average annual increment will be 67 hoard feet; if it is held 60 years,
the average annualincrement will be only 60 board feet.  (Sce table 8.)
A reserve stand of 6,000 board fect over a period of 30 years will give
100 board feet a yoar, but over 60 years will give only 92 board feet o
year. 'The decrease 1s muech more evident when growth is expressed
i diameter measurements, as in tables 18 and 18 or figure 11,

MOSITALITY ¢

The factors in growth rate thus far discussed determine gross
yields. Since gross yields can be utilized {ully in only & few cases,
1t is necessary to estimate mortalily and net vield.  Bven casual
observation in the various sectivns of the Pacific Northwest shows
that the rate of moriaiity is highly variable. In some sections it is
so high, at least at the present time, as to cause gradual depletion of
the stand. TIn other scetions it is remarkably low. Mortality is a
local factor, to be evaluated cach time o new aren Is czumined. In
part this variation is due divectly to variations in the proportion of
suscepiible classes of trees in the stand.  The faet that cortain tree
classes are more susceptible to insect damage than others has been
shown by Dunning {(74) and Kraueh (23). It has been shown b
Weidman (35), and by Smith and Weitknecht (32), that tall, full-
crowned trees, and trees standing on exposed places or lee slopes, are
more likely to be wind-thrown than others.

Swrface fires take thels toll in the destruction of seedling snd
sapling growth and in the butt searving and subsequent wind-felling
of large mature trees. Lxperience of the past few years bas taught
that recurrent drought alone causes immense damage, especially on
arens near the lower lmits of tree growth. Over and above these
effects Is the cffect of climatic cycles on the vigor and susceptibility
of trees. Mortality rutrs of the past decade are probably maximum
rates, beeause of the severe climatic conditions.

In California, damege by insects alone has crveated doubt as to
the advisability of leaving reserve stands on the poorer ponderosa
pine sites, which are comparable fo the average site in the Pacifie
Northwest. In the Pacific Northwest, insect damage to ponderosa
pine is less severe. In this region, appurently, the climatic range of

¢ Mariptily s (Hsewssed ab grenter Tengths in s sectlon beglining on 1. 29,
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the western pine beetle (Dendrocionus brevicomis Lec.), the most
damaging of the western bark beetles, does not include the climatic
range of pondeross pine. North of the zone of I). revicomis infesta-
tion, however, occasionsl heavy infestations of the mountain pine
beetle {D. monticolae Hopk.) have been observed lapping over from
lodgepole pine stands into stands of ponderosa pine.

Windfall is o more immportant factor in ponderosa pine mortalityinthe
Pacific Northwest than if seemns to be in any other region of the United
States. In this region, it has been asserted (32, 85), within the first
20 years after cutting as much as 25 percent of the volume may be
eliminated by windfall. Even with this heavy loss, selection cutiings
cannot be considered a failure. Most of the wind{all occurs within
the first 4 or 5 years after cutting, when some salvage is possible.

Fire ean he controlled to a lurge extent in the ponderosa pine type,
through suitable slash-disposal and other measures. Insect damage
can be partially controlled by chotce of trees {or cutting and by
systematic eradication of infested trees. Windfall can he partially
controlled by removing the very tall, long-crowned trees and by
cutting more heavily in cxposed places than in protected piaces. 1t
is plain that the mortality rates prevailing in virgin stands may he
only o slight indication of the rates to which mansgement may
reduce the mortality in selectively eut stands.

PREDICTING GROWTH O SELECTIVELY CUT STANDS

The statistical method followed in this study leads to a simple
procedure in predicting growth. By means of the stand-growth
tables developed in the study the gross yield for any length of cutting
cycle up to 60 years is predicted on the hasis of the volume of the
reserve stand, the percentage of the total velume in a {ew seleeted
tree classes, and the site quality.  In order o arrive at the net yield,
u separate adjustment is made for mortality. The reproduction stand
is considered by itsclf, since its condition is one of the most variable
features of the ponderosa pine forest. ] .

The steps in making growth predictions can be listed as follows:

1. The forest survey, determining—
a. Arca, by types.
b, Site guality,
¢. Reserve volume,
. Structure.
e. Deusity of reproduelion.
2. Estimaling average grosg yicids,
3. Adjusting for site quality and slracture.
4. Adjusting for mortadity,
. Adjusting for number of poles.

Bach of these steps will be discussed in turn, and two examples

will be given ustrating the necessary computations,

n

THE FOREST SURYEY

The usual form of strip estimate, with slight modifications, forms
the most satisfnetory forvest survey. Tleld data should be recorded
separately for the various sites and types. A change in tally is not
justified by a change in site or type allecting an area smaller than
20 acres. Anopen area such as & meadow ar prairie should be treated
as & separate type and in the final treatment such open areas should
be deducted from the totul. I it s appurent that decided varintions
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in the reserve stand occur over large areas, these should be treated
like 5 change in type and recorded on the map. The tree data
should be recorded by ftype, site, diameter class, and tree class,
separate records being kept for each species. Three groups of iree
classes should be recognized: (1) classes 1 and 2; (2) class 3; and (3)
the remaining four closses. If the survey is made belore the stand
is cut, the trees to be cut should be tallied separately.

Site-quality determinations should be made aceording to the pro-
cedure described on page 9, and where one site quality merges mto
another the different qualities should be blocked out.

The term “reproduction’’, as used in connection with the feld
survey, covers the cstablished seedlings below the smallest ‘“pole’”
size, 3.6 inches at breast height. This portion of the stand approxi-
mates an even-aged condition and may be treated as a modified form
of an oven-aged stand. The ensiest way to gather information on
the condition ol the reproduction is the stocked quadrat system.
This system ag used in the Pacific Northwest consists in taking a
block of four quadrats each 13.2 feet square abt definite intervals
along the survey line. Each quadrat is 4 milacres, or one two hun-
dred and fiftieth of nn acre. The estunator, who may be either the
compussman or the tallyman, stops at regular intervals, usually of 1
chain, considers himsell at the center of a block of four 13.2-foot
squares, looks into one quadrat until he finds an established seedling
or sapling, then into the next quadrat, and so on. If each of the
four guadrats is cccupied by one or mnore scedlings the block is given
& count of 4, if only three are occupied it is given a covnt of 3, and
so forth. When the survey is completed, these tallies are totaled
and the number of occupied quadrats is expressed as a percentage of
the total number obscrved; this percentoge can then he related
directly to any defined stocking classification.

After the survey has Leen completed in the field, the data should
be computed in basal area or in various units of volume as may be
desired. After the stend velume is computed, the structure factor
is obtained as described on pages 12-13. For use in cases in which
neither basel areas nor cubic-foot volumes arc computed, but only
board-lfoot velumes, o simple conversion from the structure percentages
obtained by board-foot calculationsis given in the following tabulation.
The exact relationship hinges somewhat upon the average size of the
trees, but the values here given will compensate on the average.

Corro-
sponding
) .| percontage
Struetura percantage by board-fuot volume by basal

aren or
cuhbije-foot

voluig
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ESTIMATING AVERAGE GROSS YIELDS

In the preparation of the following series of stand-growth charts
and tables, the stand was treated as o unit and as many of the factors
as possible were disposed of in preliminary calculations not appearing
in this bulletin.

Table 6 and figure 8 give the growth in terms of basal area, table 7
and figure 9 in terms of cubic feet, and table 8 and figure 10 1n terms
of board feet, Scribner rule. In the case of board-foot volume it has
been assumed that the upper imit of utilization is a top diameter of
8 inches inside bark and that the lower limit is a breast-height di-
ameter of 11.6 inches. Each table and chart gives the total stand at
the end of 0, 20, 30, 40, 50, and 60 years for any reasonable size of
reserve. If the reserve stand is of ‘a size not directly given in the
tables, it is much easier to use the alinement charts of figures 8, 9,
and 10 than to interpolate.

The method of rending the charts is simple. First the number of
years after cutting is located on tho left-hand scele, then the initial
reserve volume is found on the center curved scale. A straight edge
spanning these two points and projecting over to the right-hand
scale gives the reading for the predicted gross volume., For instance,
if the ¢ average reserve “volume per acre is P ;500 board feet, the reading
in figure 10 is 4,700 board feet in 30 years or 6,500 board feet in 60
years.

TasLE B.—DBasal-area growth in selectively cul sfands of ponderesa pine! of average
struciure, sile quality IV
el

Basal nren of reserva stamd per acre

Average annual
ineresso in
busal arey per
aere for G0-vear
cycle

After no interval of—

At time of cutting (square feot)
10 20 0 40 50 0
Yeurs | yeoars | years | vears | yoars | years

Syuare | Square | Byware | Squnre | Syuare | Sqyunre
_.l"ec!q fe fml’
! 1 3

15
31

RALERRINESES

L Al trees jucluded. ¥ Simple prowth pereentuge,




22 TECHNICAL BULLETIN 407, U.S. DEPT. OF AGRICULTURE

RESERVE BASAL AREA
{SQUARE FEET)

&0

50

A0

FINAL RASAL AREA (SQUARE FEET)

20

YEARS AFTER CUTTING

i

FIGURE 8.—DRasal-aren growlh in seleclively op srnmis{ of ronderosn pine in the Pueitie Northwest, vite
guality IV,

TasrLe 7.—Cubic-fool volume growth in selectively cul stands of ponderosa pine U of
average siructure, site quolity IV

Yalume of reserve stand por aere

Average annual

+ : - _ ineranse in
After an inierval of. volums por agre
At timo of entling {eubic feal) for 60-yenr eyele

10 yenrs|®0 yenrs(30 yearsi40 yvears|so vearsill years

Chuhic fe | Cubie | Cuble Cubic
el ; Jeet Jer feet

160 660
810
1, 1)
1, 360

B

st e
B3SRBS

3,410 | : 020
3,650 4,300
2010 . 4,810

[«-L-=Lr]
gB8ER

AN troes fnelided. 1 8imple growth percentage.
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YEARS AFTER CUTTING

RESEAVYE STAND

{HUNBREDS CUBIC FEET)

a0

29

W b A
& < &
1

[N ANAAREANAA NN AAA AN A AN AR AN NN NN

- — LY n n w
h - =] o L] [
GROS5S YIELD (HUNDRED CUBIC FEET)

[

»

Q

FigUng 9.~ Cuble-font voluine grewih in selectively eut stonds of ponderosa pine in the Pacifie Morthwest,

site qunlicy [V,

TanLs 8.— Board-fool volume growih, Scribner rule, in selectively cut stands of
ponderosa pine ! of average structure, sile guality IV

Yolutng of reserve stead per nere

Average annusl in-

At time of eniting
{bimrd feat)

After o {ntorval of—

crease in volume
per uore for #0-

it years | 20 yonrs

30 Feprs | 40 yeors

50 yenes

G yoors

wesr cyela

sEEpERzit

EEEEEEEE

Board feet
&

+

Baard fect
[

i, T
15, B}
17, G
18, B0
14, 700

Boord {er.!.
)] 2,900

Bourd feet
2800

4,400
0, 100
7,400
8, T
AL
1L20
12, 50
13, 300
L5, 300
g, 400
17, 5Ky
16, 200
20, s
22, 100
23, 10

2t 060

Porrd feef
4,200

22, 1)
23, 100
25, 5

Board feet
3, 600

Board fest
43.3
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T
78,3
88,7
9.7
100.0
106.7
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125. 0
130,49
138. 3
144, 7
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8.3
1883

Prreeqt 1
4,33

3.400
298
Las
L33
L5
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1,33
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.13
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L2
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RESERVE STAND
(M BOARD FEET)

YEARS AFTER CUTTING
GROSS YJELD {M BOARD FEET)

FIGURE 10,—RBonrd-foot voluine growth, Scribner rile, In seloctivaly eut stands of pandeross pine in the
Pnelfic Northwest, site quallty IV,

ADJUSTING FOR BITE QUALITY AND STRUCTURE

The %ross yield found by reading from the alinement charts or by

interpolation from the tables applies to the average structure and site
quality of the entire collection of sample plots. It has been shown
previously that stands vary widely in structure and that no average
condition is valid for every stand in the entire region. Adjustments
must therefore be made for variations in structure and site. Tables
9, 10, and 11, based upon a thorough statistical study of the variations
of the growth of plots of different site quality snd structure from
growth averages, give simple correction percentages by which the

reliminary estimated gross yield must be multiplied. For instance
If the volume of a reserve stand, on site quality 1V, is composed 50
percent of tree classes 1 and 2, and 20 percent of trec class 3, the
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preliminary estimated board-foot yleld at the end of 60 years is
multiplied by 1.11. If, furtherriore, the stand were on site quality IT1
instead of IV the correction percentage would be increased by 15,
or to 126. For instance, if the 2,500-board-foot stand mentioned in
the preceding paragraph, which according to the preliminary estimate
will have grown to 6,500 board feet in 60 years, has a 50-20 structure,
and if it is on site quality III, the predicted gross volume at 60 years is
6,500 X 1.26, or 8,180 board feet. If calculations are made for periods
shorter than 60 years, the differences between the correction per-
centages which tables 9, 10, and 11 give and 100 percent should be
correspondingly reduced. If the period is 40 years, for instance, the
total correction percentage in the example cited will be 117 instead
of 128.

TABLE B.—Correction for effect of sile qualily and siructure upon basal area of
selectively cut slands of ponderosa pine 60 years afler culling

Correctlon parcentages for site quality IV § when the percentage of
. basai ares in trea closses I and 2 is—
Porcentnge ol'ibasal arga in

tren class 3

0 10 20 30 40 o] & 70 8G o | 0

68 7% B4 i G0 661 14| 121 | 13
73 &0 8% 05 | W3 Ng| 48] 125 133
v 81 g2 G5 M7y 4| x| ¥ | 137
£1 88 g5 03| b ] G| 120 133 -
83 921 106 | 67 ] 6| 1220 130 | S

T S S SRR S B I D i —

t For site quglity ITL, edd § to the above perceotages; for sile quality ¥, subtract 8 from the above
percentages.

TapLe 10.—Correciion for cffect of sile gualily and struciure upon cubic-fool yield
of selectively cul stands of ponderosa pine 60 years ufler culling

Correction perceninges for site quality IV ! when the percentags of

basal ares in tres classes 1 and 2 fg-—
Parcentapge of basal aren In ¥
tree class 2

t For site quaolity 111, add 12 to the above porcenlages; for sile quality V, subtract 12 from the cbove
poercentaies.
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TaBLE 11.—Correction for effect of sile qualily and structure upor board-feol yield,
by Scribner rule, of selectively cul stands of ponderosa pine 80 years afler cutling

Correction Dercentages for site qoality IV ! when the percontoge of

basal area in tree elnsses i and 2 5—
Percentage of basa] ores in

tree olnss 3

! For site quanlity [11, ndd 15 Lo the shove Percentages; for site quality 4", subtroet 15 from the abeve per-
centages.

ADJUSTING FOR MORTALITY

Pending the time when average mortality rates over long periods
will be definitely determined, a mortality correction of 15 percent
of the total gross annual increment has been tentatively adopted for
areas where insect infestations ean be held to the endemic stage and
where wind and drought are not serious considerations. In the example
previously cited, if 2 2,500-board-foot reserve has given in 60 years a
gross yield of 8,190 board feet or a gross increment of 5,690 board feet,
the net increment is estimated as 5,690 X 0.85, or 4,836 board feet,
equivalent to an annual growth of 80.6 honrd feet,

In cases in which the mortality is extraordinarily high or extra-
ordinarily low the percentage must be adjusted according to the
information 1n a later section (p. 29) which summarizes the best
available data on mortality,

The reduction for mortality estimated directly after cutting need
not be a final value. There are other ways in which a more accurate
velue may be obtained. Experience has shown that the greatest
mortality occurs within 5 years after the cutting. At the end of that
period the areas should be gone over, an estimate of mortality made
and applied to the orig;irml‘= wlly, and new computations of growth
made on the basis of the correeted tally.

ADJUSTING FOR NUMBER OF POLES

One of the main differences batween the sample plots upon which
this study is based and individual extensive stands to which the results
of the study ure applied lies in the proportionate number of poles,
trees between 3.6 and 11.5 inches in dinmeter at breast height. In
some stands groups of poles are seattered throughout, Where this
condition prevails, the growth rutes are higher and the prospects of a
satisfactory future stand are enhanced. The growth tables take into
account the average number of poles, shown in table 12. The number
diminishes with heaviness of reserve stand, being 7 for a stand of 1,000
board feet per acre and 2.3 for a stand of 10,00C board feet per acre.
Where the number departs widely from the average, an adjustment
in the gross estimate is needed.
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TABLE 12.—Average nwmber of lrees that grow inln the [1.6-inch breast-height
diometer closs during a 60-year cycle

Number Nwnber
Numb of trees — af trees
Vohume of reserve stand per | SpEMBET | BEFACT2 | vroiyme of reserve stand per | SSILOET [ IET A0
acre (boord feel) nfpsitnltg} I-ar;m:;u_ ' nere (hoard feet) ufiflt(::gy LTT?I:‘!.LIJI:
11.6-ipgh - 11.g-Ineh
class class
!
[ o
o 7.0 .. 14 4.2
31 LS. . A ]
2 53 Pt 3.3
13 4.8 i 2.3
4 il 37

For every extra pole that will enter into the 11.6-inch breast-
height diameter, or merchantable-volume, class during a 60-year
period the estimate of growth for that period can be increased by
from 1 to 4 board feet, according to the initial size snd vigor of the
pole. If the poles occur in dense groups and were small in size at the
time ol cutting, the lower value must be taken; if they were large,
standing free, and vigorous, a value nearer the larger one is more

suitable.
EXAMPLES OF GROWTH PREDICTIONS

To illustrate the sequence of computations involved in obtaining
an estimate of future growth under this plan two sample cases are
presented.

Casge 1

Reserve-sland condiiions

Site quality - ..o e

Arven. ... ... 350 acres.
Stund per sere:
Basal area_..... ... .. ... 30 squarce feet.
Cubie measure .. . ... . ... 600 cubic feot.
Booard measure. o . . 3,000 board feet.
Strueture__._ ... . . .. 40-40,
Pole condition. . . o .o-- Avernge,
Mortality .. . o Do.
Length of cutiing eyele oo .. G0 years.
Compedations
Ttem fnsal nren [ S ubic Board

mensnre Mestire

Syuare feet | Cubic feet | Beard feel

Gross yield nt 80 yenrs (from tbles 8, 7,8} ... L ceeaan Gl 1, 00 A
Pereent Percent Pereent

Cortegtion foe strueture (g tatites 4, W, aml 1. . oo 115 18 114

sgware fect | Cubic fret | Board feel

Corrected gross yleid 8.0 54 B, Wr2

Tolnl gross incremen .. e 2.0 034 !'-: 3§72
Redueed {15 percent) o [ P, 244 TiH 4, 584
Avernge nel nonual prowth peraere.. ... .. ... e AQ5 1342 4

No correction nevessary for ;lm]cs_
Avwerppe net annual growth, eptive nren. .. . . .. . . 1418 4,420 2, 4al
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Case 2

Reserve-sland conditions

Bite

Btrucinee unlity

Reserve

Roard feel
A0 e oiioas 4

Cutting eyele, 40 vears; moriality, aversge; pole conditian, nverags,

In this case each type is considered separately and the example
breaks down into three separate divisions, for each of which a separate
estimate is made in exacily the same manner as in case 1.

Computations

Site Sile

ILewn gqualicy quality
134 Ivy

|
i
Grass yield nt 40 years fs5 for site quality TVY_. .. .__.Loard fect ! 7,400 &, 750. 0
Cuorrection for site qimlity and sirnclure nt 4§ yeurs. . . . _poreent. ; 105
- | T, 582 1, 068
3, 622 3,588
! 30| E0R0
! 7 56.2 i7.7
i 38.7 152, 4 g7, TG

LT U 1 |+ B S0 1.1

Corrected yield __. - .. - ..honrd feer. |
Toral gross increment . -do

Tedueced {15 pereent) for mortaliy. e esle
Avergge net wnntal growth, per ner . < T T
Avernge nei nnounl growLh, entire pre P |+ B

ACCURACY OF GCROWTH ESTIMATES

No yield prediction is perfeet. Every yield table for even-aged
stands now prepared is accompanied by a table of errors showing
the range about the tabulir values through whick the yields of the
fully stocked stand may vary. In this study of selectively cut stands
of ponderosa pine the statistical error was computed by a diflerent
and probably more correct method. The volume was definitely
determined at the time of cut, and hence hud a O-percent crror at
0 age. With advance in age, on many of the plots the volume grad-
ually diverged more and more from the tabular values, becoming in
some instances proportionately greater and in others less, These
differences were due in part to site quality, to structure, to release
conditions, and to changes in plot conditions sinee the time of cut-
ting. Irom the pereentage differences at each decade a standard error
was computed for each deeade. Table 13 lsts these errors for basal-
area, cubic-foot, and board-foct vahues. The crrors listed do not
take into account the corrections for site quality and structure given
in tables 8 to 11.

Tanoe 13.~—Slandard errars of yiclds as estimaled for small ereas al each decade
without correction for stie grality and structare

] Stamdard errors around values of
i tabies 0, 7, und &

Years niter ciakting
Cubic-fool | Bourid-fong

Busnl nrea volung volunme

B e e

Percent Pereeal Pcrc.emn

122
1.1
7
12,4
3.0
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The estimates of error at 40 to 60 years given in table 13 are unrelia-
ble, since they are based on a very small number of plots. (See
table 2.) By projecting the growth values of younger plots to 40
vears and recomputing the errors, the values ot this age were revised
to 18.6, 19.4, and 20.8 percent, respectively. About 25 percent of
the total variation was removed by the application of the correction
percentages for site quelity and structure. Of the remaining 75 per-
cent; of t%e variation, 17 percent was traced directly to the character
of the data, becsuse the age of the cutting was in some cases 60 years,
in others around 50 and 40 years, and in still others 30 and 20 years.
The serious growth disturbance previously mentioned as occurring
on many of the plots during the last 14 years has affected the error
calculation at different points, according to the age of the cutting.
The final residual 55 to 60 percent of the variation, corresponding to
# final standard error at 40 years of %10 o+ 12 percent, is due to &
large number of minor {actors, chiefly local, that cannot be success-
fully introduced into the growth caleulations and that may to some
extent be compensative when large areas are surveyed.

In the computations on securacy of estimate, no erratic data were
eliminated. Even known eccentric plots with exceptionally large in-
dividual errors of estimate were included. A few examples will show
how locel varintions lead to erratic plot-growth values. Plot 161, in
Washington, cut 27 years ago, was located in a river bottom, through
which an irrigation ditch was dug » number of years after the cutiing.
Normally, at 30 years after the cutting the plot would have & volume
of only 2,290 board fect per acre; owing to the exceptional moisture
conditions, its predicted volume at that time is 2,660 board feet, an
overrun of 16 percent. Plot 135, in another part of Washington, cut
24 years ago, which had a heavy advance stand of reproduction af
the time of cutting, would normally have had 2 volume of 3,740 board
feet per acre at the 20-yesr mark; because of the undue competition,
its volume at 20 vears was only 2,615 board feet, an underrun of 30
percent. Many another instance could be cited in which some
extraordingry condition is producing unusual growth. Although
th; :se special conditions greatly affect yields on single study plots, on
extensive tracts they are undoubtedly largely balanced out. The
result is that in contrast with the errors given in table 13 and in the
foregoing paragraph, based on the deviations of small areas, on large
tracts the errors of growth estimate probably amount only to from
5 to 10 percent.

To forestull any qguestion as to whether this or that factor can be
used to decreasc the crror of cstimate, it may be snid here that the
average size ol the tree, the volume of the reserve stand, the structure
percentage, and the site yusality have no effect beyond those indicated.
Greater accuracy in yield predictions can be achioved only by con-
sidering minor loeal factors, as in the two examples just cited.

MORTALITY

Although the general effect of mortality upon gross yields has
already been discussed, because the subject 1s of so much importance
& separate scction is here dévoted to summarizing some of the mor-
tality information now available that can be applied to conditions in
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the Pacific Northwest. Since dats on cut-over stands are few, a
number of deductions will be made from records taken in uncut stonds,
Tallies of trees that died after the cutting were made on all the plots
measured for this study. When the total volume of these trees is
divided by the number of years since the cutting and again by the
number of acres in the plots, the average annual mortality loss per
acre is found to be 0.115 square{oot basal area, 4.13 cubic feet, or 21.2
board feet. Elimination of nine very erratic plots reduces these values
to 0.089 square foot, 1.08 cubic feet, and 15.1 board feet, which can be
considered a fair average for the areas studied. At this rate the average
gross annualinerementol 91 board feet thatean be expected overa period
of 30 years in the average reserve stand, the volume of which is 4,370
board feet, is reduced by 16.6 percent. This reduction is but, slightly
in excess of the 15 percent correction in annual inerement for mortality
recommended here for growth ealculations covering long periods.

The Division of Forest Insects, United States Bureny of Entomal-
ogy, has been carryving on since 1920 in southern Oregon and northern
California an interesting series of studies of mortality of ponderosa
pine, directed by T, P, Keen, chiefly to determine the damage caused
by insects but secondarily to determine damage from other causes,
The ponderosa pine forests of southern Oregon and northern Catiforniy
undoubtedly have a grenter insect hozsrd than any other pine forests
of the Pacific const, but they are the ouly vnes in the region [or which
comprehensive and relinble Tigures have been abtained.  Some of the
findings, for example those as to the relative susceptibility of the differ-
ent tree classes, are applicable to the remainder ol the region, although
the absolute mortality rates are not, The mortality rates lor the 10
years 1921-30 given in table 14 are based upon satnple plots, usualiy
of 640 acres each, which are exumined annually; they can be considered
average for the period in guestion on g large area of the virgin forests
in and near the Rogue River, Fremont, and Modoe National Forests.
The rates vary greatly lrom site to site und from stand to stand. In
goneral, they reached n maximum in 1926 and 1927 and then declined
rapidly.  The values show plainly that the live volume of most of
the stands must have temporarily deereased during the major part of
this period, but that if the trend of the lust Years of the period con-
tinves there is promise of a balance, if not of a positive inerecse,

Tanth 14— Annval morlality of ponderosa pine in virgin foreats on and near the
Rogue River, Fremont, and Afodoe National Forcsiy in the perind 1921~80

Moriallty LI R e R LU T Y I T ll}'.!rj[ ey I 1 IGW’IUSU
} i

Average Ings per sere _lonrel oot 14 175 M2 um 384 477 417] K1 I B
dtngy nlloss er wery Geelion nver

dpesd . honed feat._ T TR L T =R LAB=WSS]103-1, 0424 L1g-74 SEBESM0-717
Acrengeoiplols, ... . 518, 1|53, 080( 15, 08050, e LINGLT TR 17, 400, 16, 10|10, 7ol 7, o0

! Tuble bused on shservatlons raken hy the Diviston of Forest Inserts, U.%. Dureny of Entomalogy,

Rates of mortality in cut-over stands cannot be deduced from the
datn upon which table 14 is bused even if the values are converted
to percentages of the total stand, since the avernge reserve tree is
more resistant than the average tree in'the virgin stand. A better
iden of the situation in eut-ovor stands is deducible from table 15,
which shows for the same areas the relative susceptibility of the
seven tree classes und of subclusses.
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TaBLE 15—Relative susceptibilily of ponderosa pine by tree classes {o morlality
from ol causes !

Relative

; Apeclnss | . -

Tree ¢lass Tominanee (years ﬁ?ﬁﬂ}q Rank

1 {I)ominnnt._..___.-__..._....-.._________,_________.‘ 75— o ih t
"""""""""" R 1 P, . a4 i) 2

Codominedi. oo aeeameoems .- TE— L4 4

2 aeeetho T 47 a8
“““““““““““ Intermiedd Th— 1.6% 12

oetloa T 2,58 i

R LCowminant 150-300 A2 3%
3 {C‘odominnnt._ . - 1300 Lt i
""""""""" Entermedinia. . ... e emianos .. 150300 .72 13

ommimint o .. .oesian eeas e imiaimimieiaemas I+ WA 5

T '{(.‘mlominam.._,._____.. e eiem i mmmmmman o . 30 L2 3
Intermadinte.. . ....... ... i 2.98 14

P Supsressed 9= 2,50 15
"""""""""" I n+ 1,28 ]

e { _..do. 150-300 1. 88 ia
"""""""""" RS I T - . kiR .45 it

! Tha chicf cruse of mortaiity was setion of {he western pine heetle { PDeidrocfanus brevivemis Lec.).
Table based on ohservalions taken by the Divisiot of Forest Insects, U5, Dareaw of Entomolopy, in
seutiiern CGregon sad northern Californin gver 4 years, H25-31,

y 1A fnc(tj(ir af 1 indigates thol the tree closs {orues dhe sante percentage of il dend stand vs it deovs of the
ive stand.

In table 15 & fretor of 1 indicates that the tree class is represented
among the dend trees in the same percentage as among the live
trers. Tor instance, if this tree class forms 10 percent of the dead
stand by number of trees, it also forms 10 percent of the live stand.
The factor of 2 indicates that if the tree class forms 10 percent of
the dead stand it lorms only 5 pereent of the live stand, and so
forth. In other words, the higher the factor, the greater the sus-
ceptibility indicated, in direct ratic. All the dominant full-crowned
trees, whether of class 1, 3, or §, are well on the sale side, the class 1
trees less than 75 years of age being the best risk. The codominant
trees seem to be about an average risk. The Intermediate trees,
those with the long thin crowns, are evidently the most subject to
mortality, the danger being greatest lor Intermediate trees of classes 2
and 3.

According to the data given in table 15, the practice of leaving
dominant trees uncut, with a supplement of codominant trees, should
do much toward immunizing a selectively cut stand {o insect attack.
A reserve stand composed chiefly of dominant trees with scattered
codominant Lrees should sufler only one third to one half the mortality
of & reserve stand in which the tree classes are represented in the same
proportion us in the virgin stand. On the other hand a stand that is
stripped of its best timber, only the smailer intermedinte and sup-
pressed trees being left, may sufler up to cight times as mueh mortality
as the wisely cut stand.

COMPARISON OF RELEASE CONDITIONS IN EXTENSIVE STANDS
WITH THOSE ON PLOTS

It is o possible weakness of this study that each sample plot was
chosen not as typical of a large surrounding ares but simply us exem-
plifying certain conditions ol reserve-stand structure and of site
quality, and that measurements were made on the plots only once.
A check was needed to determine whether the resulting data express
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genera) conditions. Such a check was made, consisting of 17 random
strip surveys of extensive virgin and cut-over areas, for which stand
maps similar to those made for the sample plots were constructed,
Comparisons were made with the plots as to the spacing of trees,
their division into release classes, and the number of poles. The
strips included from 4 to 50 acres cach, and had a total area of 211
acres. In some of the virgin stands three grades of theoretical
merkings were mnde and the effect upon release conditions was
observed. Table 16 shows the range of relense distances and their
average, for trees of different sizes, on the sample plots and on the
survey strips.

TavLy 16.—Release conditions on sumple plots and on surveyed strips

Plots ? wilth — Strips ? with—

I
Avernge ratense distance | {feel) for tress of size indiested  |Treos 1L.8;Trees 11.5Trees 11.0|Trees 11.5
inches or | inches or | inches or § inches or
mare in | lessin | morein
d.inh, d.lnh.

Averaga release distance,! by size groups, of trees on plats and
an Steins, respeetively. .. ..o ._ R L7
Averupe number of trees beyond 50-foot release distnnce, in
nercentsge of totel nomber_ L . mereent. .

! Computed only for trees relenser within n S0-fool radfis.

? Plots enumerutod as heving trees 1146 inches or tore in d.b.h. ineltude 178 of the tatal 170 stae) y plots.
Plols enumernted ns having trees bolow that size Inelucdls 154 af the total 1,

15trips enummerated vs having trees E.4 inches ar maore in o b.h. ineludeall the 17 strips surveyed. Strips
ennniernted as having trees below that size inchade 14 af the total 17,

The expression ““release distance” as here used signifies the average
distance from a reserve tree to a stuinp more than 12 inches in diameter
with no other standing trec intervening. Trees beyond the 50-foot
limit are considered unreleased, although release has some effect
beyond that distance. Equal average release distances are considered
to signify equivalent release conditions. Release conditions and
their cflect upon growth are dealt with in detail in a Inter section.

On the sample plots the release distance for the trees in¢luded in
the board-foot volume calculutions (thut is, the trees 11.6 inches or
moze In dinmeter at breast height), not including trees beyond the
50-foot limit, averaged approximately 24 {eet, and that for the
smaller trees averaged 27 feet (table 16). Of the total number of
trees on the Flots, 9.6 percent of those of merchantable size and 12.1
percent of those of unmerchantable size were beyond the 50-foot
limit. On the sirips, the release distance averaged 25 feet for the
larger trees and 28 feet for the smaller trees, and the proportion of the
trees beyond the 50-foot limit was 20.3 and 28.9 percent for the two
size classes, respectively. The contrast between the two groups of
data as to percentage of trees beyond the 50-foot limit, especiall
in the unmerchantable class, was one reason why in predicting growhﬁ
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a correction was made for the number of poles that would grow into
merchantable size during the cutting cycle. The difference as to
percentage of trees outside the 50-foot limit gives a distorted picture,
however. From 27 to 53 percent of such frees are free on two or
more quadrants before the cutting, many of them being completely
isolated and hence having a growth rate far sbove the average rate
n the virgin stand; and many of the others occur in uncut clumps
such as were purposely excluded from sample plots because they did
not represent a good selection condition.

The average release conditions for extensive stands were first coni-
puted for the marking system now used in the Pacific Northwest by
the Forest Service, in which 20 to 30 pereent of the volume is left as
reserve stand. Then trial markings by one or both of two other
systems were made on nine of the strips. One of these systems pro-
vided for a reserve of 30 to 40 percent; the second provided for a
reserve of 10 percent or less. The heavy reserve contained all trees
that could possibly succeed in the selection stand: the light reserve
contained all trees with diameters not greater than 18 inches, which,
according to certain studies, is the cutting limit that permits maxi-
mum present profit without consideration of future benefits.

As 1s shown in table 17, average relense distance for trees within
the 50-foot distance is practically independent of grade of cutting.
Percentage of trees not released within 50 fect, especially in the smail
sizes, varies somewhat with grade of cutting; the lighter the reserve,
the fewer the unreleased trees. Even in the heavy reserves only
one fifth of the merchantable trees are outside eflective relense distance,
a fact that augurs well for improved growth following selective cutting
of any grade. Unbreken groups of smali trees in the heavy reserves,
indicated by the large percentage of trees in this class, should be
thinned to improve the growth rates of sclected trees and enable »
large proportion of them to reach merchantable size.

TasLe 17.—[lelease condilions in heavy, medivm, and Hght reservs stands of
ronderose pine on surveyed strips

Item Heavy | Medium | Light
reserve | reserve | resetvo
Volumg, In percontage of volume before colting.__ . . ... ... percant . =40 2030 6-i0
Averaga relensa distaboe: | i
Troes 11,8 inches or more in dinmeler at breast height. ... ... ... Tyt o4 a5 25
Trecs [1.5 inches or loss in tlinmeler ot hrenst heighl. . .. . 00 do. . pull 3 €N
Trees unrslonsed T or frea growing:
Trees 1.4 Inehes or more In dinmeler of breast heicht. . . ... teresnt | 1% ] 14
‘I'rees 11,5 inches of less In <Hiwmeter st breast helght, .. 0 . do . kR .t 20

! Compmied anly for trees reloased within o 50-foot rlius.
# [neluding nil trees not redeaser wilhin n 50-fool rudlus,

USE OF STAND-GROWTH TABLES IN CHOOSING GRADE OF CUTTING

The greatest use of the tables presented in this bulletin is in con-
nection with making growth predictions for selectively cut stands.
A secondary value lies m the assistance they give in determining what
grades of cutting conduce to maximum production. The following
tabular statement shows the growth rates obtainuble in four different
stunds under three different grades of cutting. Altogether, tests
were mede in 17 different <tands. The four examples were chosen

33
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because they showed distinet types of selection stands. The effect
of grade of cutting on average release conditions has already been
discussed, but the suitability of each grade for different stands has
not been shown. The removal of all trees 18 inches or more in
diameter, for instance, may leave as low as 100 board feet per acre
in one stand and as high as 1,750 board feet in another. At the other
extreme, cutting to a high diameter limit may leave from 6,000 to
14,000 board feet per ncre. Medium to heavy cuttings leave stands

ranging from 2,000 to 11,000 board feet per scre, usually in the
neighborhood of 4,000 te 5,000 board feet.

Illustrations of epplicalion of grewth fables in strip-surrey dala and the cffect of

several metheds of cudiing

STRIP NO.7?

Original stand data:
: . Acres in strip

. Average site quality

. YVolume per acre

Structure:

. Percentage of 1's and 2's_

. Percentage of 3's

. Percentage of 4's, 5's, 6's, and 7's
{feany
reaLrre

hoard feet__ 14, 119

Reserve stend data:
Yolume per acre
Strueture:
8. Percentage of 1's and 2's
9, Percentage of 3's
10. Percentage of 4's, s, &'s, and 7's
11. Strueture and site correction percentage
12. Poles per acre number. o
Avernge releasc distance:
13. Trees 11.6 1nches or more in d.b.ho____ Feet.
34, Trees 11.5 inches or less in d.bh_. . _ _do..__
Pereentage unreleased:
15. Trees 11.6 inches or more in dibho o __doo___
16. Trees 11.5 inehes or less in d.bh.ho o ___ da_._.
Growth and yicld estimates:
17. Gross velume ot 60 years as read from chart
board fect__ 23, 700
do.... 27, 730
227
193

193

1.2

31
35

22
46

18. Gross volume at 60 ycars, adjusted

19. Gross snnual increment

20, Estimated net annoal inerement.__. - _.do..__

21. Estimated net annual inerement correcteed for
board feet__

STRIP NO. 10

Original stand data:

L. Aercs in strip

2, Average site quality

3. Volume per wcre

Structure:

4, Pecreentage of 1's and 2's

6. Perecentage of 3's

6. Pereentage of 4's, §'s, 6's,and P'e_____________.. .
ey
TERErre

&, 877

14. 5
5. 4
3z, L

101

Reserve stand data:
7. Volume per acre
Structure;
8. Percentapge of 's and 2's
9. Percontage of 3%
10. Pereentage of 4'x, 58, 6's, and 7's
11. Btrueture and site correction percentage

board feet_ .

Medium

TEREFEE

11, 105

1.2
32.5
16. 3

121

1.0

25
36

28

21, 000
25, 410
238
202

202

Medinm
reserie

4,301

16, 9
55. 6
27. 5

104

9.0
111

37, 003

-3
3L 8
68. L

Linkt
FEXEFEL

122

15, 766

6 ¢
27. 8
66, 2

Light
rézerie

1,008

46. 9
11. 4
41. 7

105
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Tlustrations of application of growth lables i strip-survey data and the effect of
several methods of cubting—Continued

STRIP N, 16—Continued
Fleary Medium Light

Reserve stand data—Continued. TENCITE  Yeserve  reserst

12, Polesperacre .. ___.___________ number__ 25 2 4 2.5
. Average release distance:

13. Trees 11.6 inches or more in d.b.h_______ feet_ - 24 28 26
14. Trees 11.5 inehes or less in db.h________do.__ . 32 33 28

Percentage unrelessed:

15. Trees 11.6 inches or more in d.b.ho .. do___ 18 23 1]
16. Trees 11.5 inches or loss in dbhon____ . do__._ 34 35 12

Growth and yicld estimates:
17. Gross volume =t 60 years as read from chart
board feet.. 11,000 6, 300 3,800

18. Gross volume at 60 years, adjusted_____ do.... 1L, 110 @670 3,990
18, Gross ammual ineremend. ___ _____.___. do.... 82 88 48
20. Dstimated net annual increment.__._ . do_. .. 75 75 40, 8«
21. Bstimated net annual increment corrected for
poles. ... bonrd leet. . 78 75 40.8
STRIP NO, i3
Original stand data:
1o Aeresinstrip. o _ . nwnber_ _ 16
2. Average site quabidy __ _______..______________ 7T - v
3. Volume pernere. ..o ooio oo board feet.. 22, 618
Structure:
4. Percentage of Us and 2's__ oo 54
5. Percentage of 8's_____________ _____._____TTmTmmmmTmT 33.2
6. Percentage of 4's, §'s,6's,and P'so_________._.__..____.__ " 81, 4
fleary  Medivmn Fight
Resgrvc Stand dﬂ_ta: reyerre Feserre TENETIE
7. Volwine peraere. .. ________.__ board feeb__ 7,732 4, 877 1,856
Structure:
8. Percoutage of Usand 2's._ .. __._... 16,5 244 41 8
G Pereentnge of 8's.___ ... ____. ... ... 9.1 6L 4 18 2
10. Percentage of &'s, 5's, 's, and P's____.__.___ .. 154 1.2 450
L1, Siructure and site eorreetion percentage. . _ . i1t 116 106
12, Poles peracre. .o _ oo oooo._. number_ . 6.8 6, 4 T
Average release distance:
13. Trees 11.6 inches or more in donho. _ __. feot__ 24 27 26
14, Trees 11.5 inches or loss in dubao . ____ do. ... 32 33 27
Pereentapge unreleased:
15. Trees 11.6 inches or more in dbho_ . _do.__. 18 23 G
6. Trees 155 inches ordess ind.b.ho_ .. do._.. 34 s 12

Growth and yield estimates:
17. Gross volume af 60 yoars as road from chart
board feet.. 14, 000 10,000 5, 400

18. Gross volume at 60 years, adjusted_ . do.... 15,540 11,600 5,720
14, Gross annual inerement______ . ____ do. .. 130 P12 G4 4
20. Estimated net annual ineremend . do__ .. 111 95 547
21, Estimated net annual inerement correeted for

peles L L. ...l Loard feet. . g 104 627

ATRID N0O. 15
Original stand data:

1o Aeresimsbrip.__._. ... ... . L. . ... .. _._.._..number_. 10

2. Average site qualiby . .. . L. ... ..., Iy

3. Yolume peraere.. ... . .. _._...__ ____bourd fecl.. 16, 976
Strueture:

4. Percentage of V'sand Ps_. ..o . .. L . ... ... 41

S Percenlage of 'so o . . L. L. ... ... 2086

6. Percentage of 4%, 5%, 6%, aud 7's_ oL 75. 3
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Iustrations of application of growlh lables lo strip-survey data and the effect of
scoeral methods of cutéing—Continued

STRIP NO. 15~Continved
Hegey  Medivm  Light

Reserve siend data: rESeryE reIErre reserte
Wolume Per ALTEow - ccmnvve—meem e board feet.. & 417 4,151 1,501
Structure:
8. Percentage of Paand 2soo oo oaas 126 164 379
9. Percentage of 35 oo 553 57.2 7.8
10. Percentage of 4%s, §'s, 6's, and T'eoe_ .. 321 264 543
11. Structure and site correction pereentage. . 101 105 96
12, Poles Per 6reo o« oo mmmee e number. _ &5 4. & 57
Average rclease distance:
13. Trees 11.6 inches or more in d.b.ho o feet- . 28 31 25
14. Trees 11.5 inches or less ind.bho oo -2 do_._. 37 37 33
Puercentage unrcleased:
. 15. Trees 11.6 inches or more in d.bhooo___do.___ 23 26 12
16. Trees 11.6 inches or less indbhoo o do____ 42 42 20

Growth and vield estimates: .
17. Gross volume at 60 years as read from ehart
board fect.. 10, 800 9,000 4, 700

1%, CGhioss vohne ab 60 years, adjusted_ ... do.... 10,910 9,450 4,510
10, Gross annwal nerement . oo doo .o 92 88 © 50.2
20, Bstimated net annual ineretent_ . _do-.._ 78 75 42 &
21. Fetimated uet annual inerement corrected for

POMES o e ammm e board feet__ 32 78 42,5

On strip 7 the heavy reserve stand gives o smaller annual increment
than the medium stand, owing to the fact that the influence of the less
desirable trees left restricts the growth rates of the thriftier trees.
On the other hand, a light reserve Teft by the removal of all trees more
than 18 inches in diameter is decidedly handicapped as to growth and
will probably be & complete failure, ospeclally since poles average
only one to the ncre, far less than the average.

Annual increment is not always the deciding factor in the choice of
grade of marking; quality of timber, quantity of cut, and total stand
at time of second cut, also, must be considered. Under certain con-
ditions of market and logging practice n stand of at least 10,000 board
feet, per acre may be requisite to a second cut. On strip 10 this will
be obtained in GO years by lenving o reserve of 5,000 bosrd feet per
acre, between the heavy and medium reserve conditions. So far as
annunl growth rates alone are concerned, on this strip there is little
choice between the heavy and the medium reserve.

Strict application of the 18-inch limit will leave n sufficiently large
reserve in only a few stands, of which stzip 14 is an example. Here s
stand of 1,856 board feet per acre is left, which in 60 years will produce
a eross volume of 5,720 board feet,

edium reserves, of 20 to 30 percent, probably give the largest
proportionate yield in the sverage stand. They have practically the
same annual growth rate as the reserves of 30 to 40 pereent, ajthough
the latter may at times be more desirable because they give larger
ultlmate volume.

On the whole, if & stand has a moderate proportion of overmature
trecs a medium reserve of 20 to 30 percent is best. In a stand having
the grester part of its volume in thrifty mature trees, 2 medium to
heavy reserve is advisable. Only if a fair pro ortion of the volume isin
advance young growth and the number of poFes is well above the aver-
age shown in table 12 will a light reserve succeed.
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These conclusions are based solely on conslderations of growth.
Other considerations, economie and silvicultural, will tend to modify
them, .

GROWTH OF THE INDIVIDUAL TREE

DIAMETER GROWTH RATES FOR AVERAGE RELEASE CONDITIONS

Tables 18 to 22, based upon analysis of 3,586 trees, give the essential
values from which average diameter growth rates can be found for the
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Fraurg 1N.—Dismekor growth of nonderasn pine, trea elass 1, on site quallty I'V before apd niter a partial

cutiing of the stand, by decatps,

complete range of diameters in each of the tree classes defined by the
Dunning system, as affected by several conditions of releass and
nonrelease and by different site qualities. Table 18 gives the diame-
ters at 10-year intervals from 30 years before release to 80 years after
release for site quality IV. Figure 11 fllustrates the method of plot-
ting out the table data for closer interpolation. (Almost any cross-
section paper with fine enough divisions ean be used for this purpose.)
The trees upon anatysis of which the tables are based included 479 for
site quality 111, 2,197 for site quality IV, and 910 for site quality V.
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Tantr 18.—Average diameler growth at breast height, in inches, of ponderosa pine
on site quality TV, before and after a partial cutting of the stand—Continued

TREE CLASS 5
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The growth data given in table 18 for the 30 years before release are
applicable to trees in virgin stands or to other unreleased trees. They
can be applied fo the present diameter tallies of uncut forests in order
to estimate the future sizes of the trees, Then the gross inerement
can be computed by the use of volume tables on the two tallies.

The term *‘after release”” as used in the table is not strictly accu-
rate; the values given under this heading represeni the average con-
dition for the whole of a reserve stand that constitutes in some in-
stences as high as 40 or 50 percent of the original stand by volume and
in which not all the trees have -been released.

Table 18 is in terms of total diameter; to determine the differences
in growth rate due to differences in tree class, spacing, release, and
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site quality as shown in tables 19 to 22, only the diameter increment
was telken. This procedure eliminated the size of the tree as s vari-
able, with the result that small differences wore more easily discern-
ible. The percentage relationships given in tables 19 to 22 should
therefore be applied solely to diameter increment; to apply them to
total diameter would lead to gross error.

Tantre 19.—Ranlk of free classes as to diameter growth before and afier seleciion
culling, and acceleraiion in diameler grow'h by tree classes afier the culting, for
ponderosa pinc on sie qualily IV

Avernge dinmeter growth for | A verape dinmeter growth
20 years previous to release {or 2 years after refcasn | A spplera-
tion for

Absol Relal Ahsal Relat] ﬁﬂyearg'
e seiule | Relalion - 1 Absalute| Relatlon | growt
Rank growth |to (asipst Rank growil | to fnstest

I'ree class

fieches Pereend Pereent
210 108 - E 160

1. 48
148
118
BT

D2

B

FET P A E I

Table 19 throws a number of interesting sidelights on the diameter-
growth table preceding it, by ranking the tree classes as to diameter
growth. Tn respect to growth rate before release, tree class 1 stands
first and is followed by the other classes in this order: 2 and 3, 4, 5, 6,
7. After release the order is as follows: 1, 3,2, 4, 6,7, 5.

Information as to the degree to which the average growth rate of &
tree class increases after a selection cutting is often interesting, al-
though of no practical use. In this study, for the 20-year period after
cufting the tree classes 1 to 7 on the avernge show the following ac-
celeration percentages, respectively: 69, 68, 82, 63, 32, 88, and 73.
Classes 3 and 6 show the greatest aversge acceleration, and class 5
the least. An anomaly exists here in -thut some of the tree classes
showing only a medium percentage acceleration, like class 1, do so
because in the uncut forest they had a muck lurger absolute growth
rate than other classes,

CORRELATION OF SITE QUALITY, RELEASE DISTANCE, AND NUMEBER OF SIDES
RELEASED WITH DIAMETER GROWTH

An intensive study of the variations in diameter growth involves
tree class, site quality, spacing, release distance, nuniber of sides re-
leased, and number of years after cutting. To simplify the calcula-
tions and the explanation only one interval after cutting, 20 years,
and often only two tree classes, 1 ahd 3, were taken. In the following
discussion and tables, the actusl diameter increment for the 20 years
after release is compared with the actunl diameter inerement for the
20 years hefore release; in addition the actual increments rre com-
pared with the increments for site quality 1V as read from table 18.
This double comparison shows the diflferences due to the several
factors studied.

In defining release conditions not every minute varintion could be
observed, since application of the results would depend not upen
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detail but upon broad conditions. The following binumeral factor
was adopted as giving the best working basis: Release factor= dis-
tance to nearest stump, number of quadrants released within 50 feet,.

The distance to the nearest stump 12 inches or more in diameter
was expressed in 5-foot belts, up to & maximum of 50 feet. As “near-
est’’ stump was taken the nearest between which and the tree in ques-
tion no other tree intervened. The number of quadrants was ex-
pressed directly. For instance, a release factor of 6, 2 meant that
the nearest stump 12 inches or more in diameter was located 25 to
30 feet away and that within 50 feet stumps were located in two
guadrants. Two stumps in one quadrant counted no more than g
single stump. Plot upon plot and stand after stand were examined
in this fashion.in order to evaluate relesse condifions. Tables 20,
21, and 22 give the substance of the data on effects of various release
conditions, comparing actual values with estimated values based on
averages given in table 18. ;

Table 20, which gives diamater increment for the 20 vears before
and the 20 years after release for the two [astest growing tree classes,
1 and 3, shows that retardation of growth before release and accelera-
tion of growth alter release were progressively greater aceording to
the uumber of sides released. A tree with only 1 side released, for
example, often had had no near neighbors except on 1 or 2 sides and
had grown faster before release than trees growing in more crowded
conditions, and for this reason its growth rate was less susceptible of
improvement through release.

TaeLE 20.—Diameter growih of ponderosa pine in seloctively eul stands on sile
quality IV, by number of sides released

; 1

Actunl syverage ! Actil | Estimated 20- © Differenees betwean actunl mnd
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According to the date presented in table 20, the rates of inerement
after release for single trees of classes 1 and 3 depart from the average
rates given for those classes in teble 18 in proportions varying {rom
—5 to +17 percent for tree class 1 and from —8 to +9 percent for
tree class 3, the variation in growth corresponding closely with varia-
tion in number of sides released. The number of cases in which trees
are released on three or more sides forms only one sixth to one quarter
of the total number of trees released within 50 loet. (¥t should be
noted that the percentage dillerences sinted apply to increment
alone, not to total diameters.)

Tree class 1, which has been shown in table 19 to increase its growth
after release on the average by 69 percent, is shown by tabls 20 to
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increase it by 48, 61, 118, or 169 percent ncerrding as release takes
place on 1, 2, 3, or 4 sides, respectively. Tree class 3, which increases
1ts growth after relsase by an average of about 82 percent, increases
it by 387, 73, 131, or 114 percent accordingly as release takes place on
1, 2, 3, or 4 sides, respectively. In both Instances, the difference
between actual and estimated diameter increment is smallest for the
trees released on two sides. Consequently, the improvement that
follows release on two sides approximately corresponds to sverage
Improvement.

The effect of release varies not only with number of sides released but
also with distance of release, or distance to the nearest stump, Table
21 shows just how far the actual growth rates corresponding with
different reluase distances exceed or [all short of the cstimated rates.
The table containg a number of irregularities, since the values are
uncurved and no erratic material has been eliminated. Even in as
large a number of trees as that used in this study, each of 126
subdivisions is necessarily small. The prinecipsl deductions can be
briefly stated as follows:

Release distance depends to a large degree upon spacing in the virgin
stand. For the most part, the growth rates in uncut stands increase
regularly from a narrow to a wide spacing or, in terms of the headings
of table 21, from what will be short release distances after cutting to
what will be long release distances,

Since the estimated growth values of table 21 are for site quality
IV, the differences in mncrement due to site quality are the dirvect
differences in the average values from 100. In virgin stands, diameter
increments for all tree classes and release distances combined are 21
percent better on site quality LIl than on site quality 1V and those on
V are only about 6 percent poorer than those on IV. After release,
the growth on site quality 111 is 37 percent hetter, and that on Vis 9
percent poorer, than that on site quality IV previous to release.
(Again, these percentages apply solely to the increment and not to
the diameters.)

On site quality V, the average growth rates of the young tree
classes 1, 2, and 6 and of the overmature class 5 of the selected data
are within 6 percent of those on site quality IV in both uncut and
selectively cut stands. On site quality IIT, the growth rates of tree
classes 6 and 7 before release are the only ones within 5 percent of those
on site quality IV, all other classes growing much faster than on site
gquality IV,

On site quality II1, the growth rates after release for all tree classes
are 136 ie 143 percent, averaging roughly 140 percent, of the rates
estimated for site quality IV for trees released to distances as great
as 40 feet. Beyond this distance the rates are 124 to 127 percent,
averaging roughly 125 percent, of those estimated for site quality
IV. On site quality IV, up to 40 feet releasc distance, the average
growth rate after release for all tree classes combined closely approxi-
mates the estimated average rate. Ior greater distances the rate
falls off somewhat. On site quality V, the decrease of actual growth
as compared with estitnated growth after relesse begins in the 31-40-
foot release class instend of beyond 40 feet ns on the other two sites,
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TasLE 21l—Actual diemsler growth of ponderosa tp‘mc i1 selectively cul stands as
compared with estimated growth for site qualily IV, by site guality, tree class, ond
release dislance
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vears preceding release to estimated vears following release Lo estimnted
Erowth in 20 yenrs preceding relense, ﬁrnwth in 20 years fellowing relense,
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CORRELATION OF GROWN LENGTH WITH DIAMETER GROWTH

Crown length is another of the factors used in Dunning's tree
classification.  In practical classification of border-line cases, the
exnct definition of crown length is often dropped in favor of the gen-
eral vigor and age of the tree. It is interesting therefore to know how
crown length is correlated with diameter growth. Table 22 gives
the necessary data on tree classes 1 and 3.

TanLe 22—Correlation of crown length with diameter growth in ponderosa ping
bafore and after release
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The sharpest change, with tree class 1, comes between 65 and 55
percent in both virgin and cut stands. Tor tree class 3 the best
growth in virgin stands is that of trees with 85- and 95-percent erown
lengths; in cut stands there is a steady decrease in growth rate with
shortening of the crown, with a decided diminution when 65-percent
crown length is reached. The desirability of avoiding cutting trees
having crown lengths of more than 65 percent is therefore indicated
by these data.

HEIGHT GROWTH IN SELECTIVELY CUT S8TANDS

Basal-area increment and height increment together determine
volune growth. Height growth can be taken into consideration in
estimating volume growth of uncut stands by using a diaineter-height
curve. 1I the same height curve is used for earlier and later ages, tho
caleulations of increase in diameter over a period of years will be
accompanied by a caleulation of height increment that will approxd-
mate the tratl.  In cut-over stands, acceleration of diameter growth
is not accompanied by an accelerntion of height growth similar to that
which takes place in uncut stands. The final average eflect is &
dropping of the height curve throughout its length by 5 to 10 fect.

For single trecs the approximate age and growth rate of which are
known, table 23 gives the relationships between height and dinmeter
growth as accurately as these can be determined by analyzing felled
sample trees in cut-over stands,

"PaBLE 23 fleight growlh in selectively cif sfands of ponderosa pine by age class,
site quetity I'V

i i ! i
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CHANGE IN FORM AFTER RELEASE

A common conception is that the rapid diameter growth at the
buase of 1 tree is not accompanied by similarly rapid dinmeter, growth
higher in the tree, and therefore introduces deteriorntion in form
(29). This is only half the truth, as has been broug:! ont in a study
of the form ol ponderosa pine (24), In the first place, or o tree of
average form, approximately form elass ? 0.70, the dinmeter growth at
half height need be only slightly more than 0.7 of that at breast
height for the same lorm fo be maintained, Tree classes having o
Jower form class were found to grow into this average forny after release,
and those having higher form class to reduce to it. Several years
after cutting, the stands studied were much more homogeneous 10
form class than at any time previous. Even for a relatively small
number of trees chosen at random, the volumes at the time of cut or

% The meihad by which form class is darivod is deseribed in the Appendix, p. 52,
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at any later {ime can be estimated from a volume tahle based upon
virgin conditions, providing the distribution of form classes has not
been changed materiaily.

BARK THICKNESS

A refinement in the fechnic of computing the growth of individual
trecs, when diameter at breast height is taken outside the bark, con-
sists in making an allowance for the change in bark thickness. The
allowance will Incrense the apparent growth rates of most stands by
about 10 percent. In this study such an allowance was not made,
omission te make it being considered o desivable clement of
eonservatism.

Figure 12 shows three plottings of hark thickness, hased upon
3,327 trees. One plotting is for the iinmature trees, classes 1, 2, and
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Fraere 12—Double bark Ldekness of ponderosa ploo at breast hreight.

6; the second for the mature trees, classes 3, 4, and 7; and the third
for overmature trees, class 5. The first two agree fairly closely and
for many purposes can be represented by a single curve, but the
hark thickness for class 5 underruns those of the first two classes by
one half inch to an inch throughout. Site quality has no effect upon
the relative position of the curves.

THE REPRODUCTION STAND

To be complete, the growth prediction of a selectively cut stand
must teke the reproducfion into account, even though fhis requires
separate treatment. The quantity and distribution of the reproduc-
tion largely determine the character of the third and subsequent
cuts. In the following sections, some of the essential considerations
are toaken up.

In pondeross pine forests, usually o light to dense understory of
advance seedlings is present ab the time of cutting, and this is aug-
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mented slightly by new seedlings following the cutting. Successful
natural reproduction is difficult to establish after the cutting is once
made. Reproduction existing upon the ground at the time of cut-
ting sometimes is so heavy and develops so well upon release that it
assumes the characteristics of an even-aged stand. More or less
advance reproduction is found in every well-managed stand. Un-
fortunately it very often occurs in patclics or clumps $00 dense for
proper development. Since natural thinning is a very slow process,
in such cases stagnation sets in and a need arisez for some form of
artificial thinning, either during the logging operations or at any
time thereafter. An example of good development of ponderosa pine
reproduction is shown in plate 4.

HEIGHT GROWTH

Ponderosa. pine seedlings in uncut stands progress very slowly in
height growth (26}, needing from 20 to 25 years to reach breast height,.
In cut-over stands the dominant free-growing seedlings grow at a
considerably higher rate, as is shown in table 24. On the average site
in Oregon the seedlings reach breast height in 12.0 years, taking almost
7 years to grow the first foot. On the plots studied in Washington
the seedlings required 7.6 years to reach 1 foot, and 13.5 years to
reach breast height., When the 700 seedlings used in these ealculations
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Frovne 13.~eight-on-dinmeter reintion in reproduction stands in selectively eut ponderosa pioe.

were arranged into site-quality classes it was found that the periods
required to reach breast height on site qualities IV and V averaged
12.8 years and 14.0 years, respectively.

Figure 13 shows the height curves for average reproduction stands
aged 10 to 60 years. For the age classes between 20 and 50 years,
height varies only slightly with age, varying to & greater degree with
diameter. In frue even-aged stands that are not stagnated this condi-
tion does not prevail, the height curve on the whole gradually shifting
upward. In other words, if the stands for which the data of figure 13
were taken were developing normally the height curves for age classes
20 fo 50 years, instead of being nearly coincident, would be spaced
at regular intervals: the fach that they almost coincide is evidence
of the stands’ stagnation.
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TABLE 24.—Growth of dominant ponderosa pine seedlings on site qualities I'V and V

Years required to prow | Years required to prow Aversge
from ground level Lo from 1 fool to breast | niimber af
1 Inot hefght yeors re-

auircd to

1 grow from

pround

Aver- | Total |Standard | Aver- | Towl | SBtandard| level to

npe range {devislion| nge range {devintion hrumlat

height

Oregon:
All siles 5. -4
Washinglon:
Al SIS o L e o $-13

Site IV a5 3-16
Sie Voo Lo 3 =10

YOLUME GROWTH

The slowness with which the reproduction stand develops is one of
the most discouraging phases of the management of selectively cut
ponderosa pine forests in the Pacific Northwest. After the first
spurt following release, the rate of development of clumps of heavy
reproduction lags far behind the rate that is normal for free-growing
seedlings and saplings. Examples of reproduction stands that are
growing poorly because of stagnation are shown in plate 5. A tally
of the reproduction was made on most of the selectively cut plots. On
some plots there was no reproduction at all; on a few the reproduction
stand covered the entire aren. The site quality of the land was
determined from the height of the mature timber growing on it, or
from: the heights of adjacent timber in case the plots were practically
clean cut. As previously defined, site quality IV is equivalent to
Behre’s site index 80 and site quality V is equivalent to his site
index 85.

Figure 14, B and C, shows the volume and average heights of o few
fully stocked reproductionstands inselectively cut forests and of several
reproduction stands on areas completely cut over. The volumes and
heights of the reproduction, shown by the irregular lines and crosses,
are compared with the volumes and heights of normally developed
even-aged sccond-growth stands as determined by Behre (8).

Both volume and height lor avernge fully stocked stands of repro-
duction on site quality IV lie [ar below the normal curves for site
quality IV. In fact, they are considerably below those of site
quality V. The evidence is striking that the reproduction stands are
stagnating and are developing at a rate comparable to the rate that
is normal for a site quality 1 to 114 classes poorer. Overstocking and
clumpiness may be the principal causes; ihe oft-mentioned poor growth
conditions of the Iast decade or two may be also o factor.

Figure 14, 4 is based upon many reproduction tallics, taken in a
number of selectively cut stands. 1t shows how small & volume is
being produced, especially in comparison with the full productive
capacity of the land as indicated by the normal yield curves in figure
14, Band . On the average, the reproduction stand ean be counted
upon only to produce ahout 10 percent of the nornal yields for site
index 80. This situation is deplorable. 1If stagnation’is allowed to
persist, it will inperil the cuts al the end of the second and subsequent
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Figune 14, —Developmend of (uily storked and sverngo stnnds of advance repraduetinn on selectively cat
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cutting cycles. Although ponderosa pine reproduction endures
stagnation for a long time, it does not do so indefinitely; drought,-
mistletoe, and insects take their toll, and the remaining saplings are
unable to benefit by any liberation that may be given them.
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APPENDIX
SUMMARY FORM USED FOR PLOT DATA

The following tabular statement Blustrates the final summary form used in this
study to give the complete picture of plot development.

Prot No. §2.—Location, Odessa. Nal. For. Crater. Area, 2.0 acres.  ¥rs. cut, 20
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YOLUME TABLES

o

Tables 25 to 39 are standard volume tables applieable to ponderosn pine
through mast of its range except on the very best sites, sueh as are not found in
Oregon and Washington. Tahles 27 to 30 give the cubicfoot volume of the
entire bole inside bark for mature trees. Tables 31 to 34 and 30 to 39 give
board-foot velume to an S-inch top inside bark for mature trecs. Tables 26
and 35 give euble-foot and hoard-foot valume for immature trees or bull pine
on site quality IV. Table 25 pives cubic-foot volumes applicable to the small
sizes in reproduction stands.  All the tables are based upon average form, and sa
will not apply with sufficient aceliracy o certain stands that are unbalanced as to
form classes. A partial remedy can be found in obrerving form-class averages.
In general, the degree to which the volume of a tree departs from the average

RATID OF ACTUAL TO TABULAR VOLUME [PEACENT}

600 Tao f S400 B50 -800

B50 .
FOAM CLASS

Figune 15.—Retulion between farm class nnd voluina of Lhe average pooderasn ping tree.,

depends upen its form class or quaticnt, 2 ratio between the diameter insicde burk
at a point half-way hetween breast height and the tip and the diameter inside
bark at breast height. (For instance, a form class of .70 on & tree that has g
diameter at breast heighl inside bark of 15 inches and is S0 feot tall means that

the dinmeter at §—0;%~j fect above breast height or 42.3 feet above the ground is

0.70X15 inches, or 10.5 inches.) Figure 15 illustrates the relationship between
form class and avernge volume. Trec class 1 averzges about 0.675, classes 2
and 3 about 0.70, and class 4 about 0.725, although in erch instance Lhe range on
cither side of the avernge may be about 0.15 o 0.20. By determining the nverage
form of 10 to 20 trees seleeted at rundom in 4 stand and using the correetion per-
centage corresponding to it in figure 15, 2 more necurate estimute can be ohtained.
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CURBIC-FOCT VOLUMES

TasLe 25.—Cubic-fool volume lable for small-sized ponderosa pine in reproduction
stands

Volume (cubic feel} by total height of trees in feet

DMamater breast high {inches)
20 40

E

3

EBERREBREY

223REBER
BEANDHRE

50 p e
o

BEAIN
I n g e

Liata collected in reproduction staods in castern Oregon nnd eastern Washinglon. DBasls, 84 irees.
Volume inecludes peeled sturmp, stem, sed top.  Trea volumes colmputed by planimeter methed. Table
prapared by {orm-factor method, 1030, Aggregate devistion Irom besic data, —0.11 percent.

TasLe 26.—Cubic-fool volume table for second-growth ponderosa pine in eastern
Oregon and eastern Washington; site quality IV

Yolama {cubic feet) by tolnd height of tree in feet

Diameter breast

high {Inches]
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Duta collected in esstern Oregon, Basis, 707 trees. Volume Includes peeled stump, stem, and toD.
Tree vohimes compoled by planimeter methad. Table prapared by sllmement-chary method, 1930.

Aggregate devictlon frow basle datn, —0.32 percent.
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Tanve 27.—Cubic-fool volume table for mature ponderosa pine; sifes on which the

tallest 10 percent of the lrees contain 8.6 to 10.0 logs, or medium and good site IT] '

puor stte £1
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G401, 0 1, 1102, 10O]L, 20D U801, 430, 535, 620
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Dale enlteeted from Crater, Payetle, Lassen, and Plumas Nntjonnl Forests.
inghules peeled steunp, stem, apd o, Tree voluwmes
Table propared by alivemuot-chart wetbod, 10,

Dasis, 302 (rees. Voluma
compurted by Lnber's foronils from taper curves

Aggrepeta deviation from basie data, -L0.70 percent.
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TasLE 28.—Cubic-fool rolume lable for malure ponderosa pine; siles on which the
tallest 10 percent of the v tes conlain 6.8 lo 8.5 logs, oy medium and good site 1V,

poor stle 117
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volumae (cubiv feet) by total height of Erees in feet
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Dnit eollectedd from Crater, Salmon, Lasser, Whitiun, Payette, Shests, Weiker, Bolse, Cotanlno, aned
Tintille National Forests.

Hasls, G.RE Lrees.
voliines cotrputed by Hubor's Sermnly fromn faper taeves.

J03, Agprewude deviabion from busic daga, —L0 pereenl,

Yolume lochsiles Teeled stponp, sters, snd tap.
Triile prepured by sliteend-ghary methol,
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TanLE 29.—Cubic-fool volume table for mature ponderosa pine; siles on which the
tallest 10 percent of the trees conlein 4.6 fo 6.5 logs, or good sile V, poor site IV

¥olume {cubic feet) by total belght of tress in fast

Dlameter breast high
(inches)
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Data collected frem Menleztiznn, Missonla, Corson, San Juan, Coconine, and Bitterrool Nulional
Forests,  Rnsis, 6,176 trees.  Velume inclodes peeled stump, stei, and . Tres volunies eompuled by
Buber's formula fram toper curves,  Tuobile prepmred by slinement-chare methed, 1930, Aggrepute devias
tion from basle dals, 40.5 percent.




GROWTH IN SELECTIVELY CUT PONDEROSA PINE FORESTS b7

TasLe 30.—Cubic-fool volume lable for malure ponderosa pine; sites on which the
tallest 10 perceni of the trees contain less than 4.5 logs, or site VI , poor and medium

site V7

Dinmeter hreast
high {inches)

Volume (cubie feot) by total height of trecs In feat
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Dhta collected from Custer and Black Iills Nnifonal Forests, Pasis,
slumf}, stem, and Lop. i'ree volumes enmputed by Huber's formula
i

by al

ement-churt method, 1939,

8!8 trees.  Volume includes peeled
o taper curves. Table prepured

Aggregute devistion from beste duts, --0.2 perceat.
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BOARD-FOOT YOLUMES, SCRIBNER ILULE

TanrLe 31.—Board-fool volume table (Scribner rule—total height) for meture pon.-
derose pine; siles on which the tallest 10 pereent of the frees conlain 8.6 fo 10,0
logs, or medivm and good site ITi, poor sile [T

. Volume (hoarnd fee Lotad height of in fec
Diamater e (boan! feet) Ly Lotad heigh trees in Mgt

hreast high
{inches}
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Luln tolleeled from Crater, Payeite, X
‘T'rees sealed In 18-foot log lengths with td-foot trimming allowanes,

Table propared by ndfusting Lable 36 (o

Lassen, and Phones National Forests.

T top length, 1930,

Htump helght, 15 feot.

Tap utilizatlon, B inches insids bark,
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TaeLe 32.—Board-fool velume lable (Scribuer rule—iolal height) for mature pon-
derosa pinc; sites on which the lallest 10 percent of the trees contain 6.6 to 8.5 {ogs,
or medium und good site IV, poor site FIT .

Yolume (board fect) by Lotal helght of troes in feet

Diameter bireast
high (inches)

120 I @ | et oo

) L

[ T T T R T A I T B

115 2, 283" 2, 4301 2, 570

2,205 2 455 2, 6000 2, 770
2,425 5 0200 8, 375 2,050
, 5 2, 7000 7

i 2,703 2,070)

2, 9451 3, 155

125 3,
A05¢ 3

A 3
b Ll 5, KO0 A, (N0
i B O 5, TTAY O, D
a, Gl 4, 0oL A, 500
S0 5, 4100 8, £, 5ikl
] £i, L5t
Tl &, USOF 5, &6y 5 6, 4500 G,
a0 4, 100 i, 0y 250 ﬁ,?un‘ 15, Ty
RGO 4, 970 4, 8500 B, 490 6, G40) A
% 5, G4A] 6, MU
F 5, N6, A4S0 G
-5, 110 6, 5T T, 2800 T
4,330 0,040 7, 520] &
G 5000 7, 680 T, SING K,
W, 6, 7716 5, 4400 B, u.wi 3, 7

Daln collectal] from Crater, Salman, Lassen, Whitinn, Povetle, Slastn, Weilser, Bofse, Coconing, nml
Umntilla Notionusl Forests, St hgight, Lifeel. Preesseaded i HToot Tog lenst hs witt 0.-foot teimming
allownnee. Top ulilization, 8 inches inside boark, Table prepared By acd]ustiog tulile 37 for wp length, 11530,
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TaBLe 33.—Board-fool wolume lable (Scril;ncr rule—total height) for mature
ponderosa pine: siles on which the tallest 10 percent of the trees confain 4.6 io

8.5 logs, or gqood site V, poor site 1V

Digmeler Lreast

Volume (honrd feet) by totol height of trees in feot

high (inches)

1)
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Tomm] 3 GH ke ot G fap
| HEESEE
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4, 280
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6,320
1, 520
6, 710

T2 7,04
7,450 ) 8,23

Dtn collectod rom Montcruron, Missouls, Corson, San
Forests. Stump helght, 1.5 feet. Trees sealed in i0-food lop
Top: ntitization, 8 Incts Inside bark.  Table prepared by adjustiog tabloe 38 for top lepgth, 1930,

Junn, Coconino, and
lpupths with 0.3 foot trimming allowazce.

Bitterroot Naotional
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TaBLE 34.—Board-fool volume table (Scribner rule—folal height) for meture pon-
derosa pineg; siles on which the lallesi 10 percent of the frecs contatn less than 4.5
logs, or site VI, poor and medium site V

Velume (board feet) by total height of trees in feet
Drigmeter breast high
{inches)

ng

l 4}
1,555
L35 2, 555
LG LT 2000 2, 63D

Data colleeted from Cyster nnd Blnck Hiils Notiope! Forests,  Stuanp belght L5 feet.  “T'rees sealed in
i-foot log lengths with G.3-feot trismming nllowanes, ‘Pop ttilization, ¥ incles inside bark., Table pre-
pared by adjusting table 32 for top lenpth, 1830,

TasLe 35—Buard-foot volume tables (Seribner rule—merchantuble height) for
second-growth ponderosa pine; site 1V, eustern Oregon and eastern Washinglon

Eramater Lrenst
high (inches)

g Vulume (board feet) by totni nuniber of Mi-foot logs
i
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TABLE 35.~-Board-feot volume iables (Seribner rule—morchaniable height) for
gcomi-growﬂt ponderosa pine; site I'V, castern Oregon and easiern Washinglon—
ontinned .

Voluipe (boord feel) hy toln! mrinber of 16-foot logs
Dinmeter broast
high {inelios)

RN SR, .o i)

4 L ]
ol
T
50
730
519

Dats cofleciod from Wallowa and Whitinan Nationn! Forests. Dasis, 156 trees.  Sinmp heipght, 1.5 feel.
Trees scaled in Mo-fonod Jensths with 0.3-foot trisoming allowanee,  Top utbilization, & Lo 9 Inches inside
bark. ‘Puble preparad by frustem form fetor moethod, 1925, Apgregate devintion from baske datas, —0.00
pereant.

Tante 36.— Bourd-fool volume table (Scribner rive—merchantable helghty for mature
onderasa pine: s.tes on which the tailest 10 percent of the trees contatn 5.6 to [6.0
ogs, or wediwm and good site {11, povr sile 1

Yolurae rhoard feet i tenst by ol numher of 1i-fool fops

Dinaeter brensd, kigh

{Friclins) W Hasls

{irees}

672
o
£02
73
{43
L Gid
1, 050
I, 160
1240
1,320
1,100
. g ] £, -T0
- i —— : R [

H ERTRENS SURTORR MR TN 07 . YoAGG | L6830

Dasis {treex) .. .- i P 2 L3 i 1T & 102 o2 k e 3

Rloek indicntes extent of hasle datn,  Datn coliectwd from Crater, Payelle, Lussen, and Plamns Notionol
Porests,  Stwp Reighi, L6 ot Trees sended jo i-fast jops with Sa-fool trinnming allowsenee,  "Fop
utliizntion, 5 inches inshio bark.  ‘able propazed by fresten oo etor swehad, 028, Agprogale devia-
tlon froms basic duts, —0.4 porcent. & verape devintion, 140 perecnl
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TasLE 37.—DBoard-fool volume table (Seribner rule—merchantable height) for mature
onderosa pine; siles on which the lallest 10 percent of the trees contain 6.6 to 8.6
g8, or medium and good site I'V, poor sile {17

Vohitne (board feet in tens) by totnl nuniber of 16-fnot iogs

Diamoler breast high
{inches}

Basis
{trees)

=

DR s G gl

.

10
Sl
584
22
Ghi
LU
12 p 57 | L 48 20

*

Block mdicates extent of basic date.  Dota colipeted fram Crater, balmon, Lassen, Whitman, Prvette,
Shasta, Weiser, Iolse, Covonine, any Umatilla Natioual Forests. Strenp heipht, 1.5 feat,  U'ress sealod in
Lg-foot log lenptis with 0.3-fony trimming ullowance, ‘Top uiilization, $ inches ingide bark. Table pre-
pured ?y frustan form faclor melbod, 109s, Agpremato devinlion, +i. percont, A virags devintion, 14.8
pereent,
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TaBLE 38— Board-foot volume iable (Scribner rule—merchaniable height) for
mature ponderosa pine; sites on which the tallest 10 percent of the irees conlatn
4.8 to 6.5 logs, or good site V', poor site IV

Volume (hoard fest in tensy by tolsl number of 16-foot logs

Dismeter breast high
(inches)

—
=

[
(P10 N

354

449
483
518
G54

aun
627
- UG8
503 | 2,046 248

Block indieates extent of basic data. Data collected from Montezuma, Missouls, Carson, San Jusn,
Coconine, and Bitterroot National Forests. Siimp helght, 1.5 feet. Trees sealed {n Le-foat log lengths with
0.3-lgot trimming nllowanca. Top ulllization, 8 {nches inside bark. Table prepared by frustum form [-ctoe
method, 1928. Agpregate deviation {rom busic data, —0.6 pereent.  Average aviation, 14.8 percent.

TanLE 39.-—Board-foot volume table {Scribner rule—morchanlable height) for mature
pondercse pine; sites on which the (allest 10 percent of the trees contain less then
4.5 logs, or site VI, poor and medium sile V

Volimme (board fect in tens) by total number of 16-foot logs

Diarater breast high (inches) Basis
as
4 (trees)

[ORSTEN =LY N R

-

40.__
Besls (trees)

Blovk indicates extont of bosic data, Data coilested from Custer and Black Hills Nationnl Forests.
Atump helght, 1.5 feat, Trees sealed in 18-foot Jop lengths with 0.3-[loot {rimming ullowsace. Top utilfza-
tion, § inches, Tablo prepared by frustum form {sutor wethod, 1928, Aggregate deviation from basle data,
=+0.6 parcent. Averapge daviation, 15 perceat..
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