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Introduction

PINUS PONDEROSA (Laws)

Western Yellow Pine is known throughout its range as
pine or yellow pine, and in the lumber trade of the north-
west as western pine. It has Dbeen called western soft
pine and occasionally as Oregon white pine and California
white pine.

It 1s the most widely distributed pine in the United
States and one of the most veluable. It has o large
veriety of uses both locally and in the distent markets of
the middle west and east, practically filling the lumber
demand for the local needs. Its large size, good form,
end easlly accessible bodies, and the high technical
qualities of its wood place it near the top of the 1list of
commercially importent American timber trees. (10)

Western yellow pine occurs naturally from southern
British Columbia to Lower Californis and northern llexico,
and from the Pacific coast nearly as far east as to the
one-hundredth meridian. It is found in the forests of
every state west of the Great Plains, and 1in more than
half of them it is the most important and valuable forest
tree. In Arizona and New lexlco there 1s a western yellow
pine forest which 1s sald to be the largest continuous
body of timber in the country.

Of the twelve states in which western yellow pine
occurs, California has the largest area of forests com-
posed chiefly of this specles, end Oregon 1is second.

Together these two states contain nearly 50% of the area
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2o
of commercial yellow pine forests, and probebly as large
a proportion of the merchantable timber.

Testern yellow pine is & large, well formed timber
tree. (9) In old trees the bole is usually stralght and
full-formed. It 1s well cleared of dead branches, but
usually clothed with live branches for from one-half to
two-thirds its height. The maximum diameter is elght feet
and the maximum height 220 feet.. The uéual size at matur-
ity 1s about 3% feet in diameter and 110 feet in height.

The bark of the trunk in young trees is dark gray-
brown, roughly furrowed, in old trees it 1s tan colored
(or "vellow"), is broken with rather large irregular plates.
The crown 1s at first bluntly conical, but, as the tree
matures, 1t becomes more flat topped end bushy; and the
upper brenches are heavy and gnarled. The root system of
mature trees consists of extensive, deep branching laterals
vhich give the tree firm support. The follage 1s not
extremely heavy, end verles with the site, being extremely
poor on poorer sites. Yellow pine does not cast a dense
shade, eand it cannot reproduce under a dense shade, there-
fore it 1s very intolerant.

(a2) The forest characteristics of this tree vary decidedly
in different parts of its range. The yellow pine stands
of the Black Hills are qulte unlike those of the Oregon

Plateau or of the Sierra Mountains of California. (10)
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4,

Y-2 type Thrifty young trees ranging from 4 to 12
inches D. B. H.

Y-1 type Seedling and thrifty trees under four
inches D. B. H.

2. TWestern Yellow Pine - Sugar Pine, lMixed conifers.
Consisting of mixed pines and firs with pines predominating,
and sugar pine making up 60% of pine volume. Incense cedar
is a secondary specles. Found principally in north half

of California and extending into the lower Cascade range

of Oregon. his 1is a meture type.

3. TWhite Fir - Test Larch - Douglas Fir. Consisting of

greater percent volume in above named with occasional small
percentages of western yellow pine and sugar pine. Thils
constitutes a wide range of the inferior specles, especlally
the true firs, besides the one mentioned. The type 1s
found both in mixed end even age stands on east and north
slopes, in bottom of draws, and on poorly drained areas.
It is divided into age types similar to those of the
western yellow pine.
WLD was orilginal abbreviation, it is now knovn as FL
FL-3 type Mature timber over twelve inches D, B. H.
Bark is furrowed and rough.
FL-2 type Immature timber four inch and up.
The bark is smooth and light in color.
Trees are healthy and vigorous in
appearance.
FL-1 type Seedlings from smallest to four inches D.B.H.
Other types either too small in area, or not of
commercial importance to consider, are pure douglas fir
types, lodgepole pine, subalpine, juniper, mountain mahog-

any, and digger pilne -- oak types. These are all the
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tirber types,but the renge includes brush, chaparrel, sage
brush, grassland, and barren types, thus indicating the

open nature of the western yellow pine range.
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1.

Naturel Reproduction 1. Germinration
2. Seed bed requirements

Seed Supply

Western yellow pine after reaching middle age produces
seed fairly abundantly. The older and more mature trees
bear more seed than the blacajécks, because of their greater
helght which gives them better exposure to sunlight. This
greater seed supply is counter-bélanced'by the blackjack in
thet the younger trees produce seeds of a higher germina-
tion quality. However 1t takes from four to six blackjacks
above eleven inches D.B,H., as they usually occur in groups,
are required to produce as much seed as a single western
yellow pine. Thus western yellow pine has a seed producing
value about five times as great as that of blaclzjacks.

In an average seed year from 90% to 99% will be lost
elther through failure to germinate or through infant
mortality. Mr. G.A. Pearson stated in his bulletin, U.S.
D.A. 1105 (12) that in some reproduction plots they had under
observation)showed}not more tnan one out of 1000 seeds
germinated and lived to be more than five years old.

However in a good seed year this figure will be from 1% to
5%. Mr. Perry in the Journal of Forestry, Oct. 1921 (11),
states that too heavy a cutting robs the soll of shelter
and it immedietely bakes and dries up to such an extent
that seeds never have a chance to bury themselves and
germinate. He also claims that the greatest protection can
be obtained when seed trees are evenly spaced. (Note --
These two articles are about conditions in Arizona.)

The minimum seed supply,therefore, should be the amount
required to stock an area completely in one year under favor-
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2.
eble climatic conditions. G.A. Pearsons says that about
& 1bs. per acre 1s a falr figure to base our conclusions on.

S.B. Show in his U.S.D.A. Bulletin 1402 (15) on Cal-
1fornia conditions says that seed of western yellcw pine must
corie from the seed trees for it is not stored in the doff
as are dougles fir and white pine seeds.

The number of seed trees requlred therefore to supply
the necessary seed tc reproduce the area would be as
follows: noting first that in vifgin stands where diseased
and defective and over-mature trees are found, it is falr
to say that they produce seed somewhat in preoportion to
their active crowm area, and that the seed is not of
appreciably inferior viability.(12)

Other things belng equal, the capacity of a tree to
produce seed 1is determined by effective leaf surface, and
that anything which tends to reduce the size of the crown,
or its efficiency as a food laboratory ultimately reduces
the quantity but not appreciably the quality of seed.

As before mentioned the older and larger pines pro-
duce more seed than the gmaller younger pines at a ratio
of about five to one. s three to four western yellow
pine trees or about sixteen blackjacks,over 11 inches 1n
D.B.H. would be required per acre for adequate seed supply.

One exception to this might be in cut over lands, and
here the immature trees may irprove under the influences
of increased light and moisture. However preference should
be given those trees having the best past records, as re-

corded by cones in the tree or on the ground.
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3.

In close observation of cut over lands 1n Arizona
G.A. Pearson found thet young trees left after cutting
di¢ respond to the effects of 1ncreased light and root
space, but increased seed productlon appvarently does not
take place until about five years have elapsed.

Repeated observations have shovm that enormous
numbers of cones die during the first season due to hot,
dry winds which sweep the Arjzona reglon during lMay and
June, Thus causing the drying up of the pollen, stating
that in the cones which reach maturity not over 1% of the
ovules develop into perfect seed.

In Oregon the seed supply is not so reduced in the
cone stege as it is after the seeds have fallen and have
gerninated. Here accordins to Mr. T.T. Munger, 1s where
the great mortality tales nlace. In the early summer
the forest floor is often thickly covered with freshly
sprouted seedlings. One can return to the sane area a
vear later and hardly find a seedling. The death rate on
sixty-seven small sample plots, laid out on the Deschutes
National Forest following an extremely heavy seed year
with an over fully stoclted seedling catch,showed after
one vear to be 79%. The author visited similar sample
plots in 1927 laid out on the Wallowa Natlonal Forest and

their mortallty was 100%.
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1.
Netural Reproductlon

Clinate

Conditions as above cited do not exist,however, over
the whole western yellow pine belt. In the Blue llountalns
the reproduction of western yellow pine 1s very abundant,
both in the virgin forest and after cuttings. Climate
and soil conditions I believe are responsible for these
conditions. The soil is a rich sandy loam,while on the
other pine regilons where reproduction is hard to establish
the soll is shallow, rocky, sandy, or of volcanic nature.

Western yellow pine flourishes best in the heat and
dryness of a continental climate such as that on the
interior plateaus and mountain slopes. However 1t 1s
found growing under opposite conditlons such as exist on
the Pacific coast.

From studies made of various clements and factors
affecting western yellow pine reproduction , moisture 1s
the most dominant physical factor. (12)

Climate 1s responsible for winter killing, frost
heaving, drought, and temperature. Winter killing is
senerally assoclated with a deficiency of snow. There
should be two to three feet of snow tovprotect the seed-
lings, by preventing soil from freeziﬁziwgﬁd also prevent
transpiration during winter when plants are unable to
produce. Frost heaving usually occurs during the spring
and fall and is the constant thawing and freezing of the
ground which raises the plants out. A drought period
following germination also takes 1ts toll, eveh if 1t
occurs the second year after germination. Along with this

10.
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we generally have a high temperature and the two together
wlll cause 100% mortality as is found on the Wallowa National
Forest.
Tdeal climate for germination would be a warm tem-
perature and plenty of rainfall during llay and early June.
Mr. Perry (11) states that in Arizona the long dry

and
seasons and severe frosts typical of Arizona.
A

11.



Natural Reproduction

Soil

Tlestern yYellow pine grows and thrives on nearly every
variety of soll within its range. ZEach region of different
soll texture will show a'different grovwth and volume per
acre. Some of the outstanding characteristics of the
species is 1ts ablility to get a foothold in the disintegrat-
ing recent lava flows of central Oregon,‘and also 1ts ability
to grow and reproduce on almost sollless steep slopes.

It seems to prefer well-drained, loose solls; however an
increase in molsture, providing the soil is well dralned,
maekes an increase in rate of growth,

G.A. Pearsen (13 ) states thet in Arizona and New
Mexico indicatlons are that western yellow plne reproduction
1s uniformly better on the coarser,sandy, gravel or stoney
solls than on the finer soils, regardless of geologic
origin. This seems to hold out for most of the‘western
vellow pine regions,except possibly the Blue lMountain
region where the reproduction problem is negligible and
the soll is a sandy clay loan.

Mr. Pearson (13) also states that often solls on
whilch seedlings are most numerous are too shallow or too
stony to support a good stand of timber, where as the
deepest and most fertile solls, which produce the heaviest
stands, once they are well stocked, are often stocked
below thelr capacity because they are unfavorable to the
establishment of seedlings. Competition for water from
the older trees would be one cause for thls. Then,best
soils produce heavy grass cover, which wuld be a hinder-

ance to establishing reproduction.
12.



2.
Sample plots taken by J.0. Veatch of the U.S. Bureau
of Soils, explain the conditlons found in Arizona and

New llexico.

Soil Seedlings per Acre
Rock outcrops 367
Very siony clay 493
Storgf clay _37
Gravelly clay 137
Shallow clay vé@
Deep clay 35

In the Blue lLlountain regilon reproduction has known
to run as high as 14,000 to the acre which would of course
- be stagnated and stunted trees. 1280 1is the number of
seedlings required for a fully stocked acre of seedlings
for this region. This niémber is not hard to obtain, vet it
seens relatively high as compared to the average number
expected on the greatest producing solls in the southern
regions of the western yellow pine.

There are certain soil relatlons with molsture in
that sandy soils, though having a lower water holding
capacity than clay soils, are able to deliver molsture to
plant roots in drought periods,when none can be secured
from the clay solls. It is known that pines do better in
sandy than in clay soils. Reasons for this are that
sendy solls permit deeper root penetration, absorb rain-
fall more readily, and as stated above, furnish a greater
proportion of the molsture to the plant roots in droughts,
then clay solls.

Rocks help in that they check rum=-off, end they also

act as a rwulch against evaporation. Thus this partly
13.



3.
explains why reproduction 1s more abundant on rocky and
stoney soils than on any other.

Haasis in 1919 and 1920 made on root development examination
in stock from one fo five years of age,and exploded the theory
as stated above that sandy soils allow deeper root penetra-
tion. He found tie shallowest penetration in‘the gravelly
and loamy soils, the deepest in fine clay soils, and
intermediate penetration in the stoney clay soils. Lateral
development was least in the fine clay solls, greatest in
gravelly solls or cinders, such as the Deschutes and crater
country in Oregon, and intermediate in stoney clay. He
formulated the general rule that the more compact the soil
the deeper and less branching the root, and the looser the

soil the shallower and more branching the root.
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1.
Natural Reproduction

Logging Practices & Results

Testern yellow pine logging 1s usually done with
horses, various methods being used according to the density
of the timber, the topography and the length of the haul.
Practically every western yellow pine region has different
nethods of logging, but i1t is safe to say that horse logging
is uniform throughout. One can find these various methods
used both in private and government holdings; horse logging
with blg wheels , bummers, wagons and spool carts. Power
logging with tractors and big wheels, tractor yarders,
donkeys as ground-lead,’high-lead, and skidder types.

The damage to seedlings is negligible with all forms
of horse logging. The greatest loss 1n in the large seed-
ling and small poles which have to be swamped out around
the trees to reduce friction so that horse power can
handle the logs. Also the blg wheels require wilde roads,
and where the reproduction is heavy then 1t 1s necessary to
clear right of ways.

It has been proven, on the Deschutes Forest of

Oregon, that it is possible to reduce the damage by use of
other methods for logging. Results in Californla show
that 80% of the reproduction survived horse and blg wheel
logging. Few maln roads help to keep down the damage.
The method has its defects in that brush, if plled before
logging and during swamping so as to get 1t out of the way,
1f left on the reproduction, and when burned in this way
1t destroys considerable reproduction.

In the power logging the tractor logging closely

represents that of horse logging. It has many advantages
15.



2.
over horses in that it is capable of working under rougher
conditions and has more power. It is used usually with
big wheels except on slopes around 455 where tractors are used
alone., With one ekception the tractor and big wheels
have proven les$ Jamaging to reproduction than any other
form of power logging (19). This one exception is in
central Oregon on the Deschutes National Forest. Here
the soll is of cinder, pumice and volcanic ash type and
the tractors dig up every inch of space they travel over,

Figures showing the comparison of damage on two ten
acre sample plots give the only disfavorable comparison of
the tractor end other power logging devices, as far as
damage to reproduction enters in to the subject.

The zdvantages of the.tractor power for logging over
other power methods are:

. Reduced amount of rallroad construction,

. Lower yarding cost,

. Flexibility of operation in open and scattered
forests such as western yellow pine,

. Very low fire danger,
o Small amount of labor required for operation.

Ol -

The percent of damage on the Californila plne regions
show that 20% 1s caused by roads and 10% of the damage 1is
off the maln roads, or 70% of the reproduction survived

his type of logging, as compared to 80% survival when
horses were used. (15)

Within the last few years another form of tractor
logging has been tried out. It 1is known as a yarding
tractor logger. Its purpose is to reduce the number of
tractor main roads, by yarding logs to one central road
from a distance of 200 to 300 fect each side of the main

road., Then the tractor and blg wheels will not have to go

over the whole area to plick up logs, but just along the
16.



3.
main roads. On the Deschutes National Forest in Oregon
where this was tried out it showed less damage to reproduction
by % to %o

In the Arizoné pine reglons the ground lead logging
did the least damege of the high speed logglng englines.
Here where great care was taken the survival of reproduction
could be advanced to 64% (21). In the high lead logging
with the tall block 100 to 125 feet off the ground the
survival was only 25%. Such conditions as this could not
possibly be allowed.

llodifications of these forms were worked out by the
Forest Service and tried both in the California and Oregon
regions. The tractor logging was used as an alternatlve.
In California the tractor did less damage to the repro=-
duction than high-lead logging when that method had been
modified and tail block was lowered to 35 ft. off the
ground and slow speed engines were used. In Oregon, how-
ever, the reverse was found to be true, and the high-lead
did less damage than the tractors.

The reason for the reverses 1n results on the
different sarple plots in the different reglons can prob-
ably be laid to the soil texture, supervision, and interests
shown by operators. I can sight a case on the Tallows
National Forest in Oregon vhere the high-lead was a total
failure just because the operators were not careful and
as a result, the power machine has never Dbeen allowed back
onto the forest.

For recormendations I would suggest that horse logging

be used as long as it 1s feasible and when other means are
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Natural Leproduction

Grazing

Herbaceous vegetetion of 21l kinds, especially weed-like
plarts, spring up quickly after trees are removed, Within
five years 1f thelr growth 1s not interfered vith, they
develop a cover which is much denser than a normal grass
cover. When this condition is reached the soll moisture
becomes morc exhausted than beforé the tfees were cut.(8)

If the pine seedlings can secure & start before the
vegetatlion growth becomes too dense, or if the latter 1s
held in checlt by prorer grazing, then the seedlings will
do better on cut over land than they do on land vhere no
trees have existed before. Without proper grazing,chances
of seedliﬁgs getting started are reduced by possibilities,
of poor seed year over a number of years ancd poor germina-
tion due to weather or seed bed conditions.

If stock is permitted to greaze, such as cattle,
horses and sheep, the chance for pine seedlings 1living 1s
muchi greater provided that they too, are not devoured, as
le the case on improverly grazed sheep range.

In Arizona 7. J. Perry (11) says that land should be
heavily grazed by cattle preceding trhe cuttings so as to
reduce the heavy stend of bunch grass which is detrimental
to the seedlings. Cattle grazing,after cuttings have been
made,is not detrimental when not over-grazed. Sheep are
detrinental for they eat the seedlings even when plenty
of other food 1s handy.

G. A. Pearson (12) also refers to Arlzona conditlons

and says that in his extensive observetions and those made

19,



2e
by other's warrant the statement, that wherever en area 1is
well prcvided with seed treeérit has been adequately pro-
tected against sheep grazing and fire for ten years or more,
reproduction 1s meling substantial progress.

The persistent fallure of cut-over lands tc restock
has been due not to the nmethod of cutting but toc the
disregard of other silvicultural requirements, principally
control of ground cover and protection against sheep.

On meny of the pine forests of Oregon grazing ranls

above timber when fisured on the basic of income. This 1s
only true however on feorest vhere timber cutting hes hardly
sterted. The form of grazing 1n the past has been nearly
all cattle and horses. Due toc the cattle market being
very unstaple, many of the former range cattle runners have
substituted sheep. With sheep they have less investment
per head, and two means of income, from weol and neat.
From my observeations 1t seems that sheep ere taking over
the country, and that such a policy doecs not profit from
the experiences that are carried to us from the Arizona
district,where sheep grazing has done much to destroy
reproduction.

It 1s now in the experimental stage and the Forest
Service believes that if careful management is given that
form of grazing, so as not to over-graze any areas, that
1t can be carried on successfully. The presen’ protu%tn
is,should the area be used for cattle or sheep grazing.

The future question maybe shell the area be used for wood

Oor wWool growvinge.

20,



Natural Reproduction

Fire and Importence of its Control

Fire is usually thouzsht of as a destroying element,as

to meintenance of ou

ful use in silviculturel practice.

r Torests. Yet it can be of a success-

Fire vhen controlled

can be used to releace reproduction, control corpositicn

and prepare the ground for planting.

To show how light burning helps to releasing repro-

duction, an illustration teken from the records of a plot

on the Sneke Lele bu

in California. (16)

rning area; of Plumas National Forest,

Specles Nunmber of seedlings to each
100 square feet
Litter Litter removed }Percentage
Undisturbed | by light burn- { Increase
ing
Vestern Yellow Pine 6 29 383
sugar Pine 2 7 250
Douglas Fir 8 15 88
vihlte Fir 19 54 79
Incense Cedar 25 37 48
Total 60 122 103

From the above table one would reedily concelve the

idea that light burning in western yellow plne forest 1s

essentiel to insure the return of that species.

depends on tle degre

e of burning.

It all

First, we must realize

that all burns will kill the present young reproduction,

second that 1ts hard to control the degree of heat 1in any

broadcast burning.

Third that to do 1light burning, that would

be of any benefit,it would have to be done during fire season

2l.



2.
when the liltter would burn.

While in the 1ight burns that occurred in California,
and showed a good return for reproduction, as many light fires
can be found in Oregon where reproduction has never cone
back satisfactory, where even seed trees have been left.
This might be explained in that the burning was not of a
light enough character.

There reproduction is lacking altogether and the area
is to be planted, then it seems that a 1light burning in the
spring of trhe year would be feasible. Over an area of 2,000
acres in Caglifornia brush fields where this was tried out
the plenting costs were reduced from $11,50 an acre to $7.08
an acre and the letter includes cost of 1light burning. The
method used was to construct fire lines and burn from all
sldes toward the center of the area. This cost amounted
to only 30¢ an acre. (16)

The damages caused by fires are the reason for impor-
tance of its control.

1. Site deterioration,

2. Destruction of young reproduction in seedling stage,

3. Degrade in lumber, due tc fire scared butts,

4., Destroys merchantable timber by heat killing and
burn down trees, especlally thosc thot have once
been butt scared,

5. Paves the way Tor fungl and insect destruction of
remalning trees,

6. Apt to change forest composlition to en inferior

species. Ixample would be that of lodgepole
taking over fire burned areas in Oregon.



Netural Reproduction

Rodents, Insects and Disease

Western yellow pine rodents are grouped into two forus;

one,seed-eating; two, bark gnawing. The prorminent seed

J
eating rodents are chipmunks, squirrels, nice, rats and
birds. (12)

The chiprunks, nice and squirrels in a light seed
season will consure the greater bulll of the crop. The
activities of these pests are undoubtedly the greatest
fector in accounting for tlhe failure of broadcast sowing.
This subject can a2lso be discussed from ancther angle.

Mr. T. T. llunger (10) in his U.S.D.A. Bul. 418 cn Western
Yellow Pine in Oregon, states that the chipmunit is one of
our best seed sowers. On the Desciutes National Forest
ovef various acre sarple areas it was found that 85% of all
one-year=cld Seedlings vere in these chilpmunk-sown groups.
The reagsons for better survival in the chipmunk-sown seed
is that it 1s planted in soil, and 1s better able to
withstand a drought period.

Birds are a2lso known tc pick up seeds, but since hard
shelled seeds ususlly pass through the élimentary canal of
birds without injury, the effect may be merely to transport
the seed fran ohe’to another. G. A, Pearson (12) sights
one case in vhich birds have done Seme€damage 1n regards to
reproduction of pine, and that is the Junco bird (Junco
dorsalis)has been knowm to pluck the sced coats and coty-
ledons from young seedlings and even cuts down the entire

plant.
The bark gnawing rodents are the rabblts, gophers,

23,



rats, squirrels, and procupines. The squirrels confine
thelr activities mairly to cutting terminal twigs from the
older trees. Rabbits gnaw the bark of the young seedlings
and sapplings and often cut them down completely. The
porcupines kill or seriously injure great numbers of
seedlings from one to six feet high, and also do damage to
larger trees,by partial or complete girdling. Arees have
been found in thre Arizona forests'as large as 1§§f§%aring
on the average of 80 seedlings to the acre. Of this
plantation 50% of the seedlings have been dameged by porcu-
pines.

Next to filre insects are the most destructive enemies
of western yellow pine. There are many insects, chilefly
boring grubs, that worll in dead or dying western yellow
pine trees. However there are but three specles lmportant
enough tc interest the forester; one of them 1s a defoliator
and the otrers are bark beetles. The defoliator 1s the
pine butterfly (Neophasie menapia), a small white moth
which, when 1in the caterpillar form (the caterplllars are
blacl: with green markings and are about 1% inches long at
maturity), feeds upon the needles of the pine. The worst
tnowm damage to date caused by thls defollator is in
Yakima and Chelan Countles, Washington and here a consider-
vable amount of the timber, both old and young, has been
killed. Of the several bark beetles, the western pine
destroyer (Dendroctonus brevicomis) and the mountair pine
beetle (Dendroctonus mﬁticolae) are tre most dangerous in
their destruction of the western yellow pine. These in-
sects kill the trees by eating the soft inner bark and
cambial layers, thereby girdling the tree. The nountaln

4.
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pine beetle 1s by far the most dangerous enemny of the western
vellow pine., It spreads infestation rapldly from acre to
acre and has been known on the Tallowa Neticnal Forest to
cover an area of 500,000 acres. It works more on the
young trees where as the other dangerous pine beetle attacks
nostly the older trees. (10)

W. H. Long has called attention to a twlig disease
caused by & fungus probably Cenangium abiéties, which in
certaln localities, notably the Prescott National Forest,
has injured western yellow pine saplings to a considerable

extent.
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Llarizing lMethods

Cutting to Secure best Conditions for Restocking

In the data obtainable on cuttings in western yellow
pine, the msjority of authors described it as a selection
system or a modified form of selection cutting. Ifr. R. C.
Hawley (7) defines the true system of selection method of
cutting to be as follows; the oldest or largest trees in
a stand are chosen for cutting, and remainder are left.
ATter one or nmore years another cutting of the same
character 1s made. The trees taken may occur singly or in
small groups. The stand is never completely cut of its
merchantable timber.

E. E. Carter (2) back, in 1908, inm his article, on
thie silviculturel results of merking western yellow pine
timber in the National forests, 1llustrates some of the
chenges that have taken place. He states that the first
method of marking was by "Diameter Limit". This danger
was soon discovered and corrected. Next marking plans
were to leave all "blackjacks™ regardless of size, as long
as they were healthy. Where the "black jacks" were lacking,
then the thriftier mature ftrees were left. Leaving of
thece trees were for a seed catch and another logging cut.
between present'seedlings and length of time required for
them to grow up. The present system might be compared
with the present German "shelterwood" system, except the
return for the remaining trees is not as soon.

Due to the wide renge of western yellow pine the
writer feels thet its marking policies should te discussed

by regions, The belt of western yellow pine has been divided
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into four separate regions. First, the southwest, Arizona
ané New llexlco; second, California pine regicns; trird,
Oregon and Viashirgton; four, the Bleck Hills., ZIZach region will
be treated separately.

Arizona & New Mexico. T. S. Woolsey Jr. (21) and G. A.

Pearson (12) both treat the merkings in this region on a
parallel. Thelir final conclusions are nearly ldentical.

G. A. Fearson goes into great detall and explains the
marking policies through a comparison of methods of cutting.

Group selection, scattered-seed tree and shelterwood
are the feasible methods. The group selection has been
the standard of the Forest Service in the southwest for
the last twenty vears. Even age tree groups are treated
as individual trees. Here mature and over-mature trees
are removed unless needed for seed protectlon or shelter;
immeture trees are left unless cut for improvenent. His
method reroves 75% to 80% of the mature stand leaving 1,500
to 2,000 ft. to the acre in trees over eleven inches in
diameter.

In the scettered seed-tree method ,seed-trees are left
st the rate of 3 to 4 to each acre. All trees are cut to
an eleven inch diameter limit except those reserved for
seed supply. Trees to be left are selected according to
windfirmness, crown. development and general vigor. It
is a good policy t have the spacing as even as 1s possible.

The shelterwood method is really not a true shelter-
wood system, but more on the order of a group selection.

It differs in that more trees and volume Dper acre are
left per acre in the larger classes, about 6000 to 7,000
feet per acre are left.
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Table No. / shows the percent of survival one and
A

one vear three months old, in the different methods of

cutting., (12) Table No. /
iei\\o

[leThods of Cutting % of survival
July 1 to June 15 | June 15  Sept. 10
1920 1921 1921 1921
Group selection | 26 73
Scattered seed trees 35 97
Shelterwood 43 83

From the above table we can readlly see that seeds
germinate and survive best when protected, but after that
first vear of protection they do best when they have less
competition from the older trees.

Table No. 2 shows the percent of size of seedlings
obtained under different methods of cutting. (12)

Table No.Z2.

Basis No.of Percent
Seedlings
. Size

Method of Cutting

VervLarse|Largejliedium |Small

Group Selection 48 6 34 38 22
Scattered seed trees 139 20 23 40 17
Shelterwood 301 1 8 53 38

Trom the above table it shows that the shelterwood
method ranizs far below the other two with respect to size
of seedlings, and that the scattered seed-tree method
ranizs highest in percentage of very large seedlings.

The evidence here obtained from tables No. / and No. 2

shows that the beneficlial effects attributed to the shelter
28,
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of old trees were exaggerated, while associated detrimental
effects were underrated. Present indications are that, on
a wvhole, the advantages of the shelterwood method are
outwelghed by 1ts disadvantages.

In the scattered seed tree method the outstanding
adventages are economy in logging and the creation of
favorable conditions for the growth of seedlings. A
disadvantage which was anticipated 1s injury to seedlings
through lack of sufficient shelter. The one great dis-
advantage of the method is that 1t removes the young,
rapldly growing trees which should constitute the future
growing stock. So vital 1is this fault that 1t bars the
method from further consideration notwithstanding the fact
that it appears to have the greatest possibilities in the
way of reproduction.

Group-selection method comes nearest to meeting the
silvicultural requirements of the western yellow pine in
the southwest region at the present time. T. S. Woolsey
Jr. (21) glves a good plan of procedure as a gulde for
this method.

Group selection or a primitive application of the
shelterwood system applied to irregular stands:

(a) Removing about 2/3 of stand, leaving ¥ of thrifty
young and thrifty mature trees above twelve
inches 1in diameter,

(b) Plan on returning in 20 or 30 years to cut remaining
merchantable timber. Period decided according
to length of time required for stand to becone
fully reproduced with seedlings,

(¢) Cutting removes, over-mature and mature trees,
defective and diseased trees,

(d) No rigld dismeter 1imit should be set,
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(e) Refrain from marking heavy on steep slopes where

erosion might occur,
(f) Too heavy marking might cause windfall,

(g) lore severe marking vwhere reproduction has
partislly started,

(h) Marking should be an improvenent cutting and where
the stand runs under 2,000 ft. per acre no
cutting at all should be allowed,

California. Though similar to the southwest they @o

have another problem to deal with and that 1s the danger of
cheparrel taking over the land after heavy cutting,bcfore
reproduction can be established. To overcome this condition
all trees left should be as evenly dlstributed over the area
as 1s possible. (3)

D, Dunning (5) in his U.S.D.A. Bul. 1176 gives sone
results, and recomnendations to consider when Marking. He
says thot site is the most important factor in the growth
of stands left after cutting. Each acre 1s a problem in
itself and much depends on the marker's abllity to recognize
the character of the site, the mature stand and reproduction
requirenents, and to apply the right silvicultural principles
as a part of the broad marking policy by which he 1s guided.

He also states that the best advanced reproduction in
nature has occurred under conditions resembling a shelter-
wood system when reproduction is absent and the stand
essentially even-aged, a heavy shelterwood oOr a seé}tree

utting leaving numerous well distributed seed-trees pre=
ferably larger than eighteen inches in diameter, will combine
the most favorable conditions for improved growth and
reproduction.

In irregular stands a heavy selection cutting remnoving
7575 to 807 of the volume, and avolding grouning of the
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reserved trees as much as possible, premises to giVe the
best silvicultural results.

Mr. T. T. Lunger (10) in his Bul. 418 differs widely
in his choice of silvicultural system, from that of R. H.
Teldman (24) for the northwest pine regions. A brief of
the two articles follows: lr. llunger states that too
sudden removal of trees injures the soil. Thus is makes 1t
difficult’or impossible the starting of reproduction. Western
vellow pine in middle 1life and o0ld age demands so much
light and ground space that the soll 1s put to the most
intensive use only when the forests are uneven-aged, so
that the younger trees may pass their slow-growing sapling
stage in the gaps between the blig trees.

He remarks that the ldeal system of cutting is the
selection System. With periodic cuttings taking only
over-mature, defective and thoroughly ripe trees. As a
rule this leaves on the ground 10% to 30% of the volume of
trees above twelve inches in diameter and about 55% of
trees over twelve inches in diameter by number. Cuttings
should be made every sixty years wilth rotation at 180
years.

Group selection is often advisable where over-mature
trees occur as such. Yet area marked as clear cut should
not leave a cleared area of more than one acre.

The cutting should be an improvenment cutting. The
aim should be to reserve a well distributed stand of young
thrifty and thrifty mature stand. Trees reserved are not
seed trees but a nucleus of a later cutting.

Mr. Weidman (24) states that an even-aged succession
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forest in western yellow pine 1s & proven foct. This
even-aged forest is developing extensively on old private
cut-over areas and on the nore heavily cut of timber sale
areas regardless of our intention.

Ur. Veidman commits himself in the two above statements.
He gives neither figures or location of sald even-age
stands of pine timber in the northwest. No doubt small
areas are even-agéd, but the whole pine belt of the north-
west cannot be called even—-aged by a long ways. Furthermore
as many proofs can be shown where natural reproduction 1s
not found to be coming back in even-age stands. TFor
instance, in central Oregon where private companies clear
cut and left trees ( not good seed-trees, but trees
capable of eventually seeding the area)/that are reseeding
the areg iﬁ an uneven age clasiias nature made 1t the
first time. It secms feasible that areas nmight be fully
stocked with sameAage seed if germination conditions and
growing conditions remained favorable, but it is not
probable.

lr. Weidman goes on by stating that clear cutting,
with provislons for safeguarding the advanced reproduction
by leaving scattered seed trees, would be a sound silvi-
cultural system for the northwest. To practice it would
mean, rractically, the cutting of but five or six
additional trees per acre than are now cut on timber
sales, and this wuld result in leaving the cover of
advance reproduction to develop without overhead competition,
into & thrifty second growth forest.

For parts of the northwest, the Blue liountaln regilon
where 1. Weidman no doubt took his observations, his
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silvicultural plen should work very satisfactory as far
“as reproducing the area goes. TFor site qualities are better
there than elsewhere in the northwest. His system would
hardly work on the east slope of the Cascade range, for
there the soil is of a pumlce ash character and does not
reproduce readily,or rapldly.

From my owr observations of the timber in the north-
west I would suggest that the system of cutting to be used
would be called a "salvage cutting", and that it would
follow closely to the plan of Iir. Munger's. Only taking
out the over-mature and mature, and diseased and defective
trees with the minlmum volume left, not less than 20% of
merchantable stands, and the maximum emount 100%, providing
the timber was all immature and not in need of an improve-
ment thinning. The first cut would be made with the plan
in mind to»return to the area within sixty years to make
another such cutting as the first, and in this way have a
sustained cut and a perpetual timber supply with a
perilodic incone.

This plan is being followed on the northwestern forests,
on government land bnly. Few companies see the benefit of
leaving enough timber to insure another cut, or two, while
the reproduction is maturing into timber slze. This plan
is conservative and does away with risks, in obtaining
reproduction, as far as having the necessary stock on the
ground to reseed the area. On sites where reproduction 1s
obtained easily, the stand has been opened enough so that
ample roon i§6pen for reproduction, for such sites the
reproduction will generally come in under the present
stand before cutting. On poor sites where brush end other
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factors may enter in,to retard reproduction enough timber
has been left to reseed and protect the area until the
seedlings are capable of caring for themselves.

Mr. P. T. Smith (17) gives us a good picture of the
Blaclr Hills silvicultural system. He states that climate
conditions and growing seasons are very favorable for
reproduction of western yellow pine. That even-age stands
are most desirable and produce the best growth per stand.

liature stands are cut on the shelterwood system
removing 60% to 70% of the crop. Then returning in twenty
to forty years and cutting remainder of virgin timber. The
seed years are regularly good every three years, and that
gernination conditions are good every year. He recormended
that the mixed-age stands be converted into even-age

stands and then use the shelterwood systerl.



1.
Varkzing llethods

Rate of Growth after Cutting

In marking western yellow pine with the view of
leaving timber B r a second or later removal, the follow-
ing study of the trees will help one to know vhat to
expect in rate of growth. (6)

Trees with crowms of normal silze or larger, grow
foster then trees of the same diameter and crown class
with smaller than average crowm by from 30% to 100% or more.

Trees with a general appearance of vigor produced bY

dense, dark green folizgge, vointed tops, and darl rough

®
@

bark ere uvsuelly growing 1009 tc 200% more rapidly than
trees of the same size and crown class with scanty pale
follage, flat or dead tops, and smooth yellow bark.

Trees'with large pointed crovns respond rore promptly
to release by cutting than trees with small badly formed
crovms.

Trees growing st & slow rate as indiceted by small cromns,
flat tops, etc., may show & greater relative respouse to
cutting then trees of vigorous appearance, but tle absolute
rate attained is seldom as high as that of the latter trees.

The maxirum rate of current growth 1ls usually reached
six to nine vears after cutting, depending on site,
probably sconer on poor than on good sites, end sooner by
trees with large well-formed crowms. Vigorous western yellow
pine trees in some cases still show the'effects of releese

-

bv cuttings mede over thirty yeers ago.

(%
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T Tenanl S vA T Y-
Varking llethods

Windfall and Result

An article in Proc. Soc. Amer. Foresters, Vol. 10
(1915~-1916) on windfall damage in selection cutting in
Oregon by XKan Smith and R. H, Teltknecht swiarizes the
demages that might be encountered in this source. (18)

Anglysis was nade on the Whitman Mationel Forest on
the Eccles Lbr. Compeny sele and the Baker Vhite Pine
Lbr. Company sele and the results are as follows: no
diameter over 12 inches is safe from windthrow, and
increased risk with increased dlameter. For twelve 1nch
diameter stock the windfall was found to run about 7%
while for diameters over thirty inches the windtlhrow ran
over 40%.

Dancer of windfell increases with height. It was
found thet 507 of the trees over 110 feet high were wind-
throtm. They state tret any tree over 100 feet high 1is a
poor risk. 1In general one night say that all trees whose
crovms extend above the general crown cover are pocr
risis.

Trees with dense or mediunly dense crowns ere
particularly subiect to windthrov. Open fblnobe crowms,
recardless of size, ere much less lisble to be blowm over.
The character of the bark of the treec has very little
effect upon their windfirmness.

Contrary to expectations windfall loss was found to
be apparently as great on medium, and deep soils, as on
shellow solls, other things being equal.

Crouns showed more windfell than even spaced creas.
T™is is due to the fact that one tree will knock others
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over, and also weeken tlhe root syvstenr of trees left
standing. Groups do not give mutual support but glve
mutual resistance tc wind.

The blow-dovn in virgin stands nearby was only one-
fifth as great, This does not agree with H. . Teldnmen's
(22-23) observations on & blov-dovm in the Klameth Falls
region of southern central Oregon. Here the storm demsge
was as great in virgin stends as in cut over.

Local topography epparently does not have & very
marked influence on liability to windthrow. Windthrow
however 1s glightly more on ridge tops end lee slopes.

Tind veloclty dmﬂnq1ﬁ£ destruction of these areas
wes ebout forty nmiles yper hour. A modified selection
systen was used in both sales,and both sales were struck
by the same storm, yet the author 1s unable to explain
vhy the windfsll was only'one-sixth as great on the Baker

Vidiyy

white pine sale thon on the Eccles Lbr. Co. sale.
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larking lethods

Slash Disposal

Bruslh: disposal in western yellow pinc cen be accon-
plished 1in the most profiteble way by not settingnany one
definite policy, but in using the combination of 4Wo
methods, both separately and together.
| First method, pilinz and burning and second method
scattering and lopping. (9)

The writer believes it best to plle and burn the
brush cn eareas where 1t is exceptlicnally dense, and where
reproduction has elreedy started. At first some appre-
henslon was felt regardirg the survival of seedlings in
burned brush pilles, because of the usual absence of
shelter or soll cover. Plots exeanmined in Arizona by
G. A. Pearson (12) completely dispelled this fear, because
not only are the seedlings from two to three times es
nunerous as en adjoiring frassy areas, put they are notice-
ably larger end nore thrifty. From stendpoint of size
the seedling coming in in burned brush piles are second
only to those in stump patches.

Places not to plle and burn brush,would be on steep
slopes vhere soll igloose and soll cover is sparse and
erosion is apt to fahe place, on rocly flats vhere soll
is thin and of a poor site.

11 scattering end lopping the brush,the soil recelves
the benefits of 1ts shelter and also ité fertilizer
vhen 1t hos decomposed. It 1s indeed wise to scatter and
lop brush on all poor sites, vhere erosion might tale

place, where reproduction needs protectlon from winds,
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frost, and drought veriods. Then the reproduction has this
protection from the brush, then 1t 1s also subject to
damping-off, excess shading, and in some cases to Injurious
competition for soil melsture, for while the reproduction
is protected, so are other plants.

After the third or fourth year after cutting and the
needles have dropped off the twigs and onto the ground,
then the adventages of the brush is better realized. It
gilves evaporation protection in cinders,dﬁﬁclag'soils.
Disadvantages are also present in that the needle hinders
gernination,

The third and finel stage of tramsfering brush to
humue starts, from seven to ten years after cutting and
lasts eight to ten years. The needles eventually becomne
reduced to =2 thin layer of semidecomposed material suggest-
ing a foreét mold. The branches break up, caucsed by a
dry rot, Lenzites seplaria. This final stage 1is wholly
Tavorable to reproduction.

V. Vestveld (25) in his experiments on reproduction
and brush disposal, draws the conclusion that leaving of
brush in its natural state after logging 1s more beneficlal
to reproduction than if it 1s lopped to fine.

Since the scattering method had been substituted for
burning, other methods have developed. Dr. Leng developed
his theory of rot, and showed that limbs when left on th
bole decayved faster than when cut off and lying flat on
the ground.

A new method was thus worlked out and 1s known as "top
pulling™ and is substituting both for piling and lopplng
of the brush. Tops had to be pulled at least twenty-five
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feet from the base of all 1live trees. It worlis out well
where reproduction 1s scarce. Alsc 1t helps 1n keeping
cattle and sheep from totally over-grazing the whole area,
and provides a place for reproduction to come 1n under
protection. (4}

T™wo reasons for piling and burning of brush are, where
it 1is essential to reduce the fire rislk, and second where
1t is necessary to prevent the breeding of destructive

insect species in the slash.
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Sumiary and Conclusions

Reproduction

Fallure of reproduction is apt to be due less to poor
'germination than to high mortality during the first two
or three years following germination. The hilgh death rate
of seedlings less than one year old can often be attributed
largely to the fact that germination does not, as & rule,
talze place untlil July or August. Thus the seedlings are
very tender at the end of the growing seascn. Droughts
in September and October get the largest majority of them,
Others are killled by frost and frost heaving of the ground.
Also the dry summers following germination takes its toll.
The presence of brush and litter resulting fronm
logging, 1f properly distributed helps to protect the
reproduction, by protecting voung seedlings against drought,
fros®, and frost heaving and wind.
The following factors influence the density of natural
renroduction found on the virgin and cut-over areas:
Seed Supply
Climate
Soil
Herbaceous vegetation
cutting
Brushi disposal
Grazing
!liscellaneous enenies
a. Fire

b. Insects
c. Rodents

L
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tion and reduce root competition.

The essentlal steps in producing full timber crops

may be swied up as follows:

1.
Re

10.

Put into effect good fire protective reasures,
Regulate and control grezing,
Protect reserved trees and advance growth during lecgglng,
nemove only over-nmature, diseased, and malformed trees,
Leave 211 thrifty growving timber for futufe cut and supply,
Treat all species equally,

Fo 5

Leave on an average of ten trees per acre, or six to seven
thousand board feet, A

TThere volunme runs under tihiree thousand board Teet to the
acre, don't marl: excert for defective and diseased trees,

-

There goll 1s thin and lecking of Iwumus, scatter the brush in
preference to burning,

Burn brush where ground cover is already densec,
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