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THESIS



METHODS

An analysis of the present methods followed upon
the National Forests in the Centrsl Rocky Mountain reg-
ion, for the securing of reproduction of Lodgepole Pine
by natural o:nd artificial means, and’results secured,
both the number of seedlings end the cost of producing
them being considered.

LOCATION AND DESCRIPTION

The observcztions and experiments noted throughout
were made upon three National Forests, the Medicine Bow
of southern Wyoming, and the Arapaho and Colorado of
northern Colorado. The Medicine Bow Forest occupies the
higher mountcinous country extending slong sand tributary‘
to the Mediocine Bow or Snowy Range. The Arapaho Forest
occupiesithehigher ereas slong the western slope of the
Continental Divide e&nd the various slopes of the tributary
or spur renges adjacent, or the Veequez and Williams Fork
Ranges. The Colorsdo Forest occupies in its southern di-
vision, the esstern slope of the Continental Divide; it oc-
cupies in its northern division the several slopes of the
Mummy 2nd Medicine Bow Ranges ad jacent to, and abutting
from the Continental Divide.

The locetion gs outlined represents a region most
important considering the commercisl range of the species.
Here Lodgepole Pine furnishes by fer the gieuter part of
the commercisl timber of the section and mskes its best de-

velopment. This region varies from extremely rough and

mounteinous sections to areas of gentle topography for a
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Lodgepole Pine burn, scattered stind of Lodgepole Pine

reproduction coming in satisfactorily.
Near Flattop mountain, Continental Divide, Bstes Perk,

Coloardo National Forest.



mountainous region but yet Lodgepole Pine occupies the en-
tire crests of some ranges ut certzin ultitudes.

Lodgepole Pine is found in this region a«t altitudes
verying from 7000 feet to timberline, at 11000 to 11500 feet.
The commercial stands in this region ere usually found at
from 8000 to 9500 feet. The speeies rarely forms commercisal
stands except within u«n altitudinal belt from 2000 to 2600
feet in widthe. The Forests are usually confined to the
mountains while the lower valleys between the ranges are oc-
cupied by me:zdows or segebrush. Some of the valley coun-
try is used for ranching and the production of foruge crops.

The usuzl soil of this region is a gravelly decom-
posed granite somewhat moist but well drained. The best
developement of the tree is made upon a moist gravelly loam
80il found in the bottoms of the valleys, and at the foot
of the slopes. The majority of the stands however sre found
upon the poorer classes of soil.

The climate of the region is comparatively dry. The
species is resrely found where the average precipitstion is
less than 18 inches. The best developed stands tre located
where the precipitation exceeds 21 inches, altho the amount
of aveilable moisture determines the growth of the tree.

It is likely that the precipitation over the areas des-
eribed usuxlly exceeds 24 inches. The growing season

is very short, usually not exceeding 3 or 4 months. Frosts
frequently occur throughout the growing season but rurely
affect or influence the development of the tree. Extremes

of temperature ure frequent in this region and Lodgepole
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Lodgepole Pine end Engelmann Spruce burn. Scottered

stand of Lodgepole Pine coming in sutisfactorily.
Near Longs Peek, Esyes Park, and along Continental

Divide, Color.do National rorest.



Pine occasionally endures temperatures of 100°F and -55°F
for short periods.

CLASSIFICATION OF NATU AL AND .,RTIFICI/L

REPRODUCTION

For the purpose of this thesis, natursl reproduc-
tion is thot reproduction secured either with or withoﬁt
the assistance of man as he may make use of silvicultural
system8 or other esgencies to assist nature. In short it
is 21l reproduction secured in which man has not directly
handled the individual seed or product of the seed.

Artificial regenerztion is considered to consist of
reproduction secured from seed sown directly in the Forest
or in the nursery and later transplanted to the Forest.

NATURAL REGENERATION

CHARACTERISTICS OFf THE TREE

Lodgepole Pine charucteristically forms dense,
even-aged stends of tali slender treee of narrow crowns.
The species frequently occurs also &8 ¢ woodland form
either from poor soil conditions or as a result of a fire
that destroys the majority of the seed and seed trees so
that only a few trees cre produced snd they take on a wood-
~ land form because the large growing space.

HABIT OF GROVTH

Lodgepole Pine is one of the smallest pines which
reach commercial size, altho of fairly rspid growth con-
cidering the soil end growing conditions found in its
rangee. The tree is usually from 60 to 90 feet in height
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Lodgepole Pine on third quelity soil, stend fuirly open,
yet forest is not only devoid of groung cover but also of re-
production probably due to fact thut soil is very poor &nd
that seed is also destroyed by rodents.

Bald lountain region, Colorado Forest.




altho specimens of 103 and 106 feet in height have been noted,
An occasionul tree over 100 feet high und up to 24 inches in
diameter has - been noted in this region upon site 1 quulity
soil.

For Distriet 2, in which this region is located, three
site classifications ere made, Site 1 is found in the bottoms
of druws end at the foot of mountains asdjacent where a gravel-
1y loam s0il hss accumulated. Here Lodgepole Pine makes its
best development unless crowded out by its more tolerant as-
sociates, Engelmann spruce and balsam fir at the upper end of
its eltitudinal renge =nd douglus fir at the lower. The srea
occupied by site 1 is comparutively small.

Site 2 consists of the main body of Lodgepole Pine
end is found upon the wide benches &nd varying slopes of this
region. It ococupies all slopes at certain altitudes altho
more uniformly confined to the north and west slopes in abrupt
country. The observations snd experiments noted were made upon
site 2 quality soil.

Site 3 consists of those areaus elong the exposed tops of
ridges, of areas of shallow soil, e&nd ereas of south and east
slopes, usually very dry and exposed. This site occupies a
very small crea of the timbered section of this region.

The tree uniformly?ggatraight bole which is clear of
limbs from one-half to two-thirds of its height. The major-
ity of mature timber is from 10 to 14 inches in diemeter at
breast height and under 85 feet in height. The taper is us-
ually very gradusl for trees grown in the usual crowded con-
dition but in open grown stands is often rapid,/ggggg'take

on a woodlend form and the branches extend to the ground.



The crown varies in shspe end in size with the position
of the tree. In a2 close grown stand the crown is smell and
irregular; in open stands it becomes more regular and often
extemds to the base of the tree.

The ueusl stands are from 125 to 175 years of age,althe
the largest trees are frequently 200 years old. /% few may even
reach 250 to 300 years of ugee.

The bark is thin, usually less then one-heglf inch in
thickness.

The meximum water content of the soil for Lodgepole
Pine is 36% in loam and about one-half that in sand and gravel.
The optimum is usually between 12 end 156 inches, rises to 20%
where decay of needle cover makes the amount of non-aveilable
water greater. The minimum may fall below Bﬁlwithout injury
to the tree except in rute of growth.

ROOT SYSTEM

The tree is characterized by the lack of a tep root but
has a well developed lateral root systeme A tap root is freq-
uently found in young trees but this fails to develope, usually
because of shallow soil.

TOLER.\NCE

iodgepole Pine is very intolerant. It is more intol-
erant than Engelmann spruce, baslsam fir, blue spruce, doqglas
fir and yellow pine with which it is sometimes associated,

It is classed with limber pine =8 to intolerance. Lodgepole
Pine sltho extremely intolerant has ceratin cheracteristics
of tolerant trees, as it grows in dense stands and frequently

does not clear itself even .in stands of greatest density.



The manner of origin of the tree however is distinotly intol-
erant.

Lodgepole Pine often shows remarkeble ability to live
for long periods in a suppressed condition beneath trees of
the szme species, The question of whether Lodgepole Pine
can recover from suppression is a debatable one. At pres-
ent it is beliéved that the tree does recover in meny cases
but not in every case.

CONE AND SEED PRODUCTION

Lodgepole Pine begins bearing cones very early in the
life of the tree. Trees of five years of age have been
found bezring cones. Seed in quanity is not produced however
until the tree is 20 years old,vor even older in dense stands.
The cones are asymetricsl, due to the non-development of
scales on one side and base, because of lack of light. Cones
are usually produced in fsir quenity every year. It is
belidved that the tree has a periodicity of heavy seed produc-
tion every 2 or 3 yeirs but this hus not heen confirmed.
Just why such a regularity should be assigned trees alone is
unknown and may prove to be a fslse assertion. A bushel
of cones usu:lly yields about one-third of a pound of clean
seed.. Cone production is very heavy upon trees grown in the
open altho the trees yearly produced in close gromm stunds is
greatly in excess of any possible requirement for natursl re-
production did development take place, Cones ure frequently
produced upon trees gfowing in very unfzvorable conditions
as in ver; expesed snd rocky situations. A Lodgepole Pine
was found growing alone, miles from another of the same species

end exactly at timberline on the Colorado Forest in a tangled



Reproduction of all ages which has come in under a douglas

fir stand in whiech the burned trees are still standing. Stock-
ing is very satisfactory. Stugnetion of growth is mnot likely
to occur and trees will eventually cleen well.

Denner Hill, Colorado National Forest.



mase of dwaried sprﬁce and balsem. The altitude was ap-
proximately 11500 or 11600 fest. Several cones were found
upon the tree which to all appearance were fully developed
and undoubtedly contained fertile seed.

SEED DISSEMINATION

Lodgepole Pine cones open in late August or early
September of the second year. Cones borne at the top of
the tree often open immediately at maturity amd release
the seed. The majority of the cones open in the first few
years after ripening or ct least when 10 yecrs of age when
the pedicel dies and no moisture is secured from the tres.
A number of cones on each tree remain closed for a longer
period =nd some of these open each year afterward. This
characteristic is distinective for the species altho Jjack-
pine (Pinus divaricata) acts quite similsrly. Seed re-
tained in closed cones of 75 years of age has been found to
be viable. Sealed cones of 75 and 80 years of ége hdve
besen found attached to the parent tree. Board specimens
from sawmills have been secured in which the cones were found
completely imbedded in the wood.

Quite contrayy to the o0ld opinion that cones open
a8 s result of fire, recent observations and studies show
that cones open normally as a result of drying out assisted
by temeperature changes, and extremes. Trees of the same age
end in the same st:nd may show all cones open in one case and
all closed in another. Without the action of fire cones

open in consecuence of weathering u«nd by the solution of the

resin which holds the scales together; followed by changes
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Stub Creek ranger station in foreground. Note typical
stand of ypung Lodgepole Pine(40 to 45 years) in background.
Stand not as thick as usual in this vicinity yet probedbly too
closely spaced for proper development.

Lower end Glendevey Burn, Colorado National Forest.



in moisture content which cause the scales to bend becke

The chief value of fire in reference to seed dissemination
is in the removing of resin and releasing the scales, but

it also dries out the scales. Experiments have shown that
fire does not seriously impair the germinative power of seed
unless the cones are thoroughly charred.

Seed is rarely distributed more than 160 to 260 feet
by the wind at the maximum. Seed is frequently found upon
the snow after & snowstorm followed by a change in temperature
and a heavy wind.

The nctural :nd uneven process of the opening of
cones has two important results-it mesns the almost com-
plete consumption of the freed seeds each year by the animal
population of the Forest, but it insures on the other hand
an adequzte seed supply whenever.a fire makes reproduction
possible. Seed is distributed primarily by the wind but
&ls80 by snimels, grsvity and washing,.

Because of the manner in which cones are retained
upon the tree, dead tress often serve =8 seed trees both on
burms ¢nd in the unburned forest.

SEED GE-MINATION

The germinetion perc-ntage of Lodgepcle "ine is us-
ually high running from 60 to 85 per cent and averaging
about 80 per cent. Seed has been found to germinate rap-
idly in cones . from 50 to 75 yecrs of age.

REQUIREMENTS FOR NATURAL REPRODUCTION

As Lodgepole Pine is intolerant of overhead shade,

it will not reproduce satisfacorily without considerable
9



Lodgepole Pine timber before cutting. Note reproduction

in openings at left of picture.

Near Wyocola, Colorado National Forest.



direct light. The seed will often ge:minate with a very
small amount of light but the young seedling dies without
it. Unleds a heavy thinning has been made and the crown
density reduced about one half, the seedlings in the average
stand are few in numbers and very spindling in form.

The most favorable secd bed for Lodgepole Pine is
a mineral soil with plenty of heat and available moisture.
The presence of needles and humus is unfavorable as it dries
out rapidly in the spring before the roots of the Beedlings
have reached the mineral soil. Mineral soil is not always
necessary for germination and proper development of the seedling
as areas upon the Arapaho and Colorado Forests are ouite
frequenily found which sre unburned and which have a heavy
stand of reproduction. This condition is pasrticularly strik-
ing in the Beaver Leke region of the Colorado Forest where
the 0ld slash from lumbering operations had reseeded the areas
both in the skid trails a&nd upon the undisturbed forest floor.
In full sunlight the mineral soil may dry out so rapidly that
many seedlings are killed by drought. Young stsnds acre us-
ually more dense upon areas lightly shaded by standing dead
timber thun upon exposed sites. This undoubtedly accounts
for the condition of large burns which have not reseeded
altho a4t is possible thut the fire may have been so Bevere
as to entirely consume the supply of seed.

Competition with native vegetation such as huckle-
berries (Vaccinium) and kinnikinniek (Arctostaphylos) often
reduces the amount of reproduction beczuse of the conquest
for light and moisture. Aspen is usually a hindrance to

10



Lodgepole Pine stond in which about 40 per ceny of the

lote lack of young growth except

volume has been removed.

Brush piling ond burning not completed.

the balsam fir.

Near Wyocola, Colorado National Forest.



reproduction through its more rapid growth when young
trees of the two species sturt upon the same ares. A
light overhead aspen cover mey scmetimes be benificial
by benefiting the soil. Rodents reduce the seed supply
to a certain extent gltho it is likely that more than
emough seed remains were other conditions favorable.

Since 1light values in mature forests runge from
+12 to .06 in density, using sunlight as a standard, with
an cverage of «08 or .07, and Lodgepole Pine needs .10
for development it is not to be expected that seedlings
will be found in these stands. Seedlings are oftemn found
but usually only in moderately open stznds in restricted -
groupeg and in small openings. The seedlings are almost
without exception small, stunted «and spindling‘1n< appear-
ance. Full sunlight will result in the best development
provided soil moisture is available and the ares is not
exposed to drought.

METHODS OF SECURING NATURAL REGENERATION

WITHOUT THE AGENCY OF FIRE

The cuestion of the proper method of handling
Lodgepole Pine from a standpoint of silvicultural manage-
ment hug long been a debated one. It is certain that with-
out the agency of fire or the assistanﬁech'man,'the areas

now occupled by Lodgepols Pine would in large measure be
taken over by the more tolerant species such as by Engelmann
spruce snd bezlsam fir at the upper altitudinal ranges and
by Dougldas: fir upon the lower. It is 1ikely however that

Lodgepole Pine would continue as a permsnent type in a nar-
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of s0il &nd climete are more fevorable to it them to the
competing species.

A great many silvicultural practices hive been at-
tempted and given up in an effort to establish some sys-
tem for Lodgepole Pine whereby the facts of poor market fa-
cilities for emall material and the small amount of reproduc-
tion secured, could in some measure be compensated for.

The methods of cutting which have been tried out in
Lodgepole Pine usually aim to increase the yield as well as
to secure reproduction. During the first sales, cutting
followed the practice of selection cuttings and the variation
of the single tree system. Lster square groups of trees
were left in varying proportions of total stands znd the re-
mainder cut clean. These remaining groups were lightly th
thinned and as a result the trees were blown down. An-
other system used was the cutting iy strips. The usual
rlan was to leave about one-third of the area in seed strips
100 to 150 feet wide. These were left intact, and windfall
reduced to a small emount. Thia method however required
later some plan of artificial reforestation over the cut
portions over the majority of the arca and at the same time
the s0il was left unprotected.

The seed tree, seed group, and strip systems did not
congider the watershed protection nor silvicultural and mar-
ket conditions. The present system followed depends large-
1y upon market conditionse. In overmature timber, clean
cutting to a certdaiim diometer is practiced in some places
in which 35 to 60 per cent of the stand is removed. This

is based on the assumption that ample reproduction will be
12



secured from the trees left and from the seed scattered from
the tops of trees fellede -In mature stands the system is
the same, but only from 25 to 40 per cent of the trees of
merchantable size are usually removed. The smaller trees
are left for further growth. Reproduction is not here

the principal object but should be secured.in the frequent
small openings. A second cutting is planned in from 20 to
*40 years. A variation of this system is often used for
overmature stands especially where the market demands only
lerge timber. This is followed gquite uniformly in all
stands in Colorado and Wyoming. The brush except in arecs
where the fire danger is negligible is always piled and
burned, as a protective,measure. This plays no part in
the securing of reproduction, as far as resulte to date in

the stands have shown.

RESULTS SECURED

While it is certsin that the present plan of man-
agement for the Lodgepole ’ine forests is a makeshift prop-
osition, it is beldaved that satisfactory results will. be
secured from the stundpoint of watershed protection, from the
standpoint of securing increased growth and sufficient re-
production will be secursd. The reproduction secured how-
ever will be of uneven age and the forest will eventually
take on the appearance of an all aged stand. Very little
windfall occurs under the present system and altho the
plan has not been in operation lang enough to determine the
results to be secured, it is the best which can be used and

must necessarily be used until market conditions are such

that the aress can be clear cut and reproduction later
13



secured from the slssh remdining, with or without the agency
of fire, or by some artificial means. Upon the Arapsaho
Forest plats were counted within an unburned stund in which
one-ha®f of the timber had been removed,six years age.

Six thousand seedlings per ucre were found of whieh thirty
five hundred had started since the cutting was made.

In addition to the srezs handled by the Forest Ser-
vice, areas located outside the Forests or upon private
lands within them upon which cutting hss been conducted,
are very interesting. Slashed areas upon whichvthe brush
has not been burned and over which reproduction in varying
numbers hasvcome in, are very frequent. These conditions
were noted upon all the Forests concerned, A particularly
good example is found upon the Colorado Forest in the vi-
cinity of Beaver Lake. Upon this area all trees of mer-
chantable size had been removed, skid trails made across
it, and tbps and brush left ss they fell. Here repro-
duction had come in running from 400 tO 500 per ecre up to
3000 per zcre and furnishing a stand of as great a density
as is desiesd. Little difference was spparent in the num-
ber of secdlings found in the ekid trails where the min-
eral soil had been exposed compared with the number found
upon the undisturbed soil. The number of seedlings on
certsin areas compared with other areas seemed rather to
be due to the presence of cones either upon the ground or
hanging to the tops of brush. The ground cover is made
up of huckleberries zsnd weeds, which did not seem to have

affected the amount of reproduction in this case. Sev-

eral tops were rolled over and the number of seedlings
14
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Typicel burn which h:s not reforested. Note manner in
which £11 limbs upon the trees have been destroyed.

Glendevey butn, Color.do National Forest.



found beneath them was surprising. It was noted that neith-
er directly under the tops nor upon the areas as & whole,
were the seedlings even aged, indicating that fresh seed was
constantly being liberated from the brush and tops as well

as from the standing trees. It appears that if it were

not necessary to burn the brush as a fire protection meas-
ure, that reproduction might well be secured without fire

in practically =211 clean cut over arese if tops are left.

WITH Ti:E AGENCY OF FIRE

Fire hus not yet been used by the Foreat Service
as an aid in securing reproduction upon the National For-
ests except for small experimental sreas. The resulte
from these experiments are not yet available.

Forest fires have in the past served largely in
the establishing of Lodgepole Pine Forests. Because of
the protection now afforded the National Forests, fire
is unlikely to play any large part in the establishment
of future Lodgepole Pine forests.

Forest fires in reference to the securing of
Lodgepole Pine reproduction, serve five purposes;-

1. The opening of closed cones, and thus making
a large number of seeds suddenly available.

2. The removal of the herbaceous and serubby
ground ocover, thus prewenting competition.

3. The forming of a favorable seed bed, exposing
mineral soil.

4. The renewal of proper conditions of sunlight,

6. The removal for a time of the seed eating ro-

dents, or the population oﬁéquirrels, chip munks =nd birds.



Entire mountsin side covered with reproduction, 40 to 45

years of age. Reproduetion largely in stagnant condition be-
cuuse of excessive numbers, Lighter aress are aspen groves
and rocky slopes. High mountain in center is part of upper
Glendevey burn which has not reforested.

Colorado National Forest.



It will be noted theta.cut over urea, especially
under present practice, differs from a burned over ares
in practically every condition as noted and that optimum
reproduction can rarely tske place in cut over areas.
Aress which have burned over are almost uniformly stocked
soon after burning, by Lodgepole Pine. This is not the
only tree found in the burns but of the competing species,
Engelmann spruce, balsam fir and Douglas fir, a few seedlings
are usually found. Areas which have not restocked eore
usually "double burns" or "triple burns". Some cases
are found Epwever where reproduction has not come in since
the original fire. This is sometimes due to the severity
of the fire which burns all the seed or may have been dus
to 80il and moisture conditions following the fire.

RESULTS SECUXED

While reproduction is usually secured in large
numbses after fires the conditions are usually not sutis-
factory from the standpoint of density. Because of the
difficulty which Lodgepole Pine hus in clearing itself
of limbs, young trees must be very closely spaced to secure
a first guality stend at maturity. The correct density
is often lacking over large zreas and very frequently is
too dense upop others. Reproduction after fires frequent-
ly rune a8 high as 655000 per acre. Upon one location,
300000 seedlings were found upon un acre, one year after
the fire. Other counts have shown 175, 000 seedlings
per zcre after eight years, and 44,000 seedlings ufter
twenty two years. This capacity of the tree to live

for long periods under o suppresced condition is often
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Forty year old stsnd of Lodgepole Pine. Note stagnation
of growth and varying size althe the stand is even aged. Note
persistency of limbs end small trees. Timber will probably
not develope into commercial impottance.

Lower end, Glendevey Burn, Colorado National Forest.



called "smothering back" and results from the checking of
growth because of the density and poor growing conditions.
Counts have been made upon seventy year old stands in which
101,000 ™live" trees™ and 79,000 desd were found. These
"trees" could be pulled up liks weeds and the stand will
probably never develope into merchantability. The right
density of course for Lodgepole Pine is that at which the
lower brenches become suppressed and die while small, but
without overcrowding of the trees znd the consequent de-
crease in rate of growth. Eight thousand seedlings per
acre have been considered as required to produce c¢lean

stems &t maturity. It has been shown however that altho
this stocking would securs natural pruning that this would
be done at a sacrifice to diameter growth. Experiments
have been carried on to determone the proper demsity and it
is likely that the number will be in the vieinity of omne
thousand per acre, sinee the uses to which Lodgepole Pine
are put to do not require absolutely clear muterial.

In the reconnaissance work, "normal" stocking is often con-
sidered to be one thousand seedlings evenly distributed

and in planting results, five hundred or more seedlings per
acre are considered satisfesctory. Even with a stand of

one thousand seedlings per acre, it is certain that the prop-
er gpavdng through the rotation will not be secured. Thinh-
nings must be given the stunds if proper development is

to be secured in most ccses. While these thick staends have
a good appearance, it is easy to see whut the resalt will
be in fifty years unless thinnings are made. The proper

¢
stocking for Lodgepole Pine should be something like the
17



Burn which h.s reseeded completely. Unburned pole tim-
ber in background. Seedlings hive come in so thick that stag-
nation of growth has resulted. Note persistency of limbs and
suppressed condition of trees. Stand 30 years of age.

Buckhorn region, Colorsdo National Forest.



following in this region;-

At ten years- 1000 per acre.
At thirty years- 600 per acre.
Lt ninety years- 300 per &scre.

At one hundred and forty years- 250 per acre.

Stands in which the fire hhg/gggn severe enough to
release vast amounts of seed, and has killed the trees and
placed the soil in good condition, usually develope repro-
duction of less density snd of better condition than the
more severe burns. This is brought out upon whut is lo-
cally called "Danner Hill"™ upon the Colorado Forest.

Upon this burn very little of the dry timber has fallen
down. A large amount of reproduction came in after the
fire but not in a heavy or dense stand. Asaﬁresult, from
1000 to 2000 seedlings per scre were established, during
the first two or three yeaes. At the present time as more
dry trees fall snd more seed is 1iberatad, the first seed-
lings have sufficient sturt over thevlater oneg so that
the younger seedlings will die out in the same manner as
in mature stands from 1a6k of sufficient light.
Reproduction does not zlwzsys follow burns nor cre
all barren areas c.used by "double" or "triple" durns.
Uoon the Glendvey burn upon the €olorado Forest, a large
area of 30000 acres, only en occasional Lodgepole Pine is
now found forty five years after the fire. No other fares
have followed the original one. It is hard to determine
the exact cause of this condition but it is no doubt due to

one or more causes or combination of causes. The trees

were of large size on this burn and while the fire did not



Close view of young seecdlings which are growing in an open-

ing near a scattered stand of wood land Lodgepole rine. Seed-
lings growing on moist situation which also supports willows.
Note small puddles of water around trees.

Lower end, Glendevey burn, Colorado National Forest.



consume them, it was probably of sufficient intensity to
burn all needles and cones of the trees located upon the
higher elevations at least, so thet little seed wu.s re-
leased. The soil and moisture conditions may also have
been unsatisfactory following the fire. This burn is lo-
cated along the Medicine Bow range over which the winds
constantly blow down the slope. ZAlong the upper portions
of this burn no reproduction of any kind hss come in, but
farther down toward the valley a purtial stocking took
place and still farther down, heavy and excessivé stock-
ing resulted. The particular causes which made thie dif-
ferentiation upon parts of this burn cannot be determined
at this time.

In connection with the portion of the =rees which
is partially stocked, it is interesting to note that these
trees commenced to reseed at an early =zge and in this belt
a complete stocking has now been established, with trees of
all ages from one to forty five yesrs of uge. The older
trees have limbs extending to the ground and the timber
produced will of course be of poor grsade. In this partie-
ular place a peculiar phenomenon was noted in relation to
the seed bed upon which Lodgepole Pine usually germinatess
Seedlings of varying ages were found upon an area support-
ing also lichens and mosses. In the spring of the year
this area is partiélly covered with wuter for a month at
a time =nd the s80il often saturzted with water for a longer
period. These seedlings were in good condition.

WVhile reproduction comes in best after fires, cases

have been noted where the fire exposed the soil so to wind
190



Temoorary camp in foreground. lNlote absence of ¢ny re-
produgtion upon burn in background, and manner in vhich tops
have been completely burned from trees.

Glendevey burn, Colorado Netional Forest.



end sun that the seedlings after germination often died.
The best conditions are secured when there is some slight
amount of debris upon the ground which furnishes a little
shade.

ARTIFICIAL REGENERATION

REQUIREMENTS  FOR SUCCESS

The requirements for securing artificial regenera-
tion by means of direct sowing ¢re practically the same as
those stated under naturel reproduction. In the direct
sowing work, the selection of a site is most important.
Burned over areas without grass cover, or with a scattered
cover of aspen are usually suitable but the question of
exposure to wind and sun is also very important. Success-
ful operations to date have usually been secured upon north
and west slopes as contrasted with south and east slopes.

The requirements for planting zre not severe as
planted stock will grow well at any nlace trees have former-
ly grown and 2180 in some places where it is doubtful if |
trees were formerly found. The results secured sasre lurge-
ly determined by the care used in planting, the class of
stock used and prevailing weather conditions.

METHODS OF ARTIFICIAL REGENERATION

Direct sowing consists of the use of the seed di-
rectly in the sowing operations as contrasted with plant-
ing in whieh stock grown in forest nurseries from seed
sown or pulled stock secured in the forestds used.

DIRECT SOVING

1 ETHODS
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BROADCAST SOWING

Brosdc:st sowing consists of scuttering seed broad-
cast either by hand or by means of some mechanical device
by which the seed is uniformly scattered. The Cyclone
seeder has been quite commonly used and hes the advantage
over hand sowing in that the seed is uniformly distributed.

Seed sown broadcest may be sown either upon the
s0il direet, usually in fall, énd,before or after the soil
has been prepared by some raking process or may be sown
upon so0il whiech has had no preparstion. 'vSood is often
sown upon the snow during early spring.

SLIP AND DIBBLE SOWING

Slip and dibble sowing consists of sowing in hills
at certain distances, small amounts of seed. In the slip
sowing a mattock is inserted clmost horizontélly and seed
inserted. In dibble sowing, a hole is made with a bar or
dibble, seed dropped into it and the hole closed by the foot.
SEED_SPOT SOWING

Seed spot sowing consists in sowing = quenity of
gseed in a spot which has been prepared by a hazel hoe or
similar instrument. Regular seed spots consist of holes
made from two to four inches deep and about one foot
square. Simple seed spots consist: of spots usually from
two to four inches deep in the form of a wedge, und about
five inches square.

CORNP LANTER SOWING

Cornplunter sowing consists of sowing seed with

a specially mede cornplanter worked with one hand and
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which mskes the hole and drops the seed at points selected
by the operator. The seed is covqred by the foot in press-
ing down the soil.

Broadcusting

Of any of the methods of direct seeding, broadcast-
ing has been the most frequently used &nd most frequently
incorrectly usede. The usual plan of broadcssting is for
the man doing the sowing to take a strip of certcin width
back and forth across the area until the crea is complete-
1y covered. It is sometimes recommended thaybne half the
seed be sown in strips one wuy acroos the tract and the re-
mainder across the other way. This not only doubles the
expense but is particularly unnecessary when a mechanical
seeder is used and when proper markers are employed.

In broadcasting upon unprepared soil, the actuel sowing con-
stitutes the only work. The sowingvehould be done in the
fall that the seed may work into the mineral soil :nd thut
it may also have absorbed water from the melting snows

and early germination favored. Upon prepared soil seed
is sown after the soil has been raked or harrowed, or muy
be sown first and the harrowing follow. In the mountain
regions (& rake or similar instrament is the only tool
which can be used. The preparation of the soil is near-
ly elways prohibitive in cost, for the mountain regions.
Arees whioch have been tramped by sheep are sometimes used
but it nue been proven that when reproduetion by droad-
casting can be secured, that it can be practically as
well secured without prepartion of the soil us with it.

Brosdcasting may reasonably be expewted to be

29



successful when the s0il is loose and moist et the surface,
where sore protection is offered zgainst heat and drought
and when rodents can be contrélled. In 8ll cases of direct
sowing, poisoning of rodents is slweys included as a part

of the sowing operation. Seed sown broadcsst often comes
up in groups because of the effect of erosion or rodents

in bunching the seed into pocketse. Areas covered with

down timber, some brush c=nd debris, with soil exposed

often afford smitable areas for brosdcast sowing. Modifi-
cations of sowing broadcast are often practiced in whieh
strips and blocks are sown. <+he method is best adapted to
quick growing spesgies. In broadcast sowing in Lodgepole
pine from two to three pounds of seéd per acre sre usually
used. The advant:uges of the method are that the seed is
ecsily scattered and that no soil preparation is usually
necessary. The cost of labor is very low but the seed

cost is high. The principal difficulty with broadcast
sowing is that only particular zreas are suited to the method.

RESULTS SECURED

Brosdcast sowing has been successful upon several
Forests in the western stutes. Upon the Arapaho Forest
on the Arrow Burn snd upon the Willisms Fork, the results
have been very gratifying. Germination has not only taken
place in large numbers but the seedlings have withstood the
climatiec changese. The areas used were particulurly suitable.
They were rather clean burned but had a light stand of aspen
end very little ground cover. These areas hsd an exposure

to the north snd west. Upon the Colorzdo Forest on the
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Broadcasting Lodgepole Pine prior to first smowfalls

Note absence of reproduction over this aree.

Glendevey Burn. Colorado Netional Forest.



slopes of Flaftop Mountain very good results have also been
secured where the conditions were similar to those found

upon the Arapaho Forest. The seed often germinates in large
numbers but unless some shade &nd protection is afforded,

the seedlings continue to die during the first second and third
years, efter sowing and considerable loss always results.

This hzd been repeatedly borne out by the broadcasting work
upon the Colorsdo Forest. '

In addition to the general Forest sowing, experimental
plots were sown at different seasons by several methods. In
this experiment seed was sown broadcast at the rate of one
good seed per squere foot upon an area eighty by eighty feet
souare. The area w.s later raked after sowing the seed.

This experiment w:zs loceted upon the @lendevey Burn, an ares
burned over 45 years ggo e&nd upon which no reproduction had come
in. The eltitude was 9500 feet. The soil was exposed, some
ground cover present but no# sufficient to influence results.
The soil is a dry decomposed gravelly granite. Frequent
winds visit the srea during the summer. The region wss for-
merly occupied by Lodgepole Pine, Engelmann Spruce, and Bal-
sam Fir.

During the experiment, ene block was sown in the
spring, snother in the summer and snother in the fall.
The summer season was 2 normal one cnd ultho rsain falls fre-
quently ih the summer, the soil dries out very quickly.
Again in 1914 the operation was repeuted for two plots sown
in the spring and summer.

Counts were mede in the spring and fall followinge.

Results secured the first season were of no value since seed
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uniformly lays over in the ground for one year before ger-
mination at this altitude. This method in this experiment
proved as adaptable a8 any direct method tried dbut the mor-
tality was very excessive.

Germination of the seed took place ufter the seed
had lain in the so0il for some time but but the drying winds,
erosion and drought killed lasrge numbers of seedlingse.

The experiment definitely proved that mo methods of direct
seedlings could be compared with planting results because
of the grecy mortélity in seedlings.

In broadcast sowing, from two to three pounds of
seed per acre are used which costs from $2 to 4 per pound.
The total cost of the work varies generally from y4 to 37
per acre. Eight =sreas on the Williems Fork Bur-‘upon the
Arapaho Forest, totaling 391.70 acres braddcested on the
snpw either in fall or sprinqbost from $4.06 to 39.02 per
acre. The average cost Wes sbout 34.50 per acre. The
emount of seed used varied from 1.50 to 2.40 pounds per zcre. .
This particular area was a fourteen year old butn at an al-
titude of from 9000 to 9500 feet, and haviﬁg a small amount
of aspen, buck brush and weeds upon it. Seven of these areus
are successful and the eighth is partislly so. -

Upon Flattop ilountain upon the Colorado Forest
where broadcasting has also been successful, costs were from
$7.23 to 317.32 per zcre for the small areas sown. From
2.33 to 3.00 pounds of seed per zcre were used.

SLIP ABB/DIBBLE SOWING

Slip sowing in which seed is inserted into a slip
28






made horizontally, is not suited to as sm:1ll seed as Lodgepole
Pine. The method is suited perticularly to grassy zureas if the
seed sown can produce strong seedlings. Lodgepole Pine seed
becomes too deeply buried in the soil to allow of germination
or else the seedling is unable to compete with the grass.

Dibble sowing is unsuited to Lodgepole Pine because
of the smallness of the seed and the fact thet the seed is
usually covered too deeply.

The usu:l method followed in slip sowing is to line
up a bunch of men in a row across the crea who are equipped
with mattocks. Eech mzn sows the seed into a slip ae he
makes it. A string of eight or tenm men cen conveniently
work togethegﬁn this ways The first man keeps the lead
and makes the line to which the others work at the proper
distunce away. Slips are usually mede with spacing 2 x 4
or 4 x 4 feet.

Dibble sowing is usually done in the scme manner
but a dibble or plenting tool used which makes a smull open-
ing and into which seed is dropped. The spacing is 2 x2,

2 x4, or 4 x 4 feet depending upon the number of seed used.

RESULTS SECUZED

These methods have been little used in general
Forest reforestation work in Lodgepole pinse.

Slip sowing wus tried out upon the experiment prev-
iously mentioned upon the Glendevey Burn. The spacing used
was 2 x 4 feet, «nd eig:t good seed per slip sown. No
germinzstion took pluce the first year :nd but from 24 to 41

seedlings were found in each of the 80 foot plots in the
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second year. The seed which did germinate were found to have
been but lightly covered. The plots were located upon an ex-
posed loose s0il =nd as « result, the seed was covered too deep-
1ly. The method is unsuited to the average condition of
burns in this region.

The costs of this method are very small because of the
small amount of seed used but the method is of little value
upon the National Forests.

SEED SPOT SOWING

This method next to broadcasting has been most exten-
sively used in reforestetion work with Lodgepole Pine. In
making the regular seed spots, four to eight men with mattocks
or hszel hoes are used. These men line up one back of the
other but in adjoining rows, the head man keeping the line.
Spots sre msde by loosening the soil 2 to 4 inches deep or
the competing vegetation is removed and the soil 1little diss
turbed. The seed spots are usually wbout one foot square
and are spzced 4 x 4, 5 x 5, or 6 x 6 feet cpart. A man
usually follows each group of four men znd drops the required
number of seed into each spot. Ten good seed per spot are
usually used as & basise. The seed 1is covered lightly by
kicking over them, & small ..amount of soil.

In the simple seed spote the general lineup is the
same. Holes gre muzde in the form of a wedge and five inches
in depth. The seed is dropped into the hole and covered agﬁn
the regular seed spots.

The method is =dspted to all arees which can be broad-
casted and to other :creas supporting a heavy stand of grass

and weeds not suited to broadcggting. The soil is exposed



end loosened, znd competition with other vegetation reduced.
The method has a further advantsge in that less seed per zcre
is used. The cost of the wotrk is high. In case good ger-
minztion tekes pluce znd the seedlings live, a number of tm®ees
develope in the s:me spot whic must be thinned out at some
future time. The young seedlings are elso exposed to the full
effect of wind =«nd sun in the spotse. Birds often do consid-
erable robbing of seed in the spots since they can be easily
located.

The sverage cost using ten good seed per spot and with
spacing bout 5 x 5 feet is from (B to 4V per acrs. An ares
of 185 tscres upon the Colorado Forest cost 36.87 per ucre in
which .328 pounds of seed per acre weas used. Three areas
upon the Arapsho Forest on.the Williams rFork, totaling 132.76
ecres, upon which from .76 to 1.07 pounds per acre of seed wus
used, cost from $6.61 to 316.33 per acre.

RESULTS S:CURED

In the experirment upon the Glendevey Burn, spots were
made 4 x 4 feet apurt, 4 inches deep, one foot square and 16
good seed per spot were used. So0il waes then placed on the
seed not to exceed one-quarter inch in depth. After the seed
had laid over in the ground for a year, excellent'germination
took placs. The counts showed from 90 to 240 seedlings per
80 foot plot. The same results were secured here as with the
other methods in that excessive losses occured and the plot
with 240 seedlings ¥va8 reduced to 60.live seedlings. The
seed spot «ree had however more seedlings at the lust count
than eny of the plots sown to other methods.

Simple seed spots were glso made in this experiment,
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in whieh spots 2 x 4 feet, 5 inches squsre,and 5 inches deep
were made. Eight good seed per spot were used. The method
proved of no value since the holes immediately filled with
soil and germinstion did not take placs. A few seed which
fell outside the spots or in a spgﬁ'wp}gh d1d not fill up
with soil, germinated. Themethodis unsuited because of soil
conditions to any aureas in need of reforestation to Lodgepole
Pihne.

The areas of regular sowing upon the Colorsdo and
Arspaho Forests usually .showed a good germinetion but the losses
in seedlings in the second and third years were enormous, 80
that the possibility of the method being of resl value is cues-
tionable.

CORN PLANTER SOWING

The corn planter has been little used in reforestation
work with Lodgepole Pine. The tool is so arranged that a
certein number of seed are dropped each time. The mcchine -
is operated with one hand, the hole mesde and the seed forced
out with a forward motion. This method is not adapted to
Lodgepole Pine because it is prsctically impossible not to
cover the seed too deeply and thus retard germination. It
is 2lso difficult to regulate the number of seed dropped be-
cause of their small size. Except for covering the seed the
mé&hod has no advantages over broadcasting since competition
with vegetation is not recuced.

RESULTS SECURED.

The method wes not tried out in genersl Forest work

but plots were sown by this method in the experirent upén
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the Glendevey Burnm. Seed on the average of four per spot
were sown 2 x 2 feet aprrt in holes made by the corn planter.
Counts on the plots a year afterward when germination first
occured showed from two to thirty six seedlings and the next
year the maximum number on any plot wus 17 seedlings. The seed
which did germinate were found to have been but lightly cov-
ered with soil. The method is not suited to the average con-
ditions upon Lodgepole Pine burns.
PLANTING

Plenting is uniformly being practiced now in the re-
forestation work upon NHtionai Forests with Lodgepole Pine
except upon particular sreas which have given good results
from broadcasting or seed spots, and upon which these methods a
are being continued with small acreages. Pleanting is adap-
ted to,practically any condition found in Lodgepole Pine
burns. The only‘disfdvdntage is the cost of the trees and
the high labor cost. It is usually necessary to use a mattock
or similar tool in all the planting operations carried on in
this region because of the rocky soile. This adds greatly
to the cost of the work as contrasted with planting with
plenting tools in furrowam. The spacing is now uniformly
8 x 8 feet. The exact application of the men making the holes
or doing the planting varies from area to uarea.

RESULTS SECURED

Satisfactory results ere uniformly secured in plent-
ing Lodgepole Pine except under unusual conditions. No diff-
iculty has been encountered in securing a survival of from
70 to 85 per cent even upon rocky dry exposed situations.

One area was plented upon the Glsndevey Burn as a con-



Forest Ranger completing the plenting of a transplant

By tamping the soil about the tree.

Colorado National Forest.






trast with the direct sowing operations upon the detailed
experiment theree. Upon this 80 x 80 foot plot, 4256 ®rans~
plants were to have been planted but the number wus consider-
ably reduced becuuse of poor trees since it had been neces-
sary to heel in the stock for six weeks prior to planting dt.
The planting wss done in the spring snd st the count made in
the fall, 64.2 per cent were alive baesed on the original number
of 425. The planted area had then cost less than the seed
spot area and but little more than the broadcusting. Results
were of course much better in the planted plat. Transplants
can usually be grown for about $6 per thousand in the mpuntain
nurseries and the zctual planting cost is from 3 4 to 56 per
acre, making the total cost sbout $10 to $11 per acre, de-
pending upon the size of the operations, the accessibility

of the area, the kind of soil and ground cover, the class of
men available and the cost of stock used. The actual labor
cost of the work,upon an aversge spacing of 8 x 8 feet is from
$2.560 to 32.76 per acre in which mattocks cre used.

SUMMARY

NATUR’L REGENERATION

~ rire has played an important part upon areas now oc-
cupbted by Lodgepole g}ne and it is certain that without fire
+8 an assisting égent that large areas in pzrticular now oc-
pied by young stands of Lodgepole Pine would be held by the
more tolerant species, Engelmann spruce, balsem fir, snd
douglas fir with which Lodgepole Pine associates.

In cutting Lodgepole Pine timber, th~ first methods

followed the selection system and variatione of the single
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Fortyfive year old stand of Lodgepole Pine upon lower

portion of Glendevey Burn. Stub Creek renger station in
middle ground. Sagebrush land in foreground.

Colorado National Forest.



tree method. 4 later practice was to cut clean except for
square groups of trees left, which were lightly thinned.

Clean cutting in strips was =2lso practiced. The methods did
not consider watershed protection nor silvicultural .nd market
conditions. Under the present practice of Forest Service
timber sales, the system followed depends largely upon market
conditions. In mature stands only from 25 to 40 per cent by
volume of the stand is removed and this smount consists of trees
of merchantable size only. Although the plan of cutting does
not aim to secure reproduction, it is believed that a large
number of seedlings will come in in the openings made.

The system is not ideal but will serve to protect the
watersheds and also allow for a second cutting in from 20 tO
40 years as well as to secure renroduction which will be of
unexen age. The amount of windfell resulting from this
system is inconsequential. The small number of cuttings
which have been made along this plan indicate that the .mount
of reproduction secured will be satisfactory in amount.

Lreus outside the Forests or upon patented lands within
the boundaries, show that satisfactory results in securing re-
production are found where the slzsh was not burned but left
in the timber. Reproduction occure over thece areas both in
the old skid trails and upon portione of the areas where the
forest floor remained undisturbed.

Forest fires serve 28 an sid to reproduction by re-
leesing seed, by preparing a suitable germination bed, afford-
ing correct light conditions, and causing the removal of ro-
dents. A heavy stand of reproduction usually follows a fire

in Lodgepole :iine unless the fire is so severe as to destroy

zO






Lodgepole Pine burn. Scettered stand of Lodgepole

Pine coming in. smaller séedlings cannot of course be seed
Neur Continental Divide, Zstes Park. Flattop moun-

tain, Colomado N:tional Forest.






all cones -nd seed. The chief difficulty often occurs in that
the number of seedlings per acre is so large and the individ-
uals so persisteht that stagnation results and the seedlings f
fail to develope into valuable timber.

ARTIXICIAL REGENER.TION

Direct sowing follows the method of sowing directly
upon the soil which may or may not have received preparation.
The usual methods consist of broudcasting, slip and dibble
sowing, seed spot sowing, and cornplanter sowinge.

In broadcasting seed is sown by hand or by the use of
a mechanical seeder upon the exposed soil which may secure
some sort of harrowing either before or after sowing; or by
sowing upon the snow in fall or spring. The method is only
adaptable to particular sreas and only successful upon cer-
tain locations. Satisfuctory results have been secured
upon but a few Forests and the use of the method is now con-
fined to a few favorable areas. Broadcesting on snow us-
ually costs about $4.560 per acre when seed secured locally
by the KForest Service is used. The cost is slighly higher
when the seed is éown upon the bare groung.

In slip sowing seed is sown in slits made by mattocks
but is unsuited to Lodgepole Pine because of the small size
of the seed. In dibble sowing, & dibble or plaenting bar
is similarly used. These methods have been little used in
Forest Service work «nd are of no practical value. The costs
are very low because of the small amount of seed used.

Next to broadcasting, seed spot sowing has been used

most extensively. Seed spots are made of regular sonuare

shapes or in the form of a we%&;. The system is =dapted to






Forest Service plenting crew using mattocks.

Colorado.






a latrger percentage of area than broadcasting but resulys have
not been entirely satisfuctory beciuse of the severe mortality
after heavy germination once points to success. The cost of
the work is usually from $6 to $7 per ccre. |

Cornplanter sowing is of little value since the method
cannot be satisfactorily used because of the small size of the
seed. It is prsctically impossible to use the planter and to
sow the proper number of seed and nlso to prevent covering the
seed too deeplye.

Pl:nting is now l:orgely practiced upon most of the rez
forestation work sinece the riethod is a success upon all locations
if correctly donee. The cost of stock used gnd labor involved
is of course high. Mattocks are largely used because of
rocky soil. The survival number is usuully large running
from 70 to 85 per cent. The total cost per acre using trans-
plant stoeck is from 310 to ;11 per acre where mattocks are used
and large areas planted.

0f the methods used to secure urtificial reproduction,
rlanting is most desirable and successful. Seed spot sowing
is next of velue followed by broadcasting. Corn planter.
slip cnd dibble sowing are of little value for this species.
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