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INTRODUCTION

The purpose of this bulletin is to bring together the available infor-
mation on natural regeneration of the western white pine type, based
on about 25 years of forest research and 30 years of national-forest
timber-cutting experience.

Western white pine (Pinus monticola) forms the key species of the
valuable western white pine type of northern Idaho and contiguous
portions of Washington, Montana, and British Columbia. Although

! Received for publication June 20, 1940.

! The writers wish to ucknow]e{lgi. their indebtedness to a number of men who have contributed to the
studies reported here; to D. R. Brewster, first director of the Priest River Experiment Station, now the
Northern Rocky Motmtain Forest and Hange Experiment Station; to J. A, Larsen and the late Robert
Marshall, formerly members of the station staff; to Gerhard Kemp( and J, B. Thompson, suceessive resident
officers at the Priest River experimental forest; to many forest administrative officers, particnlarly Elers

Koch, W. B, Greeley, O, K. McHarg, Philip Neff, M, H. Wolfl, and F. 1. Rockwell; and to a number of
pathologists and entomologists, particularly J. R, Weir, E. E, Hubert, 8. N. Wyckoff, and J. C. Evenden.
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the species has a rather extended geographic distribution as a species
(fig. 1), the region ® in which it is the most important constituent of a
dominant forest type is relatively restricted, as shown in figure 2.
In many localities outside its area of abundant occurrence, western
white pine grows well and makes excellent development as a timber
tree, but for the most part it is a minor constituent of the forest.

ative to a region characterized by precipitous topography, the
type occurs largely in irregular, often attenuated bodies following the
more moist creek bottoms, lower benches and flats, and northerly
slopes (pl. 1), often forming intricate ground patterns, as is well illus-
trated in figure 3. Various aceidents of stand origin and development
have also contributed to the “crazy-quilt’” oceurrence of the type
within much of the region. Instances of more extensive bodies are
found chiefly in the broader river valleys, like that of the Priest River,
and on the smoother lower slopes, such as those between St. Maries and
Orofino, along the western border of its range.

Commerecial stands of western white pine are confined to a total
range of some 2,700,000 acres.* Within this area the principal associ-
ate species are western larch (Lariz oceidentalis), Douglas-fir (Pseudo-
tsuga taxrifolia), grand fir (Abies grandis), western redeedar (1" wja
plicata), and western hemlock (ZTsuga heterophulle). Frequent asso-
ciates are Engelmann spruce (Picea engelmannii), alpine fir (Abies lasi-
oearpa), lodgepole pine (Pinus contorta latifolia), and ponderosa pine
(F. ponderosa), but these are important components of the type only
in restricted localities. The species composition of the western white
pine type is exceedingly variable, ranging from almost pure white pine
to every conceivable combination with its associated species. It may
even include many individual stands dominated by other species and
yet retaining at least 15 percent of white pine.

Relatively small but highly productive, the western white pine
region sustains a major manufacturing industry in northern Idaho,
northeastern Washington, and western Montana. Western white
pine exceeds all other species logged in that region in both volume and
value. “Lumbering in the greater part of north Idaho, with the
comparatively high logging costs encountered, is made possible only
through the high value of the white pine” (32).5% On January 1, 1936,
it was estimated, the total volume of western white pine saw timber
amounted to 13,887 million board feet, lumber tally, or nearly half the
merchantable volume of the type. In 1925-34 the average annual
cut of this species totaled about 430 million board feet, lumber tally,
and had a value of approximately $14,000,000. In addition to being
used extensively for lumber, western white pine iz valued as a special-
purpose wood. Nearly one-quarter of the total annual cut is used in
manufacturing matehes.

Western redcedar is the second most important species in the region.
Its commercial occurrence practically coincides with that of western
white pine. “Cedar” poles, used for electric power transmission
lines, telephone lines, ete., are worth considerably more than western

# Throughout this bulletin, region wiil refer to the general area within which the western white pine type
is the prineipsl forest cover, and type to the western white pine type proper, as defined by the Forest Serviee,
namely, as mature rtin:l:ber stands non!umiug 15 ipenmt or more western white pine volume, or immature
stands containing 15 percent of more western white pine by number of trees.

“This is the spproximate extent of western white pine zone 1, both on and outside the national forests,
Zone 1 timber, as defined by the Forest S8ervice, Is timber of such species, condition, and logation that, under
economic conditions such as have prevailed in the past and with normal development of transportation

facilities, it could be logged at a profit,
& Italic figures in parentheses refor to Literature Cited, p. 95,
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white pine on a log-scale basis. Annual production of these poles
amounts to more than 15 million linear feet; this equals 44 million
board feet and constitutes 63 percent of the total average annual cut of
“cedar.” Other principal redcedar products are sawlogs, fence posts,
piling, and shingles, and the annual total value of these and the poles
is about $2,000,000. White pine and redcedar together constitute al-
most exactiy 50 percent, by value, of all forest products annually
produced in the Inland Empire. Of the remainder, ponderosa pine
makes up 28 percent and other species, principally Douglas-fir and
western larch and to a lesser degree Engelmann spruce and grand fir,
22 percent. None of the species commonly associated in the type,
aside from white pine and redcedar, now command log prices high
enough to warrant extensive logging.

In view of the low value of these lesser components of the type and
the heavy investments necessary to protect these forests from fire and
disease, it is important that the reproduction of valuable species be
encouraged and the forests maintamed in productive condition. A
knowledge of the factors controlling natural regeneration is necessary
to achieve this end.

HISTORY OF EARLY INVESTIGATIONS AND PRACTICES

The creation of the Forest Service in 1905 marked the first formal
step toward the practice of silviculture over extensive land areas
in the Western States. Charged with the duty of managing the
national forests for permanent usefulness, this organization was im-
mediately faced with the necessity of working out forest-cutiing prac-
tices for virgin stands which would insure adequate regeneration
with desirable species. At that time little was known of the silvical
habits or requirements of the associated tree species. Available infor-
mation was limited to observations made on reproducing burns or
other natural breaks in the virgin forest, or on the few cuttings that
had been made on privately owned lands. Some of this observational
material was published by Leiberg (42, 43, 44) around 1900, in a
series of interesting papers on forest conditions in northern Idaho,
bearing on the sﬂvicaf requirements of the prineipal species.

One of the earliest projects of the newly organized Forest Service
was a planned effort to supplement on a wide scale the general knowl-
edge of these northern forests. The technical staff assigned to each
national forest was required to report annually their observations on
the character and occurrence of natural reproduction and the condi-
tions apparently encouraging or discouraging its establishment.® The
fund oiP information thus built up was soon augmented by the results
of large-scale trial-and-error experiments in the form of actual cutting
%perabions under technical supervision. Within the first 5 years of

ederal supervision, five very different methods of cutting were tried
in the western white pine type.

In the first national-forest timber sale 7 in the western white pine
type in 1907, on Fidelity Section 20 of the Kaniksu National Forest,
the scattered-seed-tree method was used. The area was clear cut ex-
cept that one to five thrifty dominant western white pine trees per

i Unpublished reports by R. L. Fromme (1907}, J. R. Gillis (1912}, W. R. Morris (1911), and F. L. Rock-
well (1012) are especially informative.

! Timber in & national-forest timber sale is sold to the highest bidder, who contracts to cut the timber as
specified by the Forest Service.
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acre were left for reseeding. Unfortunately, these trees were soon
blown down, and this led forest officers to the belief that western
white pine was not wind-firm and could not be left safely except in
compact blocks or strips. Accordingly, in the belief that western
white pine was not wind-firm, that it was a prolific seeder capable of
reproducing itself readily up to distances of one-half mile or more,
and that it required a mineral seedbed for best germination (7),* it
was specified in subsequent sales on the Kaniksu National Forest
in 1907-10 that the timber should be clearcut and the regeneration
should be provided for by leaving 2- to 20-acre blocks of uncut timber,
250 to 1,300 feet apart, advantageously situated to disseminate seed
over the cut-over area.! Further more, the slash on the cut-over por-
tion was broadeast burned.

On the Coeur d’Alene National Forest, at about the same time and
after several other methods of cutting had been tried, timber-sale
officers decided that some clear-cutting system would be preferable.
The partial-eutting methods previously tried, including a rough
diameter selection and a erude shelterwood method that left about
100 of the larger trees per acre, were found to require too much time
for careful tree marking and to present practical difficulties of logging
and subsequent slash disposal. The belief also grew that the shade
of the regidual stand would favor the low-value grand fir and hemlock
over pine,

Clear-cutting here assumed a somewhat different form from that on
the Kaniksu forest, the reserved stand consisting of strips about 150
feet wide alternating with clear-cut strips from 300 to 450 feet wide,
Excellent regeneration took place on the Coeur d’Alene strip cuttings,
whereas the Kaniksu seed-block cuttings often failed to restock
satisfactorily, owing in part to the more severe environmental condi-
tions on the level and open valley lands where these cuttings were
maflle, and in part to the relatively wide spaces between sources of
seed.

These two clear-cutting methods had certain faults in common.
First, they proved economically unsound, a matter to which technical
men gave scant consideration in the fir st stages of developing silvi-
cultural practices (9). The logging operator, Torced to distribute his
costs over only about 75 percent of the total volume of merchantable
timber and required to cut any tree that would make a 16-foot log to
a 6-inch top, even in species of low commercial value, often experienced
financial difficulties. Second, no adequate provision was made for
final cutting and regeneration on the uncut strips or blocks, though
these invariably contained mature or overmature timber which it was
silviculturally undesirable to let stand through ancther rotation.
Third, the broadecast slash fires were hard to handle and oceasionally
got away to destroy seed blocks or other green timber.

Regardless of their relative advantages and disadvantages, how-
ever, the clear-cut-and-seed-block and clear-cut-and-seed-strip meth-
ods were not widely employed. On the Coeur d’Alene forest, severe
fires in 1910 caused an interruption of several years in timber-zale
operations. On the Kaniksu forest the first formal timber-marking
rules, drawn up in 1912, prescribed clear cutting as practiced on the

8 CARY AUSTIN A SILVICULTURAL STUDY IN WESTERN WHITE PINE STANDS, HANIESU NATIONAL FOREST.
File memorandum. U, 8. Dept. Agr., Forest Service. 1011,
¥ Far the ground plan for one of the largest of these early Kaniksu cattings, see Graves (16, fig. 23).
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Coeur d’Alene with 25 percent of the stand to be reserved in seed
strips running along the ridge crests and up and down slopes at right
angles to the main drainage features; cutting on this forest during the
next few years was concentrated, however, on so-called agricultural
lands, which after being logged were to be thrown open to settlement.
For these lands the rules preseribed clear eutting with reservation of
only small patches of timber suitable for farm improvements. When
more extensive cutting was resumed, about 1912, new information
relating to the silvical habits of western white pine had been gained
and methods of cutting were soon radically changed.

This information was gained by systematic observation resulting
largely from organized research, which began with the formation of the
Priest River Experiment Station in 1911 and was concentrated on
western white pine. Cut-over areas were gridironed with transect
strips run at regular intervals from mnearby green timber or seed
blocks. Important habitat factors were carefully described and a
record was made of the number, age, and location of the tree seedlings
found, and of the kind of surface (e. g., duff, mineral, or burnt min-
eral) upon which germination had oceurred. On the basis of its 1912 1°
and 1913 investigations, the station made the following important
contributions to silvical knowledge: (1) Long-distance dissemination
of western white pine seed was the exception rather than the rule; (2)
western white pine does not require a mineral seedbed for satisfactory
germination, and consequently broadcast slash burning is not justfied
as a means ol insuring successful regeneration; (3) western white pine
seed probably remains viable for several seasons in the duff under
mature white-pine stands. These contributions had an immediate
and marked effect upon silvicultural practices in the western white
pine region.

The first region-wide timber-marking rules for western white pine,
drawn up in the fall of 1913, were based on the theory advanced by
Hofmann (23) that seed stored in the duff under old-growth forest
stands could be depended upon for adequate regeneration after
cutting. These rules, prepared by W. B. Greeley, rejected the prin-
ciple of leaving large strips or blocks of timber uncut as a seed source
and placed aiuost entire dependence upon seed in the duff and
whatever advance growth IL‘IJFEIE be present (47). Under these rules
each sale area was to be clear-cut except that approximately 10
percent of the stand was to be retained in compaet groups, principally
to provide for reproduction where the surface had been severely
burned in slash disposal and to insure restocking in case the first
reproduction stand were destroyed by later fire. The seed-tree
groups were to be spaced from 200 to 400 feet apart, averaging one
group to each 2 acres. The slash was to be piled before being burned,
in order to save as much advance reproduction as possible and pre-
serve white pine seed stored in the duff. The rules provided also for
girdling unmerchantable species, such as grand fir and hemlock, or
destroying them by piling and burning slash around them.

These rules marked two advances not previously mentioned:
(1) A growing recognition, based on information collected by Rock-
well, Koch, and other forest officers, that western white pine was
fairly wind-firm in most situations and could safely be left either in

" Annnal rt of the Priest River Experimental Forest. Northern Rocky Mountain Forest and Range

re
Expt. Sta. m%’.o [Unpublished.]
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small groups or singly; (2) a square facing of economic requirements
by providing for the prorating of logging costs over a larger per-
centage of the stand and for the disposal of unmerchantable timber.

The 1913 rules, slightly revised, were applied widely on the Coeur
d’Alene and to some extent on the St. Joe and Lolo National Forests.
Excellent regeneration on a number of areas cut overin 1914 and 1915
bears testimony to their generally satisfactory character when applied
on favorable areas and under desirable stand conditions. Forest
officers, however, found them undesirably rigid. White pine did not
always occur in a manner permitting the reservation of well-distributed
seed groups; and retention of a fixed percent of the original stand
volume in seed trees often resulted in keeping more or fewer seed
trees than silvicultural conditions required. Large numbers of
small or unmerchantable trees remaining after cutting on some areas,
particularly where timber-sale officers failed to make full use of the
marking provisions for the girdling or destruction of unmerchantable
species, often obscured the seed-tree groups; some areas cut under
the seed-tree-group system could hardly be distinguished from areas
cut under a rough diameter-selection system (45). Reconsideration
of marking-rule requirements was indicated and after considerable
preliminary field work in 1915 a regional marking board met for this
purpose in May 1916 at Coeur d’Alene.

The 1916 marking board, composed of F. A. Silcox, J. F. Preston,
M. H. Wolff, Elers Koch, F. I. Rockwell, C. K. McHarg, and
J. Kittredge, Jr., assisted by D. R. Brewster of the experiment station,
drew up a set of marking rules (44) specifying the adoption of the
scattered seed-tree system for mature western white pine stands.
The undesirable rigidity of the 1913 rules was avoided by confining
the new rules to general guiding principles, provision being made that
supplemental rules be prepared to meet the specific needs of each
logging chance.

All sound trees of species other than white pine were to be cut to
the lowest merchantable size, stumpage prices being adjusted to
recompense the logger for the differential between production cost
and average selling price of the mixed species. All defective and
unmerchantable trees that would interfere with white pine reproduc-
tion were to be destroyed by slash burning, girdling, or felling.

Larch, Douglas-fir, redcedar, and spruce were classified as generally
desitable associates; and western hemlock and grand fir as undesirable,
because of their dense crowns, prolific seeding, tolerance, and tendency
to be defective.

The adoption of the 1916 rules culminated some 8 years of intensive
effort and investigation on the part of administrative and research
officers in the western white pine type. Brewster,” summarizing
investigative work up to this time for consideration of the marking
board, called attention to material progress along several lines. Con-
siderable information had become available on seed production in
western white pine stands. For example, observational studies had
revealed western white pine as a comparatively light but fairly fre-
quent seeder, producing some cones almost every year with good to
abundant crops at intervals of 3 to 4 years. An investigation of seed
production conduected by Zon (68) in the fall of 1911 had shown that

i BrewsteEr, D. R. sTUDY OF METHODS OF CUTTING IN THE WESTERK WHITE PINE TYFE, Northern
Rocky Mountain Forest and Range Expt. Sta. 1916. [Unpublished.]
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in a moderately good seed year well-stocked, mature western white
pine stands produced 2% to 5 pounds of germinable white pine seed
(75,000 to 150,000 seeds) per acre, and that practically the entire
crop was produced by dominant and codominant trees. Later studies
by Brewster ** brought out a definite variation in western white pine
seed production with size of tree, the size of the seed crop being in
general directly proportionate to that of the tree.

Considerable information had been gathered, between 1912 and
1916, bearing upon the probable source of the seed [rom which re-
production, usually even-aged, had come in on western white pine
areas throughout the region after fires of varying severity and after
cuttings that removed most or all of the merchantable timber. As a
st:,ﬂriain% point, three possible hypotheses of seed source were recog-
nized:

(1) Wind-disseminated seed from green timber standing at or near
the edges of the area. Early transect studies of reproduction originat-
ing from known seed sources on some 30 burns and cuttings had shown
that about 70 percent of the white pine seedlings started within 200
feet of isolated parent trees and about 90 percent within 400 feet.
Although white pine seed is capable of traveling long distances in
exposed, windy situations, it was obvious that restocking by wind
dissemination of seed from distant sources would be slow and un-
certain. Such trees could therefore play only a minor role in restock-
ing more than a few hundred feet beyond the green timber.

(2) Seed produced by living trees left from cutting or fire. Tt was
doubted that the green treesgleft standing after fire were in general
numerous enough or sufficiently well distributed to produce the
abundant seed supply from which had sprung the many dense, even-
aged young stands found, though Brewster reported one such instance
on the Coeur d’Alene Forest and recorded the fact that in some timber
stands subjected to light surface fires in 1910, the tops of a considerable
proportion of the trees remained green for 3 years after the fire.

(3) Seed produced before cutting or fire and stored in the surface
duff and litter until after cutting or burning occurred. Although
Brewster noted that all three sources might play a part in regeneration,
seed in the duff, particularly stored seed carried over from former seed
crops, made a strong appeal to the imagination of the average forest
officer and drew more than its share of attention and study for almost
a decade after the 1916 rules were prepared. Transect studies had
furnished unquestionable evidence that seed in the duff from an
immediately preceding seed crop or from an earlier crop had played a
part in reproduction on cut-over and burned-over areas throughout the
western white pine region. Some areas examined in the course of
these studies on which cutting had left few, if any, white pine trees
capable of bearing seed, but which had not been broadcast burned
following cutting, supported excellent stands of seedlings from 1 to 4
years old. Most of these seedlings had germinated 2 years after
cutting, presumably from stored seed. On partially burned areas it
was found that most of the seedlings present, except those within a
few chains of green timber, had germinated on lightly burned or un-

burned duff. Additional evidence was presented by Larsen, who

1t BREWSTER, . R. WESTERN WHITE PINE SEED PRODUCTION. Northern Rocky Mountain Forest and
Range Expt. 8ta. 1916, [Unpublished.]

1 RESEARCH METHODS IN THE STUDY OF NATURAL REPRODUCTION Northern Rocky Mountain
Forest and Range Expt. Sta. [n. d.] [Unpublished.]
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took up sections of undisturbed duff from beneath mature and over-
mature timber stands near the Priest River station headquarters in
August 1913, and found that the top layer of dufl contained between
900 and 5,0(]0 viable white pine seeds per acre."* How much of this
seed had come from the light seed erop in 1912, and how much from
previous crops, it was impossible to say; but as the dufl samples were
gathered in August, before the 1913 crop could have been released, it
was certain that this seed had already remained viable somewhat
longer than the normal overwinter period. On the basis of these
studies Brewster estimated that the dufl on old-growth western white
pine areas at the time of cutting contained, on the average, 2,900
viable white pine seed per acre.

In addition to the evidence on seed production and seed source,
considerable information had been gathered upon other silvical features
of importance. The indication appeared clear that white pine could
germingate and survive with fairly good success on all the common
ground surfaces, including bare mineral soil, duff, and rotten wood.
Though pine would germinate under heavy shade, it appeared that
50 percent of full sunlight was about the minimum for good growth
and development. On the other hand, if moisture conditions were
favorable, white pine would germinate and develop best in full over-
head light. It had been found also that a surface cover of herbs and
shrubs, unless it was unusually dense or tall or the roots formed a
compact sod, did not seriously interfere with the establishment of
white pine seedlings, and that western white pine, if given an equal
start with other species, would hold its own and form a considerable
portion of the dominant stand at maturity. Perhaps of even more
importance was the fact, gradually recognized, that white pine was
reasonably wind-firm, even though oceasional heaw windfall might
occur. It had been learned that white pine trees were easily killed
by even light surface fires, and consequently could not be relied upon,
as the 1913 rules cont-emplated, for seed production on areas acciden-
tally burned following logging.

Similar information, though much less detailed, had been gathered
for the prinecipal associated species in the western white pine type.

The 1916 marking rules proved generally satisfactory, and with
some mlporta.nt modifications are still employed in natmnal-forest
timber sales in the western white pine type. These rules were some-
what indefinite, however, as to what constituted a good seed tree, and
in some cases reproduction following cutting on areas logged under
them has been relatively poor because undue confidence was placed
in the seeding ability of trees less than 14 inches in diameter at breast
height.® In addition, evidence ' steadily accumulated that stores
of seed in the duff could not be entirely depended upon. As a result,
the conviction grew among timber-sales officers that seed trees played
a larger part in the successful regeneration of white pine than the
current marking rules assumed.”” Accordingly, each subsequent re-
vision of the rules defined seed-tree requirements in greater detail and
on a higher standard. Marking rules in effect in 1937 ® specified

1 Annual report of the Priest River Experimental Forest, Northern Rocky Mt. Forest and Range Expt.
Sta. 1913, [[U'npublizshed.]

11 Digmeter measured 4.5 feet above the ground; abbreviated, d. b, h.

18 BREWSTER, D, R., NATURAL STORAGE OF WESTERN WHITE FINE SEED. Progress report, Northern
Hoecky Mountain Forest and Range Expt. S8ta. 1917. [Unpublished.]

17 Harg, 1. T., STUDY OF CUT-OVER AREASIN THE WESTERN WIlITE PINE TYPE, Northern Rocky Mountain
Forest and Range Expt. Sta. 1925, [Unpublished.]

17, 8, DEPARTMENT OF AGRICULTURE, FOREST BERVICE, TIMBER MANAGEMENT HANUBOOE, REGION
130 pp, 1032, |Mimeographed.]
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that in mature stands two to six thrifty white pine trees, preferably
16 inches or larger in d. b. h., be left per acre, the minimum number
being left only if the trees were 20 inches or more in d. b. h., and had
large crowns. Silvicultural research (41) and the experience of admin-
istrative officers charged with fire protection indicated the desirability
of piling and burning most logging slash on cut-over areas in the west-
ern white pine type, and this practice became and has remained
standard for national-forest timber sales.

Most of the discussion since 1916 regarding silvieultural practice
in the western white pine type and the changes evolved have centered
around the so-called inferior species (31, 50)—the considerable pro-
portion of most merchantable stands that is composed of trees of low
or negative stumpage value. The low values are due to high suscep-
tibility to heart rot of western hemlock, grand fir, and some other
species (24, 64, 66, 67), and to the fact that the selling price of lumber
manuflactured from these species is often insufficient to meet produc-
tion costs even if nothing were paid for the standing timber. Where
trees of such species are not defective, the Forest Service policy has
been to leave them uncut in the hope that at some future time they
can be sold at a profit. For this reason, areas supporting large vol-
umes of sound timber but of unmerchantable species have been
excluded from Forest Service timber-sale boundaries. But leaving
these low-value species on areas that are cut over encourages their
reproduction and tends to decrease the proportion of western white
pine in the reproduction—an undesirable result both silvieulturally
and economically. Western white pine is the most rapid in growth,
and its wood, because of inherently desirable characteristics, brings
a better market price than that of any of the associated species with
the single exception of redcedar for poles. The lumber-price differ-
ential between western white pine and its most valuable saw-timber
associates, western larch, Douglas-fir, and grand fir, is from $12 to
$15 per thousand board feet. In the past, this price differential has
persisted despite fluctuations in the general price level.

Girdling (6) proved to be an effective and economical method of
killing undesirable trees and was extensively employed, particularly
on the Coeur d’Alene National Forest, during 1916 and in ensuing
yvears. Silvieulturally it proved entirely satisfactory on most white
pine sites. Larsen (34, 87) presented evidence, however, that ex-
tensive girdling, resulting in removal of practically all overwood
shade, was silviculturally undesirable on drier sites such as flats and
southerly slopes, and the transect studies reported by Haig '" demon-
strated clearly that reproduction on such sites was often unsatis-
factory. On some other sites, although economical and silviculturally
satisfactory, girdling conflicted directly with protection requirements,
as the trees so killed later constituted a dangerous fire hazard.

A compromise among silvieultural, economie, and fire-protection
aims was made in 1923 by so modifying earlier practices as to mit
the number of trees per acre that could be girdled. In 1924, the
marking rules were revised to specify that cutting operations in
mature stands should leave a 5 to 15 percent crown cover on flats,
and a 15 to 25 percent crown cover on southerly slopes. This re-
quired leaving 7 to 35 medium-sized trees of the desirable associates,
such as western larch, Douglas-fir, western redcedar, and Engelmann
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spruce or making up this number, if necessary, with trees of the less
desirable species. All other unmerchantable or defective trees were
to be felled and the brush piled and burned, except that not more
than 12 per acre of the larger trees might be killed. The silvicultural
wisdom of this revision has been confirmed by a more recent study
(19), which definitely showed the need for shelter during regeneration
on the more severe sites.

Although the 1924 rules proved satisfactory from a silvieultural
standpoint, pressure of economic considerations necessitated some
readjustments. The wisdom of forcing sound mixed species onto the
lumber market when these species would not pay their share of pro-
duction costs and could be logged only if stumpage prices were
reduced, has always been questionable. At the present time every
effort is made to avoid cutting timber stands containing considerable
proportions of sound timber of unmerchantable species. The 1932
marking rules as modified specify that if such stands are cut, timber
of mixed species need not be taken unless it will pay its way.
Although leaving large volumes of mixed species tends to decrease the
proportion of white pine in the reproduection stand, investigations have
shown that white pine will germinate and will develop fairly well in
its early years under a rather heavy residual stand (79)."* Conse-
quently, if the residual stand is removed within 15 to 20 years follow-
ing logging and cultural measures are applied to correct unsatisfactory
composition of the reproduction stand, there is reason to expect satis-
factory white pine reproduction regardless of the large volume origi-
nally left following logging.

Another development of recent years is the restoring to productivit
of areas supporting overmature and decadent stands by cutting aﬁ
merchantable timber, felling and broadeast burning the remaining
stand, and, unless conditions are especially favorable for prompt
regeneration, planting after burning. This practice is later discussed
under clear cutting.

COMPOSITION AND CHARACTER OF FOREST

That many of the silvicultural problems encountered in the western
white pine type are due to the association of a number of tree species
differing considerably in their silvical characteristics and require-
ments, has already been made clear. The type unites western hem-
lock and western redeedar, characteristic species of the Pacific Cloast
forests, with western larch, the Rocky Mountain form of Douglas-fir,
and lodgepole pine, typical of the northern interior forests.

Compositional variations of the type are related to geography
(table 1). Western larch, for example, is less abundant in the central
and southern portions than in the northern portion of the type’s
commercial range, and is entirely lacking in many of the pine stands
of the Clearwater River drainages, where the proportion of pine is
higher. Western hemlock practically disappears in the southern
portion, but abounds in the central and northern portions. Grand fir,
though an important component of most western white pine stands
throughout the region, is less plentiful in the northern than in the

" Hatg, I T, PRELIMINARY NOTES ON REPEODUCIION FOLLOWING LOGGING IN THREE STANDS CONTAIN-

ING HEAVY ADMIXTURE OF SECONDARY SPECIES. File memorandum. Northern Rocky Mountain Forest
and Range BExpt. Bta. 1028, Bee also lontnote 18.
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central and southern portions, where it sometimes forms the dominant
cover over considerable areas. Western redeedar, though found
throughout the commercial range of western white pine, is primarily
confined to river flats, benches, and moist north slopes. Redeedar
is occasionally lacking on sites of all classes over considerable areas;
for example, it does not oceur in commercial quantities in any part
of the North Fork drainage of the Coeur d’Alene River, though
common in nearby drainages. Douglas-fir is a common component
of young to mature stands throughout the region. Ponderosa pine,
although the characteristie species of a timber type occurring widely
both fto the east and to the west of the western white pine region,
seldom is found in significant quantities in this region except along
the borders, on the drier sites such as south slopes. Ponderosa pine
is not commonly associated with western white pine and has little
importance in the silvicultural management of white pine stands.
The small proportions of western hemlock and western redeedar
shown in t.n.ll})lc 1 may make it seem strange that these species are
considered important in the management of the type, the former as a
problem and the latter as the second most valuable species. The
explanation is that these species are abundant on the better-quality
sites where timber cutting has been largely concentrated, although
not widely distributed over the region as a whole.

Tasre 1.—Species composition of timber stands in the wesiern white pine region

Becond-growth stapds ?r[at‘:imf

ol stands o

Species rogion as

Northern| Central | Southern | Average |a whole 2

Percent | Percent | Percenl | Percent | Percent
Westernwhite pine_ . i 45 46 56 4 45
Westernlareh _____________ : 24 10 7 14 8
Douglas-fir . . enie - 11 12 15 13 12
CrandfQr___________ 3 13 12 9 14
Western hemlock . 5 7 1 4 3
Western redeedar. - [id 2 2 3 4
Engelmann spruce.___ ... . L 2 1 2 4
Radeepale pina. e e T T e 3 7 6 5 1
Ponderosa pine__ 1 1 T 1 ]
TR s amis i e R ST 100 100 100 100 100

I Basis, data obtained through comprehensive growth, yield, and stocking studies made in stands from
30 to 120 years old containing 15 percent or more of western white pine by volume, throughout the type’s
en::u E;?fs?%lgl?eus%%urvey check cruises aggregating nearly a billion beard feet, Seribner rule. These check
cruises thoroughly sampled the forests of the westéern white pine region as a whole; they were not confined
to the wesiern white pine type.

Fire, disease, site quality, and various accidents of stand origin
often obscure these geographic trends in forest composition. In
second-growth western white pine stands larch, hemlock, “cedar,”
and grand fir are common associates on flats and northerly aspects,
whereas grand fir and Douglas-fir are common associates on southerly
aspects. Larch and Douglas-fir are found frequently on upper slopes
and ridges. In addition to areas classed as of the western white pine
type, there are extensive areas that, beeause of various vicissitudes of
stand origin and development, now contain practically no white pine
but are capable of producing stands with a good proportion of
white pine.

In density and luxuriance of tree and plant growth, western white pine
stands often resemble the forests of the Pacific Coast (pl.1) and are
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definitely unlike the thinner and more open-canopied ponderosa pine,
lodgepole pine, and larch-fir forests of the Northern Rocky Mountains.
Basal areas ® of from 250 to 300 square feet per acre in well-stocked
second-growth stands are common. Timber stands often reproduce
with exceeding abundance; seedlings are numbered usually in thou-
sands and oceasionally in hundreds of thousands per acre. Stands
50 years of age often contain 3 to 6 thousand trees 1 inch or more in
d. b. h. per acre. In volume, western white pine stands rank well
among the better conifer timber stands of the country. Gross
volumes (all species) of 40 to 60 thousand board feet Scribner rule
(6,500 to 9,800 cubic feet) per acre are found over considerable areas
of old-growth forest. (Usually, however, such volumes are less than
50 percent white pine.) One of the first impressions received by a
visitor to the white pine region is the abundance of wood, in trees
both live and dead, standing and down. The combination of dense
timber stands, steep slopes, and thick underbrush in forest openings
often justifies the local term “Idaho jungles.”

A factor contributing largely to the density of western white pine
stands is the intermixture of species varying markedly in tolerance.
The principal species of the type range approximately as follows in
this respect, from least to most tolerant:

{Ponderosa. pine.

Western larch.
Lodgepole pine.

Intolerantc e o acioneara o e

Moderately tolerant_ . ____ ... ____ { %‘;g%s’g'?ﬁm pine
Engelmann spruce,

Alpine fir.
Tolerant____ . Grand fir.

Western hemlock,

Western redcedar.
Western white pine is almost exaetly at the midpoint of the series in
folerance. Stands are often two-storied, with white pine, larch,
Douglas-fir, and grand fir in the overwood and the more shade-
enduring hemlock and redcedar occurring chiefly as an understory.

Western white pine stands tend to be even-aged. This tendency

is especially strong for stands less than 120 years of age and for the
less tolerant species, particularly larch, lodgepole pine, Douglas-fir,
and white pine. These species ususally reproduce rather promptly or
not at all following fire, epidemic disease, or other major forest
disturbance. In most stamﬁs less than 120 years of age, a span of
20 vears includes 75 percent or more of the frees of these species.
Grand fir, hemlock, and redcedar, however, germinate and survive
for an indefinite period under relatively heavy shade, and these species
often reproduce over an extended period of years. Reproduction
stands originating after partial opening of the stand such as is caused
by wind, endemic disease, insect attack, or light burns consist prin-
cipally of these more tolerant species. As a result of these tendencies
the overstory of second-growth western white pine stands is usually
very nearly even-aged, though sometimes consisting of two or three
fairly well-defined age classes. Usually an understory is present,
made up of the most tolerant species, including a much wider range
of ages than the overstory. A true all-aged condition, such as is often
found in ponderosa pine stands, is rare.

20 Basal area is the cross-sectional area of the tree stem at a height of 414 feet above ground.
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Subordinate vegetation is scanty under the denser stands. Char-
acteristic species are the shade-enduring wildginger (Asarum
caudatum), queencup (Clintonia uniflora), western goldthread (Coptis
oceidentalis), bunchberry (Cornus canadensis), twinflower (Linnaea
americana), clubmoss (Lycopodium spp.), myrtle boxleaf (Pachystima
myrsinites), pyrola (Pyrola spp.), false Solomonseal (Vagnera spp.),
and violet (I%/iota orbiculata). In openings and along streams the
species greatly inerease in abundance, with such shrubby genera as
Acer, Alnus, Ceanothus, Cornus, Lonicera, Ribes, Rubus, Saliz, and
Vaeeinium most in evidence. Following logging or especially fire, a
profusion of these shrubby species ordinarily develops. Permanent
or semipermanent encroachment of these species on denuded timber-
lands is in some places a serious problem., There are at least a
million acres of once very productive timberlands on or near the St.
Joe and Clearwater National Forests—principally along the western
gide—upon which a dense brush cover has become established fol-
lowing severe logging or fire. Over much of this land, natural
regeneration of timber species is not satisfactory and artificial
reforestation would be difficult and expensive.

ForesT SuccEssioN

An asccount of forest succession in natural stands will help to
illuminate the silvieal relation and interaction of the several species
composing the western white pine type. A knowledge of successional
trends is extremely helpful in obtaining satisfactory natural regenera-
tion, since management methods to a large degree only modify and
adapt to human needs Nature’s erude, often slow, frequently wasteful,
but usually elfective methods.

Following fire, which is by far the most potent factor in destruction
of western white pine stands, abundant natural reproduction con-
taining varying proportions of white pine and associated species
usually becomes established (pl. 2, A). The composition is con-
trolled by the interaction of site quality, aspect, season, seed source,
and like factors, If the burn is very severe, or if it follows closely
upon a previous burn, western larch and lodgepole pine are often the
first species to become established, and sometimes the only ones for a
number of years. Both these species are hardy and make exception-
ally rapid and vigorous early growth. Waestern larch gets its prompt
start from seed scattered by veteran trees, which, because of their
exceptionally thick bark, survive fairly severe forest fires; lodgepole
pine, from the abundant seed supply stored in cones on the parent
trees and released when the fire, after killing the trees, opens the cones.
Lodgepole pine frequently acts as a pioneer species in reforesting
areas that have been badly burned. The Jack Pine Flats near
Coolin, Idaho, on the Kaniksu National Forest, furnishes an excellent
example (pl. 2, B); even a casual inspection shows that the dense
stand of I%dgepole that followed a very severe fire about 1850 is
gradually being replaced by white pine, western larch, Douglas-fir,
grand fir, and Engelmann spruce, which in all probability occupied the
area before the fire. On the great 1910 burn in northern Idaho,
extensive areas originally supporting typical white pine forests are
now covered with the lodgepole pine type, but the more characteristic
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species of the white pine type are already in evidence and, particularly
on the better sites, are gradually supplanting the lodgepole pine.

Western white pine, also, has the capacity to reproduce itself
vigorously and, given an adequate seed source, will readily establish
itself on open burns. In fact, many of the best western white pine
stands originated following severe burns on which through some
circumstance an abundant seed supply was available. Reproduction
following a single burn is usually adequate and the proportion of
white pine satisfactorily high. Abundant reproduction of very
desirable composition is a common sight on burns filled with fire-
killed trees. Unfortunately, however, such areas are sometimes
burned over a second or even a third time. After multiple burns
regeneration sometimes fails over a long period of years, and is usually
scanty and frequently of undesirable composition. Double or triple
burns usually leave no living tree for seed source. Serious site
retrogression may result.

On the more protected sites, particularly where the parent stand has
been only partially destroyed, reproduction of the tolerant species
is more abundant and larch and lodgepoele pine reproduction is
sparze or completely lacking.

Farly development of the established reproduction stand is char-
acterized by rapid growth and dominance of the less tolerant species.
Western lareh, if present, rapidly outstrips white pine, making about
one and one-half times as much height growth as the pine in the first
30 years. Later the white pine gradually gains on the larch, at about
90 vears yields only a 10- to 15-percent advantage, and when fully
mature approximately equals larch in height. Lodgepole pine, alse,
outstrips white pine in early height growth, but holds this advantage
for only about 50 years. Grand fir growth equals that of white pine.
The fact that a large number of suppressed grand firs remain in the
stand for many years after similarly suppressed white pines have
succumbed often gives the erroneousg impression that the white pine
has outgrown the grand fir. Douglas-fir lags slightly behind white
pine in height growth but is somewhat more aggressive during the
early life of the stand, usually making more rapid diameter growth
and developing larger and denser crowns.

The more tolerant species, hemlock and redcedar, and to a lesser
extent spruce, usually lag in rate of growth and form an understory,
but often continue to reproduce for a number of years after the dom-
inant stand has become established. Redeedar makes the slowest
early growth, and never achieves dominance in a young stand. Hem-
lock, while most frequently an understory species in young stands,
may form on moist north slopes or under the shade of a residual over-
story an important constituent of the dominant reproduction stand,
equalling or exceeding the growth rate of white pine. Quite com-
monly, part of the hemlock is in the dominant stand and the re-
mainder forms a distinet understory. In many stands grand fir,
also, performs this dual role of overstory and understory species.

As the stand approaches maturity (pl. 3, A4) its character slowly
changes. The early advantage of larch and lodgepole pine in height
growth becomes less conspicuous. Lodgepole pine after 50 years
loses ground and is seldom an important component of the stand after
100 years. Douglas-fir, also, usually present but seldom abundant,
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F173284—350808

NATURAL REPRODUCTION IN THE WESTERN WHITE PINE TYPE.

A, Vigorous 35-year-old stand, principally western white pine with admixture of grand fir and Douglas-fir;
B, western white pine, Douglas-fir, western lareh, grand fir, and Engelmann spruce developing under a
f0-year-old stand of lodgepole pine and a few western larch veterans.
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fails to keep up sufficiently rapid height growth to maintain its posi-
tion in the dominant canopy and is not sufficiently tolerant to thrive
in an intermediate position. Its susceptibility to attack by fungi,
particularly the root rot fungus (Armillaria mellea), removes indi-
viduals from the stand at a comparatively early age—according to
consistent records from permanent sample plots on the better white
pine sites this weeding-out process may begin as early as 40 years.
As the stand approaches maturity, decay becomes fairly prevalent in
hemlock and grand fir, but this is of economic rather than silvicultural
importance, as it affeets but little the vigor and growth of individual
trees.

The tolerant species become increasingly conspicuous as the stand
advances in age. Openings resulting from light fires, blowdowns, or
insect and disease attacks are largely filled by the more tolerant
gpecies, prineipally grand fir, hemlock, and redeedar, either through
devv]opmt,nt of reproduction already present but hitherto buppr(,sged
or through subsequent seeding. The more intolerant species, includ-
ing white pine, can neither persist in the form of an understory nor
start from seed under dense shade.

Maturity of western white pine stands is reached between 140 and
200 years, when white pine and its associates in the dominant stand
attain maximum volume (pl. 3, B). The stand then enters into a
long period of maturity marked by the gradual decline of the less
tolerant species and the slow ascendency of the more tolerant. Doug-
las-fir drops oul soon after the stand reaches maturity. Most of
the white pine then gradually drops out, accompanied or followed by
the larch. Formerly suppressed hemlock, grand fir, and redcedar fill
some of the openings, and eventually new reproduetion, mostly
though not entirely of these very tolerant speecies, fills other gaps in
the stand. There finally results, on the average site, an irregular
and uneven-aged forest mainly composed of grand fir, western hem-
lock, and western redcedar, which is believed to be the elimax forest
type of the region (pl 4, A} In the northern part of the type’s
commercial range the climax forests are typically redeedar and hem-
lock, with little grand fir. In the Clearwater country, to the south,
the climax forests are mainly redcedar and grand fir, with little hem-
lock. Among these species, redcedar is kin attaining at times an
age of more than 600 yecars and a diameter o% 10 feet (39)

As the climax type is approached, the less tolerant species do
not drop out either regularly or completely, but irregularly and
slowly, remaining in the stand as scattered trees for a very long time
(pl. 4, B). TFire, disease, insects, wind, and snow all play a part in
the slow march toward the chma\ operatmg in an irregular and
haphazard manner that often obscures the successional trend. At
almost any stage, partial or complete destruction of the forest may
canse a partial or complete repetition of successional development.
In fact, few stands ever reach the climax stage; the western white
pine type is essentially a transition type of scarcely subclimax stability,

erpetuated largely by fire. Most of the few truly climax stands that
F ave been found are limited in area and confined to moist, protected
sites.

The life histories of several old stands, as unraveled by Marshall
(46), showed a very irregular and intricate pattern of age classes.

286646°—41——2
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Table 2 brings out the complex nature of one such stand. Evidences
of fairly distinet 1-, 17-, 90-, 130-, 220-, 280-, 340-, and 400-year age
classes were found in this stand, with fire scars corresponding to the
dates of origin of all but the two oldest. The ability of the tolerant
redcedar and hemlock to reproduce following minor disturbances in
the stand is evidenced by the fact that these species are represented
in 12 and 11, respectively, of the 18 age classes included in table 2,
while the less tolerant white pine, spruce, and alpine fir are found in
only 4, 3, and 5 of the age classes, respectively. HEven in comparative-
ly young stands, evidence can often be found of one or more visitations
of fire. For example, in a 19-acre mixed white pine stand near
Orofino, Idaho, of which the youngest tree was 90 years of age and the
oldest (other than one 345-year-old veteran) 195 years, Rapraeger
(58) found unmistakable evidence of 5 separate fires occurring within
a span of 70 years.

TavLe 2.—Age distribution of trees of different species 6 inches d. b. h. and lorger
in a river-hotlom western white pine stand on Granite Creek, Kaniksu National
Forest 1
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1 After Marshall (48)
CLIMATIC FACTORS AFFECTING REGENERATION

The western white pine region, despite the great variation in forest
composition found within it, 1s fairly well defined in terms of important
climatic conditions, These include a short summer season of scanty
precipitation and low humidities with a high percentage of clear,
hot, sunny days, and long winters with heavy snowfall and fairly low
termperatures. Wind velocities are uniformly low, especially during
the growth period. The growing season is roughly the 4-month period
from May to August. Phenological observations have shown that
growth in the region is largely independent of the length of the frost-
less season. Observations made on reproduction and immature stands
from 1928 to 1934, inclusive, at selected points throughout the region
indicate that annual diameter growth begins between the middle of
April and the middle of May and ends between the middle of August
and the first week in September. Height growth, beginning at some
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stations somewhat later, usually ends from three weeks to a month
earlier, ending for western white pine by about August 15. Prelim-
inary data indicate that in mature stands growth begins somewhat
later and terminates at about the same time.

As would be expected, weather records for this sparsely settled,
rough, mountainous region are fragmentary, and are mostly from
stations located at the region’s lower altitudinal limits or at its
boundaries. However, a considerable quantity of applicable data
are available, principally from year-long weather stations operated
by the Forest Service in cooperation with the Weather Bureau and
a few short-time weather stations maintained by the Forest Service.?
Figure 4 locates these weather stations. A considerable number of
them are just outside the borders of the western white pine region, so
that the records permit a contrast of conditions within and without
the region. Although in many cases records are fragmentary, they
furnish considerable information on precipitation and temperature,
two most important factors.

PrECIPITATION

Mean annual precipitation in the western white pine region ranges
from 28 to nearly 50 inches. It increases markedly with elevation,
as might be expected, some of the higher mountain stations showing
precipitation means several inches in excess of those shown by nearby
valley stations over similar periods. It varies consistently (fig. 5)
with geographic location within the region, ranging approximately
from 28 to 29 inches in the northern portion to 32 to 49 inches in the
Wallace sector and in the southern portion.

A great deal of this precipitation comes in the form of snow. At
13 stations (table 3) within the region’s exterior boundaries, snowfall

TaBLE 3.—Mean annual snowfall at 13 weather stations in the western white pine
region in 1912-83, inclusive
Average | Length Average | Length
Weather station annual of Weather station annual of
snowfall | record snowfall | record
Tnches Years Inches Years
Priest River experimental forest._ 86. 6 22 244. 4
Bandpoint.. ... . ... ... 5.2 22 73.1 17
Heron 98.9 12 gL - 63,3 19
Trout Creek.___.__ 100. 2 7 || Musselshell-Pierce____ ... ___ .. 153.2 7
B 107, g 23 Pete King ranger station_ _____ 48.0 5
&8,
95,0 17 Average _________ 1028 |oooee
131.6 3

averaged 102.8 inches annually during the period 1912-33, ranging
from 48 inches at Pete King, situated at the southern extreme of the
region, to 244.4 inches at Rolana, situated at the upper altitudinal
extreme. At most of these stations snow lasts until about the end
of April, and first snow comes about the end of October.

A1 Within and near the western white pine region the Forest Service regularly operates during the summer
months more than 90 forest weather stations, prineipally to measure fire weather and forest inflammability

(14). Few of these stations, however, have been operated for a sufficient number of years or during a long
enough period of the year Lo provide records that could be used in this discussion.
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Approximately 35 percent of the region’s total annual precipitation
falls in the winter months and 50 percent, almost equally divided,
in spring and fall (table 4). In summer, about half the remaining 15
percent falls in June, and the months of July and August are very
dry. Precipitation in this region is classified as a sub-Pacific type
(29), being distinguished from the Pacific type, which it most closely
resembles, by the fact that a proportionately smaller part of the total
annual precipitation takes place in the winter and proportionately
larger parts in the spring and fall. The sub-Pacific type is regarded
by climatologists as a transition stage between the true Pacific type,
with the precipitation peak in the winter, and the eastern foothills
and plains, or Missour1 types (62), with precipitation peaks in the
spring and summer, respectively. The generally consistent character
of the precipitation distribution in the western white pine region is
shown in figure 6.

Tasrm 4. —~Seasonal distribution of precipitation in the northweslern United States

Total mean annusl precipitation

Station or region Precipitation type !
Winter Spring | Bummer | Fall

Percent | Percent | Percent | Dercent
Seattle, Wash_..________________________ Pacifle._______________ 42 a0 8 a0
Western w hite pine region (11 stations) _| Sub-Pacifie.____ 2 35 24 14 a7
Helena, Mont______________________.__._| Easlorn foothill 15 ] 30 22

Miles City. Mnnt-.___f_________________l Plains._.__.___________ i1 32 40 17

t As defined by Ward (62) and Kincer (29).

The quantity and distribution of precipitation, particularly during
the growing season, is important in natural regeneration in several
ways. Owing to the heavy winter precipitation and the fact that
sub-soils in the western white pine region are usually moist, mature
trees are frequently independent of growing-season precipitation.
Young seedlings, however, particularly during the eritical 2 to 3
years immediately following germination, are largely dependent upon
current rainfall. Unless favorable moisture conditions prevail during
the early portion of the growing season, seedlings frequently fail to
root deeply enough to obtain sufficient moisture later in the season
for survival. Table 5 shows the mean monthly and total growing-
season precipitation at 13 stations scattered throughout the western
white pine region. Figure 7 shows geographically the mean growing-
season precipitation at these stations and at a number of stations
outside the region. Precipitation for the growing season ranges from
5.1 to 7.1 inches and occurs mostly in gflay and June, ranging in
these months from 3.6 to 5.3 inches, whereas July and August receive
only 1.2 to 2.1 inches.

Growing-season precipitation is very irregular in quantity. For
example, at the Priest River Experimental Forest weather station
seasonal totals have varied from a high of 10.1 inches in 1912 to a
low of 2.1 inches in 1922; at Avery, from 13.7 inches in 1915 to 2.6
inchesin 1931. HExtended periods of extreme drought occur frequently.
Records of summer drought periods from 1912 to 1931 at the Priest
River Experimental Forest (table 6), an area typical of the western
white pine habitat, give the number of days without measurable
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precipitation (i. e., with less than 0.01 inch) during June, July, and
August as ranging from 53 to 80 out of a possible 92.  Similar records
for the 183-day period of April through September at the same station
give an average of 130 days without measurable precipitation. Yearly
maximum periods of unbroken drought ranged from 9 to 43 days.

Tapun 5.—Mean monthly precipitation during the growing season al 18 weather
stations in the western white pine region in 1912-33, inclusive

Mean precipitation .
Length rowing
Weather station of regord season
May June July August

Years Inches Tnches Inches Inches Fiches
Priest River experimental fovest_ ... 22 2.0 1.8 0.8 L1 5.7
Sandpoint. ____________ 22 L9 L7 Eil 11 5.4
Heron. ... 21 2.1 1.9 10 L1 6.1
Trout Creek 20 20 L8 .8 .8 5.4
Haogan. . 22 L8 1.8 o1 .8 5.1
Prichard. 15 2.6 L9 ) .9 6.1
Wallace 21 27 2.3 9 1.2 7.1
Mullan__ 1 8 2.9 2.3 .6 o 6.5
Roland 8 27 21 i L0 6.5
Avery___. il 19 2.3 2.0 .9 10 6.2
Kellogg. .. _oeono. . 22 2.4 2.0 L0 L1 6.5
Musselshell-Pierce_____ ¥ 13 3.1 22 1.0 P 7.0
Pete King rangerstation.____ .. 11 2.8 2.6 4 .8 6.5
Lo o T PP s 17 2.4 2.0 .8 10 6.2

TasLy 6.—Number of days in June, July, and August without measurable pre-
cipitation ! ai the Priest River Experimental Forest ?

|
Days | Longest period of unhroken Days | Longest period of unbroken
without drought without dronght
measur- -
Year | ahle pre- Year able pre-
cipita- Begin- | Ending | Dura- cipita- Begin- | Ending | Dura-
tion ning date| date tion tion ning date | date tion
Number Duays Number Days
53 | June 16 | June 26 11 64 | July 18 | July 31 14
61 | Ang. 18| Aug. 28 11 69 | July 23 | Ang. 3 22
71| July 15 | Aug. 5 22 78 | July 23 | Aug. 13 21
58 | Aog. 8 | Aug. 16 ] 75 | July 14 | Aug, 15 43
64 | July 23 | Aueg. 7 14 65 | July 6 | July 24 19
77| July L | Joly 29 29 66 | Aug. 3 | Aug. 23 a1
65 | Jume 1 | June 16 16 73 | July 8 | July 41 24
77 | June 28 | July 23 26 77| July 11 | Ang. 8 29
75 | July 14 | Aug. 8 26 80 | July 31 | Aug, 31 32
80 | July 3| Aug. 14 43
80 | July 11| Aug. @ a0 Average. 7004 || 22.2

11, e., with less than 0.01 inch.

t Data from Jemison, G. M., CLIMATOLOGICAL SUMMARY FOR [THE PRIEST RIVER FOREST EXPERIMENT
sm'r}zlog ]1912—31. table 17, Northern Rocky Mountain Forest and Range Expt. Sta. (n, d.) [Mimeo-
graphed,

Hazardous conditions for the survival of young seedlings, particu-
larly in dry seasons, are intensified during the summer by a high per-
centage of clear, sunny days with low humidities and high evaporation
rates. Records taken at the Priest River Experimental Forest indi-
cate an average of about 20 clear days each in July and August, and
Kincer (30) points out that during the summer months this general
region receives 60 to 80 percent of possible sunshine—a proportion
exceeded nowhere in the lgnited States except in the desert and semi-
desert portions of Oregon, Nevada, Arizona, and interior California.
Not only does clear weather aid in reducing soil moisture, but on ex-
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posed sites where moisture content of the topsoil is low it produces
very high surface-soil temperatures, which severely injure or kill young
plants by causing lesions at the ground line. Coupled with low sum-
mer humidities (averaging 37.1 percent in July and 41.9 percent in
August and frequently dropping below 15 percent at the Priest River
Experimental Forest), the many clear days also induce evaporation
rates so high that transpiration becomes a heavy tax on the young
seedlings. Fortunately, as has been remarked, these severe condi-
tions are to some extent balanced by the low wind velocities (averaging
less than 2 miles per hour 8 feet above the ground during July and
August at the Priest River Forest), heavy winter precipitation, long
retention of snow cover at many points, and moderate precipitation
during May and June.
TEMPERATURE

The western white pine region occurs in what Merriam (48) has
defined as the Canadian temperature zome. Average annual tem-
perature means (fig. 8) range from 41.7° F. at Roland, in the central
part of the region at an elevation of 4,150 feet to 50° F., at Pete King,
on the southern border at an elevation of 1,550 feet. Temperature
increases toward the south and as elevation decreases. Growing-
season temperatures for 11 weather stations in the western white
pine region are summarized in table 7. The rise in monthly mean
temperature is abrupt from May and June, culminating in July, the
warmest month of the year. Mean growing-season temperatures for
the stations listed range from 56.8° F. at Roland to 65.9° F. at Pete
King.

TarLe 7.—Monthly mean lemperatures for the growing season at 11 weather stations
in the wesiern white pine region in 1912-33, inclusive

Monthly mean temperature
Weather station - O%fﬁéﬂfd

May Juna July August | Average

& F, °F. °F. R F, m, Years
Priest River experimental forest. .......... 0.7 67.9 63.8 62.6 58.8 22
Sandpoint. oo - 52.7 59.3 65,2 63.9 60, 3 22
Heron__.__________.___.. 519 58.4 084.6 63.4 59,6 21
otk o s et e 50.9 87.7 63. 6 61.9 58.5 15
Haugan____ . 50.0 57.4 62.5 610 57.7 22
Wallace. 52. 6 50.9 6. & 4. 6 61.2 21
Mullan_ . 50.0 67.4 63.9 63.9 58.8 fi
Roland. . 47.4 5a. 1 62.5 62.0 56. 8 4
Avery__. u 53.0 60,0 66, 9 65, 5 61.4 ]
Kellogg ... . e e S e 3.5 0.7 67.3 5. 8 618 23
Tete King ranger station 57.2 63.9 7.7 70.9 66,9 ]

Although seasonal or annual temperatures at any particular weather
station are relatively stable from year to year, temperature differences
between even nearby stations are often large as a result of elevational
and other topographic differences, particularly those affecting air
drainage. As with most mountain climates, seasonal and daily
fluctuations are marked (30). For eight selected stations in the white

ine region, average daily range of temperatures in January varies
rom 12° to 19° F. and from 34° to 42° F, in July and August. The
monthly averages of daily maxima for these stations reach peaks of
82° to 87° F. in July, and those of the minima reach lows of 12° to
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22°, usually in Janu the total annual range amounting to 62°

to 71°. Rather wide deviations above and below the average range

are fairly common. Table 8 summarizes the average yearly absolute

maximum and minimum temperatures recor ded at 12 western white

pine stations for 1912-33. Subzero temperatures are the rule in the
winter, and maxima around 100° F, in the summer.

TarrLe 8.— Yearly mean absolute maximum and minimum temperatures ai 12 weather
stations in the western white pine region in 1912-33, inclusive

. : : Length of
‘Weather station Maximum | Minimum Teid.§
*F. °F, Years
Priest River exper]mental foregbe: oo e e o 97.3 —18.8 22
Sandpoint. - g ot 4 A e 97. 4 —14.0 22
{10 I St a7 P S L S L L e . 100, 6 —15.0 149-20
Trout Creek. e TS 100.9 — 4 14
Hangan ____________________ . 98,2 =27.9 a
Wallace..... = 90, § -7.8 21
Muollap. 98.0 —14.3 [
Roland 63.0 —14.4 7
AVery. ... 102 5 —~7.8 1620
Kellogg. ... 1019 —11.5 22
Musselshell-P 94, 8 —~27.0 -3
Pete King ranger station_ 107.0 —3.0 10-9

1 Where 2 figures are given first figure Is for maxima, second for minima,

These wide fluctuations have a very important effect on natural
regeneration. In combination with low to moderate mean tempera-
tures, they indicate frequent frosts, which are an active cause of
seodlmg mortality. The frostless season is very short (table 9),
ranging commonly from about 60 te 160 days, and owing to the

Tasre 9.—Average length of frostless season at 13 weather stations in the western
white pine region in 1912-33, inclusive

Frost- | Length Frost- JLengl;h

Weather station less of Weather station less of
Seasen recard S r eard

Days Years

Priest River cxp: rimental forest. 62 20 | Mullan 8
Bandpoint_ iz SRR 116 21 | Roland__ ]

eromn. - (4 22 | Avery__ Z 17
Trout Cree. 5‘) 20 | Eellog. _ 21
Hougan____ 1 22 | Musselshell-Pierce % S 71 | 1
Prichard. 105 | 3 | Pete King ranger station_______ 159 10
Wallace_ .- 140 10

I Reecord often reads mersly *“Frost every month.”

erratic character of the deviations below the normal minima it is very
irregular from year to year. Frosts may occur in any month. The
occurrence of elow—frcezmg temperatures is increased by the fre-
quency of temperature inversions, i. e., the occurrence of lower tem-
peratures at low elevations than at lngh owing to the drainage of cold
air to the lower elevations, a phenomenon recorded in the western
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white pine region by Larsen (36) and Gisborne.” Minimum tempera-
tures at a given low elevation may be as much as 10° F. lower than at
nearby high elevations. Cold-air pockets created in this way are
often marked ecologically by the occurrence of subalpine species such
as alpine fir and Engelmann spruce along stream bottoms and flats.
In such locations frost may prove an active agent in seedling damage
and mortality. .
Although heavy frost damage to native tree species is usually
limited to young seedlings, sudden drops in temperature oceasionally
cause appreciable widespread damage even to mature trees. On
December 15, 1924, for example, a drop in temperature from 45° to
—12° F. in 20 hours resulted in extensive killing or browning of needles
over a large forested area in Washington, Idaho, Montana, and
British Columbia. Again in 1935 a drop in the daily temperature
minimum from 23° on October 27 to —12° on Oetober 31, as observed
at the Savenac Nursery at Haugan, Mont., resulted in widespread
killing of foliage. Western white pine was especially hard hit; in
some 20-year-old white pine plantations near the Savenac Nursery
nearly every tree turned brown. Practically all of these trees sub-
sequently recovered, the actual mortality being less than 5 percent.

Crmatic CONTROLS ON RANGE

The geographic boundaries of the western white pine region are
fairly well defined in terms of climatic factors. According to Larsen
(40), extension of the type is limited at the lower elevations by deficient
moisture and at the upper elevations by unfavorable temperatures.
The precipitation values given in figures 5 and 7, however, show elearly
that the southern boundary of the type, which does not coinecide with
any definite change in elevation, is not fixed by insufficient precipita-
tion alone. Some stations south of the boundary receive as much
precipitation as stations at similar elevations within it.® The stations
to the south, however, have higher temperatures. Numerous investi-
gators have pointed out that the effectiveness of precipitation depends
to a material extent on the balance between precipitation and evapora-
tion, usually expressed as the P/E ratio.

Lack of evaporation records prevents direct computation of this
value here, but Thornthwaite (58) has recently suggested a method
permitting the substitution of temperature for evaporation data.
Effectiveness indices for both annual and growing-season precipitation
means have been computed in this way for a number of stations within
and near the borders of the western white pine region, and are presented
in figures 9 and 10. These values show that owing to higher tempera-
tures to the south, higher precipitation there is less effective than
precipitation occurring within the type’s range. The precipitation-
effectiveness index for climatic conditions favorable to the develop-
ment of western white pine stands appears to be about 110 for the
year or 11.5 for the growing season.

2 (JEporNE, H, T., PAIRED MINIMUM TEMPERATURES AS INDICES OF FAIR OR FOUL WEATHER, North-

Rocky Mountain Forest and Range Expt. Sta. Appl. Forestry Nofe 65, 1934, [Mimeographed.]
% Leiberg (42) cites evidence indicating a former wider distribution of western white pine to the south,
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SUSCEPTIBILITY TO INJURY

Fire, digease, and insects are the major agencies causing injury or
destruction of western white pine stands. Wind, snow, animals, and
oceasionally drought and sudden drops in temperature are relatively
minor causes. Silvicultural consequence of injuries has been already
touched upon in connection with the successional development of
natural stands and climate; the purpose here is to deseribe the more
important agencies.

Tire DaMacE

Fire is the most characteristie, active, and omnipresent cause of
injury to western white pine stands and has left its mark on practi-
cally every acre of forest land in the region. The type's suscepiibility
to fire is notorious. Fire also makes an important contribution to
the incidence and spread of disease and insect attacks. It colors
every phase of management praetice; regeneration methods, stand
improvement, and slash-disposal methods must often be modified to
avoid undue conflict with fire-control requirements.

The influence of fire on forest succession and the fact that it is
largely responsible for perpetuating the type have alreadv been
brought out. Successful application of most methods of cutting
intended to obtain natural reproduction necessitates extensive use of
fire to dispose of slash and other debris. Five also has important
physical and chemical effects on the soil—at present imperfect]
understood—that affect natural regeneration. Discussion here Wiﬁ
be limited to a few of the outstanding characteristics of fire in the
region, and the relative fire resistance of the different species asso-
ciated in the type.

Fires are unusually destructive in the western white pine type;
often they kill all trees over extensive areas—particularly in cut-over
and partially burned stands where the opening up of the forest canopy
has permitted thorough drying of a large volume of fuels. Once
started in such a stand, fire often gets beyond control, causes 100-
percent loss, and spreads with disastrous results to adjoining uncut
timber that might otherwise have been protected successfully, Exten-
give logging in the type has intensified both the hazard and the de-
structiveness of fire. In unecut stands the damage varies in severity,
according to such conditions as fuel moisture, volume of fuel, humidity,
wind, season of year, and time of day. Fire easily kills reproduction
and pole stands of any species.

Many fires, as brought out later in the discussion of forest succes-
sion, resull in only a partial killing of the stand. These burns have
several important results, all economically and silviculturally un-
desirable. Too often a light fire, by increasing the volume of forest
fuels, paves the way for a more destruetive fire; spread of insects and
disease in the stand also is encouraged by the large quantities of
favorable host material provided by fire-injured trees. TFurthermore,
partial burns encourage reproduction of the more tolerant, less
valuable species. Thus fire, while largely responsible for the per-
petuation of the western white pine type and often a beneficial agent
in the initial establishment of white pine stands, is an entirely un-
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Tapre 10.—Relative fire resistance of individual species in the western white pine
type,! in terms of characteristics affecting fire resistance

- Bark thickness | Resin in old . .
Species of o‘fd trees bark Root habit Branching habit
Western larch__________._| Very thick..__| Very little_ .__| Deep. . High and very open,
Ponderosapine__________| ____ do___..___| Abundant____|_____ do._____ Moderately high and open.
Donglas-fir________ ... Moderate ... SR 1, Moderately low and dense.
Grand fir____ 14371 1r) | A Very little____| Shallow_____ Low and dense.
Lodgepole pine_____ Very thin Abundant. .| Deep........| Moderately high and open;
Western white pine edinm______| ____ do__ . ____ | Medium____| High and dense.
Western redeedar___ Thin.... -| Very little____| Shallow_.___| Moderately low and dense.
Tngelmann spriee. .| ____ do___ Moderate_____|_____ dpz- -t Low and dense.
Western hemloek Medinm......| Very little____|_____ " 0.
Alpingfir____......_.__..| Very thin.____| Moderate_____ _| Very low and dense,
Relative in- .
TN Relative fire
<3 N
Species Btand habit ﬁaglr'gﬁ;)g;t} Lichen growth resistenca
Western larch_____ 517, S —— Low. Medium-heavy_____| Most resistant.
Ponderosa pine. ... S e Mediom______ Medium to light_ - __| Very resistant.
Douglas-fir_ ______________| Moderate to dense...| High weee.| Heavy to medium. __ a.
Grand fir.______ camemmea| D S | | He ceeeeeo..| Medium,
Lodgepole pine i Do,
Western white pine ... Denge_ | ___do________ Heavy. Do.
Western redeedar - _______| ___. T3 v e ot Mgt e do. _ Do.
Engelmann sproes. ... ...f.oo. Ao e Medinm_____ | do. Low.
Western hemloek . ____ 1 [ ) 5§ B P E SR do Do.
Alpinefir.________ Moderatetodense | ____do________ Medium to heavy. i Very low.

I After Flint (12).

desirable factor in the silvicultural management of stands once
established.

Fundamentally, the prevalence of fire in the western white pine
type is due to the combination of a summer season characterized by
scanty rainfall, many hot, sunny days, frequent low humidities, and
occasional hard winds, and a dense forest furnishing a plentiful fuel
supply. Contributing eauses include dry lightning, fire-detection diffi-
cu;{)tles, a sometimes inadequate fire-control organization, and the diffi-
culty of quickly transporting sufficient men and supplies to many of
the more remote parts of the region. Lightning, in addition to start-
ing approximately 70 percent of all fires in the region, causes dangerous
peak loads in fire control. In 1926, for example, lightning started
109 fires on July 12, and 37 more on July 13, on an area of about 700,000
acres on the Kaniksu National Forest. Efforts to cope with the
region’s fire problem, details of the fire organization, annual losses and
costs, and fire behavior are treated elsewhere® (74) and will not
be discussed here.

Resistance of individual species to fire determines their relative
ability to survive as components of the type. Little actual study
has, however, been made of this subject, largely because the hot fires
common to the region erase all evidence of such differences. Most
of the available information has been summarized by Flint (72), and
the following is drawn largely from his report.

Resistance of a given species to fire depends upon a combination of
tree characteristics, prineipally bark thickness, branching habit,

% HORNRY, L. . FIRE-CONTROL PLANNING IN THE NORTHERN ROCEY MOUNTAIN Northern
Rocky Mountain Forest and Range Expt. 8ta. 1036. [Multilithographed.]
Gisrorne, H. T., and HorNRY, L. (. FOREST-FIRE CONTROL ORIECITVES.
tain Forest Range Kxpt. 8ta. 1931. [Unpublished.]
U'hgél ]Fomcs-r SERVICE, REcION ONE. FIRE-CONTROL HANDBOOE. Parts 1 and II.
Brap .
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stand habit (density, dufl accumulation, ete.), inflammability of foli-
age, and lichen growth. It is markedly influenced by habitat. For
example, grand fir growing in a moist creek bottom succumbs very
readily to a creeping ground fire, but on the dry hillsides of the
Clearwater River drainage, in Idaho, this tree resists fire better than
white pine and nearly as well as Douglas-fir. The difference is due in
part at least to thicker bark, deeper root system, and more open stand
conditions. Table 10 gives the relative fire resistance of the import-
ant species in the western white pine type. Obviously, any such seale
of fire resistance must be applied with reservations.

Western larch when mature is by far the most fire-resistant species
in the type. Unusually thick bark near the ground, low resin content
of bark, deep roots, high and open branching habit, generally open
nature of the stand, at least in the immediate vicinity of larch trees,
low inflammability of the foliage, and the scanty aeccumulation of
duff beneath larch trees all contribute to a remarkable ability to sur-
vive fire. At the other end of the scale is alpine fir, highly susceptible
to fire because of its very thin and moderately resinous bark, shallow
roots, dense and very low branches with highly inflammable foliage,
and medium to heavy lichen growth. The two lichens most impor-
tant in their effect on fire hazard are black moss or “squaw hair moss”
(Alectoria fremontii) and green moss or “gray moss” (A. sarmentosa).
These grow on trees in long festoons or streamers and when dry are
almost unbelievably inflammable.

DISEASE

Some of the most difficult and troublesome management problems
in the western white pine type are directly caused by forest-tree
diseases. The problem of low-value species is in part due to the prev-
alence of wood-rooting fungi, which seriously reduce the sound-wood
volume of the product. A good share of the heavy protection costs in
western white pine forests is spent on disease control. For a patho-
logical treatment of the subjeet of forest diseases in the type the
reader is referred to awvailable Literature (24, 24, 63, 64, 65, 66, 67).
The purpose here is to bring out the silvicultural consequences of the
major forest tree digeases found in the type.

WHITE PINE BLISTER RUST

An outstanding menace to the western white pine type is the white
pine blister rust, caused by the fungus Cronartium ribicola Fischer,
which threatens the very existence of white pine as a commercially
important component of the type. This disease has proved as serious
in western white pine as in any other of the important white pine
species of the world.

The white pine blister rust spread imto the western white pine
region from the Pacific Northwest, where it was accidentally in-
troduced in 1910 on pine seedlings shipped from France to Vancouver,
B. C. A survey of the western white pine forests in 1936 by the
Bureau of Entomology and Plant Quarantine showed that it occurred
on white pine throughout the commercial range of the species. In-
fection was heaviest on and near the St. Joe and Clearwater National
Forests, where approximately 4 percent of all young white pine trees
were visibly infected. In other parts of the region, the infected young
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trees averaged 1 percent or less. A similar survey in 1937 showed 13
percent of the young pines on the St. Joe forest to be visibly infected.
In the vieinity of the older infection centers numerous larger trees
are known to be infected, but no specific infection surveys have been
made for trees of merchantable size.

Seedlings and saplings are much more quickly killed by the rust
than are older trees. In fact, the real threat is to young stands;
present merchantable stands can and probably will be harvested before
they are materially damaged. The rust works slowly and seldom
spectacularly, and for this reason the true gravity of the situation may
be underestimated.

Control of Cronartiuim ribicola is made possible by the fact that it is
heteroecious; that is, it requires an alternate host to complete its life
cycle. Its alternate hosts are members of the genus Ribes, popularly
known as ribes or as currants and gooseberries. Spores of the or-
ganism are carried from one host to the other by the wind. Infection
may spread from pine to ribes over distances of as much as 150 miles,
but seldom spreads from ribes to pine over a distance exceeding 1,000
feet. Eradication of ribes within and adjacent to stands of white pine
consequently prevents infection of the pine.

An extensive program for the control of white pine blister rust
in the western white pine region has been under way since 1923, This
program is designed to control the rust upon approximately 2,700,000
acres of white pine forest. By Mareh 1939, approximately 2,670,405
acres of land had been covered by the ribes-eradication crews, this
total including first, second, and third workings. Results thus far
indicate that approximately half the area worked once will require no
further ribes eradication until it is further disturbed by either logging
or burning. The other half will require a second working in 3 to 5
years after the first. A few arecas—principally stream bottoms, where
grow the heaviest concentrations of ribes of the most susceptible
species—will require & third or even a fourth working. The control
program is being prosecuted as vigorously as available funds permit,
by the Forest Service, the Bureau of Entomology and Plant Quaran-
tine, and the State of Idaho. Rapid completion of the second working
on certain portions of the area and completion of the initial working
on the entire area is necessary to protect the heavy investment already
made in eradication and to prevent further intensification of the
digease. At present, infection ig progressing faster than control.

Blister rust cannot be controlled by silvicultural practices, but its
control can be aided or impeded by silvieultural practices through
their effects on the ecology of ribes. In general, environmental con-
ditions favoring conifer reproduction also favor ribes reproduction,
and only within rather narrow limits can one be encouraged or
repressed without a like effect on the other.

Ribes seed is extensively stored in the duff of the forest floor in
close proximity to mineral soil and maintains its viability for very
long periods—possibly even through a forest rotation of 100 to 200
years, though this has not been definitely proved. Following open-
ing up of the forest by logging or fire and consequent disturbance of
the duff cover, ribes seedlings often appear in abundance, even on
areas practically free of ribes. Short of a hard burn that completely
destroys the organic mantle of the soil and with it all stored seed, as &
general rule the more disturbance the more ribes. This circumstance
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greatly adds to the difficulty of ribes eradication. Destruction today
of every single living ribes bush would not end the control problem;
new seedlings from seed now in the duff would appear for many years
to come after each forest disturbance by cutting or fire.

Ribes, like conifers, germinate best on freshly exposed mineral
surfaces and poorest on undisturbed duff surfaces. Seedling survival
and development are favored by moderate shade, protecting seedlings
from elimatic extremes. Under a elosed forest canopy, upland ribes
(R. lacustre and R. viscosissimum) do not thrive. Few survive, and
those that do are ill-developed and present only a small target for
infection. Stream-type ribes (R. petiolare and R. inerme) are more
tolerant of shade, but do not occur extensively in forest stands.

Control of blister rust is favored by forest-regeneration methods
that bring about full stocking of tree reproduction in the shortest
possible time. Clear cutting followed by controlled broadcast burn-
mmg and cutting by the seed-tree method are especially good in this
respect. True, the stand is drastically opened up; but this is done all
at once and a new stand starts immediately. Whatever ribes seed
have been stored in the duff are either destroyed by fire or else en-
couraged to germinate promptly and all at about the same time. In
open cuttings or on burns, ribes eradication is not difficult, and one or,
certainly, two workings suffice to reduce the ribes population below
the danger point. Eradication should be undertaken when the ribes
seedlings are between 3 and 5 years old. Seedlings less than 3 years
old are too hard to find, and many of them die naturally. Beyond
5 years of age, seedlings present a large target for infection and also
begin to produce seed. Ribes-control activity is directed toward
exhausting the present seed supply, suppressing existing ribes, and
preventing further seeding in. Once the tree reproduction cover is
complete, environmental conditions are increasingly inimieal to ribes
establishment and growth.

Light selective or light shelterwood cuttings also inhibit ribes. A
full canopy is maintained and forest disturbance is held to a minimum.
Ribes seedlings, if they appear, subsist poorly. After such cuttings
it is very desirable, in the interest of ribes control, to leave slash un-
burned, since slash burning that falls short of broadcast is peculiarly
stimulating to ribes germination. It is common to see in the scorched
duff around the site of a slash pile a veritable ring of new ribes seedlings.

Stand-improvement operations in sapling and pole stands apparently
do not add materially to the problems of ribes control. Weedings
and cleanings in very young stands create little ground disturbance
and consequently do not affect ribes much one way or another. Slash
burning is not necessary. When thinnings and improvement cuttings
are made in pole stands, the stands need not be opened materially and
in any event will soon close again. Slash burning should be avoided
as much as possible. Crown thinnings are preferable, as they require
a minimum of cutting.

The possibilities of silvieultural aids to blister-rust control have not
yet been fully explored. So far as is known, the main consideration
1s to maintain a full forest canopy as long as possible and when it must
be removed replace it with a full cover of reproduction in the shortest
possible time.
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OTHER FOREST TREE DISEASES

Among other diseases that cause heavy losses and affect significantly
the management of western white pine stands, the most prevalent
and the best known are those causing heartwood rot. Some cause
large losses in standing timber but seldom directly kill the trees.
Others kill the trees but do not cause much rot in live timber. Those
causing significant damage in western white pine stands are listed
here with the causal organism, by tree species attacked, approximately
in order of importance, the ranking closely following that given by
Weir and Hubert (66). )

Tree species und disense Causal organism
Western white pine:
Redringrot__________ Ring scale fungus (Fomes pini (Brot. ex Fr.) Lloyd)
Red-brown butt rot____ Velvet top fungus (Polyporus schweinilzii Fr.)
Bpongy sap rot________ Pine root fungus (Fomes annosus (Fr.) Cooke)
Shoestring rot_________ Hci_?ega mushroom (Armillaria mellea (Vahl. ex Fr.)
) o

Western larch:
Redringrot.. _______

Brown tronk rot_______ Quinine) fungus (Fomes offietnalis (Vill. ex T'r.)
Faull.

Red-brown butt rot____

Dwarf mistletoe_______ Larch form (Arceuthobium campylopodum IEngelm.

Sforma laracis (Piper) Gill.)
Douglas-fir:
ed-brown butt rot____
Redring rot__ - ______
Shoestring rot_________

Brown cubical rot___ Sulphur fungus (Polyporus sulphureus Bull, ex Fr.)
Grand fir and western hem- )
lock:
Brown stringy rot__ ___ Indian paint fungus (Hehinodontium tinetorium

(Ellig) Ellis & Everh.)
Spongy sap rot________
Western redcedar:

Yellow ring rot-_______ (Poria weirii Murr,)
Red ring rot__________
Brown cubical rots. . __ Unidentified

In western white pine, as in most other tree species, quantity of rot
almost invariably inereases with age. This is shown clearly by the
following data on average cull, exclusive of breakage in felling in
western white pine trees, as measured in board feet (Scribner Deci-
mal C). These figures were obtained through a region-wide breakage
and cull study * based on actual utilization:

Age closs Cull
years) percent
o L R e S S S U 3
L b e e P S U 6
d B = e e e s e 10
s ) 4 P e S PP e 12
1T T e T ) PIEE F I Py ORI 16
181200 _ oo S T L= e E G S RPR |
2t ) B o o=t Y= A s S e S B 20
31 Sy o=t L S D e SR e T 24
Average (weighted) .____ __________________________ 15

& ANDERSON, L. V., BREAEAGE LOSSES AMD CULL PERCENT OF TIMBER 1N THE INLAND awPIRE. North-
ern Rocky Mountain Forest and Range Expt. Sta. Applied Forestry Note 63. 1934. [Mimeographed.]
Fractically all cull recorded in this study wes due to rot.
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The percents given in this tabulation are conservative, excluding
loss in cull trees (trees with less than 25 percent of their volume
merchantable), standing dead trees, or windfalls. It is well known
that decay, by lessening the mechanical strength of trees, indirectly
causes much breakage and windfall. Also, particularly in the smaller
tree sizes, percentage loss in value due to rot is often relatively greater
than cull deduction in volume as customarily determined in log scaling,

From this tabulation it is ‘apparent that although wood-rotting
fungi cause heavy losses in later decades, the percentage of defect is
not large in trees less than 120 years of age. In a study by Weir and
Hubert (67) covering seven typical logging areas on the Coeur d’Alene
Forest and one on the Kaniksu forest, rot, mostly red ring rot, was
found in practically all trees more than 200 years of age (table 11).
The conks or fruiting bodies of the fungi frequently did not appear
until trees were more than 120 years of age. Rot was found to be
more prevalent on low flats near ereek bottoms than on slopes. This
has been checked repeatedly by observation, and it seems well es-
tablished that in trees of a given age the quantity of rot is appreciably
greater on flat, low, poorly drained land than on well-drained slopes
and benches.

TasLe 11.—Relation of butt and trunk heart rot in weslern while pineto age of tree!

Rot in
cubie | Troes ex- | Trees in each class
Location and age class (years) volume | amined | containing heart rot
of entire
stand
Bottom sites: . Percent | Number | Number | Percent
4100 0.0 37 L]
f1-80___ 2 02 4 L
S1-100. T 116 43 a7
101-120. L7 1 7l fid
121-160 = AR e 31 129 B 67
161-200. . b e N LA R e e e U R ST 15.7 T 72 a5
More than 2000 e 183 ki) a8 a7
Total or weighted average TR 570 3lli bt}
Slope sites:
41-00____.___ 0.0 ball] ] L]
61-80_ = | 0 4 7
B1-100_ ... __ .4 98 24 b2 S
101-120 B 100 41 41
121-160 . —— 2.3 236 174 74
161-200 2 D e e e T B P e TS S e 2.4 i 82 83
Morethan 200 4.7 70 6 ap
Total or weighted average ... ... .. 6.1 7i2 34 b6
AMWSIeS - 5.9 282|708 56

L After Welr and Hubert (67),

According to the above findings the average age at which the stand
is most liable to first infection and below which infection rarely oceurs
is between 50 and 60 years. Infection of young trees with heartwood-
rotting fungi cannot, of course, take place prior to the formation of
heartwood. The fungi grow slowly, and decay rarely becomes visible
externally in trees less than 70 years of age. Injuries play a large part
in the incidence of infection. Weir and Hubert found that branch
stubs and fire scars are the principal injuries by means of which fungi
gain entrance to heartwood. The small quantity of rot found in trees
less than about 120 years of age is accounted for, at least in part, by
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the infrequence of such injuries on these younger trees. Older trees
become infected not so much on account of loss of vigor as because
they have more dead branch stubs, fire scars, and other avenues of
mfection. Of the trees in which infection could be traced to injuries,
branch stubs were responsible for approximately 76 percent.

From the standpoint of timber management, the most important
conclusion to be drawn from the studies just discussed is that rot in
standing western white pine timber can be largely avoided by cutting
at an age of 120 years or less. An added reason for cutting at this age
is that removal of trees before they reach conk-bearing age would
progressively reduce the danger to future timber crops. As a matter
of fact a rotation age of 100 to 120 years is now commonly accepted
for western white pine.

Although not credited with a great amount of damage to standing
western white pine timber, the honey mushroom fungus, which causes
shoestring rot in both root and butt, is known to be widely distributed
in young and old stands of the western white pine type and to attack
almost all the species in the type. It attacks trees of any age and
either kills them outright or so weakens them, both physiologically
and mechanically, that they become more susceptible to insect attac
or wind throw. Because the victims of this fungus are so often missing
from the stand at the time of logging, the damage it does is likely to
be overlooked. Further investigation of this fungus is greatly needed.

The frequent classification of western hemlock as an inferior species
in the western white pine type is due largely to its susceptibility to
organisms causing heart rot, particularly Indian paint fungus. This
fungus often renders the tree entirely worthless, and over large areas
has completely destroyed commercial value of this species. In an
advanced stage the tree may be nothing more than a living shell, with
the heartwood entirely rotted away. TUnfortunately, infection often
comes comparatively early in the life of the tree. In a study by
Hubert,”® infection was first detected in trees 41 to 80 years of age,
and of this group 46 percent were infected. In the 121- to 160-year
group, 94 percent were infected, and 100 percent of those more than
200 years of age. It is believed that these figures are fairly repre-
sentative of extensive stands of the western white pine type. In a
study of hemlock heart rot in the Priest River drainage basin of
northern Idaho, Weir and Hubert (64) found that the average age of
earliest infection was about 50 years. The exact age of fungus inci-
dence is difficult to determine and apparently is highly variable.

Indian paint fungus is most prevalent in western hemlock on wet,
undrained sites at low elevations and least prevalent on slopes and
better-drained soils. The characteristics of site having greatest in-
fluence on its prevalence seem to be moisture condition of the soil,
porosity of the soil, and drainage, rather than soil composition or
quality. The relation of tree vigor, crown class, and size to the en-
trance and progress of wood-rotting fungi has never been thoroughly
demonstrated (64), but in general the better the tree’s general vigor
the less the quantity of rot. As in western white pine, age exerts the
most positive influence, quantity of rot invariably increasing with
age. In the Priest River study just mentioned, 84 percent of the
infections observed were attributed to branch stubs and only 16 per-

¥ HUBERT, ERNEST E., FIRST PROGRESS REPORT ON THE STUDY OF DECAY IN WESTEREN HEMLOCE. U. 8.
Dept. Agr, Forest Serv., Region One. 1629, [Unpublished.]
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cent to fire scars, frost eracks, broken tops, and other injuries. The
number of such injuries per tree consistently increased with age.

Although the susceptibility of western hemlock to decay presents
a difficult problem, it does not preclude successful management of the
species in the type. On some areas hemlock reaches sawlog size with
very little rot and could be grown to pulpwood size on a rotation of
80 to 100 years with little loss from decay.

Grand fir suffers nearly as heavily as hemlock from rot, caused
principally by Indian paint fungus. The foregoing discussion of
this fungus on hemlock applies equally well to grand fir.

Little study has been made of rot in western redcedar; most of the
information available is based on empirical observation. In general,
the species is comparatively free from decay except at an advanced
age. Veterans are usually heavily defective, frequently consisting of
only a shell of living wood with the center entirely rotted away.
Yellow ring rot caused by Poria weirii is the principal rot of living
redcedar that has been definitely associated with a known fungus (25).
Incidence is variable, and the reasons for this are not well understood.
On some areas redcedar, even a large sawlog size, is almost entirely
free from rot; on other areas trees of not more than pole size are heavily
defective. As with other species, age seems to be the principal con-
trolling factor. Redcedar characteristically develops as an under-
story tree, often undergoing long periods of heavy suppression and
making correspondingly slow growth. Trees may be less than 6
inches in diameter at breast height at ages of 150 years or more, and
rot is commonly observed to be much more prevalent in such slow-
growing trees. It is believed that on favorable sites, if free from ex-
cessive suppression, redeedar can be grown at least to pole size ¥
with little loss from rot. More pathological information is needed
for successful management of this species.

Western larch and Douglas-fir are comparatively free from rot.
Up to about 120 years of age, their loss of sound-wood volume from
rot seldom becomes serious. This does not mean, however, that
disease has no important bearing on the management of these species.
Observations on permanent sample plots indicate that honey mush-
room fungus may be a large factor in mortality of Douglas-fir, particu-
larly in young stands. Until more is known of the activity of this
fungus, little can be said as to its true role in management. Dwarf
mistletoe, prevalent on western larch, causes trunk burls and large
witches’ brooms. The burls reduce the merchantable value of the
tree. The brooms often break off, by their own weight or by overload
of snow, eausing a reduction in inerement and sometimes total loss.
The brooms that cause no breakage account for some reduction in
inerement by consuming stored foods that would otherwise contribute
to cambial and apical growth.

It is evident from the foregoing that some of the most difficult
silvicultural problems in the western white pine type are caused by
disease. Control of these diseases must in nearly all instances be
effected through silvicultural measures. The principal means by
which at least partial control is possible are, as follows:

1. Harvest the timber crop before it has passed its pathological
rotation age. In the long run this is by far the most effective remedy.

¥ Commercial Eml“ sizes range from 20 feet to more than 75 feet.  An average size s 35 feet, with an 8-inch
tap. Polesfor telephone, telegraph, and power transmission lines are the most valuable redeedar produet,
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2. Practice forest sanitation, i. e., remove infected trees, either by
felling or burning or by closer utilization.,

3. Create conditions favorable to fast and vigorous growth, through
gsound methods of cutting and stand improvement. Disease does not
flourish in healthy, vigorous forest stands.

4. Carefully control slash fires, which cause butt injuries, and adopt
logging methods causing the least possible damage to the residual
stand.

IwsecTs

At all stages, regeneration of white pine forests is likely to be in-
fluenced by the attacks of destructive insects. Insects affect the
management of the associated tree species of the type by attacking
seedlings and the cones, seeds, buds, and cambium of the older trees.
The most immediate management need is protection of timber stands
that have reached or are approaching maturity.

In this problem the attacks of bark beetles (Dendroctonus spp.) on
western white pine are ol primary concern. The importanee of bark
beetles in the management ol white pine inereases proportionately
with the age of the trees. Young, thrifty trees are fairly immune,
though factors such as exposure, disease, and fire injury often render
them susceptible to attacks of secondary beetles. In older stands
the mountain pine beetle (D, monticolae Hopk.) exacts an annual toll,
sometimes trifling but sometimes such that the residual stand is not
worth harvesting. Since 1929, insect control measures consisting
mainly of felling infested western white pine trees and destroying the
insect larvae in the bark have been undertaken by the Forest Service
with the technical assistance of the Bureau of Entomology and Plant
Quarantine. It has been demonstrated that timely and adequate
application of control measures will keep infestation in cheek and
reduce losses. The aim in control is to keep the infestation endemic
and to prevent the development of an epidemic which once under way
is largely uncontrollable.

Though much of the destruction of timber by insects is elearly
apparent and can be evaluated, some of the losses they cause are less
appreciated. In fire suppression, insect-killed trees are a large ad-
verse [actor, since snags materially increase difficulty, cost, and danger
of fire fighting and have alone been responsible for widespread con-
flagrations, Snag felling, which in many localitiecs has become
standard forest practice as a fireproofing measure, is considerably in-
creased in cost where bark beetle attacks are unchecked. A still less
noted result of bark-beetle activity is its effect on forest composition.
In a mature stand destruction of white pine trees by insects causes a
permanent decrease in the proportion of white pine, and therefore in
stand value, as the pines are replaced for the most part by more
tolerant trees of less value. Bark beetles thus assist in gradually
transforming the ecologically unstable white pine forest into the
climax forest of redcedar, hemlock, and other tolerant species.

OTaER SOURCES OF INJURY

Snow is the outstanding cause of mortality in dense immature
stands of the western white pine type, as shown in table 12. Of the
total mortality observed, measured in tree basal area, snow accounted
for from 22 percent in Douglas-fir to 85 percent in western hemlock.
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Comparison of basal-area loss with loss in number of trees affords a
key to the relative size and kind of trees killed. Of the young white
pine one-fourth of the trees killed by snow accounted for nearly half
the basal area, whereas, as might be expected, approximately the
reverse was true of deaths by suppression. In the denser stands
snow definitely took the greatest toll of the smaller trees. Although
snow losses may be rather evenly distributed throughout the stand,
they are more often concentrated in groups or strips, in which all
trees are laid down by the snow. The openings thus caused tend to
enlarge from year to year.

Snow damage is not always entirely detrimental. To some extent
it serves as a crude but effective natural selective thinning. Damage
is largely confined to stands less than 80 vears of age, and in the
stands affected it is the suppressed, leaning, crooked, and weakly
rooted trees that are most subject to snow injury; most of the stronger,
straighter, and better-situated trees survive. In thinned stands, on
the other hand, snow breakage is entirely detrimental and may be
seriously so, especially if thinning has been heavy.

Tasur 12— Mortality on sample plols in young second-growth western while pine
stands, by species and causes !

T B T
lWestern whitc! Western lareh | Douglas-fir Grand fir Western hem- Lﬂdgc?)ulo
| pine (2,071 | (238) (727) (658) lock (163) pine (38)
Cause of death B
l Basal

‘ Trees |

Basal | o Basal Basal Basal Basal

| aren | TTe0S | ‘graq | Trees | npon | Troes | ron | Trees | gren | Troes | grag

i | |

P, Pet, | Pet. Pet, Pet. Pet. | Pet. Pet. Pet. Pel, | Pel. | Pel.
Snow.. .. o..o.o 26 49 60 75 28 22 30 48 80 85 42 24
Suppression. 44 24 32 15 35 17 2 19 13 7 19 26
Injuries ... § 8 8 5 11 10 8 8 2 B 6 4
IHsease. ... 7 i 0 0 f 18 3 2 0 0 9 18
Insonts .. 1 3 1| m 4 10 8 9 1 i 21 2%
Wind throw. .. 1 1 2 1 1 3 )] 1 1 (O] 3 2
Unknown. | 12 10 7 4 15 20 17 13 3 2 0 0
Total. ‘ 100 | 00| 100| 10| 10! 10| 10| 100, 0| 10| 100 100

|

1 Basig, 10- and 15-year records for permanent sample plots on 22 eut-gver areas.  Numbers in parentheses
in headings indieate basis in number of trees.
¥ Less than 1 percent,

Susceptibility to wind throw is of eritical importance in the appli-
cation of regenerative measures. The wide use of the seed-tree
method in the type is possible only because western white pine and
its principal associates are fairly wind-firm and can be left as scattered
seeS trees. Data on wind-throw and wind-breakage losses in the
second decade following logging, from 22 logging areas on which
seed-tree, shelterwood, and selective cuttings were made, indicate
no consistent differences in loss attributable to method of cutting.
As summarized in table 13, the average loss from wind throw for the
7 associated species was only about 5 percent. Losses in the first
10-year eriodp following logging are, however, usually much higher
than in the second and succeeding decades. Although no observations
were made on Engelmann spruce, general experience rates it as being
less resistant than any of its associates.

Occasional heavy winds exact very severe losses from wind throw
locally, and rarely over extensive areas. A single severe storm in
the spring of 1932 blew down more than 90 percent of the white pine
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Comparison of basal-area losg with loss in number of trees affords a
key to the relative size and kind of trees killed. Of the young white
pine one-fourth of the trees killed by snow accounted for nearly half
the basal area, whereas, as might be expected, approximately the
reverse was true of deaths by suppression. In the denser stands
snow definitely took the greatest toll of the smaller trees. Although
snow losses may be rather evenly distributed throughout the stand,
they are more often concentrated in groups or strips, in which all
trees are laid down by the snow. The openings thus caused tend to
enlarge from year to year,

Snow damage is not always entirely detrimental. To some extent
it serves as a erude but effective natural selective thinning, Damage
is largely confined to stands less than 80 years of age, and in the
stands affected it is the suppressed, leaning, crooked, and weakly
rooted trees that are most subject to snow injury; most of the stronger,
straighter, and better-situated trees survive. In thinned stands, on
the other hand, snow breakage is entirely detrimental and may be
seriously so, especially if thinning has been heavy.

Tarur 12—Mortality on sample plols in young second-growth western while pine
stands, by species and causes !

Western whlwl Western larch | Douglas-fir Grand fir Western hem-| Lodgepole
pine (2070) | (239) (721) 65) lock (163) | pine (33)
Cause of death | —fe——
| Bagal | , Basal | Basal Basal Basal e | Basal
! Trees en | TTEES | oot | Trees | So0 | Trees | 2ol | Trees | oo | Troes | oo
- | et
't Pet, | Pet. P, Pe. | Pet. Pet. Pet. Pet. P, | Pel. | Pd.
Smow... .| 9| 49| s0| 5| 28| 22| 30| 48| 80| 85| 42| %
Suppression. . 49 24 32 15 36 17 0 19 13 7 19 26
Injuries_..____ i} 8 8 b 11 10 8 8 2 b (1] 4
Disease = 7 ‘ & 0 0 ] 18 3 2 0 0 9 18
Inseets . 1 i 1 [&)] 4 10 6 ! 1 1 21 26
Wind throw. _. 1 1 2 1 1 3 ® 1 1 (O] 3 2
Unknown_ ____ 12 10 7 4 15 20 17 13 3 2 0 0
Tut.al_.__‘ 100 100 | 100 10| 100 wo| 10| wo| wo| 10| 10| 100
|

1 Basis, 10- and 15-year records for permanent sample plots on 22 cut-over areas, Numbers in parentheses
in headings indicate basis in number of trees.
? Less than 1 percent.

Susceptibility to wind throw is of eritical importance in the appli-
cation of regenerative measures. The wide use of the seed-tree
method in the type is possible only because western white pine and
its principal associates are fairly wind-firm and can be left as scattered
seed trees. Data on wind-throw and wind-breakage losses in the
second decade following logging, from 22 logging areas on which
seed-tree, shelterwood, and selective cuttings were made, indicate
no consistent differences in loss attributable to method of cutting,
As summarized in table 13, the average loss from wind throw for the
7 associated species was only about 5 percent. Losses in the first
10-year period following logging are, however, usually much higher
than in the second and succeeding decades. Although no observations
were made on Engelmann spruce, general experience rates it as being
less resistant than any of its associates.

Occasional heavy winds exact very severe losses from wind throw
locally, and rarely over extensive areas. A single severe storm in
the spring of 1932 blew down more than 90 percent of the white pine
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geed trees left after logging on a small area in the Burnt Cabin Creek
drainage on the Coeur d’Alene National Forest, In December 1934,
unusually high winds following a period of heavy precipitation caused
extensive damage on and near the Kaniksu National Forest. Damage
was heaviest on about 3,000 acres of the Moore Creek drainage.
Here losses ranged from 10 to 100 percent of the total stand, averaging
about 30 percent. Approximately 3% million board feet of western
white pine saw timber was salvaged from this area.

TasLe 13.— Wind-throw lozses in the second decade following cutting in the wesiern
white pine type !

Loss in  trees from losg In  trees from
residual stand o residual stand
Species — e ———— Species — .
1-13 inches | 14+ inches 1-13 inches | 144 inches
d.b. h. d. b. h. d. b. h, d. b. h,
Pereent Percent Pervent Percent
Wostern white ping 4 3 || Douglas-fir. . ____ 11
Western lareh 7 4 || Western redeedar ¢__ 3 3
Grand fir____ s 4 6 || Lodgepole ping® a 18
Western hemloel . . 3 8
1

1 Bagis, records for permanent sample plots on 22 cut-over areas. Losses on seed-tree, shelterwood, and
selective euttings are combined.,
tData weak,

Trees in cut-over stands are distinetly more susceptible Lo wind
damage than trees in uncut stands. Spruece, in particular, i no-
toriously incapable of remaining standing in eut-over stands subjeet
to strong winds. The heavy storm on the Kaniksu forest just
mentioned blew down trees constituting 19 percent of the total hasal
area on a sample plot thinned the previous year in a very dense
75-year-old stand, while in an adjoining similar stand that had been
left uncut the loss was negligible. In this instance white pine proved
to be less resistant than larch; 28 percent of the white pine was wind
thrown and only 6 percent of the larch. In addition to wind intensity,
the extent of loss depends upon a combination of factors such as
density of original stand, species, moisture content of soil, and presence
or absence of rot. Rot that mechanically weakens the tree is an
important indirect cause of wind throw, particularly in such species
as grand fir and western hemlock.

orcupines occasionally cause significant loss in western white
pine stands, in which they apparently prefer western white pine and
grand fir, Their activity results in girdling and in spiked tops.
Porcupine damage is not, however, so serious in this type as in
some others.
SEED SUPPLY

Any advantage one tree species may have over another in natural
regeneration is usually first manifest in seed supply. Abundance and
frequency of seed production, viability of seed and its susceptibility
to destructive factors, and efficiency of seed dissemination, all directly
affect natural regencration and are of particular importance in an
association of several species such as the western white pine type.
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SeeEp Propucrtion oF WEsTERN WHITE PINE

ABUNDANCE AND FREQUENCY OF SEED CROPS

In comparison with associated species, western white pine bears
relatively few cones. A erop of 40 cones per tree is rated good; one of
100 econes per tree is infrequent. The greatest recorded number of
cones observed on one western white pine tree was about 600, found in
1935 on a 54-inch, 400-year-old veteran on the Priest River Experi-
mental Forest. In 1936 this same tree bore 140 cones, again an un-
usnally large crop. Cones are borne near the tips of the branches,
and nearly all are produced in the highest quarter of the crown.

The number of seeds produced per cone varies widely. Zon (68), in
a seed-production study in 1911, found from 6 to 184 seceds per cone,
with an average of abouf 90 seeds. Brewster,® in a somewhat similar
study made in 1915, found from 80 to 220 seeds per cone, with an
average of about 145 seeds.  About 120 seeds per cone is a fair average.
Seed-destroying insects are in part responsible for the small number of
seeds found in some cones. Aside from insect losses, which vary wide-
ly, number of seeds per cone depends chiefly on size of cone; the larger
the cone, the more seed. Zon found that trees about 90 years old
tended to produce larger cones than older trees. His data were col-
lected on 4 sample plots, three of 0.5 acre each on the Kaniksu National
Forest and 1 of 0.9 acre on the Coeur d’Alene forest, all in well-stocked
stands containing a high proportion of western white pine. One plot
was in a 90-yvear stand, 2 in a 145-year stand, and 1 in an overmature
stand more than 200 years of age. Zon found also that the seeds in
large cones were larger than those in small cones and had a higher
germination percent, and concluded that ‘“‘the larger the cones the
better is the quality of the seed.”

At the rate of 40 cones per tree, 120 seeds per cone, and average rate
of germination of 44 percent (as given later), a tree bearing a good crop
would produce, on the average, a few more than 2,000 germinableseeds.
QOccasional trees may, of course, bear many more than this. In Zon's
study the largest number of germinable seeds produced by a single
tree was 6,000, borne by a 28-inch tree; in Brewster's study, 7,300,
borne by a 21-inch tree.

Zon concluded that, in the moderately good seed year of 1911, fully
stocked, mature white pine stands bore from 2% to 5 pounds of
germinable seed per acre, or, assuming an average of 30,000 seeds per
pound, from 75,000 to 150,000 germinable seeds per acre. In the
exceptionally good seed year 1915, Brewster’s study indicated produc-
tion of some 280,000 germinable seeds per acre in fully stocked stands.
These figures, representing seed produectivity in virgin western white
pine stands, have no great practical significance in regard to natural
regeneration, which results for the most part from seed produced by
partial stands left by cutting or fire. Later studies have been concen-
trated in cut-over stands and have dealt chiefly with periodicity of
seed production and factors affecting seed production of individual
trees.

The frequenecy with which good, fair, or poor seed crops are pro-
duced over a period of years is at least as important in the establish-
ment of natural regeneration as the quantity of seed produced in a

# BREWSTER, D. R., MEMORANDUM AND CURVES ON WESTERN WHITE PINE SEED PRODUCTION STUDY,
Northern Rocky Mountain Forest and Range Expt, Sta, 1916,
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single year. Cones are borne by western white pine at irregular
intervals, Complete cone-crop failures are rare; some cones are pro-
duced almost every year, although the quantity produced varies
markedly from year to year. On 8 selected sample plots in cut-over
stands on the Kaniksu and Coeur d’Alene forests the character of the
cone crops was observed annually for the decade 1927-36. Individual
trees were classified on the following seale: More than 15 cones, good;
6 to 15 cones, fair; 1 to 5 cones, poor. The cone crop on the plot as a
whole was rated according to percent of trees 14 inches or larger in
diameter bearing good or fair crops, as follows: More than 50 percent,
good; 25 to 50 percent, fair; less than 25 percent, poor. Cone crops
so rated for these 10 years are presented in table 14. Reasons for the
variations in the recurrence of good, fair, and poor cone crops on
individual plots were not clear. On plot 139, for example, 5 good
cone crops were produced in the 9 years of observation, whereas plot
136 bore only 1 good crop in the same years, and on plot 121 not 1 good
cone crop was found in 8 years. Plots 19, 24, 134, 135, and 144 bore
good crops at 2- to 4-year intervals.

TasLE 14.—Character of cone crops borne annually by western white pine trees 14
inches or larger in d. b. h. on eight sample plots, 1927-56 1

Year Plot | Plot | Plot | Plot | Plot | Plot | Plot | Plot | All
18 24 121 134 135 136 139 144 | plots

1633 __
1034 __
1035.... —_—
1936

LT InTall EoTalt 0
e e e A
Sl nk o lelcEn]
i g D v e
LoTnl Tatal-Talt k. Tn]
o R A
M R Qe

OO e

1 G=good, F=fair, P=poor, X=no record.

Despite these wide variations among individual plots, certain
years were good seed years for nearly all plots. In 1932 all but one
of the eight plots bore good cone crops. The 1929 crop was good for
the three plots in this group that were examined, and it is known from
other sources that 1929 was a generally good seed year. In 1934, poor
crops were produced on all but one plot. For all eight plots combined,
the 10-year period covered by the observations contained two good,
three fair, and five poor seed years. This suggests that over an
extended period good crops would recur about every 5 years on the
average. If 1926, an exceptionally good seed year were included, the
average intervals between good cone crops would be between 3 and 4

ears.

In addition to consistent differences between individual stands
within a locality, seed productivity varies widely between localities.
This is brought out by table 15, which shows white pine cone produc-
tion for a number of sample plots within three localities. In certain
years the character of the cone crop was fairly uniform among all
three, in others there were wide differences. The 1931 and 1934 cone
crops were poor for all. In 1932 two localities had good crops and the
third had a fair crop within 5 percent of being rated good. In 1930
and in 1933, one locality produced a good, another a fair, and the third
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a poor cone crop. The Coeur d'Alene area produced good cone crops
more frequently than the Priest River Valley areas.

TasLe 15.—Cone production of western white pine in three different localities !

| East side Priest | West side Priest | Burnt Oabin

River valley ? River valley 0 r reck 4
Year
|
a ¥ o G F P G F B
> LIl ESENS| b G (S ey <X
X - R, U, L
=S T i >
X x X |-
2K | - 1 N L X
5 [t bt e x iy CuEa
. ey . | (T p— ¥ b4 *
L e Ay R S N Sl g x - * == *
U\ R PR R Qe s T o o e e 2 2 3 0 2 ] 3 1 2
i —
Average inferval between good erops (vears) 7/2=3.5 [ fa=2.0
1

t G=good, F={fair, P=poor.

* Basis, 5sample plots in Fox and Benton Creek drainages, Kaniksu National Forest.
: Basis, 4 sample plots on west branch of Priest River, Koanlksu National Forest.

¢ Pasis, 4 sample plots, Coeur d’Alene National Forest,

Extensive cone-crop observations made over a number of years by
rangers on the national forests supplement observations of individual
trecs on permanent sample plots. These extensive observations were
made primarily to ascertain where seed could be collected for nursery
purposes. They began in 1908, but were rather sporadic for the first
13 years. From 1921 records were kept consistently until 1933, when
the work was practically discontinued. The cone erops were rated as
good, fair, or poor. Although based on rough ocular estimates cover-
ing extensive areas rather than actual tree counts, fairly accurate
iﬁ‘{fnnnn.t-ion on the general character of seed years resulted. Table 16
gives the seed-crop rating by year from 1921 to 1032, inclusive, for five
national forests of northern Idaho, which inelnde the greater part
of the western white pine region. The ranger ratings agree closely
with the combined sample-plot ratings given in table 14, and exactly as
to good vears insofar as they include the same years. The only differ-
ences are in 1928 and 1931, when “fair” and “poor’™ are transposed in
the two sets of records.

With the help of these ranger observations, a continuous record of
white pine cone crops has been pieced together for areas on and near the
Kaniksu and Coeur d’Alene forests from 1908 to 1936, by combining
with them permanent sample-plot and various other reports. This
29-year record, summarized in table 17, gives a fairly dependable basis
for regional estimates of frequency of white pine cone production. It
substantiates the showing of table 15 that the Coeur d’Alene forest
tends to produce good cone erops more frequently than does the
Kaniksu flt))rest,. F%)r the white pine region, as a whole, good cone
crops may apparently be expected every third or fourth year, although
the productivity of individual areas may depart widely from this
average.
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TaBLE 16.—Character of western white pine cone crops in 1921-32 on five nalional
forests in northern Idaho as estimated by forest rangers !

Kaniksn | ofgnd, | Seear St.Joe | Clearwater | All forests?
Year 1

GFPGFPGFPGFPG‘FP‘I}F‘P

Na.! No.| No.

B T ) A |

S 4

| 4] 0] o

X 00| &

X| ol 2| #

41 0] 0

%l 2|:¥ 2

| ol 4 1

x| 2| 2l 1

X| 1| 3 1

x| 0| 8| 2

3|2 0

Total __.________| 4| &| 8| 5| 8| 8| 8| 5| 3| 4| 2| 6| 1| 3| 6|17 1>‘.| 21

|

Average Interval be-
tween good crops

(FBOTE) e | 12/4=8.0 11/6=2.2 11/3=3.7 12/4=3.0 | 101=10.0 | .. ... ..

L G=pood, F=fair, F=poor.
2 Ttalic numbers indicate the sverage rating of all forests for that year.

TasLE 17—Character of western white pine cone ecrops on Kanilsu and Coeur
d' Alene National Forests as indicated by observations on permanent sample plots,
ranger estimates, and other records, 19058-361

Average interval be-
tween good crops
(years), . ... ..

- Copur Coeur
Keaniksu A'Alene Kaniksn d’ Aleng
Year Year
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- 8 Bli13 |11 fi 12
X
-l X
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X

29/8=3.6 20/11=2.6

1 G=good, F=fair, P=poor.
RELATION OF CONE PRODUCTION TO TREE CHARACTERISTICS

Studies have shown a definite relation of cone production to eertain
tree characters, specifically erown class, tree class, diameter, and
age.

In an early study of virgin stands by Zon (68), almost 99 percent
of the total crop was found to be produced by dominant and codomi-
nant trees and the remainder by intermediate trees, suppressed trees
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producing no cones at all. In a similar study Brewster * found that
a little more than 90 percent of the total crop was produced by domi-
nant and codominant trees.

Later studies have been made almost exclusively in cut-over stands,
where the conventional crown classification of trees is inapplicable
and classification by vigor has been substituted. Trees with large,
dense, thrifty, well-formed crowns, good rate of growth, and a general
appearance of good health have been classed as of good vigor; those
with moderately good crowns and general health, as of fair vigor;
and the remainder, as of poor vigor. Table 18, based on 5 annual
observations of 473 identical white pine trees on 15 sample plots,
shows the frequeney of good, fair, and poor cone crops and of crop
failures for trees of specified vigor and diameter. The outstanding
conelusion from the table is that trees of good vigor produce cones
much more abundantly and frequently, especially at the smaller
diameters, than do trees of poor or fair vigor. If actual cone counts
had been substituted for the gualitative classification, the balance in
favor of the good-vigor trees would have been even more favorable
because rating all erops of more than 15 cones per tree as good gives
insufficient weight to the crops of 40 or more cones, which are borne
mostly by good-vigor trees of large diameter. Good-vigor trees on
reaching diameters of about 14 inches become effective seed bearers,
bearing either good or fair cone crops in about half the years. Fair-
vigor trees consistently produce fewer and poorer cone crops than do
good-vigor trees of the same diameter and are not effective seed
producers at diameters of less than about 20 inches. Poor-vigor trees
are obviously ineffective seed producers.

TasLe 18 —FEflect of tree vigor and diameler on quality of western white pine cone
crop, measured in percent of total crops possible !

|
Tres-vigor class | Good | Fair Poor No Tree-vipor class | Good | Fair | Poor No
and diameter cone cone cone & and diameter cong cone cone cerop
class (inches) | erop | erop | erop op | class (inches) | erop | crop | erop
Good vigor: Percent| Percent| Percent| Percent || Fair vigor—Con.| Percent| Percent| Percent| Percent
.. 0 0 ] 100 TL 4 a 21 6
1] ] 8 02 4 11 28 &7
n 12 20 A8 U] 10 32 43
3 22 20 55 10 16 31 43
19 an 25 26 13 18 28 i1
21 22 25 32 17 23 e} a7
25 20 2 32
24 n b 1] 34 0 0 0 100
0 24 n 20 0 1] 2 08
0 5 13 82
0 2 i) 93 1 i) 21 72
0 3 i 86 2 12 18 68
3 L 16 76

1 Basis, 5 nununl observations on 473 identical trees on 15 permanent sample plots in eut-over stands,
Data are insuflicient for estimating crops on poor-vizor trees over 14 inches d. b, h.

It is impossible to determine from the data available whether trees
in eut-over stands differ significantly in cone productivity from trees
of similar diameter and age in virgin stands. However, since cone
bearing is known to be closely associated with tree vigor, it is to be
expected that if trees left after logging increase in vigor they will bear
more cones.

@ Unpublished report already cited, p. 44.
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Additional studies made in 1935 and 1936 have yielded further
evidence as to the relation of tree vigor, diameter, and age to cone
production. Actual cone counts were made in those years on all
permanent sample plots suitable for cone-produetion studies and on a
number of additional areas. Although the cone crops were poor on
most of the areas studied, the relative contributions made by trees of
good, fair, and poor vigor have much significance. Cone counts were
made on 3,719 white pine trees 7 inches and larger in d. b. h. TFor
the good-vigor, fair-vigor, and poor-vigor trees observed, respectively,
the trees bearing cones amounted to 40 percent, 26 percent, and 12
percent and the number of cones per tree averaged 10, 7, and 5. In
all, the good-vigor trees bore nearly 7 times as many cones as the
poor-vigor trees. While the ratio between the cone-bearing ability of
good-vigor trees and that of poor-vigor trees probably varies with
the general quality of the crop, it is clear that the balance is heavily
in favor of the former.

Further information on the character of trees bearing cones was
athered in 1935 on a 19-acre tract near Orofino, Idaho, used as a
asis for an intensive logging and milling study (54). The 1935 cone

crop in this particular locality was good. Cone crop, tree diameter,
and tree class of each white pine tree on the tract were recorded before
logging. The tree classification applied was as follows:

Class 1. The largest, most vigorous frees in the stand; trees that have developed
without undergoing heavy competition. Usually the tallest in the stand.

Clase 2. Trees well up in the dominant crown level butl not of outstanding size.
May be crowded, but not severely, on one or two sides.

Class 8. Trees with their crowns in the general crown level but severely pressed
on one or more sides. Crown usually misshapen, rather short, and often thin.
Bole long, slender, and well cleaned of branches.

Class 4. Trees definitely below the general erown level. Crown usually thin
and short, bole slender.

Class 4. Serubby, very inferior trees in the lower crown levels. Crowns very
thin and short.

After logging, the ages of all trees except those too rotten at the
stump were determined by counting the annual rings. Table 19
shows the relation of cone production to diameter, tree class, and age.
Few good crops were borne by trees less than 16 inches in diameter.
In the upper diameter range, a large percentage of the trees bore cones
and the crop of cones per cone-bearing tree was heavier.

Tree class was found to afford a very close measure of cone produc-
tion. Good cone crops were borne by 70 percent of the clags 1 trees
and 40 percent of the class 2 trees. Together, these two classes
accounted for 92 percent of all the good crops. Tree classes 4 and 5
bore practically no cones.

The relation of age to cone production was not well defined, although
there seems to be some tendency for the older trees to bear more and
better cone crops. A close relationship is scarcely to be expected in
any given stand; ag a result of competition within the stand, age has
little relation to diameter or tree class.

A similar difficulty in relating cone production to age has been
encountered in all white pine cone-crop studies. Most stands of the
white pine type are relatively even-aged, and so within any given stand
clear-cut differences in cone productivity due to age can scarcely be

286646°—41——4
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expected. Consistent differences in cone productivity observed be-
tween stands are undoubtedly due to a number of interacting factors,
of which age is only one.

TasLE 10.—Relation of qualily of cone production of western white pine io tree
diameter, class, and age in percent of number of Irees !

’ 3 (tood-crop | Fair-crop | Poor-crop l No-crop Basis,
Classification trees trees trees trees trees
Diameter ¢lass (inches); Pereent Percent Percent Percent Number
00 3 B e e A S b T et R At ] 0 1 ] 77
U251 T I L] 12 ] 7 204
16-19.9.. ___ 25 50 13 A5 192
20-23.9 51 22 12 15 158
24-27.9 X 57 18 0 18 114
2%-31.9 T 59 18 k'] 14 44
Trep class:
I e e e e e e et el 70 15 i f 111
2. - 40 27 12 21 353
3. ] 12 12 67 210
4 0 1 1 98 102
[ RSSO Sea R R SR St o S S 0 ] ] 04 17
Age class (years):
Q1110 .. = b 17 11 67 1R
111-130. .. . 25 17 10 48 201
131-150___ 32 16 11 41 166
3B U 1 B e S e e S e 33 26 4 32 116
=190 . 42 12 12 34 0

! From Orofino, Idaho, study plot, 1935.

D. 8. Olson, in charge of Forest Service planting in the northern
Rocky Mountain region, reported in 1932 (52) that germination tests
of seeds collected from trees 10 to 17 years of age, in which 7 lots of
600 seeds each were used, indicated a viability of 39 percent. Ger-
mination of seed collected from 21- and 26-year-old trees averaged 55
percent. While seed-bearing trees as young as these are relatively
rare, and seldom produce more than 2 or 3 cones per tree only partially
filled with seed, their combined effect may be appreciable in regen-
erating severely understocked areas such as burns.

Seed production becomes fairly frequent and abundant at about 70

ears and tends to increase with age until the trees are about 20 inches
i diameter. Beyond this point, productivity of the larger trees
appears to have little relation to age or diameter but to depend
chiefly on individual tree vigor and character of erown. Zon (68)
reported that trees about 100 years old produced longer cones than
trees more than 200 years old and proved that the larger the cone,
the greater quantity of germinable seed per cone. On the other
hand, as earlier stated, the greatest number of cones recorded on one
white pine tree were found on a 400-year-old veteran.

EFFECT OF FIRE ON SEED MATURATION

Western white pines killed by summer fires have been known to
mature considerable quantities of germinable seed. This happened
on a large seale on the Kaniksu National Forest in 1926, when severe
fires oceurring in late July did not prevent the maturation of a large
part of the bumper seed crop of that year. Remarkably abundant
germination occurred in the spring of 1927, and as the summer was
favorable for seedling survival many of the 1926 burns on the Kaniksu
were amply restocked or even overstocked in the single year.
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Germination tests in 1929 on seed from a number of trees bearin;
good cone crops and fire-killed under controlled conditions, resulte
in 30 percent germination of seed from trees killed in June, 37 percent

from those killed in July, and 54 percent from uninjured check trees.
The experiment was, however, insufficient in scope to be conclusive.

KIND AND NUMBER OF SEED TREES NEEDED

Specification of the kind of trees to leave for seed production is not
difficult in the light of findings already reviewed. Good vigor,
recognizable by thrifty, well-formed crowns, good rate of growth, and
general appearance of health, is of first importance. The main con-
clusion of the cone-crop studies was that the bulk of the crop is borne
by trees of good vigor. Trees of good vigor begin effective seed
production at diameters of about 14 inches, and fair-vigor trees at
diameters of about 20 inches; poor-vigor trees are ineffective seed pro-
ducers at any diameter. In general, among trees similar as to vigor,
the larger the tree the more seed it will produce. Trees less than about
70 years of age are seldom good seed producers, but above 90 or 100
years, the productivity of trees seems to depend more upon individual
vigor and diameter than age. Where other factors are equal, how-
ever, there is a tendency for seed production to increase with age until
the tree reaches full maturity.

Estimating the number of white pine seed trees necessary to pro-
duce a desired number of seedlings is exceedingly difficult. Seed and
seedling losses, as well as seed production, must be considered. Fur-
thermore, white pine being distinetly periodic in seed production, it
cannot be expected that seed trees will be effective over any period
so short as 2 or 3 years. With the help of certain assumptions,
however, it may be possible to estimate the number of seed trees
needed with sufficient accuracy to serve as a guide until additional
knowledge is available. An example will serve to illustrate this.

Suppose that 1,200 established western white pine seedlings per
acre are desired within a 5-year period following logging. On 75
percent of the cut-over area this would result on the average in
adequate stocking. Because of depletion by weevils and rodents,
cermination losses, and high mortality of newly germinated seed-
ﬁngs, it is estimated that only about 2 percent of the seed produced
will result in established seedlings. Accordingly, a total yield of
60,000 sceds per acre over the 5-year period will be required to make
sure of 1,200 established seedlings. Assuming 120 seeds per cone,
500 cones must be produced. According to the averages presented
in table 18, 18-inch good-vigor trees produce good crops 25 percent,
fair crops 20 percent, and poor crops 23 percent of the time. If good
cone crops average 40 cones per free, fair crops 10 cones, and poor
crops 3 cones, 18-inch good-vigor trees can be expected to produce on
the average about 65 cones over a 5-year period, and 8 such trees per
acre are sufficient to provide the 500 cones needed. On the same
basis, 16 fair-vigor trees would be required. Similar calculations
can be made for trees of larger or smaller diameter or for a longer
seeding period. Obviously, these estimates are subject to consider-
able error, but that they are approximately correct is shown by the
fact that on national-forest timber sales, where standard practice has
been to leave 2 to 6 white pine seed trees per acre, mostly of good
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vigor, satisfactory resiocking to white pine has in most instances
taken place in a 5- to 10-year period. Frequently, as has been pointed
out, seed already in the forest floor at time of cutting, or falling
during the year of cutting, will materially supplement seed produced
by trees left for seeding purposes.

SEEp PRODUCTION OF ASSOCIATED SPECIES

Seed production of species associated with western white pine is
exceedingly important in its effect upon the composition of reproduc-
tion stands. Provision of sufficient white pine seed trees will by no
means insure the desired proportions of white pine; the abundance
and reproductive capacity of other species present must also be taken
into account.

On 12 permanent sample plots in cut-over stands, the character of
the cone crop of all white pine associates was observed annually
throughout the 8-year period 1927-34. Character of cone crop was
rated as follows:

Lareh, Douglas-fir, grand fir, and Engelmann spruce:
Poor: 1 to 20 cones per tree.
Fair: 21 to 40 cones per free.
Good: More than 40 cones per tree.
Western redeedar and western hemloek:
Poor: Heattered cones only.
Tair: Intermediate condition.
Good: Branches sag from weight of cones.

The crops borne by the trees 13.6 inches d. b. h. or larger are sum-
marized in table 20, and compared with those produced by white
pine. Hemlock and redcedar were outstandingly prolific seed bearers,
producing five and four good crops, respectively, in 8 years. During
the same period western larch trees produced three good, two fair,
and three poor crops. Although Douglas-fir is shown as producing
only one good crop in 8 years, the Douglas-fir cone crops of 1932 and
1933 each came within 2 percent of being rated good. Thus, from
available data, Douglas-fir approximately equals larch in produe-
tivity. Grand fir seems to be the least abundant seed producer of
the major white pine associates.

TasLe 20.—Character of cone crops produced by trees 18.6 inches d. b. h. or larger
of the principal species of the western white pine type in 1927-34, inclusive !

Western Western

white pine larch Douglas-fir | Grand fir Western Western

redeedar hemlock
Year

G|F|P|G|F|P|G|F|FP|GQG|TF

o
e
=
in]
=
r

KX

| XXXK|

Total .| 2| 0 si i

1 G=good, F=fair, P=poor. Ratings based on annual observations on 12 sample plots in eut-over stands.
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By combining the observations of cone production on permanent
sample plots with forest rangers’ estimates covering more extensive
areas, it has been possible to build up a 14-year record of cone crops,
according to which the average interval between good cone crops is
2.1 years for hemlock, 2.8 years for redeedar, and 4.7 years for larch
and Douglas-fir. The record for grand fir is unreliable.

There is little evidence that conditions in any one year ever con-
duce to uniformly good cone crops for all species. In the period
1927-34, the nearest approach to a good seed year for all species was
1932, when four bore good crops and one fair. The poorest seed year
was 1927, in which two of the species had fair and four had poor crops.
In other years little consistency between species is evident, probably
the result of varying susceptibility of the several species to frost,
wind, rain, and other climatic elements during flower pollination and
setting of the fruit.

TasLe 21.—Number of seeds per acre caught annually in seed lraps on lwo per-
manent sample plols on cul-over areas

[Quantities in thousands; i. e., 000 omitted]

Plot and species 1927 1628 1829 1930 1831 1932 1933 | Average

Plot 134:
Western white pine. . ...
Westernlareh . __________
Donglas-fir _________ .
Grand fir. . .......
Western redeedar__
Western hemlock .-
Miscellaneous specics

Ploi 23:
Western white pine. . ..._..|..-
Westernlareh.
Douglas-fir___________ P FPEG
Grand fir_ ... ...
Western redcedar_._____ ... ]|...
Western hemlock ...~
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As with white pine, cone production of the principal white pine
associates increases with tree diameter and vigor. Excepting redcedar
and hemlock, which bear seed at distinetly smaller diameters than
other species, the principal associates behave very much like white pine.
The available information 1s insufficient for detailed comparisons.

An indication of the actual numbers of seeds produced by the
associates is given by table 21, showing for two sample plots on cut-
over areas the numbers of seed caught in seed traps (pl. 5) over a
period of years. Outstanding among the seed-producing characteris-
tics of the principal white pine associates are the great abundance
and frequency of seed crops of redcedar and hemlock, the most
tolerant species. The capacity of these species, especially hemlock,
for producing tremendous numbers of seeds largely explains their
abundance in certain portions of the region. In some years the seed
catch of the small-seeded hemlock and redcedar was a million or
more per acre. The superior hardiness and vigor of white pine, larch,
Douglas-fir, and grand fir seedlings in some measure make up for less
abundant seed production, in that these species are able to become
established under habitat conditions too severe for ‘“cedar” and
hemlock.
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SEED DISSEMINATION
SEASON

Although most species in the western white pine type begin to
disseminate their seed in late August or early September, seasonal
distribution of seed fall differs considerably among the species. Seed-
trap observations made annually for 8 years in a 300-year-old stand
and a vigorous 75-year stand, both near the Priest River Experi-
mental Forest, have yielded some information as to when the seed of
the prinecipal species in the type reach the ground (table 22). Western
white pine disseminated most of its seed crop in the early fall. About
15 percent of the current crop reached the ground before September
1, about 85 percent by the end of October, and only 15 percent during
the late fall and winter. Grand fir released its seed almost as early
and completely, about 80 percent falling before the end of October.
Western lareh and Douglas-fir usually disseminated their seed a little
later than did white pine and grand fir, especially in the older stand,
only 65 to 80 percent of the crop falling by the end of October. Seed
of western hemlock and western redcedar fell considerably later than
those of the other species; the fall was heaviest in October, but 35 to
45 percent occurred after November 1.

TasLe 22.— Distribution of seed fall of prineipal species in the western while pine
type by periods !

300-YEAR-OLD STAND (PLOT 151)

: Average
Midsum- Noy.1to

Epecies mer to Sepbgm Ociober | midsum- se:‘,drénll er

Ang, 31 mer e e

year

Pereent | Percent | Percemt | Percemt | Number
14 58 10 17 39, 500
5 30 31 34 45, 900
o T 6 2 a7 a5 3, 000
CGrand fir . _____ 1 64 13 22 12, 800
Western hemloeke 5 4 43 48 a56, 500
Westernredeedar. . . i 14 16 24 46 3, 003, 000

75-YEAR-OLD 8TAND (PLOT 101)
Western whitepine__________ ... 17 52 18 15 3, 500
Westermlareh. - - .. oo oo oo 24 35 19 22 17, 500
Douglas-fir. _____ " 4 74 7 15 8, 800
Grand fir.._________ 8 64 14 14 1, 800
Western hemlock. .. = 5 14 49 32 3, 000
‘Western redeedsr. _______________________________ 19 19 3 39 &, 000
|

| Basis, periodic observations in each year of 1928-35, inclusive, on catch in 16 quarter-milacre seed traps.

Records for these two plots indicate considerable variation from
year to year in period and seasonal distribution of seed fall, both for
all species and for individual species. In 1933 dissemination of seed
of all species began late and an unusually large proportion of the crop
reached the ground after November 1. A possible explanation is
that the unusually rainy fall weather of that year retarded the ripen-
ing and opening of the cones and consequently the dissemination of
seed. Other differences observed between the plots may be partially
due to the wide disparity in age. The veteran stand produced many
times more seed than the 75-year stand—redcedar and hemlock in
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particular., In the old stand these species formed a large proportion
of the dominants; in the young stand, they were strongly suppressed.
It is possible that both degree of suppression and age of the seed trees
affeet the time of seed dissemination to some extent. Other factors
such as site, aspect, and various climatic elements undoubtedly have
some influence, but their actual effect is not known,

DISTANCE

The distance to which seed are disseminated from the parent tree
depends upon the combined effect of a number of factors such as height
of tree, topography, air movements, character of the seed (i. e., size,
weight, wings, and general ability to “fly”"), action of birds and rodents,
and season of dissemination. In the study of white pine reproduction
originating {rom a known seed source, already cited on page 9, about
70 percent of the seedlings were found within 200 feet of the seed source
and about 90 percent within 400 feet. In some observed instances
white pine seed has apparently been disseminated for distances of half
a mile or more, but not in quantities sufficient to be relied upon for
adequate natural regeneration. Isaac * has measured the flight of
forest-tree seed by releasing them over snow from a kite at known
elevations and wind velocities and observing the distance they
traveled before reaching the ground. Of the species he tested that
are common in the western white pine type, seed of western hemlock
was found to travel the farthest. White pine was next, closely
followed by Douglas-fir, and seed of western redcedar made the
shortest flight. The main point established by the available data is
that seed sufficient to produce adequate reproduction is distributed
not farther than about 400 feet from the parent tree.

SEED STORAGE

‘Seed of all species in the western white pine type is stored naturally
in the duff when it falls from the parent tree, and retains viability
until the following spring. Investigations have shown, however, that
western white pine 1s the only species in the type whose seed remain
viable in appreciable quantity for more than the normal overwinter
period. An experiment in which seed of all the principal species in
the type were stored in the duff under a rather dense virgin stand and
samples annually tested in sand flats for viability showed about 40
percent of the white pine seed to be viable after one winter's storage
and about 25 percent after two winters’ storage. Slightly less than 1
percent retained viability after 3 or 4 years’ storage, and only an
occasional viable seed was found after 6 years’ storage. Seed of no
other species tested retained viability for more than the normal over-
winter period.

Another check on the viability of white pine seed after natural
storage in the duff is available from 200 small quadrats, located on
several cut-over areas, that were sereened after the heavy seed crop of
1926 fell to the ground. The sereening excluded all seed from later
crops. Annual examinations for 8 years showed that practically all
the seed present in the duff in 1926 germinated within 2 years.

30 [5A4C, LEO A., MEASURED FLIGHT OF SEED OF DOUGLAS FIR AND ITS ASS0CTATES. Pacific Northwest
Forest and Range Expt. Sta. 1928, [Unpublished.]
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Larsen (38), after an elaborate study of seed stimulation, concluded
that the tendency of western white pine seed to remain viable beyond
one season is due to the impermeability of the seed coat, not to any
inherent physiological character of the seed embryo or endosperm
such as need of a resting period after ripening. The tendency to
delayed germination is largely overcome by fall sowing, the normal
oceurrence in this type.

Seep Lossus

Only a very small proportion of the seed produced in the cones
germinates—probably, on the average, about 1 or 2 percent. Losses
begin on the tree. Squirrels (Tamiasciurus hudsonicus richardsons)
often harvest the major share of the erop. In specific instances they
have been observed to take from 90 percent to practically all of the
white pine crop. White pine cones are preferred to those of other
species, but where the white pine crop is light, cones of other species
are harvested. Undoubtedly a larger proportion of the seed crop is
talen in poor seed years than in good ones. Various species of insects
reduce seed crops of all the species by feeding on buds, flowers, im-
mature cones and seed, and mature seed. Instances have been
noted in which they destroyed practically the entire white pine cone
crop in certain localities. In 1930, for instance, all white pine cones
produced on two sample plots on the Kaniksu forest were attacked
by insects of undetermined species and the seed destroyed. On other
sample plots on the Kaniksu and Coeur d’Alene forests no damage
was noted. Difficulty in collecting sufficient seed for planting pur-
poses has been experienced on account of extensive insect damage.

Additional seed is destroyed after reaching the ground, through
the action of fungi, insects, and rodents. Rathbun-Gravatt (15) has
shown beyond doubt that many seeds are killed prior to germination
by damping-off organisms, and many investigators have noted
pregermination losses from other causes. Rodent depredations, for
example, are the principal obstacle to successful direct seeding.

The total effect of the various agencies causing seed losses on natural
regeneration is indubitably great, and it is unfortunate that so little is
known about them. Better information on seed losses is necessary
for aceurate evaluation of the efficacy of seed trees.

SoURCE OF SEED For NATURAL REGENERATION

“What was the source of seed?” lias been one of the most frequently
asked and diseussed questions in western white pine silviculture.
Quest for the answer, necessary to an understanding of natural re-
generation, has constituted a large part of silvical research in the type.
Cutting methods have been devised and revised as new discoveries
were made. Investigations of seed supply and storage and of factors
controlling initial establishment of natural reproduction have now
made it possible to pilece together a fairly definite answer to this
question. Seed may be divided according to origin into three classes:
(1) Stored seed, i. e., seed stored in the duff longer than the normal
overwinter period; (2) coincident seed, produced at the time of cut-
ting or burning or within the preceding year; and (3) subsequent
seed, produced by the residual stand.
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Though the idea, evolved largely by Hofmann (23), as to the im-
portance of stored seed was exaggerative for many years and exerted
an undue influence on marking rules, the theory outlined was in part
correct. Later and more comprehensive studies showed that seed
deposited in the forest floor before or immediately after cutting or
fire plays a part, sometimes a very important one, in regeneration of
western white pine stands. Even seed stored in the duff for longer
than the normal overwinter period is a factor in regeneration, even
though of much less importance than was once believed. The definite
limitation on the seed-in-the-duff theory is the fact that western
white pine seed so placed will rarely retain its viability for more than
2 years, and that se=d of none of the other species will do so for more
than the usual overwinter period.

Natural regeneration of quite adequate density often results from
stored seed and coincident seed combined, and it is very difficult
in such cases to segregate the two seed classes. Undoubtedly some
at least is from stored seed, since on many areas reproduction is
definitely concentrated where the duff remains undisturbed and is
lacking where the duff has been burned. As was previously men-
tioned, extensive areas on the Kaniksu National Forest that were
burned over in 1926 reproduced abundantly in 1927 as a result of a
good seed crop in 1926, which was only partially destroyed by the
fire, and favorable conditions for seed germination and secedling
survival in 1927.

The importance of a continuing seed source subsequent to cutting
has been established by studies of the time of origin of reproduction
on numerous cut-over and burned-over areas. Table 23 shows the
number of western white pine seedlings annually becoming estab-
lished (that is, surviving their second season) during a 10-year period
following cutting on 10 representative western white pine areas.

Tasre 23 —Number of seedlings established in decade following logging on 10
representative western while pine areas, by year of origin

= |8 |& |&,]% (= g 5|2 2 |=
E |8 |E (=23 |= |2 |E.|& ‘ 3 |2 |®
Bl n | 2e |28 | gw|®8| & (02| .1 .2(Fg| B
Year of origin. following | S8 | 28 | & I3 J"E oB | Do | 38| 8 (=gl Bl ¥
entting ! 3 =% |34 3 == | g £ E it sl iz
@ @ ui == 8 ST | & =} g @
2 | & |& |=2|8 |» |5 (88|35 |E [ |=
5|8 (& |2 |8 | & =] S |= (A | |=
31| 20| 5| 6| 7| ko 15( 60| 127 | 26| 52| 261
127 | 148 34 | 188 26 | 236 fifi 51 83 65 | 102 656
5o7 | 327 | 54| 208| 28| 75| 316| 30| 41| 44| 165 | 988
877 | 386 84 | I8 40 ) 321 | 1,064 | 102 79 210 315 ) 1,0
513 | 208 | 217 | 200 | 52 | 307 | 1,320 | 102 | 51| 141 | 313 | 1,486
304 ([ 0| 260 | 227 | 60| 332 | 1,195 | 123 | 88| 141 | 272 | 1634
247 | 59| 85| 187 | 123 | 282 | 887 | 84| 136 | &7 | 208 | 1,953
185 | 107 | 101 | 166 | 54| 467 | E87 | 106 | 165 | 108 | 214 | 1857

Taotal .. 2,51 ‘1. 264 |1,020 {1,488 | 380 (2,170 | 5449 | 658 | 770 | BB2 |L 660 (10,110

|

! Only seedlings surviving the second season aftor cutting are considered established. Hence seedlings
originating during the last 2 years of the decade ara not recorded.

Table 23 shows very clearly that the reproduction stand was built
up fairly evenly over the period. The combined contribution made
by stored and coincident seed ecan be rather accurately determined, as
geed-storage studies have shown that practically all seedlings from
these sources are restricted to the first 2 years for western white pine
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and to the first year for the other species. Assuming 500 established
white pine seedlings per acre as the minimum number for satisfactory
regeneration to that species, and including seedlings originating dur-
ing the first 3 years (a generous allowance), only 2 of the 10 areas
could possibly be classed as satisfactorily reproduced to white pine
mainly from stored and coincident seed. Similar studies of a large
number of cut-over western white pine areas have shown that repro-
duction from stored and coincident seed is satisfactory on not more
than 1 out of 4. The necessity of scattered seed trees or some other
continuing seed source is apparent.

Observations on burned-over areas have confirmed the finding that
reproduction stands frequently originate over an extended period of
years from subsequent seed. Apparent contradictions in the form of
excellent reproduction stands on old burns, with scarcely a living tree
of the parent stand in sight, can often be explained by seeding coin-
cident with the fire or by the observed fact that in a stand fatally
damaged by fire a considerable number of trees may survive for sev-
eral years and bear considerable quantities of seed. A good example
of this is furnished by two sample plots established on the Kaniksu
forest in 1927 on areas burned over in 1926. As is shown in table 24,
a considerable number of white pine trees survived the fire. Most of
them died within 2 years, but a few were still alive 10 years after the
fire. Annual seedling counts on these plots showed that although the
largest numbers of seedlings originated in 1927 and 1928, appreciable
numbers appeared practically every year for 8 more years.

TasLwe 24 —Survival of western white pine trees 10.6 inches d. b. h. and larger, on
two burned-over sample plots on the Koniksu National Forest, by years

Year Plot 1291 | Plot 1331 Year Plot 1291 ‘ Plot 1331
MNuwmbe, Number Number | Number
316 | i R e Rt 3.8 3.4
18.7 16.0 S 3.0 3.2
10.0 R & 2.0 3.1
5.7 4.7 2.0 3.1
8.3 4.3 2.0 3.1
3.9 37

tNumber of trees alive hefore the fire, which occarred in July 1926,

The principal reason why stored and coincident seed cannot be
relied upon for adequate regeneration is not inadequacy of original
supply so much as heavy losses of seed and seedlings. Insects,
squirrels, and the like may destroy the major part of any annual seed
crop. Furthermore, unfavorable conditions for germination and
early survival may prevent a large number of seedlings from becoming
established, despite a plentiful supply of seed on the ground. Often
the supply of seed in the duff under a mature stand is materially
reduced by germination before the stand is cut—germination that
usually constitutes a complete loss, the seedlings diappearing rapidly.
Conversely, if seed losses are small and growth conditions favorable,
a good crop of seedlings may originate from a relatively small seed
crop. On account of the heavy seed and seedling losses that may
oceur in sny given year or even in two or three successive years, a
continuing seed source is usually necessary to obtain adequate natural
regeneration in the western white pine type.
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GERMINATION

Seed of all species common in the western white pine type normally
germinate in the spring in soil wet to field capacity by melting snow.
Phenological observations at the Priest River Experimental Forest,
Idaho, and at Savenac Nursery, Mont., and seedling studies (719)
indicate that germination begins on exposed sites at the lower alti-
tudinal limits of the type between April 20 and May 10. Germination
is always later by a week or more at Savenae Nursery, at 3,150 feet
elevation, than on the Priest River Experimental Forest, at 2,300
feet elevation, and by a month or more at higher elevations and on
protected sites such as north slopes, where snow may remain until
April 30 or later.

Germination is later also on areas sheltered by a forest canopy
or by topography. The effect of a forest canopy is well illustrated by
table 25, which summarizes the course of seedling germination in 1932
and 1933 in prepared sced beds at stations in full sun, part shade, and
full shade on the Priest River Experimental Forest. These stations
are only a few hundred feet apart and differ only as to shade. Both
time and rapidity of germination varied markedly with character of
overhead shade. ~ Germination began and ended about 3 weeks earlier
at the full-sun station than at the full-shade station in a dense mature
stand. Although most seedlings were up by June 5 at the full-sun
station, and by July 15 in full shade, straggling germination continued
until the surface soil dried out, about JLﬁy 1 in full sun and a month
later in full shade. As Jemison (28) has shown, temperature of air
and soil, evaporation rate, and humidity are all significantly lower at
the sheltered stations.

Tasre 26 —Course of germination of fall-sown seed of the six principal species in
prepared seed beds with different degrees of shade

i .
Course of garmination and vear Full sun clhi:'ilu R};Eéla
Snow gone: 1932 . _____... .| Apr. 10 | Apr. 15 | May 5

Germination begins:
1932 T b el 2 L 2 rensaseemmenes| Apr. 28 | May 1 | May 2
IO o ———— e .N-’an 1| May 102 May 24
Germination practically completed:
VB i Jume 5 | June 30 | July 1
| May 30 do Da.

S e S i
Germination ends:

B s T e e v R it & A et & ey eemeee | TN B TN 2T FOIY: 28
1033 o e e B e 2% 3 L S S e e e e g2 | i X0 oAdag

I Prlest River Experimental Forest,
1 A very lew seedlings were up May 1,

Table 26 gives the course of germination on three study areas on
the Kaniksu National Forest, all located in typical seed-tree euttings
in the western white pine type. These records were obtained by
frequent examination of permanent sample-plot quadrats. Period of
germination compares closely with that shown by the data for the
prepared sced beds on the Priest River forest. Germination was
practically completed about July 1 on the exposed flat, about July
15 on the dry ridge and southerly slope, and about August 15 on the
sheltered north slope.
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It has been found that in spite of material variation in the spring
weather—for example, marked differences in the duration of snow
cover—seedling germination on similar sites usually begins about
the same time each year. No material differences with respect to
either time or rapidity of germination have been observed among the
species of the type under natural conditions, perhaps because the
available data are too meager.

Under natural conditions germination is probably stopped by
drying out of the topsoil or duff. Drying early in the season results
in either a smaller total germination in species slow to start or carry-
ing over of some viable western white pine seed into the second
season.

Tasrr 26.—Progress of germination (percent of total) of the siz principal species
on three lypical cul-over areas!

Sheltered north slope Ridge and i
Approximate examination date southerly [ aPOE,
1930 1081 slope, 1831 '
Pereent Percen! Pereent Percent
0 43 it
70 63 7l 06
83 81 100 100
02 |7 [ FEOTESSINELS: PSR
96 100 5 -
111 RSeS| i ot O O

! Kaniksu Natlonal Forest. Elevation: North slope 2,800 feat; ridge, south slope, and flat, 3,000 feet.

Moisture, warmth, and oxygen are the principal factors essential
to germination of tree seed. As soil moisture is usually plentiful in
the spring and sufficient oxygen is rarely lacking in well-drained
upland soils, it seems probable that soil temperature controls the
beginning of germination in the western white pine type. Although
the exact requirements of the associated species are not known, Larsen
(35) has shown temperature to have a very important effect upon rate
of germination and to be perhaps the principal agent governing this
process under natural conditions. Table 27, based on Larsen’s data,
mdicates the effect of soil temperature upon the rates of germina-
tion, under favorable moisture conditions, of four species common in
white pine stands.

Light, though essential to the germination of some seed (8), is
probably of little importance with seed of western white pine and
associated species. Although light may have some stimulating effect,
it has been demonstrated beyond doubt that seed of all tree species
cominon in the western white pine region will germinate satisfactorily
even in the shade of dense mature or overmature timber stands if
other conditions are favorable. Germination of appreciable percent-
ages of western white pine seed stored in duff in the shade of dense

oung to overmature stands has been reported, for example, by

rewster * and by Haig (17, 19).

1 See footnote 16, page 10,
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TaBLE 27 —Germination per day of four principal species in relation to daily mean
soil temperature

Species [ 51°-60° F. ‘ 61°-70° F. | 71°-80° F,

Percent Percent Percent
Western white pine___ 00 oo 1.25
Douglas-fir._______ L5 2.5
‘Western redeedar. ) .1 4.0
‘Western hemlock ] [¢)] 4.3

1 Averages for period of most rapid germination. After Larsen (35).
2 No test,

Germination is materially affected by the character of the surface
layer in which it occurs.  Dufl, for example, is a very poor germinating
medium under certain circumstances, particularly on exposed sites
(4,19,37). At the full-sun station on the Priest River forest, germina-
tion was never satisfactory on duff, even though seed was sown on
this surface much more heavily than on others. In two separate sow-
ing experiments on a clear-cut exposed flat, Larsen (37) found germina-
tion 2 to 12 times as good on burnt and natural mineral surfaces as on
duff. According to records obtained under the generally more
favorable conditions left on typical seed-tree cuttings (table 28),
germination on duff did not differ greatly from that on other surfaces
for the hardier and larger-seeded species, western white pine, grand fir,
and Douglas-fir. Germination of the smaller-seeded species, however,
was distinetly poorer; hemlock and redcedar germinated 5 to 10 times
as abundantly on burnt and unburnt mineral surfaces as on dull.
The reason for this difference is not clear but it seems to be related to
size of seed. Probably the rather rapid fluctuation of moisture contont
usual in the dufl is partly responsible, and the fact that small seod dry
out more rapidly than large seed. Under greenhouse conditions,
where a favorable degree of moisture was maintained by repeated
watering, Fisher (/1) found no significant differences in germination
between ash, duff, mineral, and rotten-wood surfaces, though there
was a tendency for germination to be less on duft than on ashes and on
rotten wood.,

TapLe 28.—Germination on burned-over and natural mineral soil and on rotten
wood in terms of germination on duff,! en lypical seed-tree cutlings

Germination on—

Species and seed per pound (mumber) Burned- Natual
OVEr Rotten
mtneral mineral wond

Percent Percent Percent
a8 78 40

Western white pine (26,700) 1

Grand fir (34,100).__ 46 148 red

Douglas-fir (45,100) 107 94 07

Western larch (125,200). . - . 199 320 99

Western hemlock (208,400) = wz 569 T07 450

Western redeedar (353, 800) oo 1,079 G0 141
AVOIAEe . oo i aaceian 348 am | 144

L100 pereent =germination on duf,
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Although more investigative work is necessary to determine accu-
rately the role of soil cover in seed germination on partly shaded areas,
it can be stated with confidence that establishment of the smaller-
seeded species, particularly redcedar and hemlock, is aided by such
measures as tend to expose the mineral soil on considerable portions
of eut-over areas.

The best data available on the viability of fresh seed of western
white pine and its principal associates as determined by sandflat
germination tests in the greenhouse, at the Priest River Experimental
Forest and at Savenac Nursery (33, 35, §1) are averaged in the
following figures:

Percent
Western whlte pins e e e o e o e e o +4
Bonplasdins o e e e ot s s E A 41
Westerndarehe = oo arn nn e n R st e s s e T 2 30
Western redeedar__ . _ oo soao i R e A 73
Western hemlock . - -o v eomscann v a e e s 65
B eve 1 1, o A= B g 0 e L s o oty TS S 12

Germination percent is usually higher in the greenhouse, where
moisture and temperature conditions can be kept favorable, than
under natural conditions. In nursery work this is recognized, and a
correction factor based on experience is used to adjust for differences
between germination in sand flats and germination in seed beds.
However, the relatively short period used in testing seed under
greenhouse conditions tends to result in underestimate of the number
of seed that are capable of germinating. Even 200-day greenhouse
tests are too short to permit complete germination of western white
pine seed, which under natural conditions may remain viable in the
duff for 2 years. Under favorable conditions, germination of western
white pine and its associates in the field may approach the values
shown in the tabulation.

A good measure of the comparative reproductive ability of white
pine and its associates is the number of seedlings of each species
produced by a stand of given composition over a definite period of
years. Such a measure 1s afforded (table 29) by comparison of the
percent of each species in the total residual stand and the percent in
total germination over a period of 6 to 8 years on 12 permanent sample
plots on cut-over areas. The high reproductive ability of redcedar
and hemlock is very apparent. For each of these species the
percent of total germination is distinetly higher than that of
total residual stand. The 2 species together, constituting only a
little more than half of the residual stand, accounted for 93 percent of
the total germination; whereas the 4 other species together provided
only 7 percent.

In interpreting table 29 it must be remembered that these figures
represent total germination, not established seedlings, Redcedar and
hemlock, for example, produce prodigious numbers of seed, but a very
small proportion of their seed develop into established seedlings.
The superior hardiness and vigor of white pine, larch, Douglas-fir, and
grand fir seedlings in some measure makes up for less abundant seed

roduction. These species are able to become established under
1abitat conditions too severe for redeedar and hemlock.
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TasrLe 29.—Composition of residual stand 10.6 inches d. b. h. and larger and species
distribution of seedlings germinating in 6- to S8-year period following logging, on
acre basis !

g W 3 < Seedlings germinating
Bpecies [rees left after logging per acre

Number Pereent Number Pereent
Weatern white pine e 9.6 22 2,108 3
Western lareh .. - 3.2 7 1,827 2
Douglas-fir________ el 1.2 3 L 1l PR S
Grand Ar-. e 7.4 17 1, 550 2
Western redeedar. ... e Ssiia 8.3 19 28, 170 36
Western hemlock . - - - 13.8 32 38, 842 57

(01O TRE Jw el A SN Sk i e et A St : i o -2 Bl oo 63

okl ot ssstusitiaalansnyssils 43. 6 100 77, 498 100

I Data from 12 permanent sample blotg,

SEEDLING ESTABLISHMENT

Ample seed supply and abundant germination by no means assure
satisfactory regeneration. Adverse conditions of light, temperature,
and moisture, particularly during the critical early season, may easily
destroy an entire seedling crop. Even under generally favorable
conditions, a considerable portion of the seedlings germinating are
killed during the first few seasons by adverse weather and local soil
conditions and by various biotic agents, particularly rodents, insects,
birds, and fungi. On 15 cut-over areas in the western white pine type
on which conditions are relatively [avorable to seedling survival, 46
percent of all seedlings died in the first season and a total of 62 percent
in the first three seasons (table 30). Losses dropped off rapidly alter
the first year, and it seems probable that the low mortality rates noted
after the third year continued until competition due to increasing
density in the seedling stand became an active factor.

TasLe 30 —~Seedling mortality of the 6 principal species on 15 cut-over areas, by
years since germinalion

Specles 1 year 2years | 3 years | 4 years Hyears | ( years Total

Percent | Percent | Percent Percenfﬁ Percent | Percent Hrcenslﬁ

‘Western white pine_ ._______.._ 43 7 5 3 2
Donglas-firt__________ ot 43 9 8 0 3 2 60
Western larch 1. S 46 8 7 8 2 1 67
Grand fir_.._______ e 32 10 8 6 4 0 0
Western hemloel. . gl 70 9 3 2 1 7 92
Western redeedar.. oo 44 8 8 4 4 i} 7
Average. . .. ________ 46 9 7 3 3 3 ket

| Values for fifth and sixth years and total are approximate.

Because of the high initial losses, knowledge of the conditions affect-
ing seedling survival and measures by which they can be modified is
essential to the successful practice of silviculture. Such knowledge is
of particular importance in the western white pine type, where the aim
is to obtain reproduction stands not only adequate in total numbers but
also containing sufficient proportions of the more desirable species.
This was early recognized, and in 1913 Brewster 3 undertook a study
ml). R., FACTIORS GOVERNING NATURAL REPRODUCTION ON VARIOUS sitms, Working plan,

1013. Also BrewsTeER, D). R., and LarsgN, J. A, STUDY OF FACTORS AFFECTING NATURAL REFRODUCTION,
Progress report, 1916, Northern Rocky Mountain Forest and Range Expt. 8ta. [Unpublished.]
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of germination and early survival and development at three stations
on the Priest River Experimental Forest. One station was on a
northeast slope, one on a southwest slope, and the third on a dry bench.
At each station the seed of six species, western white pine, ponderosa
pine, western larch, Douglas-fir, western hemlock, and western red-
cedar, were sown on burnt mineral and natural duff surfaces in the
open and on trenched and untrenched quadrats of duft surfaces in the
shade of timber or heavy brush. The frenched plots, which were
denuded of all vegetation, were established to determine whether
removal of moisture from the soil by roots of trees and shrubs affected
seedling survival under heavy shade. All plots were enclosed with
screens of %-inch mesh to keep out rodents. Air and soil temperatures,
wind veloeity, air humidity, and precipitation were recorded daily.
At weekly intervals, soil moisture content was determined and counts
of seedling germination were made. So far as possible, dead or dying
seedlings were classified as to cause of death.

All the species tested were found best adapted, even in the initial
seedling stage, to the habitats in which they commonly occur. Pon-
derosa pine was the only species to show satisfactory survival on the
southwest slope; ponderosa pine, larch, and Douglas-fir all survived
satisfactorily on the dry bench; and western white pine, redcedar,
and hemlock proved best adapted for survival on the sheltered
northeast slope. In general, survival was better on burned-over or
denuded surfaces than on natural surfaces at all stations, a result at
least partially due to the absence of other vegetation. Vegetative
competition for moisture was shown conelusively to be a factor of con-
siderable importance at the southwest and bench stations, where
drought was the most active agent of mortality. Damping-off
organisms were very active on all surfaces at the northeast station, and
under shade and on dufl surfaces at all stations, accounting for the
majority of losses under these conditions. Frost-heaving and other
winter losses were very heavy, particularly on the southwest slope and
the bench, where snow cover afforded less protection in spring and fall.
A few seedlings were killed, also, by insects and rodents. The rather
small number of seedlings germinating and the lack of systematic
replication prevented any critical analysis of losses according to mor-
tality agent, species, and station.

It is possible that, in spite of the profective screens and the relatively
moist character of the 1913 growing season, losses due to insolation
occurred on the drier sites, and that these were classified among
fungus and drought deaths. It was not until 1916 that attention
was first called in an American journal, by Hartley (20), to the fact
that insolation often produces surface-soil temperatures high enough
to destroy the cambium of tender young seedlings at the ground line.
In any event Larsen (37), summarizing the survival data for publica-
tion in 1924 in connection with additional studies, called attention to
the dangerous temperatures recorded on some plots, and, although
no experimental data were available showing actual losses due to
insolation, surmised that very high surface-soil temperatures on
cleared and exposed flats and south slopes were causing injury to the
seedlings of western white pine, redcedar, and hemlock.

Wahlenberg (60), studying the possibilities of reforestation by sowing
seed in prepared spots, also contributed information on the nature and
importance of various mortality agents affecting initial seedling
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EFFECT OF SHADE ON SEEDLINGS,

A, Slender, weak, and etiolated western white pine seedlings grown under full shade; B, stocky western
white pine seedlings grown under full sun.
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ROOT PENETRATION OF FIRST-YEAR sSEEDLINGS.

Groups, left to right, taken from foll-sun, part-shade, and full-shade staiions, respectively, 1033,

Each

space represents 1 inch, Seedlings as prouped ave, left to right, grand fir, Douglas-fir, western larch,
western white pine, western redeedar, and western hemlock. Rool penetration is shown as of () May
30, (B) June 30, (') July 30, and (D) August 30. On May 30, only western white pine and western

redeedar germinated under full shade.
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survival. Germination and survival were observed on 300 prepared
seed spots in tests condueted over the 6-year period 1916-21. During
the first 2 growing seasons each seed spot was visited at 7- to 10-day
intervals, germination noted, and seedling mortality recorded by
cause. Survival was generally very poor. Most of the large seed
sown were destroyed by rodents. Among the seedlings that did
start, Wahlenberg records that by far the heaviest losses were caused
by drought, and the next heaviest by cutworms. Frost heaving and
fungi also caused heavy losses. Although Wahlenberg mentions that
stones lying on surfaces exposed to the sun may attain temperatures
injurious to growing tissues and possibly fatal to nearby seedlings,
he did not list high surface-soil temperatures among the common
agents of mortality. Probably surface temperatures were not
articularly high on the steep north and northwest slopes he studied.
ring to the extensive nature of the tests, no instrumental records
were made of soil moisture or surface-soil temperature conditions.
In another study Wahlenberg (67) recorded surface-soil temperatures
up to 145° F. in the open on an east slope. Such temperatures would
quickly result in injury and death to succulent young seedlings.

More recently, Haig (19) has completed a study of the role played
by various factors in the initial establishment of seedlings under
measured environmental conditions. First-year mortality was studied
at three stations on the Priest River Experimental Forest, all located
on a large river flat representing severe to moderately severe conditions
for western white pine. Although soil and general climatic eonditions
were identical throughout the series, the stations varied materially in
microclimatic conditions owing to differences in the density of the
residual stand. As confrol of overwood shade iz one of the most
effective tools of the silviculturist, it was reasoned that this arrange-
ment offered the most promise of supplying useful and practical
results. Omne station had been elear-cut; one had been partly cut,
retaining a fairly heavy stand including a large number of small
understory trees; the third was in a nearby uncut climax stand of
great density.

Each station, enclosed by a high woven-wire fence, was equipped
with rain gage, hygrothermograph, maximum and minimum air
thermometers, soil thermometers, air and duff psychrograph, ane-
mometer, and soil-water measuring equipment (geotome, soil cans,
oven, balance, and duff hygrometer). Equipment used to measure
light intensities were a stop-watch photometer with solio paper,
Shirley thermopile, and Livingston black and white porous atmometer
spheres. Seedling phytometers, both sealed and free, were employed.
Soil temperatures were taken at the surface (the bulb barely covered
with a light layer of soil or needles) and at levels 1 foot and 2 feet
below the surface. Wind velocities were measured at the standard
8-foot level, and conversion factors to reduce the 8-foot readings to
velocities at seedling level were obtained through a series of test runs
with anemometer cups set 6 inches above soil level. Soil-moisture
determinations were made at weekly to 10-day intervals. A co-
operative Weather Bureau station at the Priest River Experimental
Forest headquarters, within one-half mile of the study stations,
furnished a 20-year record with which to compare the general character
of weather conditions during the seasons of study.

286646°—41——5
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Causes of seedling mortality were studied at each station during
the seasons of 1932 and 1933 by means of a series of prepared quadrats
sown to western white pine, western larch, Douglas-fir, western
hemlock, western redeedar, and grand fir (pl. 68). Natural duff,
natural mineral goil, and burnt mineral soil were used in these installa-
tions, and some control quadrats were specially treated. Kach type
of surface was represented in duplicate or triplicate, to permit meas-
urement of chance variation. On each quadrat sufficient seed was
sown, on plats 16 to 20 inches square, to insure a sample of about
200 to 500 seedlings of each species with which to follow mortality
by cause. Quadrats were examined at 2- to 10-day intervals, depend-
ing on the quantity and character of seedling mortality, and each
dead seedling was classified as to cause of death after an individual
examination. This diagnosis was strengthened by the instrumental
records, which furnished concurrently an excellent picture of habitat
conditions at the time of death. In addition 10 seedlings were care-
Iully removed at weekly to 10-day intervals from special beds for
determination of root penetration. The resulting data were used in
conjunction with soil moisture measurements in rating the current
effectiveness of drought as a cause of mortality. Table 31 summarizes
the general character of the first-year losses during the 1932 and 1933
SeasONs.

Mortality began immediately after germination in late April or
early May, while the soil was still thoroughly soaked by melting snow
and spring rains. Early mortality was caused principally by biotic
agents, namely, insects, birds, rodents, and fungi. Practically all
took place when the seedlings were succulent and tender. The
gradual hardening of seedling tissues and the drying out of the surface
soil slowly brought about a cessation of mortality due to biotic agents.
Later losses, beginning in late June and early July, were principally
due to insolation and drought.

Losses DuE To BroTic AcenTs

Fungi have already been shown to be the most destructive of the
biotic agents (table 31), accounting for 24 percent of all deaths in
the 2 years of the experiment, or about five times as many seedlings
as were destroyed by mnsects and birds combined. Greatest mortality
was in full sun and least in part shade. In general, losses from fungi
did not wvary significantly between the mineral surfaces. Fungi
were much more active on dufl than on mineral surfaces at both the
part-shade and the full-sun station (table 32), though data were in-
complete because of poor germination on dufl surfaces. Fungi also
were generally more active on all surfaces at the full-sun station than
at the part-shade station during the two years of the study. This
seems to indicate that from the standpoint of fungus activity the
higher temperatures on the full-sun area, particularly on duff surfaces,
more than compensate a somewhat shorter season due to earlier
drying. Under full shade, where surface temperatures do not vary
so markedly between duff and mineral surfaces, losses from fungi
were irregular, being higher on duff in 1932 and much higher on
mineral soil in 1933.
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Tasue 31.—Causes of first-year seedling mortality of the siz principal species, from
prepared quadrals under 3 degrees of lght, 1932-33

' |
Btation Fungi gé:?isﬁﬁis I’%?;'};" Drought | Total

Pereenl | Percent | Percent | Percent | Percent
28 9 46 5 a1

Full-sun

Par{-shade. . 10 3 20 4 46

Fullshade - 25 3 0 42 0
Average

24 | 5 22 18 [

TasLe 32.—First-year seedling mortality caused by fungi on dufl and natural
maneral surfaces, on prepared quadrats, in percent of toial germination, 1932-33

| Western |

Station, surface material, and Douglas- | Western | Grand | Westorn | Western
’ year “;li'gtée fir larch fir hemlock | redcedar | A Veroge
Full-sun: | |

Duff: Pereent | Pereent | Pereemt | Percend Pereent | Pereent

1832 . L (B SRR i R e PPy AR 44

72 97 06 100 |- e a1

. O S ITINCET T e s e 24

32 33 14 - 1) 26

18 22 |iziccaias R | [ a2 24

25 37 70 38 &1 51 45

10 iy | N WO b 11 13

20 a8 T aa 25 31 2

15 12 W |acieis 12 44 20

18 19 30 26 6 18 20

. 10 16 3 I, 7 12 1

Ml s 44 fifi 61 5 18 3w 47

Fungi attacked vigorously all the species commonly associated in
the western white pine type. Losses by species from fungus attack
were in some instances so varied as to suggest unequal distribution
of conditions favorable to fungus development or of the more virulent
fungus strains. The differences were not sufficiently consistent be-
tween stations or seasons to imply susceptibility differences among
the species studied.

Losses due to insects also varied widely by species, year, and station.
During both 1932 and 1933 they were materially higher at the [ull-
sun station than at either of the others, the differences being greatest
in western redeedar.

In contrast with insects and fungi, the birds that frequented the
cut-over areas, and the climbing rodents such as mice, wood rats, and
squirrels, seemed to be highly selective. Most of their damage was
done to western white pine. TLosses caused by birds were relatively
light and were not recorded separately from insect damage. Rodents
were successfully exeluded from the full-sun and part-shade stations
by fencing and other protective measures. Though greatly reduced
in number at the full-shade station by poisoning and trapping, rodents
destroyed 36 percent of the western white pine seedlings there in 1932,
with very little damage to seedlings of other species on immediately
adjacent plots.
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It is impossible to judge how fairly the biotic losses observed in this
study represent biotic losses in natural seedlings stands, which are
less dense than those on the study plots. Undoubtedly, however,
biotie agents are a potent if somewhat erratic factor in initial mor-
tality of seedlings in the western white pine type.

LossEs DuE To PHYSICAL AGENTS
INSOLATION

Insolation, causing injuriously high surface-soil temperatures, was
the most important physical agent of mortality encountered in this
study. Tt also played a part in creating soil-moisture deficiencies
responsible for drought losses. High temperatures are produced by
direct exposure to strong sunlight as soon as a thin layer of topsoil or
duff is dry, and cause stem lesions at the ground line, killing many of
the seedlings. Insolation accounted for five to six times as many
seedling deaths as drought at the full-sun and part-shade stations
(table 31). No heat losses occurred at the full-shade station, where
goil temperatures never went above 89° F,

TasLe 33.—First-year seedling mortality on mineral soil caused by physical factors,
in pereent of those seedlings surviving biotic losses, 1932-33

Full-sun station | Part-shade station | Full-shade station
3 3| & 2
) 2 — % = @ g = s
Physical factors and tree species 2 B B g & E E =
b =
Tle|E|E|2|2|E g
152|852 5
2151238 |2\28|8 =2
= = = =1 & B =) a =
Insolation: FPet, | Pef. | Pel, | Pel.
Western white pine_ : b fi6 i}
Douglas-fir. _ T8 84 a1 9
Western lare T4 79 75 15
Grand fir L ___ - < o1 S6 as 6
‘Western hemlock .- ... ____. #2 6 58 33
‘Western redeedar. .. ... _____________._. 71 S0 75 38
Average, all species_ ... .. __.____. 72 75 Y 18
Dro%‘ght:
estern whitepine_________ 8 L} Tl ® 1| @ 47 34 41
Douglas-fir.._.______~__ 6 4 5 1 1 1 16 20 17
Western larch 4 4 4 1 a 2 L] 04 a3
Grand firt. _____ 1 2 1 0 0 0 g 24 16
Western hemlock a7 43 39 16 19 18 93 7 05
Western redeedar. . 28 a0 24 2 10 i} 51 (it} 60
Avernge, all speefes_ .. _____________ 14 1R 13 3 f 5 51 it 54
All physieal factors:
estorn white pine_ . . 72 7 [ 23 14 47 34 41
Donglas-fir ______________ —— 88 56 10 21 15 16 20 7
Western larch_ N 83 80 17 35 26 o1 95
Grand fir | . ______ B2 89 i 12 -] 3 24 16
Western hemlock 100 1 100 49 60 55 43 97 €5
Western redeedar_ . __ 1ot | 100 40 45 43 a2 68 a0
Average, allspecles. .. ____| 86 85 87 21 a3 27 &l 56 54

! Values ave {or 1933 only.
* Trace—less than 0.5 percent.
4 Including frost and miscellaneous other factors.
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A much clearer idea of the extent of insolation and drought deaths
is given if deaths due to biotic causes, which oceur early in the season,
are subtracted from the total number of seedlings produced, and the
number killed by physieal factors is expressed in terms of the residual
value. This is necessary if species differences are to be compared
fairly. Obviously, for example, if 90 percent of the seedlings of one
species are killed by biotic agents early in the season only 10 percent
at most can be killed by physical factors. .Seedling mortality caused
by physical factors is summed in terms of total germination less biotic
mortality in table 33.

Insolation was by far the most important physical agent of mor-
tality at the full-sun station, and drought the only important one at
the full-shade station. Insolation caused the death of four to six
times as many seedlings as drought on the cut-over areas, killing 73
percent of the seedlings surviving biotic losses at the full-sun station
and 22 percent at the part-shade station. From the effect of insola-
tion at the part-shade station, where the action of this agent is less
obscured by drought deaths occurring during the same period, it is
clear that grand fir, Douglas-fir, and western white pine are relatively
resistant to high surface-soil temperatures, western hemlock and
western redcedar are distinctly less so, and western larch is inter-
mediate between these two groups. The differences have been tested
statistically and found significant.

The influence of insolation depends to some extent upon cortical
development of the stem; early hardening of external stem tissue
undoubtedly increases resistance to injury. That seedling tissues
harden when subjected to severe temperatures is shown by the coarse
woody appearance of seedling stems at the full-sun station in mid-
season as compared with seedling stems under part or full shade
(pl. 7). Hardening of the cortex undoubtedly explains why the
larger and sturdier seedlings characteristic of some species are able to
gurvive at all in the extremely high temperatures recurring day after
day on the full-sun area and on the more exposed portions of the part-
shade area. As previously stated, temperature conditions are par-
ticularly severe in the western white pine region, scanty summer
precipitation and prevailingly clear, cloudless weather resulting day
after day in extremely high surface temperatures capable of destruc-
tive injury to unprotected plant tissue.

Numerous investigators (2, 5, 20, 26, 49, 55, 59) have pointed out
the damaging effect of temperatures exceeding approximately 120° F.
on green plant tissue. The degree of injury varies, of course, with
age and species of seedlings. Baker (2) found that damage may
appear when internal temperatures go as high as 117° and may be-
come common when they go above 130°; and that above 150° few

oung seedlings survive. Table 34 summarizes the oceurrence of
Eigh temperatures during the growing seasons of 1932 and 1933. 1In
the surface soil at the full-sun station temperatures of 120° or more
occurred on 48 days during 1932 and 52 days during 1933, and temper-
atures of 135° or more occurred on 16 days in 1932 and 20 days in
1933. Daily maxima as high as 144° in 1932 and 150° in 1933 were
recorded on mineral surfaces at this station. As a result, seedlings
succumbed rapidly to heat girdling at the ground line, redeedar disap-
pearing entirely by the end of July and hemlock by the end of August,
and the number of live seedlings of the more resistant species was
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seriously depleted. At the part-shade station, soil temperatures
went to 120° or higher on only 13 days in 1932 and 16 days in 1933,

and never reached 135°.

Tasin 34 —FEffect of shade on surfuce soil temperature on mineral quadrats, by
months, 1952-33

Days on which temper-
atures were—

Daily maximom temperature

Station and month 120° F. or 135° F. or Monthly i
higher higher \ average Highest
1932 1933 1932 1933 1932 1633 1932 1933
Full-sun Number| Number| Number| Number| °©F. °F. °F. °F,
MY 1] 0 0 ] 87 a2 104 04
4 2 0 ] 101 100 128 126
22 26 7 8 [ 128 129 144 148
22 24 9 12 125 126 144 150
48 52 16 . | 144 180
Part-ghade: [
M B |ecsize 1 o 7. 8 B 59
[ I 0 - BE | 106
4 11 0 0 108 113 131 130
.Y 1 RN S B SE 9 il 0 0 107 105 127 125
Total or seasonal . _____________ 13 16 ] [+ §f IENEEE s 131 130
13 B 1 | SR (70 ISR I
0 i ] 0 72 73 a2 28
Augost e 0 U] 0 o 7a 7h 849 88
Totalorseagonal _____________ 0 0 0 L 3 PR NS 84 88

Tasre 35— Effect of surface-soil material on surface-soil temperaiures at full-sun
station, by months, 1932-33

Days on which temperatures

Daily maximum temperature

Wore—
Maonth and surface soil material 120° F. or 135° F. or Muonthly
higher higher average Highest
1932 1933 1932 1933 1932 1938 1832 1933
May: Number| Number| Number| Number °F. o °F, o,
217 R R T ITT O St 8 9 0 4 801 108 134 144
Natural mineral ___ - 0 0 0 1} 87 79 104 94
Burned-over mineral .- _____._... 0 ] 0 ] B2 80 a3 41
June;
1215 10 EE TR AT A e o e 17 Fo) 11 17 129 129 155 152
Natural mineral____ 4 2 0 i 101 101 128 126
o Burned-over minera 3 1 1 0 a7 a7 136 124
uly:
Duff 28 30 24 25 145 144 160 158
Natural mineral 22 26 7 8 127 129 144 146
Burned-over mineral . __________ 21 7 a 21 120 135 151 148
Aungust:

711 S PO R 24 25 20 22 138 137 156 161
Natural mineral . o 22 24 9 12 125 126 144 150
Burned-over mineral . _._________ 24 25 19 17 132 130 1561 152

Total or seasonsl:
p i1l s e R e et 7 87 53 160 161
Natural mineral . —_ 48 52 16 144 150
Burned-over mineral _._________ 48 53 29 151 152

Surface temperatures vary greatly according to the nature of the

surface soil.

Table 35 gives temperatures on duff, natural mineral,

and burnt mineral surfaces at the full-sun station. Duff temperatures



NATURAL REGENERATION IN WESTERN WHITE PINE TYPE 71

were particularly severe, as the light, porous character of the organie
materials permits early surface drying and more rapid absorption and
dissipation of heat. In May the only killing temperatures recorded
occurred on duff surfaces. In the period May to August, inclusive,
maximum temperatures of 120° F. or more occurred on duff 77 days
in 1932 and 87 days in 1933, and on natural mineral surfaces 48 days
in 1932 and 52 days in 1933. Burnt mineral surfaces have slightly
higher temperatures than natural mineral, their darker color causing
greater absorption of heat. The effect of surface material is best
shown by number of days with temperatures of 135° or more. In
1932 and 1933 the number of days with such temperatures averaged
44 per year more on duff and 16 per year more on burnt mineral than
on natural mineral surfaces.

On the cut-over areas, i. e., the full-sun and part-shade stations,
this quicker surface drying, combined with a greater range in daily
temperature extremes and increased danger from both frost and
insolation, made duff surfaces extremely hazardous for young seedlings.
Not a single seedling survived the first season on duff on the full-sun
area, and very few survived on the less sheltered portion of the
part-shade area.

In an experiment by Larsen (37) the findings were similar, Table
36, recompiled from his data, shows distinetly better survival on
mineral than on duff surfaces.

TasLe 36.—Seedling survival,! 2 years afler sowing, in relation to surface-soil
malerval

Western white pine Western | Engel- A\vgﬁage

mann
larch | spruce species

Burface-soil material
Test 1 l Test 2 | Average

Percent | Percemt | Percent | Percent | Percent | Percent
111 R L ek e L LA e — 8 1 4 2 0 2
Mixed duff and rotten wood

Partly burned dufl.______________
82‘“00:1 ang puﬁ—aly burped duff._________|| |77 it ettt e I —

arcoal and ashes. . __ n

Deep, locsesshes. .. _________________. = 2 26 3 13 16
Natural mineral . 20 3 16 9 23 10

! In terms of total numbers of seed sown.  After Larsen (37). Test 1, western white pine, was in 1918
test 2 in 1920,
* Fungns present.

DROUGHT

Drought, the second most important physical cause of seedling
mortality, operates directly through the unbalance between soil mois-
ture and root penetration, a circumstance that explains the paradox
of heavy drought mortality on the relatively cool, moist, full-shade
area (table 33). This situation is illustrated mn figure 11, which shows
graphically the progress of surface-soil drying on each of the three
areas in the 1933 season. Maximum and minimum root depths at
various times are shown for western white pine, one of the deeper-
rooted species, and western hemlock, the shallowest-rooted species.
Soil drying in the upper layers, of great importance in initial survival,
is shown to take place primarily from the surface downward.

Although soil drying on the full-sun area was rapid and relatively
deep, this was compensated in part by deeper root penetration, par-
ticularly by the more resistant species, western white pine, Douglas-fir,
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western larch, and grand fir. In 1933, for example, the soil on this
area had dried to a depth of 7 inches by late August, but seedlings of
these species in some cases had roots penetrating 11 inches or more at
this time, and relatively few of them died of drought. The shorter-
rooted species were unable to maintain a favorable balance of root
penetration and soil moisture and consequently suffered heavily.
Drought losses began as soon as the soil moisture content dropped
below the wilting coefficient in the layer in which seedlings were
rooted, about June 25, and resulted immediately in drought deaths of
hemlock and redeedar.

At the part-shade station (figure 11), the root-penetration balance
in 1933 was favorable to all species except redcedar and hemlock.
Surface drying, beginning about June 25, killed a few short-rooted
hemloek on mineral surfaces, but was relieved by rains on June 28
and 29. About July 6, surface-soil drying again began to kill some
redcedar and many hemlock on exposed quadrats, and this drying
lasted until the fall rains began. Only a few short-rooted individuals
of other species were killed by drought in 1933.

At the fullshade station, although surface drying began much later
in the season and reduced soil meisture to or below the wilting co-
efficient to a maximum depth of only 3 inches, drought losses were
heavy because of shallow root penetration of all species. TLow light
ntensity and unfavorable soil and air temperatures, though not direct
causes of mortality, probably had an important part in preventing
seedlings from growing vigorously and hence from becoming drought
resistant,

Drought losses at the full-sun and part-shade stations, particularly
the former, would have been relatively higher if insolation had not
previously killed large numbers of redeedar and hemlock. A few
quadrats at the full-sun station were shaded by screens, which pre-
vented lethal surface-soil temperatures. Soil-moisture conditions
were substantially the same on both shaded and unshaded quadrats,
except that the former dried out a little more slowly as the season
progressed. On the shaded quadrats drought ranked second to biotic
factors as a cause of mortality, having an especially severe effect on
the shorter-rooted species. Apparently drought may play a much
more important role on areas where insolation is not an agent of
mortality. Results of a study made in 1934 show that on north slopes
drought tends to be the most important physical agent of mortality.

The relative susceptibility to drought of the seedlings of various
species tested at the river-flat stations is shown by table 37. In full
sun and under part shade, as nearly as can be judged from the 1933
records, the four hardier species do not differ significantly in resistance.
Western redcedar and western hemlock again form a more susceptible
group. Redcedar is definitely less susceptible than hemlock, owing at
least in part to its slightly but consistently deeper root penetration.
Under full shade the species differ more sharply with regard to dronght,
resistance. Here the extremely weak root penetration of western
larch makes this species the equal of hemlock in susceptibility.
Douglas-fir and probably grand fir were the least susceptible. In the
intermediate group of western white pine and redcedar, white pine is
significantly the less susceptible. Drought resistance was closely
linked in every case to depth of initial root penetration. Plate 8
shows differences in root penetration between species, stations, and
times of season.
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TasLE 37.

Firsi-year drought mortality of seedlings of siz principal species sur-
viving biotic losses, under different light conditions, 1932-33

s Fuoll-sun | Part-shade | Full-shade

Epecies station station station

Percent Percent Percent
Wasternwhite plne. o o e 7 (1) 41
Douglas-fir._. .. ___. b 1 17
Waestern lareh. 4 2 93
Grand fir? ____ 1 0 16
Western redeed; 24 8 @0
Western hemlock. . _____ 39 18 a5
Averaged _________ P 1 i fil
T BT ) R R DR RS DA e A +2.2 +2.1 =4.8

1 Less than (0.5 percent.
2 Reeords for 1033 only.
# Excluding grand fir.

The high seedling mortality consistently observed on exposed duff
surfaces, although caused mainly by high temperatures, is due in
lesser degree to unfavorable moisture conditions. The rapid fluctua-
tion in moisture content of duff kills many newly germinated seed-
lings before their roots can become established in mineral soil under
the duff. The moisture content of the mineral soil under the duff is
about the same as that of exposed mineral surfaces, and once the
seedling roots are established in the underlying mineral soil, the
survival on duff tends to be nearly the same as on mineral surfaces
under shade or on north slopes, where insolation losses are few. This
is indicated by permanent sample-plot records (table 38) from areas
on which econditions were generally more favorable for seedling
establishment than on the severe river-flat areas of Haig’s study.
Differences in survival between surfaces were not very pronounced.
Although not suseceptible of statistical analysis, because of the ir-
regular character of the basie data, these sample-plot records indicate
that of the three kinds of surface listed, establishment is best on
mineral soil, poorest on rotten wood, and intermediate on duff,

Tapre 38.—8eedling survival of principal species on four cut-over areas & years
after cutting, in percent of all seedlings produced

Average
Western
5 Grand | Western | Western
Surface soil material white
pine fir hemlock | redcedar Hirdiar Bltllg'lt‘afep-

1 .
| species spacies 1

Duff; mixed duoff and humus; scorched | Percent | Percent | Percent | Percent | Percent | Percent
Y e o e 34 45 8 26 43 17

Rotten wood_______ - 28 43 8 10 35 9

MNaturalmineral .- il 41 55 8 33 5l 23

! Record includes western white pine, grand fir, and a few Douslas-firs and western larches. Data insutfi-
cien to list species separately by surface soil material.
# Western hemlock and western redeedsr,

SrevicurturaL CONTROL

The silviculturist can in great measure control the abundance of
natural reproduction by manipulating the distribution and density of
the residual stand. On severe sites, in general, most abundant
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regeneration is got by retaining a fairly dense residual stand, becavse
such a stand reduces insolation and maintains a favorable balance
between root penetration and soil moisture. Such conditions not
only eliminate high surface-soil temperatures and drought, the prin-
cipal physical agents of initial mortality, but restrict biotie losses,
and tend to produce high initial survival of all species. On sites where
aspect largely prevents high surface-soil temperatures, regeneration
is probably favored by retaining only a light residual stand or by
elear cutting.

Obtaining the most desirable species composition in the seedling
stand is often more difficult than obtaining adequate density. It
can be promoted to some extent through control of overwood shade.
Retention of fairly beavy residual stands on flats and southerly slopes
tends, entirely aside from its effect on seed supply, to decrease the
proportion of western white pine and its hardier associates and
increase the proportion of western redcedar and western hemlock.
Clear-cutting on severe sites, on the contrary, tends to reduce the pro-
portion of western redcedar and western hemlock, as these species
are far more susceptible to high surface-soil temperatures and drought
than their associates, and to increase the proportion of western white
pine, Douglas-fir, western larch, and grand fir. However, mortality
losses in full sun on severe sites may be so heavy as to prevent adequate
regeneration of any species.

On more sheltered sites, such as north slopes, available evidence
indicates that given an adequate seed source, clear-cutting will pro-
duce the most desirable seedling stand, as regards both quantity and
composition. On such sheltered sites losses due to high surface tem-
peratures are largely eliminated and full-sun conditions favor estab-
lishment of western white pine. Drought, an active agent even on
these sites, materially reduces the crop of more susceptible species
such as redcedar and hemlock, although, under generally favorable
conditions, an appreciable percentage of these species may be expected
to survive.

One outstanding practical limitation to the control of composition
by varying the density of overhead shade lies in the fact that it is
apparently impossible except within narrow limits to encourage western
redcedar, a commercially valuable species, without also encouraging
western hemlock, a species of low commercial value, or to encourage
the highly valuable western white pine without also encouraging the
commerecially inferior grand fir. These limitations indicate the prob-
able necessity of employing cultural methods, such as weeding, if
composition of the seedling stands is to be effectively controlled.

EARLY DEVELOPMENT

The problems of natural regeneration do not end with successful
seedling establishment. Seedling stands may originate under condi-
tions unfavorable to satisfactory growth and, as has been pointed out,
composition of the seedling stand can be controlled to a limited extent
only. The character of the soil, the seed source, density of overhead
shade, and relative aggressiveness of the associated species, particu-
larly during early life, all affect the make-up of the stand at maturity.
This period of early development, roughly the first 30 years, is impor-
tant to the silviculturist because rate of growth and species composition
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can then be effectively controlled by cleaning and by regulation of
overwood density.

ErrecT oF BURNED-OVER SURFACES

The marked effect on early seedling development of burning off
the layer of duff and litter from mineral soil has already been brought
out with reference to the study made by Haig (19). During both
seasons covered by that study, seedlings grew larger on burnt than on
nearby natural mineral soil.# At the part-shade station, 2-year-old
seedlings on burnt mineral soil were from 25 to more than 100 percent
taller than seedlings on adjoining natural mineral surfaces, western
larch showing the greatest difference. Microchemical tests revealed
that burnmg made available a materially increased supply of several
important mineral nutrients for at least 2 years after burning. Burn-
ing resulted in a slight to very marked merease in the quantity of
active manganese, available magnesium, nitrate nitrogen, available
phosphorus, and replaceable caleium. Available phosphorus was
almost doubled, and the increase of replaceable caleium and nitrate
nitrogen was even larger. The total carbon content was slightly
reduced. The differences were considerably greater in the top 3
inches of the soil than at lower levels.

Seedling response to the greater supply of available nutrients con-
tinued to the end of the second growing season. At that time, at the
part-shade station, the tops of western larch, a species particularly
sensitive to habitat changes, had an average green weight of 1.64 gm.
on burnt mineral as compared with 0.60 gm. on natural mineral surfaces.
In general the top weight of all species combined was about twice as
great on burned-over as on natural mineral surfaces. During the
second growing season all species made markedly better leader growth
on the burnt surface.

Other investigators (1, 13, 22, 27, 56) have consistently found the
supply of available nutrients in the forest soil to be mnereased for at
least a year or two by burning. Further investigation is needed,
however, to determine the full and final effect of bummg on seo:l]mg
establishment and development. It is quite possible that losses
through soil washing or changes in physical composition resulti
from single or repeated fires more than outweigh the initial gain in so nﬁ
fertility.

Errect oF OvERwoon DENsITY

Density of the overwood stand affects seedling development very
materially from the first year or two on. Haig (19) found at the end
of the second season that best seedling height growth had been made
under part shade; western white pine averaged one-third taller than
in full sun, Douglas-fir seedlings were twice as tall as in full sun, and
western larch and grand fir made even larger relative gains. Growth
as measured in green top weight of the last three of these species was
also better under part shade than in full sun. Western white pine,
however, was a marked exception, averaging 0.61 gm. in full sun on
natural mineral surfaces, and 0.86 gm. on surfaces in full-sun that
were slightly protected by low screens, but only 0.35 gm. under part

# 3imilar ohservations have heen made by Brewster and Larsen (37). Also Sixth Annual Report of the
Priest River Experimental Forest, Northern Rocky Mountain Forest and Range Expt. Sta. 1916,
[Mimeographed.]
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shade. Comparable data are not available for western hemlock and
western redcedar, as seedlings of these species did not survive at the
full-sun station.

After the first few years, western larch, lodgepole pine, Douglas-
fir, and western white pine grow best under practically full-sun condi-
tions. The marked effect of density of overwood on the growth of
reproduction in these later years is “illustrated in plates 5 and 6, of
which all views were taken within 200 yards of each other on a cut-
over area on the Kaniksu National Forest. The area represented is
uniform in all respects except for density of the stand left after log-
ging. On a nearly clear-cut portion (pl. 9, 4), western larch and the
few lodgepole pine trees present have made excellent growth and are
the tallest, with western white pine next. These species make up
prac t;wa]ly' all the dominant stand. Most of the grand fir and all the
western hemlock and western redeedar are distinetly subordinate in
height. Under partial shade * (pl. 9, B), western white pine, though
not quite so tall as under practically full-sun conditions, forms a larger
proportion of the dominant stand, and larch and lodgepole have made
much poorer development. Grand fir and hemlock are both more
prominent under partial shade than in the open. Under moderately
dense shade (pl. 10, B), larch and lodgepole are practically absent and
trees of other species have made poor growth. The relation between
white pine and the more tolerant grand fir and hemlock has become
reversed ; the fir and hemlock are now the tallest. Under very dense
shade (pl. 10, A), trees of all the species barely exist, as is illustrated
by the white pine trees shown against the white sheets. Average
heights of the white pine trees in this stand, and other stand data, are
given in table 39. The general trends in the effect of overwood density
on reproduction development shown by these data have been demon-
strated on many other areas.

Tasre 39.—Relation of overwood densily to height and number of 16-year-old
western while pine seedlings on portions of the Kaniksu National Forest

Residual Average Seedlings per acre
overwood height
Ares density dominant

(basal area | white pine | Western
per acre) | seedlings ! | white pine All species

Syuare feel Feet Number Number
A - 26 6.7 3,480 4, 449
e R i i e e e e a8 2.6 5, 720 7,920
| S S U W RS SRR 95 16 5, 360 15, 820
LY e s e e e T 160 . 1, 520 8,400

! The tallest seedling of this species on each 1/1,000-acre unit of area.

The effect of overwood and aspect upon the relative growth of asso-
ciated species in the reproduction stand over a period of years is
brought out by table 40. This table is based upon examinations of
four cut-over areas, and shows changes in the composition of the domi-
nant stand in intervals of 10 to 19 vears, the second examination hav-
ing been made 25 years after logging in each case. The proportion of
western white pine in association with western hemlock, grand fir, and

# Tt is not intended to ascribe all the effects of an overwood on reproduoetion to shade alone.  Legree of
shade, In terms of light intensity, is only a convenient single measure of overwood density. Other things

such as soil temperature and moisture content are affected by overwood density and in turn aifect gmwth
of reproduction,
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a small quantity of larch and Douglas-fir remained approximately
constant on the clear-cut northerly slopes and doubled on the open
easterly slope. Under approximately 40-percent shade, on the shelter-
wood area, western white pine steadily lost ground in the 19 years
between observations. The 25 percent lost in this period was ab-
sorbed by western hemlock, the principal associate in this stand, which
proved a very aggressive competitor. The relative development of
western white pine on clear-cut areas would be less favorable in repro-
duction stands containing larger percentages of larch or lodgepole
pine, as these two species thrive best in full sunlight and distinetly
outgrow western white pine in the early years of stand development.

TasLe 40 —Composition of dominant stand, with respect to overwood condition and
erposure al various iniervals after logging

Period |Wes|.e:u Western Grfimd Wastern ])ouglas-‘ Trees
T fir

Cverwond eondltion and aspect | since white - aies "

loggring pine | hemlock lareh per acre

Years Pereent | Percent | Percent | Percent | Percent | Number

Shelterwond;' northerly uspect { 2; ;!1] Bg hi’ 'b’ 3 ‘Ii, %8
y el Sk L] 26 58 13 2 1 2, 156
Olear eut; northerly sspect { 9 24 23 3 g B ol
D { 15 04 3 0 1 2 845
WL linssmessmeremames 25 90 [ D——— :5 __________ 245
Clear-cut; easterly aspect [ ég ;Z ig 12 43 g Egﬁ

! About 40 percent shade,

£ Includes some grand fir.

# Includes some Douglag-fir,

i Ineludes some lodgepole pine.

RELATIVE AGGRESSIVENESS OF SPECIES

A good measure of the relative aggressiveness of individual species
in the western white pine type during the period of early development
is the proportion of the total number of trees of each species that are
in the dominant stand. Such data are furnished by table 41, based
on 12 sample plots representing stands from 8 to 30 years of age.
It will be noted that, within this range of ages, western larch and lodge-
pole pine form a much larger proportion of the dominant than of the
total stand. The proportion of western larch in the dominant stand
was 3 to 5 times that in the total stand, as measured in milacre and
4-milacre units.?® White pine and Douglas-fir form approximately the
same proportion of the dominant stand as of the total stand. Grand
fir and western hemlock are less aggressive. Western redcedar is ob-
viously the least aggressive, forming 7 percent of the total stand and
having no part in the dominant stand. These figures, in which the
time element is not represented, would be more significant if based
on repeated measurements of these plots over a number of years.

This order of aggressiveness is maintained with little change in
older stands, as is shown by table 42. Comparison of relative dom-
inance of associated species in these stands is most clearly made by
considering the values for dominant and codominant crown classes
combined. Lodgepole pine and western larch are obviously the most
aggressive. Wherever present, they are found principally in the
mlest and most vigorous tres on each unit was designated as a dominant. These estimates
oonsequently take into account both size and distribution over the area. Classifying trees by the usual

sgrast%m, ie., as dominant, codominant, intermediate, and suppressed, is nol practicable in very young
stands.
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dominant stand, not being sufficiently tolerant to survive long in a
suppressed or even an intermediate position. It will be noted that
hemlock and grand fir are transposed from the order given in table 41.
The indicated differences in aggressiveness hetween these species are
small, however, and probably not significant. Western redcedar is
shown to be the least aggressive species, forming a negligible propor-
tion of the upper two crown classes in second-growth stands.

TasLe 41.—Relative aggressiveness of individual species in stands § to 30 years old,
on 12 sample plots, as measured by dominance

Composition of domi-
Composi- nant stand ? by—
Bpecies tion of Lletal' ——t ey
sland Milacre | 4-milacre
units # units
Percent Pereent Pereent
Taodgepole pine__ 1 g
Western lareh. 6 20 a3
Western white p. 44 Al a8
Douglas-fir. .. 3 g 3
Grand fir ____ 20 16 12
Western hemlogk 17 1] 5
Western redoedar— .. - i 7 1 0
Other spegies_________________ S U ) 2 0 |
Total e e 100 100 100

1 Al trees 0.6 foot tall and taller.

4 Tneluding only tallest and most vigorous tree on each aren unit as indieated.,
3 A milsere unit Is 6.6 feet square and includes 171000 acre.

£ A 4-milacre unit is 13.2 feet square and includes 1/250 acre.

As implied above, relative dominance is also an excellent measure
of tolerance. The tolerance ratings given to the associated species in
the western white pine type on page 14 are almost identical with the
dominance ratings given here. It has been found consistently that
early dominance and rate of growth vary inversely with relative
tolerance. Intolerant species must make rapid initial growth to
maintain themselves in the stand. Tolerant species, on the other
hand, make slower growth in early life, but, as has already been brought
out, progressively form a more prominent part of the stand as time
goes on and eventually largely dominate it.

TasrLe 42.—Relative aggressiveness of individual species in stands 82 to 100 years old 1
as measured by representation in different crown classes

inant | Codom] X 5 Dur?iiuam,

Dominan odomi- nterme- uppressed and ¢o- :
Bpecies class nant class | diate class | class dominant Busis, frees

clags
Percent Pereent Pereent Percent Parcent Number

Lodgepolepine. .. ... __ 44 30 14 12 74 366
Western larch ... ! 30 26 27 17 56 1,212
‘Western white pine_ i 16 19 27 38 36 8.0924
Douglas-fir ______.__ 4 & 15 25 52 23 1,084
Western hemlock. __ il b g 27 58 14 2,812
Grand fir___.________ = 2 [i] 14 78 g 3, 654
Western redeedar. ... ... 0 2 10 &3 2 1, 445

1 On 68 sample Jots.,  All trees 1 ineh d. b. h. and larger are included,

Records from a Iar%'e number of permanent sample plots in stands
from 30 to 100 years of age show only slight changes in species composi-
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tion within intervals of 10 or 20 years. Such changes as do occur are
irregular and arve largely due to mortality, which for various reasons
may hit one species harder than another during any particular period.
he frequently expressed opinion that under favorable conditions
western white pme will readily outgrow its competitors is not sup-
ported by the evidence available. White pine apparently is hard
ressed by its aggressive and fast-growing associates, and even under
avorable conditions may barely hold its own. Assuming adequate
protection, the only cerfain way of getting a satisfactory proportion
of western white pine or any other desired species in the mature stand
is to obtain a good representation of that speeies in the seedling stand
and then assist its development by cultural methods applied prinei-
pally during the early life of the stand. During the first 30 years in
the life of the stand, species composition is relatively plastic and can
be modified materially by changing the density of residual overwood
and by weeding or thinning.

REGENERATION METHODS

As brought out in the section reviewing practices and investigations,
diversity of forest conditions, gradual accumulation of specific silvical
information, and pressure of economic considerations have led to
application in the western white pine region of three of the four high-
forest regeneration methods commonly recognized in the United
States (3, 21, 47). Clear-cutting, seed-tree, and shelterwood methods
have been applied rather extensively (pls. 11 and 12), the true selection
method hardly at all. Many cuttings have also been made on a
logger’s selection or zero-margin selective basis, difficult to classify
uu(%er standard regeneration methods.

The 30 years during which cutting has been carried on under tech-
nical supervision in the western white pine forests is too short a time
for conclusive trial of any method. In particular, on few of the
areas cut on a shelterwood or selective plan has suflicient time elapsed
for a second cut to have been made. Experience gained on national-
forest cuttings and specific information gained from research have,
however, furnished a basis for an appraisal of regeneration methods
applicable in the type.

‘he research basis includes results of a study of natural reproduction
on 30 of the earlier cuttings, selected as representative of different
methods,” detailed observations of the establishment and early
development of natural reproduction on some 72 permanent plots
sampling a wide range of conditions, and studies of seed supply,
germination, initial establishment, and early development reported
in this publication. On this basis a comparison of the four standard
regeneration methods with reference to the western white pine type
is made in table 43.

Experience and study have definitely shown that the forests of this
type are too diverse, and the necessity for compromise between eco-
nomic and silvicultural aims too pressing, for any one regeneration
method to be practiced to the exclusion of all others. Selection of
the method to use on any given area should be based on careful,
rational appraisal of economic and silvieultural factors.

W Hatg, I. T., and WELLNER, U. A. NATURAL REFRODUCTION FOLLOWING LOGGING IN WESTERN WHITE

PINE. Northern RBocky Mountain Forest and Range Expt. Sta. 1837, This unpublished manunseript
has been drawn upon freely for information on the results of past practices.
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EFFECT OF HEAVIER OVERWOOD DENSITY ON REPRODUCTION,

Development of reproduction as affected by moderate density and full density of residual overwood in &
16-year-uld stand: A, Dense overwood; B, moderately dense overwood.
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F351762-336847~ 295530

REGENERATION UNDER DIFFERENT TREATMENT.

A, A clear-cutting on which all merchantable timber was removed and residual stand, which was defective
and of no value, felled and broadeast burned, and the area planted; B, vizorous natural reproduction,
principally of western white ping, on strip clear-cul 26 years before, similar to that in A € seed-tree
cutting showing western white pine seed trees.
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FE'I?E
SHELTERWOOD TREATMENT.

A, Shelterwood strip of western white pine seed frees in combination with alternate clear-cut strips; B,
natural reproduction 10 to 15 years old under a shelterwood.
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Crear-Curnineg

The essential feature of the elear-cutting method of regeneration is
removal of the whole stand, or of the whole stand with the exception of
seed blocks or strips, in a single cut (pl. 11). Reproduction comes
from seed produced by nearby uncut timber or seed present on the
area at the time of cutting; or the area, if large, may be planted.

As previously stated, this method was employed between 1909 and
1912 on the Kaniksu and Coeur d’Alene National Forests. Several
areas on the Kaniksu were ecut over by what was termed a clear-eut
and seed-block method. They were clear cut except for uncut seed
blocks from 2 to 20 acres in extent and from 250 to 1,300 feet apart,
and complete reliance for reproduction was placed on natural seeding.
One of the areas that restocked most successfully, the Beardmore,
had an established stand per acre 14 years after cutting of 2,400
western white pine and 2,900 other seedlings, ineluding an abundance
of western redcedar. Individual specimens of the more rapidly
growing species were 18 feet high, and 1,000 seedlings per acre, 87
percent of them western white pine, were more than 4.5 feet high.

Another of these cuttings, located on the large exposed Jurgens Flat,
illustrates the need for a nearby seed source and the unfavorable
effect of a severe site. Here, even 20 years after cutting, regencration
was not satisfactory at distances of more than 400 feet from the
nearest seed block. Absence of satisfactory regeneration at greater
distances from seed blocks was attributed partly to insufficient
dissemination of seed and partly to lack of the protecting influence of
standing timber. In general the results obtained with the clear-cut
and seed-block method were only partially satisfactory, prineipally
because (1) many of the areas clear cut were too large to be reseeded
satisfactorily by natural dissemination from uncut blocks, (2) many
of the sites thus eut over were too severe for successful seedling sur-
vival under full-sun conditions, and (3) seed in the duff was destroyed
in broadeast burning or was not abundant enough to supplement
adequately the seed disseminated by the trees left standing.

1ere clear-cutting was restricted to strips 300 to 450 feet wide
running at right angles to the topography and separated from each
other by uneut strips about 150 feet wide, as was done between 1909
and 1912 on the Coeur d’Alene Forest, the land reforested in general
promptly and abundantly, principally to western white pine. Plate
11, B shows a successfully regenerated clear-cut strip on the Isaac
Sands sale of 1910. In 1934, examination of three clear-cut strips on
this sale area showed that trees 0.6 inch d. b. h. and larger numbered
2,150 per acre. Of this total about 850 were in the dominant and
codominant erown classes, which include nearly all trees of future
importance in the stand. Approximately 70 percent of these domi-
nants were western white pine. A few of these early Coeur d’Alene
strip cuttings failed to regenerate satisfactorily, because of adversity
of site. That south slopes and other less favorable sites often do not
regenerate satisfactorily after clear cutting has been observed re-
peatedly. The influence of aspect is strikingly illustrated by the fact
that on the Thompson-Nelson sale area, 15 years after the cutting,
western white pine seedlings 0.5 foot or more in height totaled 5,400
per acre on a strip facing north and only 165 per acre on one facing
south.

286646°—41— 6



TarLE 43 —Comparison of regeneration methods applicable in the western white pine lype

[tem

Clear-cutting

Bogd tree

Bheltorwood

Belection

Kind of stands in which
best applied.

Aspects to  which best

suited.

Number of cuttings re-
quired and length of
regenerative period.

Class of treea Jef{ after cut-
tlng.

Form of forest produced . ___

Seedsource__ ... ____.__

Abundance and specles of
reprodizetion nsuslly re-
sulting.

(1) Even-aged stands  eomposed
principally of morchantable trees,
(2) Defective, overmature stands,
only smail portions of which arc or
will ever bo merchantahble, ns old
stands consisting largely of defec-
tive bemlock and grand Ar.

Bven-nged stands composed prin-
cipally of merchantable trees, as
stands from 120 to 200 years of age
dominated by mature white pine.

North, east, and less exposed west | Nozth and east slopes and the Jess

slopes, where white pine usuall
makes relatively better prowt
than its principal competitors,
hemlock and grand fir,

Ope cuiting. Hegeneration period
usually 1 to 10 vears. Regenera-
tion of any adjacent areas left un-
ot to produce seed is delayed
until a second ot is made.

Maone left, except blocks or strips of
timber reserved where negessary
for reseeding.

Even-aged_______ ___________________

Nearby unent trees and sead stores
indaff at time of catting. Seed in
duff seldom alone sufficient. Sup-
ply usually ample {f clear cattings
pot more thap 400 feet wide.
Larger aress usually must be
planted.

Good reproduction of white pine,
Douglas-fir, larch, and grand fir
where seed source Is ample, He-
produoction of hemloek and red-
cedar relativeély poor except on
better sites.

exposed west slopes and fats,

One major caiting. Seed trees may
be removed by a second cutting 1f
ceonomically practicable, If left
uncut, few are likely to sarvive
until the new stand is cut, Re-
generation perlod 1 to 10 years,

Thrifty, vigorons, full-erowned
dominants or codominants, prin-
cipally western white pine, select-
ed for seed produetivity and wind-
firmness; of merchantable size,
usuaily 16 to 24 inchesd. d. h.

Even-aged . ... ... S —

Beleeted seed trees. Only ¢nough
trees reserved to  produce the
guantity of seod estimated as
necessary for adequate regenera-
tion. Usually from 2 to 6 white
pine yeed trees per sere are reserved
phus a fow of other species.

Good reproduction of white pine,
larch, grand fir, and Douglas-fie,
Hemlook and redeidar sparse ex-
eept on slopes favorable to these
species, a3 most north slopes.

(1} Well-stocked stands containing
many itrecs of merchantable
species but Jess than moerchaniable
size, (2) Stands containing fair
number of sound trees of spocies
unmerchantable ot the thmne of
eutting but merchantable pos-
sibly laler,

Any slope, though on north and east
glopes the shelterwood must be
sparse Lo permit repreduction of
desirable composition.

| Atleastaseed cutting snd a removal
eutting. Inintensive application,
threc or more cuttings,  Regenera-
tion period 1 Lo 40 years, depend-
ing on number of cuttings.

[ (1) At least ag many selegted seed

\ trees ag in seed-troe cutting, prin-
cipally western white pine; (2)
thrifty, vigorows trees of merchant-
able speoies but less than mer-
chantabie size; (3) sound trees of
species unmerchantable at time of
cutting but possibly merchantable
later.

Even-aged, or of not more than twa
or three age classes.

Reserved trees, which are sufficient-
Iy numerons to insure an ample
soed supply.

Qood reproduction of all species
eommon in type exeept larch.
Hemlock., prand fir, and redesdar
very abundant,

Partial application possible in
uneven-aged stands econtaining
advanee reproduetion, immatire
trees {especially redeedar), and
merchantable trees. Here oneor
two selection cuttings could be
mude to advantage, even though
it might not be pogsible to con-
tintie them,

Any slope, though on north and
east zlopes white pine reprodue-
tlon is likely to be sparse.

Number of cuttings indefinite.
Regeneration more or less con-
tinpous,

All trees not selected as economi-
cally, silviculturaliy desirablo for
immediate cutting, hoth mer-
chantable and unmerchantable,

Uneven-aged,

Reserved  trees, producing
abundanece of seed.

an

Reproduction abundant but, prinel-
pally of bemlock, grand fir, and
redeadar,

NTLATTINYE TVOTNEIIL

G3

g N ‘Lae

"Td

MANLTOTEOY 40



Economio considerations. .| Olear catting, nsually iollowed by

broadeast burning, )5 the cheapest
methed of restoring to productiv-
iy aveas supporting large volumes
of defective timber.  Sueh cutting
is often necessary to abate high
fire bazard effectively. [1 s
wasgteful where considerable vol-
umes of sound but unmerchant-
able timber are present.

Expenslve and wastefol on areas
supporting large volumes of defec-
£ive O unme ntable timber, as
mueh work is necessary to remove
allbut desirable seed Lrees, Reser-
vation of saitable seed trees, usu-
ally highly merchantable, rep-
resents an appreciable investment
in stmpage.

Involves reservation of merchant-
able trees for o second cut. Dis-
posal of unmerchantable and de.
fective timber by piling and bura-
ipg neéctssary &1 either frst or
gecond cat, Most sound but un-
merchantable timber iz left for
second cut or later, in hope that it
may then he merchantable,

Coniginued forest productlon prob-
ably posstble, but appliestion
greatly limited by difhculty of
roaintajning stands of desirabls
composition and growth rate.
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One general defeet of this early clear-cutting with seed blocks or
strips was failure to provide for regeneration of the blocks or strips
left uncut. Another was difficulty in controlling the extremely hot
fires resulting from broadcast burning of the slash. Largely because
of the latter, the method was virtually abandoned in 1913. In recent
years, however, clear-cutting has attracted new interest because of the
excellent reproduction resulting from most of this early cutting,
inereased experience, skill, and confidence in controlled burning (10),
and greater recognition of certain distinet advantages of the method,
and since 1929 it has again been practiced though not on a large scale.

Clear-cutting on the national forests of the western white pine
region since 1929 has been princiaplly for the purpose of reducing the
fire hazard on arcas where timber has been killed by fire, Standing
fire-killed timber frequently constitutes a fire hazard jeopardizing
whatever reproduction hecomes established beneath it as well as the
timber on surrounding areas. In some instances, also, Ribes plants
have come in after fire so abundantly that their eradication, necessary
for control of the white pine blister rust, is practically impossible. In
Forest Service Region 1 % clear-cutting and broadeast burning were
carried out as a hazard-reduction measure in the 9 years 1929-37 on
14,300 acres, practically all in the western white pine type.

After clear cutting of fire-killed timber, followed by broadecast
burning, planting is almost invariably necessary. The second burn-
ing of the area, to dispose of fire-killed trees that cannot be salvaged,
is usually much more severe than the first. Most of this timber and
all the organic mantle of the soil is consumed; nothing remains but a
few heavily charred logs, ashes, and mineral soil. Herbaceous vege-
tation is often slow to appear on the twice-burned areas. In contrast,
clear cutting of green timber and broadcast burning within 1 or 2
years remove less of the woody material and often leave the duff and
humus merely scorched, with the result that herbaceous vegetation
comes in promptly.

At present, clear-cutting of green timber on the national forests is
largely confined to defective and overmature stands. A good example
18 furnished by several thousand acres of timber on the North Fork
of the Coeur d’Alene River, Coeur d’Alene National Forest, sold to
the Ohio Match Co. Most of this was cut under a rough shelterwood
system, but on some areas with much defective grand fir and hemlock
t-ﬁe pine was clear cut and the remaining stand, entirely unmer-
chantable, was felled and broadeast burned. On areas of a few acres
each that were advantageously situated for reseeding from surrounding
timber, reliance was placed on natural regeneration; larger areas were
planted.

On the Deception Creek Experimental Forest, in the same drainage,
a mature stand prineipally of western white pine was clear-cut in
1935 in strips 350 to 400 feet wide separated by uncut strips almost as
wide and located as advantageously as possible for dissemination of
seed (pl. 12, A). The cut-over strips were broadeast burned. On
the strips not elear-cut, about 60 percent of the merchantable timber
was removed, and with it sufficient unmerchantable timber to leave
a rather open shelterwood. It is expected that the shelterwood will
adequately reseed both the shelterwood and the clear-cut strips.

# Montans, notheastern Washington, northern Idaho, and northwestern Seuth Dakota,
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When sufficient reproduction has become established, the shelter-
wood will be removed. Advantages of combining methods in this
instance are: (1) The entire stand will be reproduced at one time;
(2) almost the maximum volume of merchantable timber is taken at
the first cut—very little more timber is reserved than in a seed-tree
cutting; (3) thiz merchantable timber is concentrated on less than
half the total area, which tends to reduce logging costs. Slash was
left in greatest volume on the clear-cut strips and was disposed of
with a minimum of handling, by broadeast burning.

Specifie advantages of clear-cutting as applied in stands including
a high proportion of western white pine, on the less exposed sites,
may be briefly summed up as follows:

1. It favors western white pine. After clear-cutting, on the more
protected sites, white pine reproduces readily and at least holds ite
own with hemlock and grand fir, its prineipal competitors. It approxi-
mates Nature’s usual way of regenerating the species, by lightning
fires; most of the best white pine stands originated after fires that
nearly, if not completely, destroyed the parent stand.

2. It is the only practicable method of restoring to productivity
areas supporfing large volumes of defective timber. The cost of
removing such timber stands by any other method is prohibitive.

3. Minimum time is required for removing the parent stand and
for starting a new one,

4. The surface soil is left in a condition favorable for initial scedling
establishment of all species. (Further investigation is needed, how-
ever, to determine the full effeet of burning on the soil and on seedling
development.)

This method finds its best application in even-aged stands of
merchantable timber fully ripe for cutting or in overmature stands
containing large volumes of defective and unmerchantable timber.
Every part of clear-cut areas should be within 200 to 400 feet of a
seed source.

The method has these disadvantages:

1. It is wasteful where considerable volumes of sound but un-
merchantable timber are present, since everything not logged is
destroyed.

2. There is always the risk that the hot fires almost invariably
necessary in broadeast burning may become unmanageable and do
damage,

3. Clear-cutting that creates very large openings is not good practice
on severe sites, where seedling establishment, particularly of western
redeedar, is difficult.

A number of modifications of the clear-cutting method are possible,
and often it can be advantageously combined with seed-tree or shelter-
wood cutting. Although its potentialities have not been fully investi-
gated, it 18 believed that clear-cutting has a definite and permanent
place in the management of the western white pine type.

Seep-Tree CurTiNng

By the seed-tree method, the area is clear-cut except for the mini-
mum number of trees adequate to produce seed for natural regenera-
tion. Seed trees of desirable species are gelected principally for their
ability to produce seed and for wind-firmness.
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Marking rules adopted by the Forest Service in 1916 for all mature
western white pine stands specified the reservation, per acre, of 14-
mech or larger seed trees as follows: Two to six western white pines,
either scattered or in groups; two to six western larches, or, if larch
was not present, Douglas-firs; and a few western redeedars, if present.
The rules specified also that all thrifty western white pine trees less
than 14 inches in d. b. h. were to be reserved. At that time seed trees
were considered as supplementing the seed stored in the duff, which
was believed to be sufficient for natural regeneration in most instances.
The fire-resistant larch was reserved to insure reseeding in case of
fire. The rules provided also for the destruction, by fire or girdling,
of defective or otherwise unmerchantable trees whose presence would
impede natural regeneration of western white pine.

Subsequent to 1916 it was definitely determined, as has been stated
that seed stored in the duff could not be relied upon for natur
regeneration. After that year, also, increased recognition was given
to the fact that western white pine was reasonably wind-firm even
when standing singly. (Losses have averaged only 5 to 10 percent
over a 10- to 20-year period.) Accordingly, increased reliance was
placed upon scattered seed trees. As more was learned of the char-
acteristics of good seed producers, the rules were revised to specify
in more detail what kind of seed trees should be left. In 1939, for
mature but not decadent stands, they still specified the reservation of
2 to 6 well-spaced western white pine seed trees per acre, but further
specify that these trees shall be 16 inches d. b. h. or larger, dominant
or eodominant, of good vigor, and with well-formed, healthy crowns,
and that other species shall be cut as closely as market conditions

ermit,.

¥ Although these rules have been extensively applied, by no means
all cuttings made since their adoption have been seed-tree cuttings as
silviculturally defined. TIn practice, widely varying numbers of trees
of species other than the selected white pine and other seed trees have
often been left, for both silvieultural and financial reasons. The
term ‘‘seed-tree cutting'’ has been loosely applied to most cuttings in
which a definite reservation of merchantable white pine trees has
been made, with little regard for other components of the residual
stand. These variations have resulted principally from the presence
of large numbers of unmerchantable trees on most cutting areas and
from recognition of the need for protection on the more severe sites
during the regeneration period. Many so-called seed-tree cuttings
are in reality shelterwood or no more than rough diameter-selection
cuttings. The discussion here is limited to such cuttings as can actual-
Iy be considered seed-tree cuttings in accordance with the accepted
silvicultural conecept.

The quantity and species composition of established natural
regeneration on four seed-tree areas studied 9 to 14 years after cutting
areshown in table 44. On the Phil MecManimin and Rose Lake
Lumber Co. areas the primary seed source was scattered uncut groups
located on secondary ridges, knolls, and slopes, but these were supple-
mented by secattered single trees. On the two other areas, principal
dependence was placed on scattered seed trees, although some small
sced-tree groups were left. On all four areas, all defective or other-
wise unmerchantable grand fir and western hemlock trees were de-
stroyed by girdling to remove overhead shade that might retard
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seedling establishment and growth. The reproduction figures given
in table 44 do not by any means furnish a eriterion of the efficacy and
worth of the seed-tree method; but they do give, with the possible
exception of those for the Rose Lake Catheart area where much of
the cutting was on an exposed site, a general indication of what is
considered satisfactory regeneration. Site conditions influencing
natural reproduction are much the same on seed-tree cuttings as on
clear cuttings, and in general the quantity, species composition, and
development of the natural reproduction are similar.

Specific advantages of the method, for application in mature stands
where most of the timber is merchantable, may be summed as follows:

1. Like the eclear-cutting method, it is especially suitable for
regencration of western white pine on the less exposed sites.

2. If properly applied, it can be depended upon to effect establish-
ment of a new stand of desirable composition.

3. Eventual removal of the seed ftrees, although desirable utiliza-
tion, is not silviculturally necessary.

Tasre 44.— Natural regeneration on four areas after culting by scatiered-seed-lree
and seed-group method, in established seedlings per acre

Period | Western Other All

Name and loeality of area c:ﬁgj’g ‘;}il:i:? species | species

Years | Number | Nuwmber | Number
Phil McManimin, Lindberg Creak . _____ .. 14 2, 525 8§, 523 11, 053
Rosa Lake Lumber Cn.:

LD CronE - e s oy i i 11 1,245 5§, 630 f, 875
Catheart Creel. - o e iieamaennn 9 817 3,859 4, 708
MeGoldrick Lumber Co., Sands-McCanley Creelke . 9 1,310 7,169 8, 500

4. The volume of merchantable timber removed at the first cut is
the maximum that will leave enough trees to insure natural regenera-
tion. Beecause logging costs are high in the western white pine type,
especially for the first cut, this is a major reason why the method has
been applied.

Best application of the method is in even-aged stands consisting
principally of mature western white pine.

Seed-tree cutting has these disadvantages and limitations:

1. Tt is expensive and wasteful in stands containing large volumes
of unmerchantable timber, which must be cut to make the seed trees
effective. In such stands, if the unmerchantable timber has no
potential value, clear cutting is usually preferable. Otherwise, some
sort of shelterwood or selective cutting may be advisable, to reserve
the timber now unmerchantable for a future cut.

2. It cannot be applied on areas where because of defectiveness or
age of timber, shallowness of soil, or exposure to severe winds it is
impossible to select desirable seed trees that have a reasonably good
chance of surviving long enough to produce sufficient seed for regen-
eration.

3. It does not give good results on the more severe sites such as
south slopes and exposed flats, where some shade is necessary for
satisfactory regeneration, particularly of western redcedar.

4. Seed trees represent an appreciable stumpage value, yet their
aggregate value is often insufficient for a profitable second cut and not
many of them are likely to survive a full rotation.
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SuELTERWOOD CUTTING

By the shelterwood method, the mature stand is removed in two or
more partial cuttings. Natural reproduction starts under the shelter
of a considerable part of the parent stand, and when established is
released by complete removal of the last of the parent trees. To
quote Hawley (27):

A minimum of two cuttings are required in the simplest application of the
shelterwood method. Under intensive management several cuftings, often
exceeding ten in number, are made in the gradual process of simultaneously freeing
the reproduction and removing the mature stand,

Probably the majority of cuttings in the western white pine type
have left residual stands of the shelterwood type, though relatively
few have been definitely intended as shelterwood eunttings. As
previously mentioned. many so-called seed-tree cuttings on the
national forests were actually shelterwood euttings, as they left large
numbers of unmerchantable trees standing in addition to selected
seed trees. Many of the cuttings made on private lands also left
shelterwoods, often of an undesirable sort. In few instances, how-
ever, has sufficient time elapsed since the first cut for reproduction to
reach a stage of development necessitating a removal cut, and in still
fewer instances has this cut been made. Experience with the shelter-
wood method in the type is therefore limited to a rather wide variety
of partial cuttings that together with secondary euts made in due
course of time would constitute a rough shelterwood method.

Under favorable circumstances, excellent reproduction may be
expected to result from a shelterwood cutting. This is well illustrated
by the Ryrie-Wright sale area on the Coeur d’Alene National Forest,
one of the few intentional shelterwood cuttings made in the type.
Here the original cutting, in 1910, left a shelterwood containing, per
acre, an average of 28 white pines 14 inches or more in diameter, 16
other trees of that size, and about 200 smaller trees. In 1925 the
established reproduction stand on this area included, per acre, 3,767
white pines and 5,355 seedlings of other species. This reproduction
stand was satisfactorily distributed over the area, all aspects and
situations being adequately stocked.

A variation of the shelterwood method that has been tested experi-
mentally is disposal of defective and other low-value trees by a stand-
improvement operation in advance of commercial cutting. This
procedure creates shelterwood conditions favorable to the establish-
ment of reproduction of desirable species. When the reproduction
has become established the shelterwood, composed principally of
merchantable trees, is removed and the reproduction is left to grow
under clear-cut conditions, which promote best white pine develop-
ment.

Particular mention should be made of what is popularly termed
zero-margin selective cutting and its relation to regeneration methods,
particularly the shelterwood. By zero-margin cutting is meant cut-
ting only trees of such size and condition as will produce the greatest
net-per-acre return to the operator. The term is rather loosely applied
to most euttings in which tree selection is based prineipally on imme-
diate conversion value and not upon silvieultural considerations. Cut-
tings of this type have been made most extensively on privately owned
timberlands where economic pressure for profitable conversion is in-
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tense. HEvery logging and milling study has shown that sound trees
below a certain diameter and larger trees with a specified quantity of
rot or other defect are logged at a loss and from a financial standpoint
might better be left standing. Depending on the composition and
condition of the timber stand, the financial organization of the oper-
ator, and current market conditions, eutting under a zero-margin plan
may vary from virtual clear cutting to a light selective cut. Cuttings
of this type may, therefore, fall into any of the commonly recognized
regeneration methods; most of them, however, can be elassed as the
crude beginning of a shelterwood method.

Silvieultural results of zero-margin cutting in the western white pine
type are variable. If the cutting leaves a considerable number of
trees of desirable speeies, and at the same time opens up the stand
sufficiently to permit the establishment of reproduction, the results are
fairly satisfactory. This is particularly true in young, thrifty stands.
Here, sufficient basis for a second cut remains, and good reproduetion
usually results. If a second cut can be made to reﬁt&se reproduction
from the residual overwood, and if unsatisfactory composition of the
reproduction can be corrected by cleaning, good second-growth stands
can be produced.

Tn mature stands containing large volumes of defective and unmer-
chantable timber, the silvieultural resnlts of zero-margin selection
applied without restraint are usually anything but satisfactory. The
first cut removes the merchantable part of the stand, leaves defective
and low-value trees dominating, and thus makes a profitable second
cut very diffieult. Experience has shown also that in mature and
overmature stands the residual stand often deteriorates rapidly, being
subject to inseet damage, wind breakage, and the like, Private land
thus logged is sometimes virtually broadcast burned in an attempt at
cheap slash disposal. The result is often a maze of fire-killed timber
that in a few years constitutes an especially high fire hazard.

Initial establishment of adequate numbers of seedlings under a shel-
terwood is seldom & problem. Seced of all important species in the
type will germinate, and seedlings of white pine and most of the other
species will survive for a few years, under a fairly dense residual stand.
But getting reproduction stands of desirable species composition, in-
suring their satisfactory subsequent development, and disposing of the
residual stand at the proper time constitute a problem. This problem
is especially difficult in connection with zero-margin selection, beeause
the shelterwood left by snuch entting is composed largely of undesir-
able trees and so tends to generate a reproduction stand of undesirable
species composition, for example one dominated by western hemlock
and grand fir. Timely release of the reproduction is difficult because
of the unmerchantable character of the residual parent stand. The
marked effeet of overwood density on the species composition and
growth of reproduction beneath is well illustrated by plates 5 and 6.

In summary, advantages of the shelterwood method in the western
white pine type are:

1. Tt effects successful reproduction of all species common in the
type, with the possible exception of western larch and lodgepole pine,

2. It is more effective than any other method on the more exposed
sites, where reproduction cannot become established without shelter.

3. A forest cover is maintained continuously.
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4, In stands containing much sound but currently merchantable
timber, this method permits harvesting most of the merchantable
timber and reserving the residual stand for a decade or two, within
which it may become merchantable.

Scored against the shelterwood method are these disadvantages:

1. Before it can be applied effectively, better markets for timber
of mixed species must develop than have prevailed in the past.

2. Economic considerations oppose the reservation of any volume
of merchantable timber greater than the bare minimum left by the
Teed~tcree method, particularly as regards privately owned timber-
ands.

3. Species composition and development of reproduction are usually
less satisfactory than under the clear-cutting or the seed-tree method.
Hemlock and grand fir tend to occupy more prominent positions at
the expenge of the more valuable white pine. Cultural measures are
often necessary to correct unsatisfactory composition.

Capable of many modifications and adaptations to reconcile fre-
quently conflicting economie and silvical considerations, the shelter-
wood method is believed to be more generally desirable than any
other applicable in the western white pine type.

SerLecTion CurTING

The selection method presupposes that all age classes are propor-
tionally represented and intermixed either on every acre or over the
eutting unit as a whole. Each year or at some longer specified inter-
val mature trees, either in small groups or singly, are removed, with
the result that an all-aged forest is maintained continuously. Under
intensive management, cuttings are frequent and light ; under manage-
ment such as prevails in the United States, fewer and heavier cuttings
are made, each part of the cutting area being visited at intervals of
10 to 50 years,

This method cannot be said to have been actually applied in the
western white pine type. Some cuftings have been made that could
be considered the initial steps in selection management, but insuffi-
cient time has elapsed since the inception of cutting in the type for
the method to have been tested in practice. Natural stands in the
type tend strongly to be even-aged, or made up of not more than two
or three age classes. Some approach an all-age condition, but most
of these are very old and of low value.

Judging from what is known of western white pine silviculture, the
selection method offers distinctly limited possibilities in this type.
Reproduction could be established by it, but neither the species com-
position nor the subsequent growth of the reproduction stand would
be satisfactory. Natural selection in the type favors the more
tolerant species, which, with the exception of western redcedar, are
the least valuable. There is little reason to suppose that man-directed
selection would have any different result, especially since for economic
reasons the most valuable species would almost inevitably be cut
first, leaving the less desirable to reproduce themselves. In other
words, a forest could be maintained by the selection method, but it
IWou]id not contain much western white pine, Douglas-fir, or western
arch.
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SUMMARY

The western white pine type of northern Idaho and contiguous
portions of Washington, Montana, and British Columbia is composed
principally of western white pine, western larch, Douglas-fir, grand
fir, western redeedar, and western hemlock, with Engelmann spruce,
alpine fir, lodgepole pine, and ponderosa pine as minor components,
These species differ considerably in their requirements, and this fact,
together with the mountainous character of the region, gives the type
great silvical diversity. The type is defined as mature stands con-
taining 15 percent or more western white pine by volume and young
stands containing 15 percent or more western white pine by number of
trees. The composition of the stands varies from almost pure pine to
ev%y conceivable combination of pine with its associates.

estern white pine composes nearly half the merchantable volume
of the type and excels all the other species in value, The lumbering
industry of the Inland Empire is largely built around white pine,
Second in importance is western redcedar, valuable chiefly for poles.
The relatively low market values of IEngelmann spruce, Douglas-fir,
western larch, and grand fir, make extensive logging of these species
unprofitable.  Western hemlock often has pl‘acti(;aﬁly no stumpage
value. Hemlock and grand fir tend to be so defective in mature and
overmature stands as to constitute a definite liability. Disposal of
large volumes of low-value or totally unmerchantable timber, often
essential in the application of desirable silvicultural measures, is a
major management problem of the type. Economie and silvicultural
aims are often in direct conflict, and the former frequently dominate.

The climate of the western white pine region is characterized by a
short summer season of scanty precipitation and low humidities, with
a high proportion of clear, hot, sunny days, and long winters with
heavy snowfall and fairly low temperatures. Mean annual precipi-
tation ranges from 28 to nearly 50 inches., Annual snowfall averages
103 inches, ranging from 48 inches at the southern border to 244 inches
at the upper a%titnu]inal limit. At most of these stations, snow lasts
until about the end of April and first snow appears toward the end of
October. Only about 15 percent of the total precipitation occurs
during the summer months, June, July, and August. Annual mean
temperatures range from 41.7° to 50° F. Daily temperature fluctua-
tions average from 34° to 42° in July and August and from 12° to 19°
in January. - Yearly maximum temperatures average about 100°, and
yearly minima average well below zero. Sudden drops in temperature
oceasionally cause widespread injury even to mature trees. The
growing season is approximately the 4 months May through August.
During this period scanty precipitation, high temperatures, and low
humidities accompanied by high evaporation rates often combine to
produce critical conditions for the establishment of natural regenera-
tion., IEvidence has been found that extension of the western white
pine type is limited at high elevations by unfavorable temperatures,
and at low elevations by a combination of low moisture with high
temperatures, Growth of western white pine is favored apparently
by climatic conditions for which the precipitation-effectiveness indices,
calculated according to Thornthwaite’s method, are about 110 for
the year and 11.5 for the growing season.
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Fire, fungi, and insects are the principal causes of injury in the
Western whie pine type. Fire causes heavy direct losses and also
contributes greatly to the incidence and spr ead of fungi and insects.
The fire-control problem is one of the most difficult in the country.
Fire colors every phase of management practice; methods of cutting,
stand improvement, and slash dl%po%al must fr equently be modified to
conform with fire-control requirements. Fire, however, is largely
responsible for the perpetuation of the western white pine type under
natural conditions. Disease also is responsible for some of the most
difficult management problems. The problem of low-value species
is intensified by their susceptibility to wood-rotting fungi. The white
pine blister rust threatens the very existence of western white pine as
an important component of the type. Large sums have been and
must yet be spent to control this disease. Forest insects exact an
annual toll that varies from an unimportant loss to devastation,
leaving the stand not worth logging.

Western white pine trees produce comparatively few cones; a crop
of 40 cones per tree is considered good, and crops of more tha.n 100
cones per tree are infrequent. Number of seeds per cone varies with
size of cone and extent of insect depredations; 120 seeds per cone is a
fair average. SBeedbed germination averages 44 percent. An indi-
vidual tree has been known to bear 7,300 germinable seeds.

Western white pine trees bear good crops at intervals averaging
about 3 to 4 years and varying widely among individual stands. TFive
good cone crops have been known to be prodm ed in 9 years in one
stand; in another, not one good crop was produced in 7 years.

Most western white pine seed is borne by vigorous dominant or
codominant trees. Good-vigor trees become effective seed producers
at diameters of about 14 inches and may bear seven times as many
cones as poor-vigor trees, which are ineffective seed producers at any
diameter. TFair-vigor trees consistently produce fewer and poorer
cone crops than do good-vigor trees of the same diameter, and are not
effective seed producers at diameters of less than sbout 20 inches.
Trees become fairly frequent and abundant seed producers at about
70 years; thereafter, seed production depends more on individual tree
vigor and character of cxown than on age. Of the principal western
white pine associates, western hemlock and western redcedar are
outstandingly n,bunclfmt seed producers.

Seed dissemination of most specles in the type begins in late August
or early September. About 15 percent of the western white pine seed
reaches the ground before September 1, and 85 percent by the end of
October. Of the seed of grand fir, western larch, and Douglas-fir,
from 65 to 80 percent falls by the end of October. Seed of western
hemlock and western redcedar falls most abundantly in October,
but 35 to 45 percent of it falls after November 1. Western white pine
seed is commonly distributed in quantities sufficient to produce ade-
quate reproduction not farther than about 400 feet from the parent
tree.

Seed of all sppcies in the type is stored na turally in the duff in the
fall and remains viable until the following spring. Seed of western
white pine alone remains viable in appreciable quantlty longer than
the normal overwinter period. About 25 percent of it is viable the
second year after storage, and slightly less than 1 percent after 3
yvears’ storage.
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Seed stored in the duff and seed produced at the time of logging or
fire are sometimes adequate but cannot be relied upon for natural
regeneration; not more than one out of four cut-over areas is satis-
factorily regenerated without a continuing seed source, either scattered
seed trees or adjacent uncut timber.

Germination begins in late April or early May on exposed sites,
where snow lingers late. Tt is practically completed by July 1 on
exposed sites and by August 15 on protected sites. Germination is
markedly affected by the character of the surface-soil material.
Mineral surfaces, burnt or unburnt, are better than duff surfaces,
probably because duff surfaces dry out rapidly. On seed-tree cut-
tings, the larger-seeded species—western white pine, Douglas-fir,
grand fir—germinate nearly as well on duff as on any other surface,
but western hemlock and western redcedar germinate only one-tenth
to one-fifth as abundantly on dufl surfaces. Germination on rotten
wood tends to be better than that on duff; this advantage, however,
is counterbalanced by higher seedling mortality due to drought.

Nearly 50 percent of all seedlings die in the first season. Losses
drop off rapidly after the first year, and seedlings 2 years old are
fairly well established. Studies of mortality during the eritical first
yvear indicate that early-season losses are due principally to biotic
agents. Of these, damping-off fungi are the most important. Fungi-
caused losses are irregular, however, and consistent differences
between species or habitats as to such losses have not been established.
Insects, rodents, and birds sometimes cause serious seedling losses.

As the season advances and the soil begins to dry, biotic losses
largely cease, and mortality thereafter is due principally to physical
agents. Insolation, causing high surface-soil temperatures, is the
most important agent of mortality on exposed sites. Injurious
surface-soil temperatures, beginning at about 120° F., occur commonly
during the summer months on the more exposed sites. Temperatures
are highest on duff, making this surface esﬁeciallly hazardous on
exposed sites. They are somewhat higher on burnt mineral than on
natural mineral surfaces, owing to greater absorption of heat by the
blackened surface. Surface-soil temperatures are less important
under shade or on sheltered sites, and under fairly dense shade or on
north slopes are not a cause of mortality. Western white pine, grand
fir, and Douglas-fir are the species most resistant to heat injury,
western larch is intermediate, and western hemlock and western
redcedar are relatively susceptible.

Seedling mortality from drought, the second greatest physical
factor, is directly governed by the relation between soil moisture and
root penetration. If seedlings can extend their root systems in pace
with receding soil moisture as the season advances, drought mortality
will not be important. On areas exposed to full sun the deep initial
root penetration of western white pine, Douglas-fir, western larch, and
grand fir protects these species from drought losses despite early
drying of the surface soil, but the shorter-rooted western hemlock and
western redcedar suffer heavily. On heavily shaded, cool, and rela-
tively moist areas, drought is paradoxically the most important
physical cause of mortality. Here initial root penetration of all
species is slower, and even shallow drying of the surface soil may
cause drought mortality despite ample soil moisture at deeper levels.
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All factors considered, seedling establishment of all the principal
species of the type on severe to moderately severe sites is best under
part shade. On more sheltered sites such as north slopes, light shade
or clear-cut conditions are best. As regards initial mortality, western
white pine, western larch, Douglas-fir, and grand fir are resistant
species, western hemlock and western redeedar relatively susceptible.

The problems of natural regeneration do not end with successful
seedling establishment. Secedlings stands may originate under con-
ditions inimical to satisfactory subsequent growth, and to only a
distinetly limited extent can composition of the seedling stand be
controlled. After establishment, requirements of individual species
for best growth differ widely. On exposed sites lodgepole pine and
western larch develop best on areas almost without shade, where
they make the most rapid growth of any species in the type. On
such sites western white pine, Douglas-fir, and grand fir, though also
hardy, are benefited by moderate overhead shade during the early
years of stand development. On protected sites, however, these
species make best growth under clear-cut conditions. Western hem-
lock and western redeedar require shade for best development even
on relatively protected sites, and can exist for long periods under dense
shade. These species, and also grand fir, make better development
than western white pine and other associates under moderately dense
shade. During the period of carly development, roughly the first
30 years, rate of growth and species composition can ie effectively
controlled by cleaning and by regulation of overwood density.

Regeneration methods applicable in the western white pine type
include clear-cutting, sced-tree cutting, shelterwood ecutting, and
selection cutting.

Clear-cutting, either in strips up to 400 feet wide or in fairly large
groups, is well suited for reproduction of stands on the less exposed
sites that include a high proportion of western white pine. Tt is
not a good method on severe sites if it creates very large openings.
Best application is in even-aged stands of merchantable timber fully
ripe for cutting or in overmature stands containing large volumes of
defective and unmerchantable timber. 1t is a wasteful method where
congiderable volumes of sound but unmerchantable timber are present
that may become merchantable in the future. Clear-cutting can
often be combined advantageously with seed-tree or shelterwood
methods.

The seed-tree method, that is, clear-cutting with the reservation of
selected seed trees, is widely used on the national forests in the western
white pine region. It is well suited to regeneration of western white
pine stands on more sheltered sites. Tf properly applied, it is depend-
able. Tt removes at a single cut the maximum volume of merchantable
timber over extensive areas that will leave enough trees to insure
natural regeneration. Application is best in even-aged stands con-
sisting prineipally of mature western white pine, and the most expen-
sive and wasteful in stands containing large volumes of unmerchant-
able timber. Forest Service timber-marking rules specify reservation
of two to six well-spaced western white pine seed trees, with a few
trees of other species. Western white pine trees selected for seeding
purposes should be dominants not less than 16 inches d. b. h., of

ood vigor, with well-formed, normal crowns. Western white pine
is relatively wind-firm; losses have averaged only 5 to 10 percent over a
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10- to 20-year period. A second cut to remove seed trees is not essen-
tial silviculturally.

Probably most cuttings in the western white pine type have left
residual stands of the shelterwood type, though relatively few have
been so intended. ‘“Zero-margin’’ selection cutting usually leaves
such stands. The shelterwood method consists in removing the
parent stand by two or more cuts, natural reproduction becoming
established under the shelter of a considerable part of the parent stand.
In few instances has reproduction following the first cut yet become
sufficiently advanced to necessitate a second cut, and in still fewer
mmstances has the second cut been made. All the prineipal associates
in the type reproduce readily under shelterwood, with the possible
exception of western larch and lodgepole pine. The proportion of
western white pine is usually not so high as under the seed-tree or the
clear-cutting method, necessitating cultural measures to correct
unsatisfactory composition. The method is especially suitable in
stands containing much sound timber of desirable species but of less
than merchantable size, which can advantageously be left for a second
cut. It does not give good results where the stand left after the first
cut consists principally of trees not worth logging. Composition of the
reproduction stand is then usually poor, and the difficult problem of
disposing of unmerchantable trees is passed to the future.

Selection cutting, the method of repeated cuttings by which an
all-aged forest is maintained continuously (not to be confused with
zero-margin selection cutting), cannot be said to have been actually
applied in the western white pine type, although some cuttings made
in the type have resembled it. It appears to offer relatively limited
possibilities in this type, as it tends to favor the more tolerant species,
which, with the exception of western redcedar, are the least valuable.

According to present knowledge, the clear-cutting, seed-tree, and
shelterwood methods all deserve a place in the management of the
western white pine type. Forest conditions are too diverse and the
necessity for compromise between silvicultural and economic aims too
pressing for any one method to suffice. Selection of the particular
method to use on a given area should be based on careful, rational
appraisal of economic and silvicultural factors.
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Bureaw of Agricultural Chemdstry and En- Hexwry G. Kxtaar, Chief.
gineering.

Bureau of Agricultural Economics_ ... _. H. R. ToLLry, Chief.

Agriculiural Marketing Service.____________ C. W. Kircuen, Chief.

Bureaw of Animal Industry________________ Joun R. MosLER, Chief.

Commodity Credit Corporation_ . ______ Cary B. Rosring, President.

Commodity Exchange Administration.__.____ Jossrme M. MurL, Chief.

Bureaw of Dairy Industry_________________ 0. E. Rexp, Chief.

Bureau of Entomology and Plani Quarantine. Len A, Srrona, Cheef.

Farm Credit Admanistratton____ A. G. Brack, Governor.

Parm Security Administration______.______ C. B. Baupwin, Administrator.

Federal Crop Insurance Corporation. .. Leroy K. Smrra, Manager.

Forest Service._._. . _________ Earue H. Crare, Acting Chief.

Bureaw of Home Economies_________ Louise Stanuey, Chief.

Library.— ... Rarer R. Saaw, Librarian.

Bureau of Plant Industry_ . ____ Ti. C. Avcarsr, Chief.

Rural Electrification Adminaistration________ Hagry Starrery, Administrator.

Soil Conservation Serviee_ . __ H. H. Bexwerr, Chief.

Surplus Marketing Administration_ . __ . Mo R. PerEiNs, ddministrator.

This bulletin is a contribution from

Forest Service_ . _________________  Harue H. Crare, Acting Chief.
Research Divistons C. L. Forsuiva, Assistant Chief, in
Charge.

Division of Forest Management Research 1. T, Haig, in Charge.
Northern Rocky Mownlain Forest and Muuvin [. BeabpNeR, Direclor.
Range Erxperiment Station.
a9

O






	Natural Regeneration... Irvine T. Haig pgs cover-10
	NR pg 11-20
	NR pg 21-30
	NR pg 31-40
	NR pg 41-50
	NR pg 51-60
	NR pg 61-70
	NR pg 71-80
	NR pictures- pg 90
	NR pg 91-back cover

