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PRUNING IR THE MANAGEMERT OF PORNDEROSA PINE,

Pondercsa Pine Pinus Fonderosa lL.aws 13 a tree of

slow growth under the seml-arid conditions of the scuth-
west, With this faet in mind, the question arises as to
whether 1t will prove economlecally feaslble to prune the
ecrop trees under the present system of management.

Pruning 1s an age=-old practice that has been car-
ried on to advantage in the intensive forestry of Europe.
The demands of the market have made pruning an easy and
profitable operation. Again, as in other forest masnagement
processes that have been proven through the ages, we can=
not fully utilize their knowledge, The extensive manage-
ment of our great variety of forests and the gcomparative-
ly poor utilization by our markets, demands that we scien-
tifically study pruning in order that we may insure our-
selves against any great eccnomic loss. We may also show
where and how the operator may réceive great monetary
gaina,

keonomics and pruning were treated as a problem for

white pine, (Pinus Strobus L.) in Northeastern United
(4)

States by Cline and Fletcher in 1928, Others followed

with studlies on white pine; notably those of Hawley(7) and

Paul.(14) More recent studies have been conducted by
(1)

Barrett and Downs on pruning white pine in the Southern



Appalachisns and by Bull‘s) with Longleaf pine Pinus FPal-
ustris i1}l in the South.

Few published studiez could be found conserning any
studies of pruning on pondercsa pine in the Southwest.
Pruning has been done in tiis area and results from these
operations should soon be forthcoming. In the msantime,
Plans ars being made for much stand improvement work on
the National Forests of the region and mainly in ponder-
osa pine, With no advance dats will these operaticns
result in a profit? This may be termed a problem of se~
lecting the proper number of trees suitable for pruning.

Ags this problem lies before the administrators of
the foresta it was thought that a guide could be set up
from the information at hand and a related bibliography
collected to sssist until such time as more ccmplete re-
sults from pruning operationa become avallable.

It wea necessary to borrow prunling studies made in
otrer regions of the United States. Some of the data of
these papers may be applicable to the Scuthwest and were

therefore incorporated in the report,



Pruning, a General Problem.

Determination of the most satisfactory time, in-
tensity and methods of pruning may wvell be regarded as
one of the major problems of forestry today., Our lum-
ber trsde has been bullt and the buying public educated
on the premise of the superior value of the clear board,
In the past our lumber has come from virgin stands where
clesar lumber was produced with self-pruning and long
periods of grawth; Cur present clear wood is prinecipal-
1y cut from virgin timber 200 to 500 years oldg(14) It
is not econcmic to grow timber on such a lengthy rotatlion;
nbr will the shortensd rotation of our second growth stands
permit production of any quantities of clear bocardas. The
apparent problem then of the timber producer and forester
18 to produce the better grades of lumber economically.

Several compromise solutions to the problem have
been put forth: (1) Certainly the buying public can be
taught the practlicablili$y and beauty of knotty lumber,
a3 has been dons by the popularizing of knotty pine.

But, as long as we have virgin stands remaining, the pro-
ducer of second growth timber muat prepsre himselfl to

compete with the products from such atands.(g)

Anattempt
has been made to attack the problem at its socurce. The
forester advocated dense stands sc that trees will more
quickly selfeprune the lumba of the lower bole due to £

the dense shade produced., For the most part, this 1is



comparable tc nature's pruning in & well-stocked stand
from which we have benefit ed in our virgin forests.

The forester has produced a more regulated self pruned
stand by his planting and certainly has lmproved over
nature's method. (1)Hovevar, it 18 known that for some
species these messures are still not adequate. The lower
branches sre shaded out and are thus held to a smsll di-
ameter but from that point the amcunt of self pruning
dcne apparently depends on the specles involved. Con-
sidering the short rotations now advocated, many specles
retain these small dead branches for meny years,

(14) showed dead branches to

A white pine study
remaln for an aversage of twenty-seven years with a max-
imam of seventy-~three years, 0On a short rotation with
fast growth this would produce much wood with loose knots.
On a long rotation with alow growth with the same number
of yeers for occlusion a very smell portion of the lum=-
ber would have loose knots.

Example: A tree growing eight inches in diasmeter
in thirty years will have eight inches of wood with knots,
A 3low growing tree putting on four inches in thirty years
will have only four inches with knots before the branches
drop off., This does not advocate uvsing slow growing trees,

meroly that short rotations will not produce clear lumber,

Cline and Flctcher{4) in their astudy of white pine pruning



concluded that pruning is s profitable operation when
confined to selscted trees in the stand and done to boles
not over 4 inches in d.b.h., They estimated a profit
of $15.00 to $35.00 or more per i bm (in addition to 6%
compound interest on the investment), depending on the
future value of clear lumber.,

The greatest economy in pruning will result if
the operation is completed in one cutting, provided
such operation hes no adverse effects upon quallty or
growth rate. With this in mind, an experiment was in-
itiated on the Toccoa Experimental Forest, Georgls, 1936
with white pine and a five year progress report was made
by Barrett and Davns.(l) They eoncluded that (1) about
30 percent of the number of living whorls mey be pruned
without seriocusly reducing growth rate; (2) smooth flush
cute without splinters or breaks are important for rapld
healing and quick production of clear lumber; (3) when
more then cone pruning to obtain a clear sixteen foot log
is not feasible, pruning should not be done until the de=
sirable trees 1n the stand havereached such a size that
pruning to 17.3 feet from the ground willl not remove more
than 30 percent of the living whorls.

In the Southwest, early pruning work has been de-
scribed in 1935 by G.A. Pearson.(ls) He reporta that

starting in 1933 the Southwest was given the manpower



to do improvement work on The National Forests and the
Fort Valley Experimental Forests, Pearson astates that
it "was totslly unexpected and salmost equally unplanned
for." YNevertheless, Region 3 now has some 54,000 acres
of lmproved young stands of ponderosa pine as of 1935.

Improvement work included the cleaning of(bola€>anﬁ re~

moval of defective and malformed trees. Abod¥/80 crop
tress per acre were chosen, or an averags spacing of
about 23 feet. Cost figures are also given by Pearson
but &re on a per acre bagis and 1include pruning, thine
ninz, plling, and removing bark, He “assumes a $15.00
cost on a falrly well stocked acre to release, prune,
and maintain in three or more operations the selected
crop trees over a period of 120 yesars. If the yleld is
inersased from £2,00 to £4.00 per thousand, the returns
will be increased by $#40, or $25 above the actual outlay
for cul tural wrk. In other words, the principal invested,
during an average perlod of 80 years, will be returned
with slightly more than £ percent simple: interest,"
He concludes that "conservative estimated indicate that
Judicious stand improvement applied to sultable stands
and sltes in the Southwest will return its cost with a
low rate of interest,"

Herein have been presented what are considered to

be the outstanding reports on pruning work done to date



in the United States. They have bsen brought together
and thelr high points presented to facilitate future prun~
ing studies. Additions)l studies of inmportance ares listed
in the bibllography.



A Study of Pruning.

The lack of sufficidnt information and the fact
that pruning 1s being done in the Southwest suggeated
the necessity for a gulde which would give an indica-
tion of the most desireble tree to prune, A methoed of
deternining the most eeconcmie d.b.,hs at which to prune
is presented and the most desirable diameter to prune
indicated, The data presented were the best that could
be secured at this time, The determination of the rate
of knot oaelusién was mede by means that were thought
to be not entirely conclusive. Purther studies sre ine
dicated and until such time as new data becomes availe

able the results of this study may be used as a guide,



I, Location of Area.

The data for this experiment were collected on
the Fort Valley Experimental Forest of the Southwestern
Forest and Renge Experiment Station.}  Fort Valley
is located at about 7,300 ft. elevation on the Coeonine
Plateau in northern Arizona. It is within the Cononino
National Forest, nine miles northwest of the town eof
Flagstaffl,

A 2,5 acre plot for study was selected iIn a pruned
ares thought to be representative of all stages and
types of growth, This is designated as sub-plot 12 of
growth plot 3«7, The area had been logged over in 1924
and the plot was established for growth studles in 1925,
Growth nmeasurements have been taken every five years,
Stand improvement work was done in about 1935 and a sec-
ond timber cutting was made in 1946, From this it is
seen that the area represents s well released stand,

A map of the plot showing the location and class of
trees, the trees thinned out and the trees pruned and

their position in the stand appears in Appendix A,

1i. Experimental Data,

In order toc determine the amount of clear wood put

on the bole after pruning the rate of knot occlusion

1, ¥aintalned by the Forest Service, U.S. Department of
Agriculture, for Arizona, New Mexico, and west Texas,
with headquarters in Tucson, Arizona,
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had to be determined by measurements on the standing
tree. This method is used because no trees could be
found that were going to the saw that had been pruned.
Thus eliminating the possibility of direct measurements
on old overgrown pruning wounds. Therefors an attempt
was made to correlate cbserved rates of cocelusion with
known growth rates.

Measurements were therefore %tsken horizontally in
the remaining aperture of the branch wound and estimates
a&s to the original bfench diameter were made. This was
possible because the sige and shape of the scar were
ugually still visible., The use of an eastlimate brings
in & possible socurce of error. However this is believed
to be neglible from a practical atandpoint. The rafe
of occlusion may be closely related to diameter growth
but in an actual pruning coperation the production of
clear wood is often delayed by:. (1) impropsr pruning of
the branch, such as leaving a branch atub protruding,
cutting too close and Injuring the collar, or brsaking
the branch, leaving a rough protrusion; (2) exuding
piteh, which may form an extension of the stub; (3)
folding in and over growing of the bark, extending the
defect beyond the atub, or (4) variations in the thicke
ness of the bark of the trunk at the pruned point, which
may vary the length of the stub left. Decause of this
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it was concluded that for practical usage the error
involved by the estimmte would prove insignifilcant.
The measurements and tree growth data are presented
in Table 1.

To relete the elapsed time it takes to occlude
various sized knots the dats were curved, shown In
Figure 2.

The data were examined and only knots appearing
on trees below 10 inch d.b.h. were thought to be sig-
nificant. Therefore trees of 4 to 10 inches d.b.h.
were used. The data were then put into five groups
having similar rates of occclusion and the sverage oc-
clusion and aversge amount of diameter growth for the
periocd were determined., These were plotted in Figure
2 and a welzhted curve drawn which shows the rates of
ceclusion for various sized knots,

With these flgures together with those called for
below, the value of any pruning operatlon can be approx-

imated,
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Figure 1.

Tree Growth and Ceclusion of Pruning ¥%ounds
in Pondarosa Pine Trees., 1935-31945%

S8ubplot 12, Plot S-7. Fort Valley Exp, Forest,

Tree LB H Plaweter Crown Fstimated Dia, Amount Grown over

Humbey 1935 (Growth class 0.8 of Branch Col.5 mimus Preg-
10 yra. when Pruned ent Horizontal
Aperture
(1) {2) {(3) (4) {5) (6)
inchesn incles jnches ineches
4138 5,1 0.6 ¢ 0.6 QO
42€5 5.7 0.2 ¢ Oud 0
4173 T2 0.7 c 1.5 G825
4178 8.6 1.2 D 1.5 0.25
4028 76 1.0 by, 1.0 0.88
4181 7el 1.2 C 1.256 0.6
4160 546 9 C 0.75 O«d
43121 5.6 l.4 C 046 0.5
4033 5.5 0.2 c 1.0 0.5
4066 4.5 1.0 C Oeb C.6
4241 840 1.6 C 1.25 Oed
4237 7 0 13 X 1.0 0.4
8401 G486 246 X 1.0 Ce8
3014 8.7 2.5 A 1.85 0.4
4146 6.9 1.3 G 1.0 1.0
8602 57 1.7 C 1.0 1.0
8802 (9. 1.8 ¢ 1.258 1.}
85638 4,56 l.4 G 0.9 0.9
8572 5.1 1.1 X 1.26 l.1
8616 4.8 1.6 C 0.9 0.8
8671 4.3 1.3 L 1.0 1.0
=662 Ded 1.6 X Qe 0.9
8578 5.4 1.8 X 1,5 1.4

# Growth records and tree clasaification from records of
Fort Valley Experimental Forest.
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III. Xnown Values:
1. The smcunt of clear lumber in the pruned log.

This was ¢ alculated by diagram, A disgram was
made for each scale size of log represented in the
eharts and the amount of clear lumber possible calcu-~
lated for core sizes of four to ten inches. Sese exe
ample in Figure 3.

2, The cost of pruning the butt log to a height
of 17 feet. The average time per tree will vary,

The labor cost will also be varisble., It will
vary with: (1) The prevalling labor coat of the re-
gion, (2) the effeciency of the crew, (3) the access~
ability of the atand, (4) the density of the stand,
which will effect both the efficlency of the workers
and the size of 1imb to prune, and (5) the site which
will vary the number of whorls to be pruned., Frobably
the most effective of these 1s the size of the 1imb to
be pruned., The larger the branch the longer it takes
to prune, the longer it takes for occlusion, the more
chance one takes for defect such as piteh or bark pocke
ets or in large limbs where heartwood 13 present Ves=-
tern red rot may enter, When considering a pruning
operation any one of these varliables may render the
operation economically unsound,

3. The rate of interest to be charged.
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4. The rotation on which the trees are managed.
This will vary the length of time the labor cost is
to be compounded.

Assuming that only wolf and dominant trees are
considered eligible for economic pruning, their average
growth rates (Figure 4) are two inches d.b.h. in ten
years, If a 24 inch d.b.h. 1s assumed as the size at
maturity the rotaticn is 120 years. In using these
figurea 1t must be borne in mind that they are above
the average growth rate for ponderoéa pine in this re-
glon, They refer to a stand that was released by cut-
ting twice in twenty years. This may be a better than
average situvation today but such frequent cuttings will
be cummonplace before trees pruned today mature. To
explore the possibilities of a smaller mature size and
correspondingly shorter rotations, it is desirable to
conaider 20 and 22 inch mesture diameters also.

Because this exsmple uses cnly wolf and domi-
nant class trees 1t is not to be assumed that codomi-~
nant may not be pruned. Some may be pruned now as an
interim crop and in the future when fully stocked stands
of well msnaged forssts eliminate the woll tree the dom-

inant and codominants will be prunad.
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Figure 4.
Ten xéar ﬁfou%h Rate of Ponderosa Pine,
3ubplet 12, Plot 57.

Crown e 10 yr», Dia,
Class Trees Growth
inches_
) 4 10 . 2.2
2] 10 1.7
C 20 1.0
I 14 0.5

Diameters taken for the trees 4 to 9 inches d.b.h.
Caleculeted on a 20 year growth.
Date from Fort Valley Experimental Forest Records.
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IV, Computaticn Procedure:

A sample problem will be inecluded here to demon-
strate the manner in which the valuss were derived.
Some of the figures used are arhitrary. The values
of lumber used were the O.P.A, celling prices of 1942
for pondeross pine, The log wvalusg therefore do not
colnecidd with the present wvalues of logs. By computing
the values of both the pruned and unpruned leog by the
per cent lumber grade out turn it is thought the dif-
ference in value between & pruned and unpruned log will
remal n the same for any price scale of any year., There-
fore the conclusions drawn should be the same 1f the
price differential between lumber grades remains the
Same «

Derivation of wvalues for a log 24 inches d.b.h.
with & 4 inch knotty core:

1. Board feet per log:

By diagram,
260 bd., ft. clear wood,
15 bd. ft. knotty wood.
(Using a 20" 1.b, scale diameter)

2., Value per 16 foot log:

' Sumation of 4/4 boards by widths from the
dlagram, Using "B and Better" grade for
clear and "No, 4 common" grade for Knotty.
Computed values by width and grade from
C.P.A, Regulation Xo. 94

3« Pruning Cost:

Arbitrarily put et 10 min., per tree, The
rate 1s a variable and differs with every
stand and crew, The time to prune western
yellow pine varies rroTlg to 10 min, per tree
geponﬁing on the tree,. ) A wage rate of
0.60/hr. was used and

administration. - includes costg for
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4, Length of rotation:

A 4 inch knotty core would ccnatitute a prun-
ing operstion when the tree had a 2" d.b.n.
This would allew £ inches on the diameter to
grow over the knots and begin produeing clear
'OOd '

It 1s reecognized that pruning a seventeen ft,
height on a 2 in. trse must be done 1n two
operations and may increase the cost,

In this example costs are regarded to be cone-
stont for @11 trees. It is alsc assumed that
no branches over 1.0 inch in dlameter are
pruned. Two inches in dlemeter 1s allowed
before clear wood is produced to allow for
possible delay in sealing after eccclusicn.
For & 1.0 inch knot the graph shows 1.7 in,
of diameter growth before oecclusion; there-
fore, 0.3 of an inch is allowed

Time of prune 2" d.b,he ¢ o
Proposed crop tree24" d.b.h.

Growth required 22¢

Growth/10 yrs. 2"

Length of time for 2" tree tc reach

maturity 22" 2% 11 or 110 yrs.
5. Compound pruning cost:
10(1,04110) #7438
6. Value at time of cut: |

Total Value-Compound Pruning cost  §14.97
$22.45 « §7.48 $14,.97 log value at
time of cut,

7. To get comparative values of logs not pruned
the values of logs from actual mill studies
were taken, The lumber grade out turn by log
diameters was taken for the three log diameters
and for each log grade and the%{zgalues computed

uging C.P.A, Reulation No. 94. (See Appen-
dix €.)
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A ponderosa pine mill study by Ladevick‘lg) was used,
wherein percent grade cut turn was determined for
each log grade. Although this study was made in the
Pacific Forthwest it was used in preference to data
from a mill study in the Southwest because 1t was much
mors extensive, had more sample lozs and was more come
plete 28 tc log dismeters. A sample check waa made
and the studies gave similar values per log, the
Northwest givinc a slightly higher value.
The above method was used to compute the values

for the three log diameters 20, 22, and 24 inches.

- f}n parts 1 to € for each size knotty.core from 4 to 6
inches in diameter and in part 7 for each log grade.

L
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Pigure 8.
Value of Unpruned 16 Foot Logs by Log,
Grade and Dismeter.¥®

Log Value Value Value
Grade 24" d.b.h. 22 d4d.b.h. 20 d.,b.h.
16 ft.log 16 £t log 16 ft log
1 $32.02 $30.04 $ 7.27
11 11.08 8.64 6.70
111 9.83 8,32 5.84
1v 10.18 8477 6.13
v 8,73 7.71 5.52
vI 7417 6.32 4,72

# Computations for above values:
Total b.m, per log from diagram.

Price per lumber grade: Reg. 94. Office of Price
Administration.

Percent lumber grade outturn per d/b.h. and log grade:
From, "Lumber Recoveries at a “Representative"
mill in the Pondercsa Pine Territory of Oregon
and Washington.," By J.E. Lodewich., Paecific
Northwest Forest and Range Experiment Station,

Portland, Oregon. April 29, 1941. Not pub-
lished,



Ve Discussion of Hesults,

The lack of sufficient information on pruning in the
Southwsst and the knowledge that extensive stand improve-
ment work may begin led to the reelizqtion of the neces-
sity of a gulde to economic pruning., The data presented
were the best that could be secured in the time allotted,
The determinetion of the rates of osclusion were thought
to be not consclusive but reasonably signiflcant. dore
study 1s indicated with closure defect, with more log
sizes, and with more branch diameters.

Comparing the value of the pruned log at the time
of cutting with a 4% compound intereat deduction with the
values for all grades of logs we find the advantage prepon-
derantly on the side of the pruned log. Only in the case
of the smaller logs do the larger 10 and 12 inch cores show
s smaller value when compared to the I and Il log grade
values,

From these figures 1t mey be concluded that the op-
timum d.b.hs t0 prune is 4 inched, This point shows the
hizhest final value for the 20 and 22 Inch log. In the case
of the 24 inech log pruning elther the 4, 6, or 8 inch tree
will give about the same results from the figures. DBut
here againj 1t is felt the 4 or 6 inch tree 1s optimum be-
cause the hizher cost of pruning larger trees (particularly
trus in the wolf and dominant trees here considered) 1s not

shown in this example.
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Of the three dismeter values the 24 inch log shows
the greatest profit per tree due tc pruning. Further
study should be made to definitely ascertain at what di-
ameter log 1s most profitable, Larger sizeamight prove
preferable.,

Pruning in the Southwest in leading to cheaper, high
grade lumber, will open up distant markets and thus put an
end to present dependence largely on local demand,

The greatest percentage of select grades are in the
number one logs. In the gecond growth stands of the
Southwest the ma jority of the logs are of gzrade V and VI,
From Table 9 it can be aseen that almost 83% of the logs
are of grades V and VI in this stand.

Figure 9.
Ponderosa Pine Log Grades on Wing lountaln Flot,

Ft. ¥alley Experimengal Forest as Classified
in standing trees.® (480 acres)

Log Grades Number of Logs 4 of Total Number

1 86 0.49

2 387 2.20

S 1943 10.91

4 646 3.87

S 7849 44,54

& 6730 33419

Total 17621 100,00

#As defined in R 3-S5, Sales Pclicy Utilization letter of
February 17, 1939, Logs claassiflied by ¥.(G., Thomson, 1939,

1, Pearson, G.A, and Wadsworih, F.H.,, "Timber isnagement
in the Fort Valley Experimental Forest" Research Report.

?a:ghwautarn Foreat and Range Experliment Station. May
940,



If we assums this toc be & fairly representative
stand 1t can be ssen that a very small volume of select
boards will be produced. If we can further assume that
the majority of the second growth stands of the Scuthwest
produce comparable low grade yields, a2 less of markets
may result, From this deduetion we can place another value
on pruning, that of maintai ning and opening & new market for
the lumber of the Socuthwest by producing a better quality

board.,



Conclusions

A guide indieating the optimum time for an economic
pruning operation and the method of approach is presented.
The information was thought necessary as a possible gulde
to stand imp ovement work on ponderoaa pine in the Southe
west, The data presented were the best that could be se~-
cured at this time., The rates of knot occlusion were made
by means not entirely conclusive and further study is
indicated. Until such time the results of this dtudy may
be used as a guide,

Pruning operations in western yellow pine should
prove an economic benefit. Only the crop, or wolf and \
dominant trees, should be pruned and should be maintnining’
a'growth of about two inches in diameter per ten years,

It should be planned to maintain this growth by improvement
cuds.

Trees whose branch diameters exceed 1,5 inches
should not be pruned. The time to cover a larger wound
is too great and the larger the prune wound the grester
is the chance for other defects to enter. Preferably the
maxlmum pruned diameter should not exceed one inch.

Pruned trees show a profit over non pruned trees,

The most economical dismeter to prune is a four inch tree.

From the values derived a 24 inch log gives the most



profit., This is thought to be as yet inconclusive as
sufficient diameters are not represented in this study.

Pruning was shown to represent a gain of 4 per
cent compound interest on the cost. This is not consid-
ered a high rate and on & one~hundred-~year investment
may not be considered ample to cover the risks involved.
But when it can be shown that 83 pereent of a second
growth stand produces grades V and VI logs end only 0.49
percent grade I, it can readily be seen that practiceally
no “seleet" boards are being produced. With this out turn~
in mind it has been surmiaed that markets for western yel-
low pine will be lost through the inability to compete
with the better grades of lumber from other sections of
the country. Pruning will produce better quality lunber
and help to maintain the markets, This is an added value
and should be included with the 4 percent compound inter-
est,

Finally the forests of the Southwest are almost to-
tally government owned. Therefore with the long term pube
lic owner, the comparatively low monetary gains may be over=
shadowed by the publie gains of incressed business.

A method has been put forth in this study which may
be applied to any stand of timber, The values used may
be general, but values for individual stands are simple to

procure and like calculations may be made., Therefore a



method has been suggested to analyse and determine the
eccnomics of pruning ponderosa pine in the Southwest.

FPurther Information Needed.

The initial study of an economlce pruning method
indicates a need for greater ex loration into the problem.

Concluzive dsta of knot occlusion 1s needed, FPruned
knot studlies are suggested to determine forms of defect
oscurring with various sized knots and with the differing
methods of cutting the branch, This would be best deter-
mined by loecated, cutting and making g erozs section of
s series of completely occluded knots.

A study of labor costs is necessary to determine the
rate per tree as it varies wiih size of tree, size of limdb
and site.

The amount of live orown that may be removed from
ponderosa plne without seriocusly lmpairing the rate of
growth, should be known. Too severe pruning may slow the
growth snd effectively lengthen the rotation. In conjufe-
tion the ecost of pruning a 16 foot log in two operations
need be determined and compared with the cost of pruning
in one operation and the cost of a loss in growth due to
too severe pruning,

It 18 hopqd that this paper may be used as a guide
for pruning and that 1t will stimulate interest and further
study.



Summary.

l. Pruning 1s an age-0ld practice but has dbeen ser-
iously considered in the United States only in recent
years,

2, Self pruning 1s now known to be inadequate for
meny speclss and stands of timber, On the short rotations
now used, little clear lumber is produced., By controlling
the denaity of the stand the lower branches csn be shaded
out and held to a smmll diameter, dbut thess branches have
been shown to remain on a tree for as much as 73 years
and an hvorage of 27 yaars.(14)

3. Statements from what are considered the outstand-
ing papers on pruning are presented.,

4. In order to determine the value of pruning the
ahount of diameter growth to cover & pruning wound is
needed to ensble one to compute the amount of clear wood
& glven pruned log will ﬁroduce. This wes done by measur=
ing twelve year old pruning wounds and ccrrelating them
with the diameter growth of the tree for that period. From
the curved data it was determined that two inches in di-
ameter growth is necessary to occlude a ons inch prdne
wouhd.

5. The lenzth of time 1t takes a tree to reach ma=-
turity after pmining was found by determining the growth

rate and the slze at which the tree is to be cut., In a



sample problem & two-inch diameter growth in twn years
was set by averaging the 20~year growth of wolf snd dominant
trees. Using s fixed cutting and pruning diameter the
mmber of years to the end of the rotation was determined.

6. To determine the value of a pruned log diagrams
were made and the board measurement computed, For the
value of unpruned logs a mill study of ponderosa pine was
uged which gave the per cent lumber grade outturn by log
diameter and grade. To these, celling prices of 1942 were
applied and the values determinsd.

7« Four per ecent compound interest on the labor
cost was deducted from the value of the pruned log and
then compared to the value of the unpruned log.

All cases show better than a 4 per cent return ex-
cept in the 20 and 28 inch logs with 10 and 12 ineh knot-
ty cores.

It wes indicated that the four inch d.b.h. was the
optimum eccnomic dlameter to prune.

The procedure 1llustrates a method that may be
used to compute the value of & pruning operation on any

atand,
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MAXIMUM PRICES -~ PONDEROSA PINE LUMBER

F.0.B. Mill per 1000 feet board measure. Frice Schedule No., 94
~ Western Pine Lumber, Office of Price Adminiastration, Peb.1942
Federal Register. Vol. 7: 759«76l. Feb. 1042,

YT ALIBNL  cmen o
4" width $65 60 46
5" 71 és 52
6" 67 62 48
8" 69 64 50
10" T 66 52
12" 86 81 64

Add %5 for 18 ft.lengths.

Common Boards

¥o. 1x4" 1x6"™ 1x8" 1x26" 1x12" 1x14" 1x16" 1x18% 1x20"
1 844 44 12 44 48 - — - -
2 28 38 37 37 37 40 4 48 52
3 33 33 32 52 52 33 35 36 40
4 £3 23 25 25 25 - - - -
5 16 - —-— - - - - - -

Shop lumber

4/4

4/4 Shop Common &30

. Noe 3 Clears 41
No. 1 Shop -
No. 2 " -

No.,. 3 " -



LOG GRADES
Ponderosa Pine
#8 used by Fort Valley Experiment Station.

Grade '}

Shall be smooth and surface clear without indieation of
knots near the surface, providing, however, thst two small knots
are permissible if within 2 feet of the end of the log. Small
fire scars not over 4 ft and ona single face or other comparable
surface defests for which deductions are made in scaling are per-
misslible.

Grade 2

Shall be smooth and surface clear on three faces, but with
knots or other defects permissible on the fourth face; or shall
be smooth and surface clear on the lower three-fourths of the
length, In addition fire scars up to € ft in length or other
comparable surfsce defects for which deductions are made in
scaling are permissible on one of the three clar feces.

Grade 3.
Shall fill the requiremen$s of either:

(1) Shall be smooth and surface clear on one or two faces,
but with knots or other defects psrmissible on the other sides.

(2) 2hall display knots on all sides which may vary from
small black kmots to large sound or unsound knots as long as
they are at least 3 feet apart longitudinally when they are stag-
gered or & feet apart when they are in solid wherls., In either
at least 50 percent of the total surface of the log must be in
:urf:ee clear areas at least 4 feet lofg by 1/4 the circumference
n width,

Grade 4.

Shall display numerous knots, alive or desad, provided
that all knots in the grader's judgment will cut out sound. The
maximum size knots permissible for this grade shall be propore
tional to the size of the log. The maximum slzes are (1) for
a 12-inch lecg 2~inch live knots or l-=inch dead knots; (2) for an
18~inch log 3-inch live knots or 2-inch dead knots; (3) for a
f84~inch log 4-inch live knots snd 3-ineh dead knots, etc. An
average spacing of at least 2 feet in required between knota
of masimum size,

Grade 5

Shall meet the same requirements as 2 Grade 4 log in knot
sizes and spacing, except unsound knots are permissible.
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Grade 5, contd.

Logs with 1ar%er knots may slso be admitted tc thls grade
if at least one~fourth of the total surface of the log is in
surface clear areas at least 4 feet long by 1/4 tke circumference
in width.

Grade &

Shall bs rough, coarse, or densely knotted logs unsulted
to any of the previcus grades,

General Considerations

Foregoing specifications ss to spacing between knots
refer to distance between knot or limb edges rather than from
center tc center.

Defects such as stump rot, red rot, shake, wind checks,
for which acale deductions are made In ordinary scaling practice
but which are not vigible on the surface of the tree are not to
be considered in determining these grades.

Defects such as fire scars, lightning scars, excesslve
erock, extreme spiral grein, and other surface indications of
defeet for which seale deductions are made in ordinary sceling
practice and which are visible on the surface of the tree are
to be consldered in determining trese log grades,

Standing trees shall be graded on the basis of 16-foot
logs and each log shall be graded solely on the basls of its
own grade characteristics, l.e., the grade characteristics of
ad Joinling logs shall not be allowed to influence the grader's
Judgment.
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Appendix Dt
GROWTH RECORDS FOR YEARS 1925-1945 PONDEROSA PINE.

Taken from records of:
Flot 7 Sub plot 12, Fort Valley Experimental Forest.
Southwestern Forest and Range Experiment Station,

Tree Crown Diemeter at Breast Height (incheg)
Ne. Class 1925 1930 1935 1940 1945
2937 c 13,3 13,7 14.0 14.4 14.5
2938 C 13,5 14.0 14,5 14.8 15.0
2945 C 13.5 13.9 14.5 14.5 14.6
2946 c 12,4 12.8 13.0 13.2 13.4
2941 S 10,3 | 10.5 10.7 11.0 11.0
2042 D 18.7 16.2 16.6 1740 17.5
2943 S 9.5 8.7 2.8 10.0 10;2
2944 8 10.8 11.0 1l.2 11.5 11.5
2940 D 1l€.1 16.8 177 18.8 18.6
2964 c 16.3 15.9 16.4 16.7 16.9
2063 D 15.6 16.3 16.9 17.4 17.8
2065 C 17.5 17.8 18,1 18,3 18.5
2966 C 15.8 16.2 16.7 1€.8 17.0
2967 ¢ 16.2 l€.8 17.2 17.8 18.2
2968 D 17.4 18.0 18.8 19.8 19,9
2982 c 19.8 20.4 20.9 1.4 21.8
2983 G 5‘8 6.4 6¢7 7;1 bghaiad
2981 b 16.6 17.6 18.2 19.0 19.6
2985 C 11.3 12,5 13.1 13.6 14,3
2986 D 4.3 24.8 25.3 25.7 26.0
2988 X 17.3 18.5 19.4 20.3 20.9
2987 X 9.6 10.7 11.9 18.5 13.2
2989 D 19.7 20.4 21.1 2l .7 22.2
2980 C 17.7 18.1 18.5 19,1 19.4
2902 c 14.4 156.2 15.8 168.3 16.7
20901 I 9.2 10.0 10.6 11.2 11.7
2995 D 17.7 18,0 18.4 18.7 19.6
2994 C 18.1 16.3 15.5 15.9 16.2
2093 ¢ 13.0 13.7 14.0 14.4 14.7
2996 c 9.3 101 10.8 11.5 12.0
2997 c 12,1 12.7 13.3 13.7 14.1
29908 ¢ 8.0 8.6 9.8 10.1 10.7
2999 I 5.0 6.1 6.4 6.9 7.2
3019 ¢ 27.6 28.3 28,7 29.0 29.1
3018 X 19.2 20.0 2n.0 21.7 21.9



Tres
KCe.

3020
3027
3021
3022
2024

3028
3026
3028
3016
3017

o014
3011
3012
3000
3001

3006
3002
3010
@009
3008

3007
3006
4008
4010
4014

40156
4039
4040
4041
4011

4037
40385
4033
4032
40486

4049
4044
4045
4052
4053

Crown
Classs

gMHUm HODUM

HAOOTB HOOUX

QOQOTODUT QUHOK H:pxQQO HNKRDO

Growth Records, continued
Diameter at Breast Height (inches)

1925

20,3
18.5
24.0
198
12.7

10.6
20.3
22,4
14.9
32.3

4.6
11.6
2.0
8.0
9.5

4.5
8.4
9.8
14.2
7.9

9.0
14.1
13.3

5.6

€5

55
6.0
518
4.3
5.0

Se9
7.0
4.6
8.0
a6

6.1
5.1
4.8
3.8
5.4

1930

21,0
20,0
25.1
20.4
13.7

11.0
21,4
23,7
15.6
22,9

6.9
12.6
10.0

8.9
De9

5.0
8.3
10,7
15.2
8.3

J.8
14.6
14.4

€.6

7«6

6.0

19356

21.8
20.8
28.2
21.9
14.9

11,3
22.5
24,6
1€.4
24.0

8.7
13.8
10.9

9.7
10,3

5.4
10,2
11.4
1€.1

8.8

15.3
15,9
7.8
8.6

76
Te3

5.7
T3

4.1
8.0
5.5
10.1
4.5

78
6.4
6.0
6.2
6.1

1940

22.5
21.3
27.1
21.6
15,8

11.8
23.3
25,5
17.0
24.7

10,2
14,4
11.6
10.56
10.7

5.6
10.9
12,0
17.1

.2

11.2
15.8
17.0
8.6
Ded

7.0
7.0
7.0
6.4
8.2

4.9
8.6
5.9
10.9
5.0

8.8
7.1
6.8
6.6
6.4

1946

23.0
21.7
28,0
2.1
1647

12.1
23.9
26,.C
17.7
25.4

11.2
14.8
12.2
11.0
10.9

5.8
11.5
12,5
i7.8

9.7

1l.8
16.0
18.2

9.2
10.1

74
8.2
7.8
5.9
9.0

5.5
.2
6.4
11.
5.5

9.6
7.6
72
7.1
6.6



Tree
Ko.

4054

40565
4056
4057

4117
4113
4114
4128
4127

4120
4025
4026
4027
4024

4029
4030
4038
4021
4023

4020
4019
4018
4017
4016

4143
4142
4159
4138
4136

4141
4135
4134
4133
4152

4131
4123
4124
4121
4140
4149

4146
4145
4144
4223
4222

Crowm
Class

MOGHMHQ ~HOOMO QrROeHOG OaGogoyg xagoaoy

QOMMM QHOOGHRED QGG QHIMY

Growth Hecords, continued
Diameter at Breast Height (Inches)

1825

6.0
4.3
7.0
4.0
4.0

6.4
4,3
T4
5.7
4.5

4.3
4.5
€e5
4,8
4.0

545
346
7.5
6.8
4.4

4.2
4.0
6.5
348
14.8

4.6
4.2
70
5.4
8.1

5.8

L J

. % @

» »

. »

L ]

L]
A WP ROOC RN

0
(HEOR Xy Q'AQ:&OHAGD RO1GE

L]

<o)
)
o

1830

7.8
4.8
8.1
4.8
548

T2
4,9
8.6
65
58

4.8
4.9
7.1
5.2
4.1

5.2
4.0
8;8
7.5
4.9

4.8
4.4
7e®
4.5
15.7

B =3
s 0

; I8
COOGHN OURODDLe O I

»

s »

L

*

0
OO dOM QSOU‘UH&GD [o: R e}

9 ® 9

1935

7.7
5.2
2.0
5.6
6.9

7.6
5.3
9.4
7.2
5.8

5.3
D4

L3R 2 ]

LI I I I

* » s

”
OGO DOMALIPXVG HRNOFHD JODON VO dHERHI OOGO

»

]

*

® 9 o

* » 2 8

¢ 2 & 8 »

[ K

mnoi:amm DVoMoOoULe OGN @?mqq AUkt OO HO O]

* #

1940

8.2
5.7
9.8
6.1
77

8,0
5.5
10.2
7.6
€.2

5.9
5.8
8.2
5.5
5.2

7.4
4.4
10‘0
848
5.9

5.6

B.d
10,

59
17.2

8.2
8,0
9.6
!
10.1

9.3
5.5
4.9
6.7
6.7

9.9
5.6
6.5
63
0.6
9e1

75
5.6
28.1
10.4
10.1

40

1945

8.7
€3
10.0
6«5
83

B.4
5.8
1l.l
8,1
€.8

6.5
€3
8,6
5.8
5.6

840
4,7
10.3
9.0
6.3

10.2
10.

8.2
6.0
28,7
10.9
10.2
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Growth Records, continued

Tree Crown Diameter at Breast Height (inches)
Y¥o. Class 1926 1930 19356 1940 1945
4221 A 5.0 5.3 5.5 5.8 5.9
4220 c 12.6 13.4 13,9 14,3 14.8
4229 1 4.4 4,7 4.9 5,0 Sad
4230 C 138 14.5 14,9 156.8 16.7
4219 X 8.7 1+ 4 10.4 11.2 12.0
4218 X 4.1 5.2 6.1 6.9 7a7
4215 C 3.7 4,4 4,9 5.3 5.7
4216 D 4.8 6.1 6.7 Tab TeQ
4217 G 4,8 5.6 6.1 6.7 T8
4237 D B.3 €.4 7.0 77 843
4234 € 9.8 10.5 11.0 11.6 12.0
4233 G 13,1 14,0 14,5 18.0 16.5
4232 C 12.4 13.0 13.3 13,6 14.0
4231 c 11.3 12,2 12.8 13.5 14.2
4235 I 5.8 5.7 6.0 6.2 6.8
4238 D 13.0 14,0 14.6 15.2 15.9
4228 C 17.1 17.2 17.6 17.7 17.8
4225 I 6.9 7.3 77 8.2 8.8
4226 C 6.1 6.9 7«5 Sel 8.9
4238 D 13.9 15.2 16.1 17,3 18,2
4240 c 8.0 B8 9.6 10.5 11.0
4239 G 8.0 8.8 9.9 10.8 0.8
4201 ¢ 4,1 4.9 Dad 5.6 6.6
4257 C 10.8 11, 12,7 13.5 14,1
4258 S 4,9 5.6 €.l worthless

4259 C 11l.2 12,1 12.9 13.5 14.1
4260 ¥ D1 10,2 10,8 11.4 11.8
4262 3 4.5 4,8 4,6 4,6 4.6
4261 G T2 8.0 8.7 T3 9.9
4264 c 11.5 12,1 12.4 12.7 1340
4265 S 5.2 5.5 S8 5.7 5.9
4266 ¢ 6.4 7.0 7.2 Te7 7.9
4270 S 4,0 4.2 4.4 4,6 4.8
4269 3 4.7 5.0 5.1 S.3 S.4
4268 C 9.7 10.1 10.3 10.5 10,7
4267 C 11.6 12.5 13.1 13.6 14.0
4250 8 4,3 4,3 4.3 cut S.1.C,
4251 I 5.6 6.0 6.3 €a7 Tl
4248 3 Dad H.4 5.4 Bab 5.8
4249 D 10.1 1049 11.2 11.6 12.2
8252 D 15.1 15.6 15.9 16.1 18,3
4112 X 4.7 5.9 6.9 7.8 8.2
4253 I 6.9 7«5 7.9 8.2 8.5
4256 C 8.8 BeO 10.8 11.3 12.0
4288 I 5.8 5.8 6.3 6.6 6.8



Trees
Noe

4821
4220
4229
4330
4219

4218
4215
4216
4217
4237

4234
4233
4232
4231
4235

4836
4228
4225

. 4226

4238

4240
4239
4291
4257
3258

4259
4260
4262
4261
4264

4268
4266
4270
4269
4268

4267
4250
4251
4248
4249

Crown

Class
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Growth Reeords, continued
Diameter ai Breast Height (inches)

1985

5.0
12.6
4.4
13.8
8.7

4.1
Be7
4.8
4.8
5.3

2.8
13.1
12.4
11.3

S5.8

13,0
€.9
6.1

13.9

8.0
8.0
4.1
10.6
4.9

11l.2
9.1
4.5

11.5

5“2
.4
4.0
4.7
9.7

11.6
4ed
5.6

5.8

10.1

1330

548
13.4

4,7
14.5
Qa7

5.2
4.4
6.1
5.5
.4

10.8
14,0
13.0
12.2

5.7

1935

'5¢5
13.9
4.9
14.2
10.4

6.l
4.9
Be7

Bel -

7.0

11,0
14.5
13.8
12.8

6.0

14,6
37.6
77
7e5
1641

9.6
Fed
5.8
12,7
6.1

12,9
10,8
4.6

12.4

5.7

7.2

4.4
5.1
10.3

13.1
4.3
€3

11.2

1840 1945
B.8 5.9
14,3 14.8
5.0 5.3
153 15.7
11.2 12.0
6.9 T7
B8 B.7
Ted 7.9
6.7 7.8
4 B.3
11.6 12,0
15.0 18.5
13.6 14,0
1&.5 14,2
€2 Gad
15.2 15,8
17.7 17.8
8‘2 8.8
8.1 8.9
173 18,2
10.5 11.0
10.2 10.8
5.6 .6
13.5 14,1
worthless
13.5 14.1
11.4 11.8
4.8 4,8
e P Q.9
128.7 13.0
5.7 5.9
T 7«9
4.6 408
8.3 5.4
10;8 10.7
13,6 14,0
tut S.J.C.
Sa7 Tl
5.8 545
11.6 12.2

42



Tree
No.

4252
4112
42563
8256
4285

4264
4256
4244
4245
4243

4242
4241
4214
4213
4212

4211
4210
4209
4208
4207

4208
4205
4204
4202
4201

4136
4198
4200
4199
4165

4166
4167
4164
4163
4148

4180
4151
4152
4154
4155

Crown
Clasgs
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Growth Becords, eontimued
Bresst Height (inches)

Diameter st

19256

15.1
4.7
6.9
.8
5.2

TeS
5.8
10,7
Bad
12.4

11.00
5.8
4.5
4.4
4.7

LI

.

Oy 2 O O ¥
. L}

. N
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.

[

»

»
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1930

15.6
5.9
7.5

11.2
9.7
13.4

12.00

7.0
5.4
5,3
5.3

.
W

<3 e 3O
. L)

LK 2 I

»

.

i

WMoY OO~NOWRO D300 0O I-2W
»

v

s

y @

et

s
* v & @ " e »
COneQ ~NOHO1 SO0 HONOM TWh
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1935

15.9
6.9
7.9

10.6
6.3

9.2
6.9
11.4
1040
14.1

12.7
8.0
€.1
5.8
549

10.7
4.7
8.2
4.6
8.1

5.7
74
8.1
Ted
8.0

DaaR

10.8
7.8
9.8

11.4
4.0
11,0
7.5
7.0

16.8
10,86

10.7
9.2

1940 1645
16,1 16.3
7+6 B.2
8.2 8.8
11,3 12.0
6.6 6.8
9.9 10.6
Cut 3. Ig
11.8 11.8
10.5 10,5
14,9 15.3
13.2 13.8
8.9 06
6.8 7B
6.3 7.1
6.5 7.5
S.1., diad
S.1 5.8
8.8 9.8
4,7 5.2
Dead
6.1 £.8
8.1 8.7
849 2.8
Te7 8.1
8.4 9.1
Jos.
Dead °7
11.7 1246
Daad
worthless
12.1 12,7
4.2 4.3
11.9 12.6
8.0 8.6
worthless
S.l. DNesd
7.3 7.8
11,2 11.8
11l.5 12.2
10.3 11.3



Tree Xo Crown

4182
4181
4158
4161
41€0

4159
4162
4172
4171
41¢€8

4170
417z
4174
4188
4175

4178
4169
4179
4153
4130

4129
6228

6234
g2a7

4067
8231
6230

8564
8565
B569
85671
3572

8568
8567
8600
8599
8597

8598
8596
8601
8403
8401

Class
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Growth Records, continued
Diameter at Breast Height (inches)

1928

545
545
5e5
7.2
4.4

6.9
6.9
349
Seb
548

6.0
6.0
4.5
5.1
7.3

5.2
1C.2
€.0
8.9
543

70‘2
18.8
13.5
16.4

5.7

5.6
12.4

1930

548
€45
6.8
8.8
5,0

741
7«8

Se

1935

643
Te1
T7
2.3
5.6

846

1940

7.0
T8
Ba6
10.0
5.9

9.2
0.4
5.7
4.8
6o

(=35 NN IR I |

44

19456

7.6
8.3
Q.4
10.2
6.5

Je9
10,3
€.0

5.1
6.8

3.0
749
el
7.0
9.8

70

21
8.9
746

10.8
18.2
15.1
1845

67

8.1
94
15.

Gel
8,3
5.0
5.6
6.2

4,7
4.5
Se0
€.2
Se

640
5.0
5.8
6.9
9.8



Growth Records, continued

Tree Crown Diameter at Breast Helght (inches)
No. Chhas 1985 1930 1835 1940 19456

8402 I 3«8 4.4 - 5.1
8616 C 4.0 4,8 - G4
8614 I 4,0 4.4 - 5.6
8618 I 3.9 4.0 - 4.5
8615 I 3.9 4,2 - 4.9
8602 C 5.2 6.5 T3 8.9
8603 C 4.7 6.7 - Ted
8609 S 346 Geb - 349
8575 A 4.3 504 had 7.2
2-511 D 3.6 - 548
2-636 C 4.0 - 5.8
2-8357 c Z.8 - 5.7
2=682 A 5.4 - 7.0
2=661 I 4.2 - 5.5
2"‘668 1 3.6 - 4.5
20670 5 4,0 - 4,9
2-509 X 3.7 - 5.7
2«67 c 389 - 5.8
2=673 D 4.2 - €
2=676 A 4.5 - €.7
2-671 C 39 - 5.5
2-639 C S8 - 4.9
2939 G 14,1 4.5 4.9 15.0 15.0C
2084 D 13.2 13.9 14,5 15,0 15.5
4013 A 5.6 €.8 7.8 8.8 Q.6
4034 c 7.0 745 TeB cut S5.1.C,
4118 D 9.0 10.2 11.0 1l.8 12.8
4247 c 8.8 6.6 Ted 8.0 9.2
4098 L 7.4 Be3 2.5 dead S.I.C,

0 O QuUa
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