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Technical Bulletin No. 767 « May 1941

Regeneration In The Western
White Pine Type’

By Iaving T. Haiig, Principal Silvicullurist, Kexnera P. Davis, Senisr Silvi-
eullurisl, and Ropear B. Wemnan, Senior Sidvicullurisi, Northern Rocky
Mountain Forest and Range Experiment Station, Forest Service ?
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INTRODLUCTION

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-cutling experience.

Tr . : i . -

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

1 Rereived for publieation Tnne 20, 1840,

e writers wish (o ncknowledge their indebtedness to & number of men who have cantribioted to the
studies reported here; @0 130 R, Brewster, first Jireetor of the Pricst Rtiver Bxperlinent Statfon, now the
Northern Kocky Mountain Forest and ltange Experiment Statlon; to J, A, Larsen aned the Inte Robert
ATarshall, fornerly inembers of the station stall; to Corhard Kempilf and J. B Thompsoen, sugcessive resident
efficers pl the Priest fiver sxperimentnd foeest; to many feeest administravive oilicers, partiowlarly Elers

Koch, W, B fireeley, O, K. Mellarg, Piftip Netl, ML Woltf, and F. L lockwell; and to n munhor of
frathelopists amd entnpmologista, partieularly T 1. Weir, B E. UHubert, 8. 5. Wyckof, awd J. G Evenslen.

1
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the specics has s rather extended geographic distribution as a species
(fig. 1), the vegion ® in which it is the most important constituent of a
dominant forest type is relatively restricted. as shown in figure 2.
In many localitics outside its arca of abundant oceurrence, western
white pme grows well and makes excellent development as  timber
trec, but for the most part it is & minor constituent of the [orest.

Nutive o a region characterized by precipitous topography, the
type oceurs largely in irregular, often attenuated bodies following the
more moist creek bottoms, lower benches and ilats, and northerly
slopes (pl. 1), often forming intrieate ground patterns, as is well ilus-
trated in figure 3. Various aecidents of stand origin and development
have also contributed (o the “crany-quilt” oceurrence of the ype
within much of the region, Instances of more extensive bedies are
found chiefly in the broader river valleys, like that of the Priest River,
and on the smaoother lower slopes, such as those between St, Maries and
Orofino, siong the western border of its range.

Commercind stands of western white pine ave coufined to a total
range of some 2,700,000 aevra®  Within this area the principal associ-
ate species are western lareh (Larir oeeidentalisy, Douglas-fir {Psewdo-
tsuga derifolia), grand fir (Abies groadix), western vodeedar (7 wja
plicata), and western hemlocic (Psuga helerophulla).  Freguent asso-
cintes ave Bngelmann sprace (Picea engelmanniiy, alpine fiv (Abies fugi-
vearpa), lodgepole pine (Pinus contorta lutifelia), and pondeross pine
(1. ponderosa), but these are important components of the type only
i restricted loealities.  The species composition of the weslern white
pime Lype is exceedingly varinble, ranging from almost pure white pine
to every conceivable combination with its associated species. Tt may
even include many individual stands domina‘ea by other species and
yet retaming at least 15 pereeat of whilte ziac.

Relatively small but highly prodective, the western white pine
recion sastains - major menufacturing wdustry in northern Tdaho,
northeastern Washinglon, snd western Montana,  Weslorn white
pine exceeds all other species logged in that region in both volume and
vitlue,  “Lumbering in the greater part of north Tdabio, with the
coaparatively high logging costs encouniered, is made possible only
through the high value of the white pine® (32)% On Junuary i, 1036,
it was estimated, the total volume of western white pine saw timber
amoitnted to 13,587 million boaed feel, lumber tally, or nearty halfl the
merchaniable volume of the type.  in 1925 34 the average annual
ent ol this species totaled about 430 million boaed feet, humber tally,
and had a value of approximately $14,000.000.  n addition to being
usedd extensively for lumber, western white pine is valued as a special-
purpose wood.  Neaely one-quarter of the tolal annual eut is used in
manufncturinge matehes,

Western redeedar is the second most important species in the regrion,
Hs comumercinl ocourrence practically coincides with that of western
white pine. “Cedar” poles, used for cleetrie power trahsmission
lines, telophone lines, ete., are worth considerubly more than western

3 heonehont thls bulletin, reeion will refer to the geneeal stres within which the wistern whise e type
Is the principal forest cover, med (e 16 7 wisbern white P L e pesper, o abefisie d by O Ferost 2epvien,
nerely s eelere Wbl SEquls conlaisine 13 (e oF Iore W eerd white pinie vodttine, oF imemsttane
stimils cimbaining B peront of one western wiite e by naiideer af brees,

$UhEs 1 the ngprasiniate sxient of western white ping zone 4, Dol an o wodsdle e it foresiy,
Zamte | Lienbier, ps detined by Hie Foreet Seeviee, is Cnber of spel cpweties, peieebition, wned loation chat, wneler
veanaone comlitlons steh w luve prosaibed e Hie past and with noread developatient of [ransporintion

furilithos, it courhil b Togpewsil ol bopeadlt,
* lalte fgeuees i porentloses refor Lo Lateratire Creed, O
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* 5 mnof abundant sccurrenca

e
2 western whits pine reglon},
Reglen of limited occurrence

but excelient developmant
{3 Botanical occurrence only.
{Fiqures indicate aifiudinal range in feat above saa fevel)

Frevne 2, Geogriphic distribution of western white pine,




4 THROHNLICAL BULLETIN 767, U. 8. DEPT. OF AGRICULIURE

white pine on o log-scale basis. Annual production of thesc poles
amounts to more than 15 million linear fect; this cquals 44 million
board foct and constitutes 63 percent of the total average annual cut of
“eodar.”  Other principal redeedar 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 redeedar together constitute al-
most cxactly 50 percent, by value, of all forest products annually
produced in the Inland Empire. Of the remaiunder, potideross pine
makes up 28 percent and other species, principally Douglas-ir and
western lureh and to 2 lesser dogree Bngelmann spruce and grand fir,
22 percent.  Noue of the species commonly associated n the type,
aside from white pine and redeedar, now command log prices righ
enough to warranl extensive logging,

In view of tie low vitdue of these fesser components of the Lype and
the heavy investments nocessary Lo proteet these forests from fire and
disease, it is important that the reproduction of valuable speeics be
encournged and the forests maintained in productive condition. A
knowledge of the factors controlling nalurl regenerntion is necessary
to nehieve this end,

HISTORY OF BARLY INVESTIGATIONS AND PRACTICES

The creation of the Forest Serviee in 1005 marked the first formal
slep toward the practice of silviculture over extensive land areas
in the Western States.  Charged with the duty of managing the
nationnl forests Tor permanent usclulness, this organizalion was im-
mudindoly faced with the necessily of working out forest-cutting prac-
tices for virgin stands which would Insure adequate regencrntion
with desitable species. At that time little was known of the silvieal
habits or reguirenents of the associated tree species.  Avaiable infor-
mation was lunited (o observations made on reproduciug burns or
other nalural breaks in the virgin forest, or on the few cuttings that
hiael been made on privately owned lunds. Some of this observationnl
material was published by Leiberg (42, 43, 44) around 1900, in &
sories of interesting papers on forest conditions in northern Idaho,
bearing on the silviesd requirements of the principal specics.

One of the cartiest projeets of the newly organized Forest Service
was & ptanned offort to supplement on o wide seale the general knowl-
edgo of these northern forests.  The technienl staft assigned to each
national forest was required to report annually their observations on
the charecier and occurrence of natural reproduction and the condi-
tions apparently encouraging or discouraging its establishment.® The
fund of information thus buill up was soon augmented by the results
of large-seale trinl-and-crror experiments in the form of actunl cutting
operalions under technical supervision.  Within the first 5 years of
Federal supervision, five very different methods of cutling were tried
in the western while pine type,

i the first naLional-forest Limber sale 7 in the western white piric
type in 1907, on Fidelity Section 20 of the Kaniksu National Forest,
the seatlered-seed-tree mothod was nsed.  The area was clear cul ex-
cept that one to five thrifly dominant western white pine trees per

§ Uppablishiod coports by 8, L. Frooune (007 51 GRS (930, WLORL Morriz (00, and FoL Roek-
wll (IR e especilly Informnilve,

T luher 1 o teonshfrest (latier sede is sobd to Uhe Bigheat bidior, wito contrusts to cul Lhe Umber us
gpaecitled By the Farest Serviee,
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Frovne 3. Digtribution of the western while piue type in o typieal drainage in
northern Idaho,
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acre were left for reseeding, Unfertunately, these troes were soon
blown down, and this led forest officers to the belief that wostern
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 wes not wind-firm, that it was s prolific sceder capable of
repeoducing itself readily up te distances of one-hall mile or more,
and that it required a minecral scedbed for best germination (2),2 it
was speeified In subsequent sales on the Kaniksu National Torest
in 1007-10 that the timber should be cleavent and the regenceration
she: *d be provided for by leaving 2- to 20-acre bloeks of uneut timber,
2 ) 1,300 feel apurt, advantageously situated to disscminate sced
o' r ¢he cut-over area® Furthermore, the slash on the cut-over por-
tiva was broadeast burned,

On the Cocur d’Alene National Forest, at about the same time and
after severnl other methods of cubting had been (ried, timber-sale
officers decided thet some cloav-cutting system would be preferable.
The partial-cutting mothods previously tried, including a rough
dinmeter selection and a crude shelterwood method that left aboud
100 of the Jarger Lrees per acre, were found to require too much time
for carcful tree marking and to present practical difficulties of logging
and subsequent slash disposal,  The belief also grow that the shade
of the residual stand would favor the low-value grand fir and hemlock
over pine,

Clear-cutling here assumed a somewhat different form from that on
the Naniksu forest, the reserved stand consisling of strips about 150
feet wide alternating with clear-cut strips from 300 to 450 feet wide,
Execllont regenerntion took place on the Clocur d’Alene strip cuttings,
whereas the Rantksu seed-block cuttings often failed (o restock
satisfactorily, owing in part to the more severe environmental condi~
tions on the level and open valley lands where these cubbings were
made, and in part to the relatively wide spaces bebween sources of
seed.

These two clear-culfing rethods had eertain fpults in common,
First, they proved economically unsound, a matter to which technical
men gave scant consideration in the first stages of doveloping silvi-
cultura! practices (9).  The logging operalor, forced to distribute his
costs over only aboul 75 pereent of the total volume of merehantable
titnber and required to cul any tree thab would make n 16-foot fog to
& 0-inch top, even in spocies of low commereial value, often experienced
finsncinl difficulties.  Second, no adequate provision was made for
final cutting and regencration on the uncut strips or blocks, though
these invarably eontained mnture or overmature timber whieh it was
silviculturally undesirable to let stand through another rotation,
Third, the broadeast slash fives were havd to handle and occasionally
got away to desbroy seed blocks or other green timber.

Regardless of their relntive advantages and disadvantages, how-
ever, the cear-cut-and-seed-block and elear-cui-and-seed-strip meth-
ads were nob widely employed.  On the Cocur d'Alene forest, severe
fires in 1910 caused an interruption of several yvears in timber-sale
operations, On the Kaniksu forest the first formul timber-mavking
rules, drawn up in 1912, prescribed clear cutting as practiced on the

! OARY AUSTIN A SILVICULTURAL STUDY 1N WESTERN WHITE MNE STaANDs, KANIKAC NATIONAL FOREST,
Flig momarsndimg. O, 8. Dept. Agr., Forest Serviee. 1011, .
# Far the ground plan for one of the Jurgest of thess enrly Kunllksu cattiogs, see (Giaves (48, fdy. 235,
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Cocur 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
angies 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 te be thrown open to settlement.
For these lands the rules presevibed clear cutting with reservation of
only smail patehes of timber suitable for farm improvements. When
more extensive cuiting was resumed, abour 1912, new informstion
relating to the silvical habits of western white pine had been gained
and metheds of cutting were soon radieally changed.

This inlormation was gained by systermatic observation resulting
largely from organized research, which began with the formatien of the
Priest River Experiment Station in 1911 and was concentrated on
western white pine,  (ut-over areas were gridivoned with transect
strips run at regular intervals from nearby green timber or secd
Mocks. Important habitat factors were carclully described and a
record was made of the number, age, and location of the trec seedlings
found, and of the kind of surface (e, ., duff, mineral, or burnt min-
ernl} upon which germination had occeurred.  On the basis of its 1912 1
and 1013 inveslizations, the station made the following important
contributions to silvieal knowledge; (1) Long-distance dissemination
of wrstern white pine seed was the exception rather than the rule; (2)
wostern white pine does not require a mineral seedbed for satisfactory
germination, and consequently broadeast slash burning is not justfied
as 1 means of insuring suecossful regeneration; (3) western white pine
seed probably remains vinble for several seasons in the duff under
mature white-pine stands.  These contributions bad an immediate
aid marked effect upon silvicultural practices in the western white
pine region,

The {irst region-wide tinber-marking rules for western: white pine,
drawn up in the full of 1913, were based on the theory advanced by
Hofmann (23) that seed stored in the dufl under old-growth forest
stands could be depended upon for adequate regeneration after
rutting.  These rules, prepared by W. B. Greeley, rejected the prin-
ciple of leaving large strips or blocks of timber uncut as & secd source
and placed almost entire dependence upon seed in the duff and
whatever advance growth might be present (47).  Under these rules
ench sale aren was to be clearcut except that approximately 10
percent of the stand wus to be retained in compact groups, principally
to provide for reproduction where the surface had been severely
burned in slash disposal and to insure restocking in ease the frst
reprogcluction stand were destroyed by Inter fire. The sced-tree
grotips were o be spaced from 200 to 400 feet apart, averaging one
oroup to cach 2 neres.  The slush was to be piled before being burned,
i order to save ns maech advanee reproduction as possible and pre-
serve white pine sced stored in the duff. The rules provided also for
gindling unmerchantable species, such as grand fir and hemloek, or
destroying them by piling and burning slash around them.

These rules marked two advances not previeusly mentioned:
(1) & growing reeognition, based on inlormation 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 cither in

0 Agnund tepert of the Prirst River Experiments] Forest, Nurthern Rocky Mountain Forest and Ronge
Baypt. sta, 1003, [Copubdished.]
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small groups er singly; (2) a square facing of cconomic 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 8&. Joe rnd Lolo National Forests.
Excellent regeneration on & number of arcas cut overin 1914 and 1915
bears Lestimony to their generally satisfactory character when applied
on favorable nreas and under desirable stund conditions. Forest
officers, however, found them undesirably rigid.  White pine did not
always occur in & inanner permitting the reservation of weli-distributed
seed groups; and retention of a fixed percent of the uriginal stand
volume 1n seed trees often resulted in keeping more or fewer sced
trees  than silvicultural conditions required. Taree numbers of
small or unmerchantable trees remaining after cutting on some areas,
particularly where tiimber-sale officers foilnd to malke full use of the
marlking provisions for the girdling or destruction of unmerchantable
species, often obscured the seed-tree groups; some sreas cut under
the seed-tree-group system ecould hardly be distinguished from nreas
cut under o rongh dinmeterseleelion system (48).  Reconsideration
of marking-rule requirenients was indicated and after counsiderable
prefiminnry fleld work in 1915 a regional marking board met for this
purpose i May 1916 at Coenr d'Alene.

The 1916 marking board, composed of F. A. Sileox, J. F. Preston,
ML Welll, BElers Koch, F. 1. Rockwell, C. K. McHarg, and
A, Kitteedge, e, assisted by I R, Brewsterof the experiment station,
drew up w set of murking rules (45) specilying the ndoption of the
seattered seed-trec system for mature western white pine stands.
The undesirable vigidity of the 1913 rules was avoided by confining
the new rules to general guiding prineiples, provision being made thut
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, stumpege prices being adjusted to
recompense the logger for the differentinl between production cost
el average selling price of the mixed species. All defective and
unmaerchantable trees that would interfere with white pine reproduc-

tion were to be destroyed by slash burning, givdling, or felling.

Lareh, Douglas-fir, redeedar, amd spruce were classified as generally
destrable associates; and western hemlock and grand fir as undesirable,
heenuse of their dense erowns, prolific seciling, tolerance, and tendency
te be defective.

The adoption of the 1916 rules culminated sonie § years of intensive
effort and investigution on the part of administrative and researeh
oficers in the western white pine type. Brewster,! summarizing
investigntive work up to this time for consideration of the marking
board, enlled attention to materinl progress nlong several lines.  Con-
sidernble information had become available on seed production in
western white pine stands.  Tor example, observationnl studies had
revesled western white pine as & comparatively light but fairly fre-
guent seeder, producing some cones almost every year with good to
abundaut crops at intervals of 3 to 4 years.  Ap investigation of seed
production conducted by Zon (68) in the fall of 1911 had shown that

T Ragwaren, 1. T, 97ULY OF METHODS 0F CUTTING [N THE WASTERN WEITE FINE TYPE. Northers
Havky Meuittin Forest and Reoage Expt S, 1008, [ Unpublished,)
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in & moderately good seed year well-stocked, mature western white
pine stunds produced 2} to 5 pounds of germinable white pine seed
75,000 to 150,000 secds) per acre, and that practically the ontire
erop was produced by dominant and codominant trees.  Later studies
by Drewster ¥ 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 tnformation had been gathered, between 1912 and
1916, bearing upon the probable source of the sced from which re-
production, usunlly even-aged, had come in on western white pine
areas throughout the region alter fires of varying severity and alter
cuttings that removed most or all of the merchantable timber. As a
slarting poing, three possible hypotheses of seed source were recog-
nized: *?

(1} Wind-disseminated sced from green timber standing st or near
the edges of the area.  Barly transeet studies of reproduction originat-
ing from known seed spurces on some 30 burns and cuttings had shown
that about 70 percent of the white pine seedlings started within 200
feet of isolnted parent trees and about 90 percent within 400 feet.
Although: white pine seed is eapable of traveling long distances in
exposed, windy situntions, it was obvious that restocking by wind
dissemination of sced from istant sources would be slow and un-
cortuin.  Buch trees could therefore play only a minor role in restoek-
ing more than o few huadred leet beyond the green timber.

{2} Beed produced by living trees left fron cutting or fire. It was
doubted that the green trees left standing altor fire were in zencral
ntmierous enough or suflielently well distributed to produce the
abundnnt seed supply from which had sprung the many dense, even-
aeedd young stands found, though Brewster reported one such instance
on the Cocur d’Alene Forest and recorded the Inet that in some timber
stands subjected to hght surfece fires in 1910, the tops of 2 considerable
proportion of the trees remained green for 3 years after the firve.

(3} Seed produeed 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 regencration,
seed in the dull, partienlarly stored seed careied over from former seed
erops, wadle a strong nppenl to the imagination of the average forest
pllicer and drew more than its share of attention and study for almost
nodeende after the 1916 males were prepared.  Pranseet studies had
Murnished unguestionable evidence that seed in the duff from an
inmmediately preceding seed erop or frem an earlier erop had played »
purt in reproduction on cut-over and burned-over areas throughout the
western white pine region.  Seme areas exaniined in the course of
these studies on which cutting had left few, if any, white pine trees
enpable of hearing seed, hut which had not heen hroadeast barned
following cutting, supported excellent stands of seedlings from 1 to 4
seurs old. Most ol these seedlings had germinaled 2 yenrs after
entling, presumably from stored seed.  On partially burned arveas it
was found that most of the seedlings present, except those within a
[ew chiins of green timber, had germinated on Lightly burned or un-
burned duafl.  Additional evidenee was presented by Larsen, who

VEOREWATEIL 1D, 1L WwRERSTERS WIITE PINE SEED uobeeTioN. Nurthern Hoeky Monntain Forest and
opee Bxpl, S, BHA [P opublished )

W WEMEARDCHE METRODY IN THE ATUDY OF NATURAL REPROLLCTION Novthern Qacky Mauutuin
Farest aned famge Bept. St [ f  (Vopabibsted.]
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took up sections of undisturbed duff from beneath mature and over-
mature timber stands pear the Priest River station headquarters in
August 1613, and found that the top layer of duff contained hetween
900 and 5,000 viable white pine seeds por acre.™ How nuch of this
seed had come from the light seed crop in 1912, and how much {rom
previous erops, it was impossible to say; but s the duff samples were
gathered in August, before the 1913 erop could have been released, it
was certain that this seed had already remained viable somewhat
longer than the noemal overwinter period. On the basis of these
studies Browster eslivanted that the duff on o'd-growth western white
pine nreas al the time of ecatting contained, on the average, 2,900
viable white pine secd per serve.

[n addition ko the evidence on seed production and seed soures,
considerable information had been gathered upon other sitvical fontures
of importance.  The indication appeared clenr that white pine could
germinate and survive with fairly good suecess on all the common
ground surfuces, incruding bare mineral soil, duff, and rotten wood.
Though pine would germinate under heavy shade, it appesred that
54 pereent of full sunlight was about the minimum for good growth
andd dovelopment.  Oun the other hand, if moisture conditions woere
fuvorable, white pine would germinate and develop best in (vl over-
head light. 1t had been found also that a surface cover of herbs and
shrubs, unless it was unusuaily dense or tall or the roots formed a
commpael sod, did not serfously interfore with the establishment of
white pine seedlings, and that western white pine, il given an equal
start with other species, woultd hold its own and form a considerabie
portion ol the dominant stand at maturity.  Perhaps of even more
importance was the fact, gradually recognized, that white pinte was
reasonably wind-firm, even though oceasional heavy windiall might
oceur. bt had been learned that white pine trees were enstly killed
by even light surface fives, and consequently could not be relicd upon,
s the 1913 rules contemplaied, for seed productinn on aress areiden-
tally burned following logging,

Similar infermation, though much less detailed, had been gnthered
for the principnl associated species in the western white pine type.

The 1916 marking rules proved generally satisfactory, and with
some important maedifications are still employed in national-forest
Himber sales in the western white pine type.  These rules were some-
what mdefinite, however, as to what constituted a good seed tree, and
in some cases reproduction following cutting on areas logeed under
them has been relatively poor beenuse undue confidence was placed
in Lhe seeding ability of troes less than 14 inches in dinmeter at breast
height.¥  In addition, evidenee ® steadily accumulnted that stores
of seed in the duff could not be entirely depended upon.  As a result,
the convietion grew among timber-sales officers that seed trees played
a larger part in the successful regencrntion of white pine than the
current marking rules assumed  Aceordingly, each subsoquent re-
vision of the rules defined secd-tree requirements in greater defail and
on a higher standard.  Marking rules in offect in 1937 ® specified

TR repastt 0 tie Pelest River xperlawntal Forest, Northern Boeky 3t Pores! s Honge Expt.
St UL [ g sl )

U DRineter niensarid 4.5 feob shove the geonne); abibwevintml, o, b b,

COBREWSTER, D) I, NUTTHAL WFORALGE OF W YOWIITE PINE HEED, Progros< reporl, Northiern
fRewky Meanptn Forest and Ramwe Byph, Sta. 017, 00 apmiblished. )

AR, LT STEOY OF COT-OVER AREAMIS THE WESTERN WIITE MY R TveE. Northern lHorky Mountsin
Forest aml Haenee Bent, 2t Mess, PP wtanbiliiial ]
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that in mature stands two to six thrifty white pine trees, preferably
16 inches or Inrger in d. b. h., be lelt per aere, the minimum number
being left onty if the trees weve 20 inches or more in d. b. h., and had
lerge crowns.  Silvicultural research (41) wnd the experience of admin-
istrative officers charged with (ive protection indiented the desirability
of piling and burning most logging slash on cut-over arens in the west-
ern while pine type, and this practice became and has remained
standard for national-forest timber sales.

Most of the discussion since 1918 regarding silvieultural practice
in the western white pine type and the changes evolved iave centered
around the so-ealled inferior species (31, 50)—the considerable pro-
purtion of most merchantable stands that is conmposed of trees of low
or negative stumpage value.  The low values are due to high suscep-
tibility to heart rol of western hemloek, grand fir, and some other
species (24, 64, 66, 67}, and to the fact that the setling price ol lumber
mantfuetured from these species is often insufficient to meet produc-
tion costs even i nothing were pald for the standing timber.  Where
trees of such speeies are not defective, the Forest Service policy has
been to lenve them uncul in the hope that at some fubure time they
can boe sold ot a profit.  For this reason, wrens supporting large vol-
umes of sound timber but of unmerchantable species have boen
oxcluded from Forest Service timber-sale boundaries.  But leaving
these low-value species on wrens that are cut over oncournges their
ceproduction and tetds to decrease the proportion of western white
pine in (he reproduction—an undesirable result both silvieulturally
and eennomienlly.  Westarn white pine is the niost rapid in growth;
ancl its wood, beeause of inberently desirable characteristics, brings
n better market price than that of any of the associated species with
the single excoption of redeedar for poles.  The lumber-price differ-
entinl Between western white pine and its most valuable saw-timber
associntes, western laceh, Douglas-liv, and grand fir, is from $12 to
§15 per thonsand board fect.  In the past. this price dilferentiol has
persisted despite fluctuations in the general price level,

Girdling (8) proved to be an effeclive and economical method of
Killing mdesirable trees and was extensively employed, particularly
on the Cocur d’Alene National Forest, during 1916 and in ensuing
yours.  Silvicalturally it proved entirely satisfactory on most while
pine sites.  Larsen (84, 37) presented evidenee, however, that ex-
tonsive girdling, resulling in removal of practically all overwood
shade, was silviculturally undesirable on drier sites such as [finls arul
soulherly slopes, and the transeet studies reported by g 7 demon-
sirated clearly (hat reproduction on such siles was often unsatis-
factory.  On some other sites, although economical and silviculturally
satisfuctory, girdiing conllicted directly with protection requirements,
as the trecs so killed lnter constituled a dangerous fire hazard.

A compromise nmong silvieultural, economie, and fire-proteetion
aims was mude in 1023 by so modilving enrlier practices s to limit
the number of lrees per acre that eould be girdled.  Tn 1924, the
marking rules were revised to specily that cotling operalions in
mature stands should leave a & to 15 pereent erown cover on flats,
and & 15 to 25 pereent erown cover on sontherly slopes. This re-
quirel leaving 7 to 35 medinm-sized (rees of the doesirnble nssociates,
such as western lareh, Douglas-fir, western redeedar, end 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 feiled 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
(18), which definitely showed the need for shelter during regeneration
on the more sevore sites.

Although the 1924 rules proved satisfactory from & silvicultursl
standpoint, pressure of economic considerations nccessiteted some
readjustments.  The wisdom of foreing sound mixed species onto the
tumber murket when these specics would not pay their share of pro-
duction costs and could be logged only if stumpnage prices were
reduced, has always been questionable. At the present time every
effort is made to avoid cutbing timber stands consnining considerable
proportions of sound timber of unmerchantable specics. The 1932
marking rules s 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 specios tends to decrease the
proportion of white pine in the reproduction stans, investigations have
shown that white pine will germinate and will develop fairly well in
its carly years under a rvather heavy residual stand (79)." Conse-
quently, il the residunl stand is removed within 15 to 20 years follow-
ing logging and culbural measures are applied to correct unsatisfactory
composition of the reproduction stand, thore is reason to expect satis-
faclory white pine reproduction regardless of the large volume origi-
nally lefl following logging,

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

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 elear.  The type unites western hem-
lock and western redeedar, characteristic specics of the Pacific Coast
forests, with western larch, the Rocky Mountain form of Douglas-fir,
and lodgepole pine, typical of the northern interior forests.

Compositionnl variations of the type arve related to goography
{teble ).  Wostern larch, for example, s loss abundant in the contral
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 northorn portiens. (Grand fir,
though un important component of most woestern white pine stands
throughout the region, is less plentiful in the northern than in the

PEHAG, LT CBELIMINARY NOTES ON REPRODUCTION FOLLOWING LOUGING 1N THREE STANDS CONTAIN-

ING HEAYY ABMIXTUME OF S8CONDARY SPECIES, File menommlim.  Northern Hocky Mountaln Forest
aud Hungo Espl. St 1008, See niso footnato 18,
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central and southern portions, where it sometimes forms the dominant
cover over considerable arcas. Western redeedar, though found
througheut the commercial range of western white pine, is primarily
confined to river flats, benches, and moist north slopes.  Redeedar
is occastonally lacking on sites of all classes over considerable arcas;
for example, it does not oceur in commercial quantities in any part
of the North Fork drainage of the Cocur d’Alene River, though
common in nearby drainages. Douglas-fir is a common compoucent
of young to mature stands throughout the region. Ponderesa pine,
although the characteristic species of a timber type occurring widely
hoth to the cast 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.  Pondeross pine
is not commonly associnted with western white pine and has httle
importance in the silvieultural management of white pine stands.
The small proportions of western hemlock and wostern redeedar
shown in table | may make it seem strange thab these species are
eonsidered important in the management of the type, the former as a
probiem and (he latter as the second most valuable speeies. The
explnnation iz 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.

TasLE 1.—Specirs composition of mber slands in the woslern white pine region
I 7 ¥ !

Second-prowth stands b MMature
stamls of

‘ ! repion as
Wortheen: Contrnl !Snuthuml Averppe (a2 whole 7

Specivs

Pereent © Percent 4. Pereent | Pereent | Percent
Wostorn while Pl .. oo ieein s covaiem 48 46 | 3% i 45
Western lareh L il P2 14
Unuglas-ile e m . il 15 i3
e Qe .o R 12 ¢
Western hemlock e mmeae . 4
Western redestar g

5

1

Eneelmann fpruca. .
Larlgepede pine E |
Ponderose ping . . e . i

‘Totnl e D et Wi - 100 1 0 100

U BBasis, dalls obinined throogh comprehessive growih, viekl, pod stocking studies mnde in stands from
30 16 120 yenrs ohl tontaining 13 pereent of more o, wosiern white pine by volume, thiroughout the type's
cainmereinl range,

T Busis, Parest Snrvey elieek erufses aggregating nearly n biltion bourd feet, Seribner rule.  These check
crtiges thorottehly s pled the frosts of the western white pine reglon os 5 wheli; they were nob confiped
to tiue weslert white pine type.

Fire, discase, site quality, and various accidents of stand origin
often abscure these geographic trends in forest composition. In
second-growth western white pine stands larch, hemloek, “eedar,”
and erand fir are common associates on flats and northerly aspects,
wherens grand fir and Douglas-fiv are common associates on southerly
aspeets.  Lareh and Douglas-fir are found frequently on upper slopes
ant ridges.  In addition to aveas classed as of the western white pine
tvpe, there are extensive areas that, becausc of various vicissitudes of
stand origin and development, now contain practically no white pine
hut are capable of producing stunds with a good proportion of
white pine. _

Indlensity and luxurianee of tree and plant growth, western white pme
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-fr forests of the Northern Rocky Mountains.
Basal nreas ® 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 occasionally in hundreds of thousands per acre. Stands
50 vears 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 fect) per acre are found over considerable areas
of old-growth forest. (Usually, however, such volumes are less than
50 pereent white pine.) One of the first Impressions received by a
visitor to the white pme region is the sbundance 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 “Tdaho jungles.”

A lactor 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:

{Po nderosn pine.

Western larch.
Lodgepole pine,
Moderately tolerant . __..___. {R(E':?ei?ﬁ-irhlt ¢ pinc.
Engelinann spruce,
Alpine fir.
Tolerant e (rand fir.

Western hemlock.

Western redeedar.
Western white pine is almost exactly at the midpoint of the series in
tolerance. Stands are often two-storied, with white pine, larch,
Douglas-fir, and grand fr in the overwood and the more shode-
enduring hemlock and redeedar ocecurring chiefly as an understory.

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

is especinlly strong for stands less than 120 years of age and for the
less tolerant species, particularly larch, lodgepole pine, Douglas-fir,
rnd white pine. These species usually reproduce rather promptly or
not at oll following fice, epidemic digease, or other major forest
isturbance. [n most stunds less than 120 years of age, s span of
20 years includes 75 percent or more of the trees of these species.
Grand fir, hemlock, and redeedar, however, germinate and survive
for an indefinite period under relatively heavy shade, and these species
often reprocuce over an extended period of years. Reproduction
stands originating wfter partial opening of the stand such as is caused
by wind, endemic disease, insect attuck, or light burns consist priu-
caipally 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 nge classes. Usually an understory is presens,
mnde up of the most tolerant species, ineluding 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.

Intoleranb. oo o

20 Rpsnl aren [s Lie eross-seetional orea of Lhe tres stewn ot e height of 414 feet abave ground,
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Subordinate vegetation is scanty under the denser stands. Char-
acteristic species are the shade-enduring wildginger (Asarum
coudatumy), queencup (Clinfonia uniflora), western goldthread (Coptis
occidentalisy, bunchberry (Cornus canodensis), twinflower (Linnaea
americana), clubmoss {Lyeopodivm spp.), myrile boxleaf (Pachystima
myrsiniles), pyrola (Pyrole spp.), false Solomonseal (Vagnera spp.),
and violet (Viola orbiculate). In openings and along streams the
species greatly increase in abundance, with such shrubby genera as
deer, Alnus, (eanothus, Cornus, Lonivera, Ribes, Rubus, Salir, and
Vaceinium most in evidence.  Following logging or especially fire, a
profusion of these shrubby species ordinavily develops. Permanent
or semipermanent encroachment of these species on denuded timber-
lands is in some places g serious problem. There are at least n
million acres of once very productive timberlands on or near the St
Joe and Clearwaler National Forests-—principally along the western
side—upon which & dense brush cover bas 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.

Fornesr Succession

An account of forest succession in natural stands will help to
illuminate the silvical relation and interaction of the several species
composing the western white pine type. A knowledee of successional
trends is extremely helpful in obtaining satisfnctory natural regenera-
tion, since manngement methods to a large degree only modify and
adnpt to human needs Nature's crude, often slow, frequently wasteful,

but wsunlly effeetive methods.

Following fire, which is by far the most potent factor in destruction
of western white pine stands, abundant natural reproduction con-
taining varymng 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 closcly
upon a previous burn, western larch and lodgepole pine are often the
first species to become established, and sometimes the only ones for a
numhber of years.  Both these species are hardy and make exception-
ally rapid and vigorous carly growth. Western larch pets its prompt
start from seed seattered by veteran (rees, which, bheeause 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 relensed when the fire, after kilting the trees, opens the cones.
Lodgepole pute frequently acts as a pioncer species in reforesting
areas that have been badly burned. The Jack Pine Flats near
Coolin, Idaho, on the Kanikse National Forest, furnishes an excellens
example (pl. 2, B); even a casual inspection shows that the dense
stand of lodgepole that foliowed a very severe fire about 1850 is
gradually being replaced by white pine, western larch, Douglas-fir,
grand fir, and Engelmann sproce, which in all probability ocenpied the
aren before the fire, On the great 1910 burn in northern Idalo,
extensive arcas originnlly supporting fypical white pine forests ave
now covercd 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, bas the capacity to reproduce itself
vigorously and, given an adequate secd source, will resdily establish
itself on open burns. Tn fact, many of the best western white pine
stands originated following severe burns on which through some
circumstance an abondant seed supply was avsailable, Reproduction
fellowing & single burn is usunlly adequate and the proportion of
white pine satisfactority high,  Abundant reproduction of very
desirable composition is a common sight on hurns flled with fire-
killeel trees. Unfortunately, however, such aress are sometimes
burned over a second or even a third time. After multiple burns
regeneration sometimes fails over a leng period of years, and is usually
seanty and Trequently of undesirable composition.  Double or triple
burns usually lenve no living tree for sced source. Serious site
relrogression may resulf,

On the more protected sites, particularly where the parent stand has
been only partinlly destroyed, reproduction of the tolerant specics
is more abundant and laveh and lodgepole pine reproduction is
sparse or completely lacking,

Favly development of the established reproduction stand is char-
sceterized by rapid growth and dominance of the less tolerant species.
Western tareh, if present, rapidly outstrips white pine, making nhout
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 larels, at about
90 years yiclls only a 18- to 15-percent advantage, and when fully
malure approximately equals lareh in height.  Lodgepole pine, also,
oufslrips white pine in carly height growth, but bolds this advantage
for only about 50 years.  Crand fir growih cquals that of while pine.
The Taet that a lnege number of suppressed grand firs remain in the
stand for many venrs after similarly suppressed white pines have
suecumbed often gives the erroncous impression that the white pine
has outgrown the grand fir. Douglas-fir lags slightly behind white
pince in height growth bul is somewhat more aggressive during the
earty life of the stand, usually making move rapid diameter growth
and developing larper and denser erowns.,

The more tolerant species, hemlack and redeedar, and to & losser
extent sproee, usuntly lag in rale of growth and form an understory,
but eften continne ta reproduce for & numiber of vears after the dom-
innpt stand hns beeome established.  Redeedar makes the slowest
early growth, and never achieves dominance in o young stand.  Hem-
lock, while most frequently an anderstory speeies in young stands,
may form on moist norlh sﬂ)p(‘s or under the shade of 2 residual over-
story an importanl constituent of the dominant reproduction stand,
equalling or exereding the growth rate of white pine.  Quife com-
monly, purt of the hemlock is in the dominant stand and the re-
muinder forms a distinet understory. In many stands grand fir,
also, performs this dunl role of overstory and understory specics.

As the stund approaches maturity (pl. 3, A4) its charaecter slowly
changes. The early advantage of larch and lodgepole pince in height
growth becomes less conspicuous.  Lodgepole pine after 50 years
loses ground and is seldom an important component of the stand after
100 ycars. Douglus-fir, alse, usually present but seldom abundant,
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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 (Armillorie mellea}, removes indi-
vidunls from the stand at a comparatively carly age -—according to
consistent records from permanent sample plots on the better white
pine sites this weeding-out process may bogin as carly as 40 years,
As the stand approaches maturity, decay beeomes fairly prevalent n
hemlvek and grand fir, but this is of cconomic rather than silvieuitural
importance, as it affects but little the vigor and growth of individual
Lrees.

The toleeant speeies become increasingly conspicuous as the stand
advances in nge.  Openings resulting from light fires, blowdowns, or
insect wnil disease nttacks are largely filled by the more ftolerant
speeies, principully grand fir, hemlock, and redeedar, either through
developient of reproduction already present but hitherto suppressed
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.

Malurity of weslern white pine stands is reached between 140 and
200 yenrs, when white pine and its associates in the dominant stand
attain maximum volume (pl. 3, B). The stand then enters into a
long peried ol maturity marked by the gradual deeline of the less
Loderant speeies nndl the slow aseendency of the more tolerant.  Doug-
las-lir drops out soon after the stand renches maturity. Most of
the white pine then gradually dreps out, accompanied or followed b
ihe lareh.  Formerly suppressed hemlock, grand fir, and redeedar ﬁﬁ
some ol the openings, and eventually new reproduction, mostly
(hough not entirely of these very tolerant species, fills other gaps in
the stand.  There finadly results, on the average site, an irregular
and uneven-aged forest mainly composed of grand fir, western hem-
lock, and western redeedar, which is believed to be the elimax forest
type of the region (pl. 4, A). In the northern part of the type's
commeteial runge the elimax forests are typically redeedar and hem-
lock, with HtUe grand fie.  In the Clearwater country, to the south,
ihe elimax forpsts are putinly cedeedar and grand fiv, with little hem-
jork.,  Among these speeies, redeedar is King, nttaining at times an
nge of nore Lhan 600 years and a diwmeter of 10 {eet (39).

As (he elimax type is approached, the less tolevant species do
not drop out either regularly or completely, but irregularly and
slowly, remnining in the stand as seattered trees for a very long time
(. 4, 8. Fiee, disease, inseets, wind, and snow all play a part in
the slow march toward the climax, operating in an irregular and
fphazard manner that often obscures the successional trend. At
almost any stage, partial or complete destruction of the forest may
enuse o purtial or complete vepetition of successional development.
Iy fact, few stauls ever reach the climax stage; the western white
pine type is essentinlly u transition type of searcely subelimax stability,
perpeiusted largely by fire.  Most of the few truly clinux stands that
Lave been found are limited in arca and confined to moist, protected
sites.

The life historics of several old stands, as unraveled by Marshall
46y, showed n very irregular and intricate pattern of age classes.

SYGEIG — 1 —— 1
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Table 2 brings out the complex nature of one such stand. Evidences
of fairly distmet 1-, 17-, 80-, 130-, 220-, 280-, 340-, and 400-year age
classes were found in this stand, with fire sears corresponding to the
dates of origin of all but the two oldest. The ability of the tolerant
redeedar and hemlock to reproduce following minor disturbances in
the stand is evidenced by the fact that theso 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. Even in comparative-
ly young stands, evidence can often be found of one or more visitations
of fire. For example, in & 19-acre mixed white pine stand near
Orofino, Idaho, of which the youngest tree was 90 years of age und the
oldest (other than onc 3435-year-old veteran) 195 vears, Rapracger
(83} found unmistakable evidence of 5 separate fires oceurring within
a span of 70 yenrs.

Tanie 2. Age disiribution af lrees of differev!t species B inches d. b, k. and larger
inoa river-bollom western while pine stand on Granite Creek, Kaniksu Nationel
Forest ?

Wistern Forjred- Af - . -

v ol fins b Afpine \Wosterie Weslorn Entire

Ane clnss fyenrs) ‘;3“':5,{ : :::}‘:'(':‘ fic homdoek  redemiar st

Pereent Dercent Percent Flereemt frereent Pervent
G- [t} [H i1 2 12 2
81 108 | o, 4 [t 1 6, 3
101 14 [t } (LI #] § i I
121 140 i 8, [T i £ G 12
MY 160 | 6} o 0! g 6. ¢
181 %) i 0 g I i, s 2
1M1 = 1] g1 il ] i B
™) 1M 3 0} £l i 33 1
am o | ] ) 7] G i
24E-260 i 0 t ! 1] 4 6 ]
R g g B ol 1 12 u
35} 4K} | 0 | ot 0 g4 0 o
301-320) o1 o 0, 4| i 3
A2 } L 3 L ] 11 ]
3413600 t it i | 0! 0’ & 0
Ir-gah ! 1 & [N [ a O
RLTRRIL] i - 31 i i} f K
40! ¢ 0 G ] i i 3
Tolai 1) L iy [ e {ei]

-l“:mor ..\Inrv.lmll fafts
CLIMATIC FACTORS AFFECTING RECENERATION

The western while pine region, despite the greal variation in foress
composition found withinddt, 13 fnivly well defined in terins of tmportunt
climatic conditions.  These inelude & short sumimer season of seanty
precipitation and low humidities with a high percentage of clear,
hot, sunny days, snd long winters with heavy snowfull awmd lairly low
temperatures. Wind velocities are uniformly low, especially during
the growth period.  The growing season is roughly the 4-month period
from May to August. Plenological observations have shown that
growth in the region is largely independent of the length of the frost-
ess senson.  Observations made on repraduetion and immature stands
from 1928 to 1934, nelusive, at selected points throughout the rezion
indicate that annual dismeter growth beging befween the middle of
April and the middio of May and ends between the middle of August
and the first week in September.  Height growth, beginning ut 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-
mury date hudicate that in mature stands growth begins somewhat
later and terminates ot about the same time.

As would be expected, weather records for this sparsely settled,
rough, mountainous region are fragmentary, amnd are mostly from
stations leeated abt the region's lower altitudinal limits or at its
boundaries, However, & considerable quantity of npplicable data
are nviiluble, prineipally from year-long wenther stations operated
by the Porest Service in cooperation with the Weather Bureau and
o few short-time weather stations maintained by the Forest Service.®
Figure 4 locntes these weather stations. A considerable number of
them are just outside the borders of the western white pine region, so
that the records permit n contrast of conditions within and without
the regton.  Althongh b many cases records are fragmentary, they
furnish considerable Information on precipitation and temperature,
two most important factors,

PRECIPITATION

Mean nmnual precipitation in the western white pine region ranges
from 2% to nearly 50 inches. 1t increases markedly with elevation,
as might be expected, some of the higher mountain stations showing
precipitation means severa! iehes in excess of those shown by nearby
valley stations over similar periods. It wvaries consistently (fig. 3)
with geographic location withie the region, ranging approximsately
[rom 28 Lo 29 inches In the northern portion to 32 to 49 inches in the
Wallace seetor and in the southern portion.

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

Tanng ¥, Mean annunl snawfall ot 13 weathey stalions in the western white pine
region in (912 33, inclusive

Woathor -t fon apaw - of Wenbher station ANl of
Sannw fall L oevond g snowinil | regord

] - .
Avprsge | Length I Averspge | Lenuth

fuchex ¢ Yeary Inchey Years
LR 2 70 Bobaned | 2454 )

™o Avery

Foodbprie o

Abuseplsheli-Pivres

Pore King ranger skad ion

1
Prdwd REverexperimeninl forost.!
Syt |
ilerem L]
el Ereek | Hp I
1
|
L
i

1
Ik

PR

Wl T =l b

flharan 7 41
Priek NN
Wkl e a4nn
Stoliang [Kye

Avernge

avernged 102.8 inches annually during the perind 1912-33, ranging
from 48 inehes at Pete King, situnted at the southern extreme of the
region, to 24ba4 inches at Rolang, situated at the upper altitudingd
extreme. At most of these stations snow lnsts until about the end
of April, and first snow comes abous the end of October.

WO iR aned pensr the wostorn white pine region the Porest Service regeianty onernbes during the smimer
manths mere Hen U3 st weallier skadjong, princdpelly (o measnre {ire westher amd fovest inflimmabiiity

P tew of thesg staitioanz, Bowever, have Ieen operated for o sutliclent mpmber of yeais or during a feng
enobpgh pered of the year to provide records thot vould Ue used in Lhis 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 2s & 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
ennual precipitation takes place in the winter and proportionately
lorger parts in the spring and fall. The sub-Pacific type is regerded
by climatologists as a transition stage between the truc Pacific type,
with the precipitation peak in the winter, and the eastern foothills
and plains, or Missourt types (62), with procipitation peaks in the
spring and summer, respectively. The generally consistent character
ol the precipitation distribution in the western white pine region is
shown in figure 6.

Tanve b~ Seasonal disiribution of precipitation in the northwestern nited Stales

Total mean sunual precipitntion

Station or reglon Precipltalion type t T i
© Winter | Spring | Swmmer: Fall

Pereend | Percent | Percent | I'ereent
deitlle, Wasly P I 3¢ 1o [ T 12 0 8
Western white pioe region {1t statbons) | Sob-Paeitie . . 35 i b 14
ITelenn, Muont .« - .- +. . i Enstern [oothlll 15 ! 33 30
Mites City, Mont.. .. 07T s L LT 1l ! 10

tAs defined by Word {62 and Kinesr (25).

The quantity and distribution of precipitation, particularly during
the grewing senson, is important in natural regeneration in severa
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 scedlings, however, particularly during the critical 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 sesson
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 May and June, ranging In
these months from 3.6 to 5.3 inches, whereas July and August receive
enly 1.2 to 2.1 inches.

Growing-scason precipitation is very irregular in quantity. For
example, at the Priest River Experimentul Forest weather station
scasonal totals have varied from a high of 10.1 inches in 1912 to «
low of 2.1 inches in 1922; at Avery, from 13.7 inches in 1915 to 2.8
inchesin 1931, Extended perieds of extrome drought occur frequently.
Records of sumrer drought periods from 1912 to 1931 at the Priest
River Bxperimental Forest (table 6), an arca typical of the western
white pine babitet, give the number of days without messurable
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precipitation (i. e., with less than 8.01 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.

TapLe 5.—Mean monthly precipitation during the growing season at 13 wealher
stations tn the western while pine region in 1818-38, inclusive

" Mean precipitation a ;
Tenpt rewing
Weather station of record saAs00
May June July August
Yearg Fnchea Faches Inches Inches Inchea

Prlest River sxperimental forest. oo ooee 2 20 1.8 0.8 1.1 5.7
Sondpoint.. ... . eaemaeas - 2 1.9 L7 L7 1.1 5.4
Fleron.. .. .. .- - 21 21 18 LO 1.1 6.1
“T'roat Creck. 20 20 1.8 .8 .8 5.4
Haupgan .. 0 18 1.8 i B 6,1
Prichard. 15 28 1.9 .7 .9 6.1
Wallnce 21 2,7 23 .9 L2 7.1
Multan 8 2.4 23 N i §. 5
Roland.. 8 7 21 i 10 6.5
Avery... 19 2.3 0 N 10 4.2
WellogR. oo v oaae 22 24 20 1.0 L1 6.5
Musgselshiell-Plorcs_. ... 13 3.1 2.2 Lo N 7.0
Pete Kine ranper statlon ..~ 11 2.8 25 4 .8 (U]

AVCIALC. e e e 17 24 2.0 .8 i.0 4.2

TADLE B.—Number of days in June, July, and August without measurable pre-
cipitation ! at the Priesi River Frperimenlal Forest 2

Days | Longpat period of unbroken Days | Lonopest period of unbroken
withont tlrought withont drought
mensur- ICASUY-
Year 1 ghle pre- ' Year | shle pre- ]
cipita- Bepin- ! Ending | Dura- cipits- Begin- | Ending | Dura-
tlon ning datelln dato ; tion tion ning date: date tlon
13
Nuwtber i Days Days
1912 .. __ 5| Jume 16} Juna 206 11 Jaly 18 [ July 3! £
[k Bl | Aug, 18! Aug. 28 11 July 23 | Aug. 3 2
| 71| July 16 Aug. & 2 July 23 | Aug. 13 21
5. 58 | Aug. 8| Aup. 18 0 July 14 | Aug, 15 33
1914 04 r July 23| Aug. 7 16 July & ) July 24 19
mz 77 July 1| July 20 20 Aug. 3| Aug. 23 Y
18 05 | June I{ June 18 15 July & | July 31 24
1919 77 1 Juno 28 | July 23 % July 11| Aug. 8 20
12 76 | July 141 Aug, 8 25 (| 1931.. 80 { July 31| Ang. 31 $2
1021 ., 80 ) July 3! Aug. 14 13
1922 ... a0 i July 1t Aug. 0 30 Averago.. 1% T PR I 2

1L, ¢, with less than 0,01 Ineh,

1 Datn from Jemjson, G. M., CLIMATOLOQICAL SUMMARY TOR [THE PRIEST RIVER FOREST EXFERIMENT
s-r.\-rtl‘os;]m]?—m‘ teble 17, Northern Rocky Mountsin Forest and Raoge Expt. Sta. {n. d.) [Mimeo-
graphed.

Hazardous conditions for the survival of young secedlings, 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 talen at the Priest River Experimental Forest indi-
cate an average of about 20 clear days each in July and .lugust, and
Kincer (80) points out that during the summer months this general
region receives 60 to 80 percent of possible sunshine—a proportion
excecded nowhere in the United States except in the desert and semi-
desert portions of Oregon, Nevada, Arizona, and interior California.
Not only does clear weather aid m 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 {requently dropping below 15 percent at the Priest River
Experimental Forest), the many clear days elso induce evaporation
rutes so high that transpiration becomes a heavy tax on the young
seedlings. Fertunately, as has been remarked, these severe eondi-
tions are to some extent balanced by the low wind veloeitios (averaging
less than 2 miles per hour 8 feet above the ground during July and
August at the Priest River Forest), heavy winter preeipitation, long
retention of snow cover at many points, and moderate precipitation
during May and June.

TEMPERATURE

The western white pine region ocewrs in what Merriam (48) has
deflined as the Canadian temperature zone, Average annual tem-
perature means (fig. 8) range from 41.7° F. at Roland, in the central
part of Lhe region at an elevation of 4,150 feet to 50° F. at Pete King,
on the southern bhorder at an clevation of 1,550 feet. Temperature
mnereases loward the south and as eclevalion decreases. Growing-
season tempersiuves for 11 weather stations in the western whife
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 fisted range from 56.8° I'. at Roland to 65.9° K. at Pete
King,

Tanue 7—-Monthly mean temperatures for the growing seuson at 1 weather stations
in the western while pine region in {312-83, inclusive

Mouthly mern temperature

Fouthor & e s meaes _. Length

Wenther stotion T 1 of Fecord
May 1 Juno Juily Augnst | Averace

R, e, @ e F, PR Yrama
Priest River experbmentn] forest. ... 50.7 N9 1193 2.4 58.8 *2
Suamdpoine . R 52,7 0.3 Gh. 2 [ 6.3 P
Floron 518 58,4 GL G Hi 4 504 i
Treart Creck 5, @ 577 B34 61,8 SH.5 1a
Tatpnn - 5.6 it 4 L2 5 &0 5T o
Wilinoe R 526 5.8 i 5 655 Bl 0 H
Migdlun 5o 57.4 1] G @ 5.8 [
Roland R . 7.4 &5 1 #25 [ A3 5.8 T
Avery i e ies _ S5G 0.0 L 05 5 B4 19
Wellggg - w5 80.7 67.3 35,8 | [ purid
fete King rangor station ..., 7.2 83,5 7.7 6.4 65,4 1

Although seasenal 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 clevational
and other topographic differences, particularly those affecting air
drainage.  As with most mountain climates, seasonal and daily
fluctuntions are marked (30). For cight selected stations in the white
pine region, average daily range of temperstures in January varies
from 12° to 19° F. and [rom 34° to 42° I'. in July and August. The
manthly averages of daily maxima for these stations reach peaks of
82° to 87° I'. in July, and those of the minima reach lows of 12° to
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22°, usually in January, 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 recorded 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,

TaerLe B— Yearly mean absolute mazimum gnd mindmum temperalures at 12 weather
stations tn the weslern white pine region in 1512-83, inclusive

1
Weather statlon l Aaximum - Minimum . Ig"_f’;m :’r
°F. : o, . Yeare

Pricat Itiver pxperimental foresl. .. oo oil cicemeeeias e 073 —18.8 | ]
Santpolnt - o . P 074 —14.0 &
Heran .. oL 1K), B —-15.0 -1
Trout Creek . ... ... . 106. 9 —4 4 14
Ianugnn 08,2 =4 a
Walliee . e e §0.8 —7.8 a1
Muilnn e e e §8.0 =113 G
Relamed . . . 0 o L Lo 6.0 —1d ¢ h
Avory .. . . e 1025 -7.8 13-
Kelloge .~ . 10L. 8 —11, 5 o]
Musselshell- feree o). 8 =20 -3
Pete King ranger slatlon 107. 0 —3.0 -

FWhere 2 Ngnoed are glven Arst fgoee B far iaxima, qecond for mininia,

These wide fluctuations have & very important effeet on natural
regeneration.  In cembination with low to moderate mean tempera-
tures, they indieate frequent frosts, which are an active cruse of
seedling mortality.  The frostless scason is very short (table 9),
ranging commonly from about 60 to 160 days, and owing to the

TanLe 9.- Averuge length of frostless senson al 18 weather stations in the wrslern
white pine reglon in 1912-33, fnelugive

Frost- | Length Frost- . Length
Weather station less of Weather slation less © of

SenAs0n ricord SeRsan I r earsd

—— e R IR ] e e [ e — e
i Paya ] Yenrs Haps | Yenrs

Privst River pxperimentnl forest 02 o b Mullan . Lo . [11~ 2 -
Epndpaint 1 FIG i 20 Rolnmd L e . 105 ¥ &
1{eron . om o Avery - 104 17
Trout Lrock R 1 B W Kellig . JUT 124 ol
Hougan . . L ) . 22 ATusselghell-Pleree .. o 7l Il
Prichard .. T 105 3 Pete King ranger statfon 15% n
Wanllnge . 140 19

1 Hecoprd nften remds merely * Frost overy momth.'”

erratic characler of the deviations below the normal minima it is very
teregular from year Lo year. Frosts may occur in any month. The
aoccurrence of below-freezing temperatures is increased by the fre-
quency of temperature inversions, i. ., the oceurrence of lower tem-
perntures il low elevations than at high owing to the drainage of cold
air to the lower clevations, a phenomenon reeorded in the western
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white pine region by Larsen (36) and Gisborne.® Minimum tempera-
tures af a given low elovation may be as much as 10° ¥ lower than at
nearby high clevations. Cold-air pockets created n this way are
often marked ceologicully by the occurrence of subalpine species such
as alpine [ir and Engelmann spruce along stream bottoms and fiats.
1n such locaiions {rost may prove an active agent in scedling damage
and mortality,

Although heavy Trost damage to native free species is usually
limited to young seedlings, sudden drops w temperature occasionally
cause apprecinble widespread damage even to mature trees. On
Pecomber 15, 1124, for example, & drop in temperature (rom 45° to
—12° 7. in 20 hours resulied tn extensive killing or browning of needles
over g larce forested aren i Washington, ldahe, Montana, and
British Columbia.  Again in 1935 & drop in the daily temperature
minimurs front 23° on October 27 to — 12° on Oclober 31, ats observed
at the Savense Nursery at Hauvgan, Mont,, resulted in widespread
kiting of folinge.  Western white pine was cspecially hard it in
some 20-vear-old white pine piantatious near the Savenae Nursery
nearly every tree turned brown. Praclically all of these trees sub-

sequently recovered, the aclunl mortality being less than 5 pereent.

Crivarie Coymons on Rasexr

The geogruphic boundaries of the western white pine region are
fairty well defined in terms of elimatie factors. According to Larsen
(4, extension of the Lype s Hiited at the lower elevations by deficient
moisture and /b the upper clevations by unfavorable lemperatures.
The precipilalion values given in figures 5 and 7, however, show clearly

thal the southern boundary of the type. which does not coineide with
any definite change in elevation, is not fixed by insuflicient precipita-
tion alone, Some stations south of the houndary veeeive as much
precipitation as stations ut similar elevations within it.®2  The stations
to Lhe south, however, have bigher temperatures. Numerous investi-
gators have pointed out that the effectiveness of precipitation depends
to o muterint extent on the balanee between preeipitation and evapora-
tion, wsunily expressed as the VB atio
Lack ol evaporation records prevents direct computation ol this
vilue here, hut Thoruthwaite (58 has recently suggested a method
permitiing the substitulion of temperature [or evaporation data.
ISitectiveness indices for both annual and zrowing-season precipitalion
means have been computed in this way for & number of stations within
and near the borders of the westorn white pine region, and are presented
in figures 9 and 10.  These values show that owing to higher tempera-
tures to the south, higher preeipitation there is less effective than
precipitation occurring within the type's range. The precipitation-
effeetiveness index for climatic conditions favorable to the develop-
ment of western white pine slands appears Lo be about {10 for the
voear or 11.5 for the growing scason.
Wrnsnar™E, 1T, PATHED MINIMNUM TEMPERATURES AS INDICES OF FAIR DR FOEL WEATILEL, Notth:

Racky Mounbiin Forest amd Hanue Erpt Sta. Appl, Forgstry Nete 05, 1434, [Mimecgraphed.]
I (ether, (527 vltes evidenes ndienting s forier wirer distnibodion of westers white piie Ly the south,
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SUSCEPTIBRILITY TO INJURY

Fire, discase, and inscets are the major agencies causing injury or
destrizction of western white pine stands,  Wind, snow, animals, and
occasionally drought end sudden drops in temperature are relatively
minor causes. Silvicultura! consequence of injurics has been already
tonched upon in connection with the successional development of
natural stands and elimate; the purpose bere is to deseribe the more
important agencics.

Fire DaMAGE

Fire is the most characteristic, active, and omnipresent cause of
injury to western white pine stands and has left its mark on practi-
eally every ncre of forest land in the region.  T'he type’s susceptibility
to fire is nolorious.  Fire also makes an important contribution to
the incidence and spread of disease and insect altacks, [t colors
every phase of management practice; regeneration methods, stand
improvement, and slash~disposal methods must often be modified Lo
avoid undue confllict with fire-control recuirements,

The influence of fire on forest suceession and (ke fact that it is
largely responsible for perpetuating the type have already been
hrought out. Suceessful application of most meshods of cutting
intended te obtain natural reproduction necessitates extensive use of
fire Lo dispose of slash and other debris.  Fire also has important
physical and chemical effeets on the soil—at present imperfeetly
understood that affeet natural regencration.  Discussion here will
be limiled to a few of the outstanding characteristies of fire in the
region, and the relative fire resistance of the diflerent species asso-
einted it the type.

Fires ure unusually destructive in the western white pine type;
often they kill all trees over extensive areas- -particularly in cut-over
ane partinlly burned stands where the opening up of the forest eanopy
has permitled thorough drying of a large volume of fuels. Onee
started in such a stand, fire often gets beyond control, causes 100-
pereent loss, and spreads with disastrous resulls to adjoining uncut
timber that might otherwise have been 5)|'ote\(‘.tvcl suceessfully.  Exten-
sive logging in the type has intensified both the hazard and the de-
structiveness of lire. In uncut stands the damage varies in BCVerity,
according to such conditions s (uel moisture, volume of fuel, humidity,
wind, season of year, and time of day.  Fire easily kills reproduction
atd pole stsnds of any species.

Mainy ires, as brought out luter in the discussion of forest succes-
sion, resull in oaly a partial killing of the stand.  These burns have
several important results, nll ceconomieally and silviculturally un-
desirable.  Too olten o light fice, by increasing the volume of forest
fuels, puves the way for o more destructive fire; spread of inscets and
disease in the stand also is encournged by the large quantities of
favorable lost materiul provided by fire-injured trees. Turthermore,
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 beneficinl ppent
in the initial establishiment of white pine stands, is an entirely un-
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TasLE 10— Relative fire resistance of individual apecies in the western white pine
type,! in lerma of characleristics affecting fire resistence

Species Bork thickness, Resinlnold | poor nabit Branching hahlt
F

Waostern lereh .| ¥ery thlek. . .f Very little _.. ... | Migh and very open.,
Ponderesa pine .. . do Abandant . .. do. ... .| Moderstely high and apen.
Dieniplas-fir R Muoderats. . .. ilo . .. Mederately low anel dense.
Cirnnd 1Ur Thick. .. . Very little ...} Shallow. ... | Law nnd <lense.

Lewlpepole pine A Very thio, . | Abubdant . [ree ... | Moderately high and opea.
Weatern white pine dledium. Medicm Nigh an:l dense,

cdo o L

Woestertt tedoedar .- . e . Very little. .. .| Shallow .. Maoleratoly low aned Jdense.
Engelinann sprioe. do... .| Maoderste . Taw snd dense.

Wostern hamloek . .....} Medium. . ... .| Yery Httle. ... . Do.

Alplne fle_. . ... .. Yery thin Moderute e | Very lew asl dense,

Relntive in-
Specles Btond hebit flarnmability Lichen growth
of follnar

Eelative Nire
resistirce

Western larch Gpen . Low | Muedium-heavy Most Tesistant,
Fontleroan pinn oL o | Mellum Muoeliume to light Yory reslstant,
Dgupins-fr . .| Moderate to dense Fliggh Henvy to wedium, . 1ho.
Grand flr o Bense... da . Heavy. .. . .. | Medluwm,
Lotlgennle pine ] Opena..o o AMedhim Light _..... . .. Do,
Western white plre _ Denge .. . . L LI Hewvyo.o .. .. Da.,
Western redecdpe to. ... ... . Hligh . . da .. . La,
Fngelmini sprues R I S Medinm . . do .. . Tow.
Western hemilock P [ TR, High in . Do,
Mpine fir - Moderate to dense o . Aedinm ta heavy Very low.

U Ater Fling (72).

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 & summer season characterized by
seanty rainfell, many hot, sunny days, frequent low humtiditics, and
ocensional hard winds, and a dense forest [urnishing a plentiful fuel
supply. Contributing causes include dry lightning, fire-detection diffi-
cullies, o sometimes inadequate fire-control organization, and the diffi-
culty of quickly transporting sufficient men and supplics to many of
the more remote ports of the region.  Lightning, in addition to start-
ing approximately 70 percent of all fives in the region, eauscs dangerous
peak loads in fire control. In 1926, for example, lighining started
109 fires on July 12, sl 37 more on July 13, on an area of about 700,000
aeres on Lhe Kaniksu National Forest, Efforts (o cope with the
region's fire problem, details of the fice organization, annual losses and
costs, and fire hehavior are treated elsewhere® (74) and will not
be discussed here.

Resistanee 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, targely becsuse the hot fires
common to the resion ersse all evidenee 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 o given speeies to fire depends upon o combination of
tree charactoristics, principally bark thickness, branching habit,

U onNny, L. G, PIRE-CONTIOL PLANNING (N THE NORTHERN HOCKY MOUNTAIN REGON. Northern
iocky Monntaie Forest anrl Bange Expt. Sta, i946,  (Mulellickagraphed.]

Chengns g, I 7. amd Hansey, [ (), FORLEYT-PIRE CONTROL GRIKCTIVEY,  Narthern Iacky Monn-
tnilr:l Foregl Huamge Bxpt, S, 10200 [Unpubilished.)

| {-‘(}m:sr BravicE, Ryuiox ONE. KKE-CONTROL DANDROOX, Farts Land BL 1030, [ Mimeo-
srophed,

RO UHIE T B ]
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stand habit (density, duff aceumulation, ete.), inflammability of foli-
ege, and lichen growth. It is markedly influcnced by habitat. For
example, grand fir growing in 2 moist creck bottom succumbs very
rendily to a creeping ground fire, but on the dry hillsides of the
Clearwater River drainage, in Idalo, this tree resists fire better than
white pine and nearly as well as Douglas-fir. The difference is due in
purt at least to thicker bark, deeper root system, and more open stand
condilions, Table 10 gives the relative fire resistance of the import-
ant species in the western white pine type. Obviously, any such scale
of fire resistance must be appliod with reservations.

Western lareh when mature is by far the most fire-resistant specics
in Lhe type.  Unusually thick bark near the ground, low resin content
of burk, deep roots, high and open branching habit, generally open
nature of the stand, at leest in the immediate vicinity of lareh trees,
low inflammability of the folirge, and the seanty accumulation of
dull beneath lareh trees all contribute to a remarkable ability to sur-
vive fire. Al Lhe other end of the scale is alpine fir, highly suseeptible
to fire hecause of its very thin and moderately resinous bark, shallow
reols, dense and very low branches with highly inflammable loliage,
and medivm (o heavy lichen growth, The two lichons most impot-
tant in their effeet on fiee hazawl are black moss or “squaw hair moss”
(Alectoria fremontily and green moss or “gray moss” (A. swrmentosa).
These grow on (rees in long lestoons or streamers and when dry are
almost unbelicvably inflammable.

Diszase

Some of the most difficult and troublesome management problems
in the wostern 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 fungt, which seriously reduee the sound-wood
volume of the produet. A good share of the heavy protection costs in
wesleen white pine forests is spent on disease control. TFor g patho-
logieal treatment of the subjoct of forest <liseases in the type the
rearder is veleered o available literature (24, 25, 63, 64, 65, 66, 67).
The purpose heree is to bring out the silvieultural consequences of the
major forest Lree diseases found in the tvpe.

-

WHITE PINE BLISTER RUST

An omstanding menace to the western white pine type is the white
pine blistar rust, caused by the fungus ¢ venartium ribicola Fischer,
which threatens the very existence of white pine as a commercially
important cemponent of the type.  This disease has proved as serinus
in western white pine as in any other of the important white pine
species of the world.

The white pine blistor rust spread into the western white pine
region from the Pacific Northwest, where it was accidentally in-
troduced i3 1910 on pine seedlings shipped from France to Yancouver,
B. €. A survey of the western white pine foresls in 1936 by the
Bureau of Entomolegy and Plant Quarantine showad that it occurred
on white pine throughout the commoreinl range of the species,  In-
fection was heaviest on and near the St. Joe and Clearwator National
Forests, where approximately 4 percent of ail young white pine brecs
were visibly infocted.  In other parts of the region, the infected young
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trees averaged 1 pereent or less. A similar survey in 1937 showed 13
percent of the young pines on the 8. Joe forest to be visibly infected.
In the vicinity of the older infection centers numerous larger trees
are known to be infected, but no specific infoction surveys have been
made for trees of merchantzble size.

Seedlings and saplings ace much more quickly killed by the rust
than are older trees. In fact, the real threat 1s to young stands;
present merchantable stands can and probably will be harvested before
they are materially damaged. The rust works slowly and scldom
spectacularly, and for this reason the true gravity of the situation may
be underestunated. )

Control of Cronariivm ribicole is made possible by the fact that it is
heteroecions: that is, it requires an alternate host to complete its life
evele. 1w alternate hosts are members of the genus Ribes, popularly
known as ribes or as currants and gooscherries.  Spores of the or-
ganism are earricd from one host to the other by the wind,  Infection
muy spread from pine to ribes over distances of as much as 130 miles,
but seldom spreads from ribes to pine over n distance exceeding 1,000
feet,  Bradication of ribes within and adjseent to stands of whike pine
consequently prevents infection of the pine.

An extensive program for the control of white pine blister rust
in the western white pine region bas been under way sinee 1923, This
program is designed to conlrol the rust npon approximately 2,700,000
acres of white pine forest. By Mareh 1439, approximalely 2,670,405
peres of land had been covered by the ribes-eradication erews, this
total including first, second, snd bhird workings. Results thus far
metiente that approximutoely half the area worked once will require no
further ribes eradieation until it s further disturbed by either logging
or burning.  The other hall will require & second working in 3 Lo 5
voars after the first, A fow mreas - prineipally stream bottoms, where
grow the heaviest concentrations of ribes of the most susceptible
spreies  will require s thied or even a fourth working, The control
program is being proseculed as vigorously as available funds permit,
by the Forest Seeviee, the Burean of Entomology and Plaut Quaran-
tine, nndd the State of Tdnho,  Rapid completion of the second working
on eettain portions of the area and completion of the initial worlang
on the entire neew is necessary to proteel the heavy investment already
made in ermeliention and to prevent further intensification of the
disease. At present, infection is progressing faster than control.

Blister rust eannol be controlled by sitvicullural practices, but its
control can be aided or impeded by silvicultural practices through
their effeets on the ecology of ribes. In general, environmental con-
ditions favoring conifor reproduction also favor ribes reproduction,
and only within rather narrow limils can one be encouraged or
repressed without a like offect on Lhe other.

Ribes seed 13 extensively stored in the duff ol the forest floor in
elose proximily to minersl soil and maintains its viability for very
long periods  possibly even through a foresl rotation of 100 to 200
vears, though this has vot been deflinitely proved.  Following open-
ing up of the forest by logging or fire and consequent disturbance of
the duff cover, ribes seediings often appenr in abundance, even on
areas peactieally free of ribes. Short of » hard burn that completely
destrovs the organie iantie of the soil and with it all stored seed, as a
general rule the more disturbance the more ribes.  This cireumstance
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greatly adds to the difficulty of ribes cradication.  Destruction today
of every single living ribes bush would not end the control problem;
new seedlings from seed now in the dufl would appear for many years
to come after each forest disturbance by cutting or fire.

Ribes, like conifers, germinate best on freshly exposed minersl
surfaces and poorest on undisturbed duff surfaces. Seedling survival
and development are favored by moderate shade, protecting secdlings
from climatic extremes. Under a closed forest canopy, upland ribes
(B. lacustre and R. viscosissimum) do not thrive. Few survive, and
those that do are ill-developed snd present only a small target for
infeetion.  Stream-type ribes (R. petiolure and R. inerme) are more
telerant of shade, but do not occur extensively in forest stands.

Control of blister rust is favored by forest-regencration methods
that bring abuut full stocking of tree reproduction in the shortest
possible tinte.  Clear cutting followed by controlled broadeast burn-
ing and catting by the secd-tree moethod are especially good in this
respeet.  True, the stand is drastically opened up; bus this is done all
at once and a new stand starts immediately. Whatever ribes seed
have heen stored in the duff are cither destroyed by fire or else en-
couraged to yerminate promptly and all at about the same time. In
open cullings or on burns, ribes cradication is not difficult, and oue or.,
certainly, two workings suffice to reduce the ribes population below
the dunger point,  Eradicalion should be undertaken when the ribes
scedlings are between 3 and 5 yenrs old.  Seedlings less than 3 years
old are too hard to find, and many of them die naturally. Beyond
H years of age, scedlings present a large tareet for infection and also
begin to produce seed.  Ribes-control activity is directed toward
exhausting the present seed supply, suppressing existing ribes, and
preventing Turther seeding in.  Once the tree reproduction cover is
complete, environmental conditions are inereasingly inimical to ribes
establishmenti and growth.

Light selective or light shelterwood cuttings also inhibit ribes. A
full canopy is maintained and forest disturbance is held to & minimum.
Ribes secdlings, if they appear, subsist poorly, After such cuttings
it is very desirable, in the interest of ribes control, to leave slash un-
burned, sinee slash burning that falls short of brosdeast is peculiarly
stimulating to ribes germination. Lt is commen 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 ba avoided
as murh as possible.  Crown thinnings are prefersble, as they require
a minimum of cutting.

The possibilities of silvicultural aids to blister-rust control have not
yeb been fully explored. So far as is known, the main consideration
15 to maintain n full forest canopy ns long as possible and when it must
he removed replace it with a full cover of reproduction in the shortest
posstble {ime.
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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 direcily kill the trees.
Others kil 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 (65).

Tree xpecien awid disease Cansal organism
Western white pine:
Red ring rot. . _______ Ring scale fungua {Fomes pini (Brot. ex Fr.) Lloyd)
Red-brown butt rob____ Velvet top fungus {Polyporus schweinitzii Fr))
Spongy sap rob_._..... Pine root fungus {Fomes annosus (Fr.) Cooke)
Shoestring rob... ... H{il“ley mushroom (Armillaria mellea {Vahl. ex Fr.)
T.)

Western larch:
Red ring rofo . ...oo-.
Brown trunk rot.____._ Quli‘nin{a) fungus (Fomes officinolis (Vill. eox Fr)
aull.
Red-brown butt rot_...
Dwarf mistletoe____.__ Larch form (Arceuthobium campylopodum Engelm.
Sforma laracis (Piper) Gill.)
Douglas-fir:
Red-brown butt rot__ .
Red ring rot. .- .____
Shoestring rot.____.._.

Brown cubieal rot_._._ Sulphur funpus (Polypoerus sulphurevs Bull. ex Fr.)
CGrand fir and western hem-
lock:
Brown stringy rob. ... Indign paint fungus (Echinodontium tinclorium

{Ellis) Ellis & Everh.}
Spongy sap rat____.-_.
Western redcedar:

Yellow ring rot._ ...~ {(Poria weirii Murr.)
Red ting rob. _. .- ...
Brown cubical rots...__ Unidentified

In western white pine, as in most other tree species, quantity of rot
almost invariably increases with age. This is shown clearly by the
following data on everage cull, exclusive of breakage in felling in
western white pine trees, 8s measured in board feet (Scribner Deci-
mal C). These figures were obtained through a region-wide breskage
and cull study * based on actual utilization:

olpe elusy Cull

{ywiray percent
BI=100 . e e e mmm e em o mme 3
101120 . e e e mmm A== mma—mmmae 6
121140 . . e e memmm— s e mmmm e —m——mm—— 10
141160, - . e em e e imm e m—mm e 12
161=180_ . . e cemmaaicmmm——m——mm—neo— O, 16
R0 . . . e m e e mmmm— s mmmrem o= e 18
SO 300 . e e mm—meammmmem——amamm—— e 20
B0L-b et e cmmm— e cmmrmm———mmmemcemasmns 24

Average {weighted)._. . oo meaee 1]

1 ANDERSON, [, V., BREAKAGE LOSBES AMD CULL PRRCENT OF TIMBER IN TIE INLAND EMFIAE. North-
wrn Rocky Mpuntain Forest and Range Expt. Sta. Applled Forostry Noicfd, 14, [Mimpographed.]
Proctically all eudl reconded {n this study was due Lo 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 grenter
than cull deduction in volume as customarily determined in log scaling,

From this tebulation 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, [n 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
mere prevalent on low fiats near creek bottoms than on slopes. This
has been checked repeatedly by observation, and it seems well os.
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 henches.

Tante U~ Relation of butt and trunk hearl rot in western white pinelo age of tree!

Hot i ¢ :

;oenble  Treesex-  T'rees inoench elpss

Logation nnd age class (yoarsi o ovolizine | amined I eontaining heart rot
i of entire t
= qupued |

PRottom sites:
f1-50 . . e o A S 52
8100 . .. . . il
(LI i) .. . e .
[MIRNIE]
TH1 D
e Livker

Fotnd or weighted averagns
Shapser nites:
RIREH

50

LI N3]

[ LEL IR Sz

2L - 163
[T

Muare thin 55

Totad or weighited nverppee el i,

Al sltes S o T el e

VAR Weir masd Flazhert (47),

According Lo the above findings Lhe average age at which the stand
18 most liable to first infection and below whicl infection rurvely oceurs
is between 50 and 60 years. Infection of young trees with heartwood-
rotting fungi eannot, 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 necounted 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 secount of loss of vigor &s because
they have more dead branch stubs, fire sears, and other avenues of
infection. 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 cutbing
st an age of 120 years or less. An added reason for cutting at this age
is that removal of trees before they rench conk-bearing age would
progressively reduce the danger to future timber ¢rops.  As a matter
of Inet o rotation age of 100 to 120 years is now commonly aceepled
for western white pine.

Although not credited with a great amount of damage to standing
weslern white pine timber, the honey mushroom fungus, which causes
shoestring rot in both root and butt, is known to be widely distributed
in young nnd 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
gither kills them outright or so weakens them, both physiologically
and mechanically, thnt they become more susceptible to msect attack
or wind throw. Becnuse the vietims of this fungus are so often missing
[rom the stand at the time of logeing, the damage it does is likely to
be overlooked. Iurther invesligation of this fungus is greatly needed.

The frequent clnssification of western hemlock as an inferior species
in the western white pine type is due largely to its susceptibility to
ormanisms causing heart rot, particularly Indian paint fungus. This
[ungus often renders the tree entirely worthless, and over large arcas
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. Unfortunately, infection often
comes comparatively early in the life of the tree. In a study by
FHubert,® infoction 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
aroup, 94 percent were infected, and 100 pereent of those more than
500 vears of age. It is believed that thesc Ggures 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 [dalio, Weir and Hubert (64) found that the average age of
earliest infection was about 50 yenrs. The exact age of fungus inci-
dence is dillicult to detertuine and apparently is highly variable.

Indian paint fungus is most prevalent in western hemlock on wet,
undrained sites at low clevations and least prevalent on slopes and
hetter-trained soils. The charncteristics of site having greatest in-
fhicnce 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 invarinbly 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-

WEICRERT, ERSEST B, FIRST PROGRESS REPGRT 08 TIE STULY OF DECAY 1N WESTERN nesttock, U8,
Dept. Agr. Forest serv,, Reglen Une, 128, [Unpuhlished.]
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cent to fire sears, frost cracks, 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
& 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 giown to pulpwood size on o 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 redeedar; most of the
information available is based on empirical observation. In general,
the speeies is comparatively free from deeny except at an advanced
age.  Veterans are usually heavily defective, frequently consisting of
only @ shell of living wood with the center entirely rotted awny.
Yellow ring rot eaused by Poria weirii is the principal rot of living
redeedar that has been definitely nssociated with a known fungus (25).
[ncidence is variable, and the rensons for this are not well undersinod.
On some arews redeedar, even a large sawlog size, is almost entirely
free from rot; on other areas trees of nol more than pole size are heavily
defective.  As with other species, age seems to he the prineipal con-
trolling factor.  Redeedar characteristicnliv develops as an under-
story tree, often undergoing long periods of heavy suppression and
miking correspondingly slow growth, Trees may be less than 6
inches in dinmeter at breast height at ages of 150 years or more, and
rot 1s commonty ohserved to be much more prevalent in such slow-
growing trees. I 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 muanagement of this species.

Weslern larch amd Douglas-fir are comparatively free from rot.
Up to about 120 vears of age, their loss of sound-wood volume from
rol seldom becomes serious.  This does not mean, however, that
disease hus no inportant bearing on the management of {hese species.
Obscrvations on permanent sample plots indicate that honey mush-
room lungus may be a large factor in mortality of Douglas-fir, particu-
lnrly in young stands.  Until more is known of ihe activity of this
fungus, Little can be said as to its true role in management,  Dwarf
mistletoe, prevalent on western Iareh, eauses trunk burls and large
witches’ brooms. The burls reduce the merchantable value of the
tree. The brooms oflen break off, by their own weight or by overload
of snow, eausing a reduction in inerement and sometimes total less.
The brooms that enuse no breakage account for some reduction in
imcrement by consuming stored foods that would otherwise contribute
to cambinl and apieal growth.

It is evident [rom 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 limber crop before it has passed its pathological
rotation nge.  [n the long run this is by [ar the most effeetive remedy.

T Cotemeremd ok stges e feotn 20 frel W more an akel.  Anaverepe slve 15 35 fect, with an S-inch
. Podes for teleplons, irdegrnph, aad Power transissioe laes are the most vafusbie redeedur product.
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Practice forest sanitation, i. e., remove infected trees, either by
fetling or burning or by closer utitization.

3. Create conditions favorable to fast and vigorous growth, through
sound methods of cutting and stand imorevement.  Disease does not
flourist in healthy, vigorous forest stands,

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

IxzEcrs

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

[n this probiem the attucks of bark bectles (Dendroelonus spp.) on
western white pine are of primary conecern.  The imporlance ol bark
beetles in the muanngement of white pine inercases proporlionately
with the age of the trees, Young, thrifty trees are fairly immune,
thoneh faelors such a3 exposure, disease, and fire injury often reader
them suseeptible to attacks of zecondury beetles.  In older stands
the mauntain pine beotle (72 mondicodee Hopk.) exaets an annusal toll,
sometimes Urifling but sometimes such that the residual stand is not
worth harvesting,  Sinee 1928, wsect control measures consisling
muinly of felling inlested western white pine trees and destroying the
insect farvae in tie burk have been undertaken by the Forest Serviee
with the technieal assistance of the Buresu of Entomology and Plant
Quarantine, 1t has been demonsirated that timelr and adequate
appliestion of contral messures will keep infestation in chieek and
reduce fosses. The aim o control is te keep the infestation endemic
and to prevent the development of an epidems which once under way
is lareely uncontrollable,

‘Though much of the destruction of timber by insects is clearly
apparent and ean be ovalunted, some of the losses they cause are less
apprecigied,  In flive suppression, imsect-killed trees are g large ad-
verse (nelor, sinee snags nnterially inerease difliculty, cost, and (iﬂnﬂ'(‘r
of Hre {wiztm" and have alone been responsible for \nd(‘qp:vml con-
flngrations.  Snag Telling, which in many loealitics has become
standard forest practice s a fireproofing measure, is considerably in-
erensed in cost whore bark heetle attaeks are unchecked. A stitl loss
poled restlt of bark-beeUe aetivity 18 is ellfect on forest composikion,
fnosmatuee and destraction of white pine trees by inseets couses o
pernustent decpense it proportion of whitke pine, and therelore in
stand value, as the pines are veplaced [or the moest part by more
toderant trees of less value. Bark beetles thuas assist in gradually
transforming the ceologieally unstable white pine forest into the
climux forest of redeedar, hemlock, and other tolerant species,

OTHER SOURCES oF INJURY

Snow is the outstanding cause of moriality in dense immature
stands of the weslern white pine type, as shown in table 12, Of the
total mortality observed, messwred in tree basal ares, snow accounted
for from 22 percent in melm-[n to 85 pereenl in western hemlock.
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Comiparison 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
ptne one-fourth of the trees killed by snow accounted for nearly half
the basal arca, 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 arc more often conecentrated in groups or strips, in which all
trees wre laid down by the snow, The openings thus caused tend to
entlareze from year to year,

Bnow damare is not always entirely detrimental, e some extent
it serves as o crwde 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 wealkly
rooted trees that are most subject to snow injury; most of the stronger,
straighter, wnd better-situated trees survive. In thinned stands, on
the other hasd, snow breaskage is enfirely defrimental and may be
seriously so, especinlly if thinning has been henvy.

Tanue 12, Mactality on semple plats £n gonrg second-yrowth weslen white pine
stonds, by specrles and causes )
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Suseeptibility to wind throw is of eritical importance in the appli-
ealion of regenerative measures. The wide use of the sced-tree
method n the type is possible only hecause western white pine and
its principel assocmtes are fnirly wind-firm and can be lelt as seattered
seed trees, Dala on wind-throw and wind-breakage losses in the
gecond decade following logging, from 22 loging areas on which
seed-tree, shellerwood, and selective cultings were made, indicate
no consistent difllerences in loss attributable to method of eutling,
As summuarized in table 13, the average loss fram wind theow for the
7 associnted species was only about 5 percent.  Losses in the frst
H-yenr period following loguing are, however, usually much bigher
then in the seeond and sueceeding decades.  Although vo observations
were made on Engelmann spruce, general experionce rates it as heing
loss resistrnt (han any of its associntos,

Oceasional heavy winds exaet very severe losses from wind throw
loeally, and mrely over extensive areas. A single severe storm in
the spring of 1932 blew down more than 90 pereent of the white pine
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sceed brees left after logging on a small area in the Burnt Cabin Creek
drainage on the Cocur 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,
Hore losses ranged from 10 to 100 percent of the total stand, averaging
about 30 pereent. Approximately 3% million bourd feet of western
white pinc saw timber was salvaged from this area.

TasLe 13— Wind-throw losses in the second decade following culling in the western
white pine fype

; Less dn brees  from Loss in trees  from
residunl stand \ reskdnual stand
Hpweeles .o Sinches - -
113 Ineies | 144 nohys 1-3% faches | 194 inches

L) 70 O | DAY TN 0 s TR doh b . hohe
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(it Nir 5 4 Taslgepole pine ¥ . & 18
Wosteen hemiduek {

 Baals, recardds for permenvnt sample plots on 22 cet-over areas,  Losses on sced-tree, shelterwood, sod
selnetivie cuttines see combined.
3 nin weak,

Fereeal Pereent
11 1}

Trees in cut-over stands are distinetly more susceptible to wind
damage than lrees in uncut stands. Spruce, in particular, is no-
toriously incapuble of remaining standing in cut-over stands subject
to strong winds. The heavy storm on the Kaniksu forest just
mentionod blew down trees constituting 19 percent of the total basal
aren 03 o sasmple plot thinned the previous year in a very dense
7i-year-old stand, while in an adjoining similar stand that had been
lelt uncut the loss wos negligible,  In this instance white pine proved
to be less resistant than larch; 28 pereent of the white pine was wind
theown and only § pereent of the lareh.  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 ahsence of rol. Rot that mechanically weakens the tree is an
importint indiveet cause of wind throw, particularly in such species
&5 grand fir and western hemlock,

Porcupines occasionally eause signilicant loss in western white
pine stands, in which they apparently prefer western white pine and
arand 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
regenerition is usually first manifest in seed supply.  Abundance and
frequency of secd production, viebility of sced and its susceptibility
to destructive factors, and cfficiency of seed dissemination, all directly
aiTect natural regeneration and are of particular importance in an
agsociation of several speeies such as the western white pine type.
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Seeb Propuctiow oF WesTERN WuIiTe Pine

ABUNDANCE AND FREQUENCY OF SEED CROI'S

In comparison with associated species, western white pine bears
refatively fow cones. A crop of 40 cones per tree is rated good; one of
106 cones per tree is infrequent.  The greatest recorded number of
cones pbserved on one western white pine trec was about 600, found in
1935 on a 3d-inch, 400-year-old veteran on the Priest chr Experi-
mentel Forest.  1n 1936 this same tree bore 140 cones, again an un-
ustinlly farge erop.  Cones are borne near the tips of the branches,
and nearly ‘afl are produced in the highest quarter of the crown.

The mumber of seeds produced per cone varies widely. Zon (68), in
1 seed-production study n 1011, found from § to 184 seeds per cone,
with an average of abont 80 seeds.  Browster,” in a somewhat similar
study made in 1915, found from 80 to 220 seeds per cone, with an
average of shoub 145 seeds.  About 120 seeds per cone is & [air average,
Seed-destroying insects are in part responsible for the small number of
seeds found i some cones.  Aside [rom inseet losses, which vary wide-
by, nuinber of seeds per cone depends chiefly on size of cone; the largor
the cone, the more seed.  Zon found that rees about 90 Fears old
tended to produce farger cones than older trees.  1iis daba were col-
leeted on 4 semple plots, theee of 0.5 acre each on the Kaniksu Nabional
Forest und U of 8.9 acre on the Coeur " Alene forest, all in well-stocked
stunds containing a high proportion of western white pine.  One plot
was ua B0-veur stand, 2 i 148-year stand, and 1 in an overmature
stund more than 200 vears of age.  Zon found alse that the seeds in
bure cones wete targer than those in small cones and had o higher
germination percent, and concluded that “the larger the cones the
hetter is the quality of the seed.”

At the rate of 10 cones per tree, 120 seeds per cone, and average rate
of germination ol 44 pereent {us given later), a free bearing a good crop
would produee, on the average, a few more thaa 2 J000ger minablesceds.
Oceasional trees may, of course, bear many more than this.  In Zon's
study the lergest number of “‘l‘iInInILbIL seeds pm(lucod by a single
(roe was (h(}(](} bhorne by a 28-inch tree; in Brewster's study, 7 300
borne by s 21-ineh bree.

Zon concluded that, in the moderately good sced year of 1911, fully
stovked, matore white pine stands bore from 24 to 5 pounds of
germinable seed per aere, or, assuming an average of 30,000 sceds per
pennd, from 73,0800 to 150,000 germinable seeds per acre. In the
exceptionally good seed year 1015, Brewster's study indicated produc-
tion of some 280,000 germinable sceds per acre in fully stocked stands.
These firures, representing seed productivity 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 ire.  Later studies have been concen-
trated in cut-over stands and have dealt chiefly with periodicity of
seed production and (actors affeeting seed production of individual
troes,

The frequencey with which good, fair, or poor seed crops are pro-
duced over & period of vours 1s at least as imporiant in the establish-
ment of antural regeneention as the quantity of sced produced in a

HBgpwaregd, 1, [, MEMORANDT™Y AND CURVES 0N WESTERN WIHITE MNE SEED PRODUCTION STUDY.
Morthren Rocky Mountaln Forest and itange Bxpt. So 100,
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single yeur. 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
stunds on the Kaniksu and Coeur d’Alene {orests the character of the
cone crops was observed annually for the decade 1927-36. Individual
trees were classified on the following scale: More than 15 cones, good;
t to 15 cones, fair; 1 to 3 cones, poor. The cone crop on the plot ns a
whole was rated according to pervont of trees 14 inches or larger in
dismeter bearing pood or {air crops, 1s follows: More than 50 pereent,
goad; 25 to 30 percent, fair; less than 25 pereent, poor. Cone crops
so rivted Tor (hese 10 yoary are presented in table 4. Reasons for the
virintions in the recurrence of good, fnir, and poor cone crops on
tudividunl plots were not clear. On plot 139, for example, 5 good
cone erops wore produced in the 9 years of observation, whereas plot
134 bore only | good erop in the same yvears, and on plot 121 not 1 zood
cone crop was found in 8 yvears., Plots 19, 24, 134, 135, and 144 bore
good crops ot 2- to 4-year intervals.

Tantw B4 - Characler of cone rrops horne annually by western white pine frees 14
inches o Lorger fnod, b &, on eight sample piofs, 1927 36!
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Despite these wide variations among individual plots, certain
yoars were good seed years for nearly all plots.  In 1932 all but one
of the cight plots bore good cone crops. The 1928 erop was good for
the three plots in this group that were examined, and it is known [rom
other sourees that 1929 was o generally gond seed yenr. In 1934, poor
erops wore produeed on all but one plot. For all eight plots combined,
the 10-vear period covered by the observations contained two good,
three fair, nnd five poor secd years. This suggests that over an
extended period good crops would reenr about every 5 years on the
average, 171926, an exceptionally good seed year were included, the
avernge inlervals belween good cone erops would be between 3 and 4
FOHIN.

! In addition to consistent differences between individual stands
within a loeadity, seed productivity varies widely between localities.
This is brought out by table 15, which shows white pine cone produc-
tion for & number of sample plots within three lTocalities. In certsin
venrs the eharacter of the cone erop was [airly uniform among all
thres, in others there were wide differences. “The 1931 and 1934 cone
eraps were poor for all,  In 1932 two localifies bad good erops and the
third had u fair crop within 5 percent of being rated good. In 1930
and in 1933, one loeality produced & good, another a fair, and the third
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a poor cons crop. The Cosur d’Alene area produced good cone crops
more frequently than the Priest River Valley areas.

TanLe 15.—Cone production of western while pine in three different localifies )
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Extensive cone-crop observations made over & number of vears by
rangers on the national forests supplement observations of individugl
frees on permanent sample plots.  These oxtensive observations wore
made primarily to ascertain where sced coukd be collected lor nursery
purposes. ‘They hegan in 1908, but were rather sporadic for the first
13 years. From 1921 records wore kept consistently until 1933, when
the work was practieally discontinued. The cone erops were rated as
good, fair, or poor,  Although based on rough ocular estimates cover-
ing extensive areas mther than sctual tree counts, fairly aceurate
information on the general character of seed years resalled. Table 16
gives the seed-crop rating hy year from 1921 to 1932, inelusive, for five
national forests of northern” Idaho, which include 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 goad years insofar as they include the same yonrs. 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 obseevations, & continnous record of
white pine cone erops has been piceed together for areas on and near the
Kaniksu and Coeur d’Alene forosts from 1908 to 1936, by combining
with them permanent sample-plot and various othor reports,  This
20-year reeord, summarized in table 17, gives n fairly dependable basis
for reginnal estimates of frequency of white pine cone production. It
substantintes the showing of table 15 that the Coecur d’Alene forest
tends to produce geod cone crops more frequently than does the
Kaniksu forest. For the white pine region, as a whole, good cone
crops may apparently be expeeted evoery thied ar fourth vear, nlthough
the productivity of individual! areas may depart widely from this
average,
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TapLe 186.—Characler of weslern while pine cone srops in [921-32 on five national
forests in northern Tdaho as estimacd by foresl rangers !
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TaRLE 17.~~Character of western white pine cone crops on Kaniksu and Coeur
d' Alene Nationnl Forests as indicated by obsereations on permanen! sample plots,
ranger estimntes. and other records, 1908-361
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RELATION OF CONE PRODUCTION TO TREE CHARACTERISTICS

Studies have shown a definite relation of cone production to certain
tree charneters, specifieally crown class, tree class, diamcter, and
age.

In an early study of virgin stands by Zon (A8), almost 99 pereont
of the totul crop was found to he produced by deminant and rodomi-
nant trees wnd Lhe remainder by intermediate trees, suppressed trees
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producing no cones at #ll.  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 classifiention of trees is inapplicable
and clussification by vigor has been substituted.  Trees with large,
dense, thrifty, well-formed crowns, goed rate of growth, and 2 general
apoearence of gool health have boen classed as of good vigor; those
with moderately good crowns and general health, as of fair vigor;
aml the remainder, as of poor vigor. Table 18, baswd on 5 annual
observations of 473 identical white pine trees on 15 sample plots,
shows the frequeney of good, fnir, and poor cone ¢rops and of crop
failures for trees of speeified vigor and dinmeter.  The outstanding
conclusion frem the fable s that teees of good vigor produee cones
much more sbundantly and frequently, especially at the smaller
dinmetees, than do lrees of poor or Inir vigor, 10 actual cone counts
hadl Been substituled for the qualitative classifieation, the balanee in
fovor of Lhe good-viger trees would have been even more favorable
because rating all erops of more than 15 cones per tree as good gives
insulicient welght to the crops of 40 or more cones, which are horne
mostly by gnod-vigor trees of large diameter.  Good-vigor trees on
renching dinmeters of about 14 inches become effective seed bearers,
bearing either good or fair cone erops in about half the years,  Fair-
vigor Lrees ennsistently produce fewer and poorer cone crops than do
good-vigor trees of the same dinmeter and are not offective seed
producers at dinmeters of less than abont 20 inches.  Peor-vigor trees
rre obviously inelleetive seed produocers.

Tanne 18- Fffeel of tree vigor and dine’cr o guality of western while pine cone
crap, megenced in peeeent of il rrops possibie d

e e .
Trev-vigor eliss Dol Faiir E 1'oor N Troe-y b elwss Choomd Fnir I'aar Nn
vl i rer [l eone | oeone F}(?ii and CHameter oong e cone Cran
¢l T13e ey et veop {oetap

class finehes orp [2401] orop

Chn] wigor: frereemd Fereeal, Peecesi ereemt Folr vigor {'on. Pereend Prr:r‘_nf Hereend Pereent
k . n [ 12 4 it} b 3
| 1] 11 b ") I E I

12 g EH 14

bt : s 0§ . I -

o W i )] : 1%

T Hie o] ) e

o x 410 Pour vivor: i .
. : E I ! "]
2 20 . ’ § 0 il
Falr ylenre : 1 A
i : ! ! 8 12 i |
5 : B 14 ] '3
10 : " l .

Skl & anaal nluervations oo 178 identiea] trees on 18 permnnent sunple plots in eit-over stinds,
Thtss are ansazilicheant for sstimt [ig erints 6o pogr-vizer trees over 14 inehes o, b, B,

It 13 impossible to determine from the data available whether trees
in eut-over stands differ significantly in cone productivity from Lrees
of similar diameter and age in virgin stands.  However, sinee cone
bearing is known {0 he elpsely nssociated with tree vigor, it is to be
oxpeeted that if trees Joft after logging inerease in vigor they will bear
MMe COnes,

WL ppuabshshedt report nlraely elted, v 44,
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Additiona! studies made in 1935 and 1936 bave yielded further
evidenee as to Lhe relation of tree vigor, diameter, and age to cone
production.  Actual conce counts were made in those yesrs on all
permancnt sample plots suitable for cone-production studies and on a
number of additional arcas.  Although the ¢one crops were poor on
most of the arcas studied, the relative contributions made by trees of
good, fair, and poor vigor have much significance.  Cone eounts were
made on 3,719 white pine trees 7 inches and lnrger in d. b L, For
the good-vigor, fair-vigor, and poor-vigor trees observed, respectively,
the trees bearing cones amounted to 40 pereent, 26 percent, and 12
pereent and the number of cones per tree averaged 16, 7, and 5. In
all, the sood-vizor trees bore nearly 7 times as many cones as the
poor-vigor trees,  While the ratio between the cone-bearing sbility of
good-vigor trees amd that of poor-vigor trees probably varies with
the veneral qualivy of the evap, it is clear that the balanee is heavily
in favor of the former.

Further information on the charneter of trees bearing cones was
gathered i 1933 on n 19-acre tract near Orofino, Idaho, used as a
basis for an intensive lovging nnd milling stwdy (34). The 1935 cone
crop in this partictiinr loeality was good.  Cone erop, tree diameter,
and tree class of cach white pine tree on the tract were recorded before
logging. The tree elussification applied was as follows:

{lass b The inrgest, most vicorous {rees in the stand; trees {hal have developed
without andergoing eavy competition.  Usually the tallest in the stand.

(ews 2. Trees well np in the dominant erown level but not of cutslanding size.
May be erowded. bul not geverely, ob one or two sides.

(tass 8, Trees with their erowns in the general crown level but severely pressed
on one oromore sides,  Crown usualiy misshapen, rather short, and often thin.
Bole tong, slender, nod well eleancd of braoches.

{ess 5 Troes definitely below the gencral crown level.  {rown usuaily thin
andd short, bole stender.

Class 7. Berubby, very inforior trees in the lower crown levels.  Crowns very
thin nnd short,

Ater loaging, the ages of all trees except those too rotten at the
stump were deteemined by counting the annual rings. Tuble 19
shows Lhe relntion of cone production to diameter, tree class, and age,
Fow good crops were borne by trees less than 16 inches o diameter.
In the upper dinmeter enge, a large pereentage of the trees hore cones
and the erop of cones per cone-hearing tree was heavier.

Tree class was found to slford a very close measure of cone proedue-
Gon. (ood cone crops were borne by 70 pereent of the elass 1 trees
and 40 pereont of the class 2 trees. Together, these two classes
accounted lor 92 pereent of ull the wood crops.  Tree classes 4 and 5
bore practienlly no cones,

The relation of age Lo cone production was not well defined, although
there seems (o bo some Lendeney for the older trees fo bear more und
betlor vone crops, A close relationship 1s scareely to be expeeted in
any given stand; os 2 resull of competition within he stand, age has
fittte relation to diameter or tree vlnss.

A similar diffienity in relating cone production to age has been
epeountered inall white pine cone-crop studies.  Most stands of the
while pine 1ype are relatively even-aged, and so within any given stand
clenr-cut differences in cone productivity due to age can scareely be

saigist ) 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.

Tanwy 19.—felation of qualily of cone production of weslern white pine to tree
diameter, class, and age in percent of number of trees !

Qootl-crop | Falrcrep | Pocr-crop | No-orap Basis,
Clnssifiention trees trees trees trees trees’
THamater closa {Inohes): Perpent Pereent Pereent Percent Number
S=1 e i e 0 ] i o0 77
12-1590_ G 12 a 73 il )
16-15.0. 25 a7 13 a5 192
A-23.0 &1 23 12 15 158
24279 &7 13 4 i6 14
A-310 55 18 B 14 44
Pree ghiss:

| . Fivs 15 & g it

40 27 i2 2t 53

@ 12 i2 &7 210

o 1 1 8 Wi

1] 0 8 B 17

& 17 il B7 13

25 17 10 48 )1

a2 id 11 41 106

38 26 4 32 HE

B 1 42 12 i2 34 26

t From Grothig, [dnh, stiuly 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-
minution of seed coliected 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
filledt with secd, their combined effect may be appreciable in regen-
erating scverely understocked areas such as burns.

Seed production becomes fairly frequent and abundant at about 70
years and tends to increase with age until the trees are about 20 inches
in diameter. Beyond this point, productivity of the Iarger trees
appears to_have little relation te age or dinmeter but to depend
chiefly on individual irce vigor and character of crown. Zon (68)
reported that trees about 100 years old produced longer cones than
trees more than 200 years old and proved that the Iarger the cone,
the greater quantity of germinable seed per cone. On the other
hand, as earlier stated, the greatest number of eones 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 considlerable quantities of germinable seed. This happened
on o large scale on the Kaniksu National Forest in 1926, when severe
fires occurring 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 1027, 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 bearing
good cone crops and fire-killed under controlled conditions, resulted
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 conelusive.

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
wenetal 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 dinmeters of about 14 inches, and fair-vigor trees st
dinmeters of about 20 inches; poor-vigor trees are ineffective seed pro-
ducers at any dismeter. In general, among trees similar as to vigor,
the larger the tree the more sced it will produce.  Trees less than about
700 years of age are seldom good seed producers, but above 90 or 100
years, the productivity of trees seems to depend mere upon individual
vigor and diameter than age. Where other factors are equal, how-
aver, there is o tendency for seed production to increase with age until
the tree reaches full maturity.

Iistirnnting the number of white pine seed trees necessary to pro-
duee a desired number of seedlings is exceedingly difficuls. Seed and
seedling losses, ns well as seed production, must be considered. Fur-
thermore, white pine being distinctly periodic in seed production, it
cannot be expected that seed trees wiﬁ 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 aceuracy 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 d-year period following logging. On 75
pereent ol the cul-over area this would result on the average in
adequate stocking.  Because of depletion by weevils and rodents,
germination losses, and high mortality of newly germinated sced-
lings, it is cstimated that only about 2 percent of the seed produced
will result in ostablished secdlings.  Accordingly, a total yield of
0,000 sceds per acre over the 5-year period will be required to malke
sure of 1,200 established secdlings.  Assuming 120 sceds per cone,
500 concs must he 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
¢one crops average 40 cones per tree, fair erops 10 cones, and poor
erops 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
aere are sufficient to provide the 500 cones needed. On the seme
basis, 16 fair-vigor trees would be required. Similar caleulations
can be made for trees of larger or smaller diameter or for & longer
seoding period.  Obviously, these estimates are subject to consider-
able crror, but that they are approximately correct is shown by the
fact Lhal on national-forest timber sales, where standard practice has
been to leave 2 to 8 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 {loor at time of cutting, or falling
during the year of cutting, will materially supplement seed produced
by trees left for seeding purposcs.

SEED PRODUCTION OF ASSOCIATED SPECIES

Sced production of species sssocinted with western white pine is
exceedingly important in its cffeet upon the composition of reprodue-
tion stands. Provision of sufficient white pine seed trees will by no
means insure the desired proportions of white pine; the abundance
and reproductive eapacity 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:

Larch, Douglas-fir, grand Ar, and Engelmann spruce:
Poor: 1 to 20 concs per tree.
Fair: 21 fo 40 cones per trec.
iood: More than 40 cones per tree,
Western redecdar and western hemlook:
Poor: Scatbered vones onty.
Tair: Intormediate condition.
Good: Brenches sag from weight of cones,

The crops borne by the trees 13.68 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, tn 8 years. During
the same period western larch trees produced three good, fwo fair,
and three poor crops.  Although Douglas-fir is shown as producing
only one good crop in § years, the Douglas-fir cone crops of 1932 and
1933 each came within 2 percent of being rated good. Thus, from
available data, Douglas-fiv approximately egquals larch in produe-
tivity. Grand fir scems to be the least abundant seed producer of
the major white pine associates,

Tanue 20---Characler of cone crops produced by frees 13.6 inches d. b, I, or larger
of the principal species of the western while pine type in [1927-84, inclusive?

' “wstor i '
Dougies-flr § Crand Gr Western 3 Western

Fedeedur i lintlock

Western
Iareh

Wostorn
while pluo
Yoene H

-
o
s
]
v
o

XXKX: XK

‘Patel. ...

t G =pand, F=ieir, P=poor. Ratlnes based o anpusi observations on 12smiuple plots in cut-uver staods,
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By combining the observations of cone production on permanent
sample plots with forest rangers’ estimates covering more extensive
arcas, it has been possible to build up & i4-year record of cone crops,
according to which the average interval between good cone crops is
9.1 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 1s little evidence that conditions in any one year cver con-
duce to uniformly good conc crops for all species. In the period
102734, the nearest approach to a good seed year for all species was
1932, when four bore good erops and one fair. ~ The poorest sced year
was 1427, in which two of the species had fair and four had poor erops.
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 clements during flower pollination and
setting of the fruit.

Tasue 21.--Number af secds per aere caught unnually in seed traps on lwe per-
manert sanple plols on cul-over areuy

(C3unntitics lo theusands; i, e., 000 putitted)

Plat nrd spodey Toagey . R Hik 143t Mgl ' 1IR3 ¢ 1%i3 ¢ Average

Pl 134 H : ' : H 1
Western while pine. .o ...} 9 LG, 6.0 0.5 8.6 Ll a3
Wostopn tnreh . L R a ' @ : 0 LR/ ] .5 1.7 1.5
tronteis-fie . LN 29, ND Y, - Q - (AL R § 4.9
Grandd B . 0 oL oo [+ I |1 G0 i - [H %5 16.G i7.1
Weslert Tedemdnr 3.0 P A 44,4 A0 M0 . 4735 .8 111.0
Woestprn hewmltek L0 s a EDAAL] LN et RO = (O i 1 jo e
Aliseelloents Species G 44 1] 1] R ¢ N L2

Plot 21 . f ;
Weatern white pite. .. 3.0 Al L6 . 3.5 BT 1.6
Western lpgeh . A W 121.5 H,5 5.0 0.7
Frmeins-lp - .4 4 1.0 24, L& 3.2
£rrursd Ar . 63.0 2.3 25,0 L3 L3 2.5
Westers gedomdnr L. L N 21,4 P i 4 . [ 47
Wistertt beriuck . . . HE 15250 40 2,330.56 5385 5,3 - 50053

As with white pine, cone production of the principal white pine
asseeintes incronses with tree diameter and vigor. Excepting redecdar
and bomiock, whieh bear seed at distinetly smaller diameters than
othier specivcs, thie principat ussociates behave very much like white pine.
The availeble information is insullicient for detatled comparisons.

An indieation of the actusl numbers of sceds produced by the
associites is wiven by table 21, showing for two sample plots on cuf-
over areas the numbers of seed caught in sced 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
tolorant species. The capacity of these species, especiaity hemiock,
for producing tremendons numbers of seeds largely explains their
abundance in cortain portions of the region. In some years the seed
cntel of the smallsceded hemlock and redeedar was 2 mitlion or
more per acre.  The superior hardiness and vigor of white pine, lareh,
Douglas-fir, and grand fir sewdlings in some measure make up for less
abundant seed production, in that these species are able to become
established under hubitat conditions too severe for “eodar” 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 carly September, seasonal
distribution of seed fall differs considerably among the species.  Seed-
trap observalions made annually for 8 years in a 300-year-old stand
and a vigorous 75-year stand, both near the Pricst River Experi-
mental Forest, have yielded some informmtion as to when the soed of
the principal speeies in the type reach the ground (table 22).  Western
white pine disseminated most of its seed crop in the carly full.  About
15 pereent of the carvent crop reached the ground before September
L, whout 85 pereent by the end of October, and only 15 percent during
the late fall and wintee.  Grand fir released it seed almost as carly
aid completely, aboul 80 percent falling before the end of Qetober.
Western tneeh end Douglas-fir usually disseminated their seed 2 Uitle
later than did white pise and grand fir, espectally in the older stand,
only 63 to 80 percent of the erop falling by the ond of October.  Seed
of western hemloek and western redeedar [idl considerably later than
those of the other speeies; the fall was heaviest in October, but 35 to
15 pereen! occurred after November |,

Tanese 22, Dustribwtion of seod Fall of principal species in the

; weslern wittte pine
typr by periads !

Y HAK-OLD 2 TANDPLOT 150

b - Averiee
Midsnm- Nov by | ey
Hpocies mer tn N?}g‘:“‘ Octaber | milsim- "“r‘lc'r:,“:j“‘;er
Aur it THeT venr
_ Pereemt  Percent  Percept Percetd - Number
Wostern s hage pine 14 ; 50 0 [ A0
Woestern Lirei ] 30 1 3 13, 10
g dasi-lie [ bt} 47 KL LT
Gired fir . ] & i3 o 12, W00
Weotern heminek 5 g1 43 iR 056, N
Western rodendne 1£3 ia i P 4i 3, D00, e
TRY EAR-CLD STAND (PLOT 10D
Westerp winte pine . 17 52 1] 1h 5, KK
Western larch - 2%, 35 i xn 17, 500
Exmpelos.fir A 4 l 74 7 ia B, 500
Chenned die O, 8 84 B 4 1500
Wintorn hoastiek - . S| 5 T 48 ! 38 3, 0
Western rediverlar . .. g i o 30 &,

T Hasts, perialne uheervittions i vach yenr of 1855 45, mielisdve, on eateh in 16 raerter-mikiere vesd Lrps.

Records for these two plots indicate considerable variation {rom
year to year in period and soasonal distribution of seed fall, both for
all species and for individual species.  In 1933 dissemination of scod
of all species began Iate and an onusually large proportion of the crop
reached the ground after November 1. A possible explanation is
that the snusually eainy fll weather of that year retarded the ripen-
ing and opeaing of the cones and consequently the dissemination of
seed.  Other diflerences observed between the plots may be partinlly
due to the wide disparity in nge.  The veteran stand produced many
times more seed thun the 75-year stand—redeedar and hemiock in
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purtieular, In the old stand these species formed o 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 secd trees
alfect the time of seed dissemination to some extent.  Other factors
such as sile, aspeet, and various elimatic elements undoubtedly have
some infiuence, but their actual effect s not known,

INSTANCE

The distance to which seed are disseminated from the parent tree
depends npon the combined effeet of a number of Tactors such as height
of tree, topography, air movements, character of the seed (1. e., size,
weight, wings, and general ability to “fly'"), action of birds and rodents,
and senson of dissemination.  In the study of white pine eeproduction
orimnating from a known seed source, already cited on page 9, about
70 pereent of the seedlings were found within 200 feet of the seed source
and nbout 90 pereent within 400 Teet.  In some observed instances
white pine seed has apparently been disseminated for distances of half
w omile or more, but not in quantities sellicient to be relicd upon for
wilequate natural regeneration.  Isaae ® has measured the flight of
forest-tree seed by relensing them over snow from a Kite ot known
vlevations and  wind  veloeities and observing the distance they
tenveled belore reacking the ground. O the species he tested that
wre common o the western white pine type, seed of western hemlock
was found Lo truvel the farthest.  White pine was next, closoly
followed by Douglas-lie, and sced of woestern redecdar made the
shortest fiight.  The main point established by the avaiiable data is
thal seed sullicient to produce adequate reproduction is distributed
not further than about 400 fect from the parent tree.

Sien STORACE

Seed of all specivs in the western white pine type is stored naturally
tn e duff when it Talls from the parent tree, and retaing viability
until the following =pring.  Lnvestigations have shown, however, that
woeslern white pine is the only apecies in the type whose seed remain
vinlde in appreciable rquantity for more than the normal overwinter
perivd. A experiment in which seed of all the principal species in
the type werr stored in the duff under @ rather dense viegin stand and
samples annually tested in sand flats for viability showed about 4@
pereent of the white pine seed to be viable after one winter’s storage
und ahout 23 pereent after two winters' storage.  Slightly less than 1
pereent retained viability after 3 or 4 years’ storage, and only an
peeastonal viable seed was Tound after § years' storage. Seed of no
sther spectes tested retained viability for more than the normal over-
winter period.

Another ¢heek on the viability of white pine seed after natural
storage in the dull is wvailable from 200 small quadrats, located on
severil ent-over areas, that woere sereened after the heavy seed erop of
1926 fell to the ground,  The sereening exeluded ull sced from later
crops.  Annual examinations for § years showed that practieally all
thoe sepd present in the duff in 1920 germinated within 2 years,

olwaun, LEe & MEN-Y EFD FNGHT GF SEED OF DOUGLAY FIE AND TS A85001ATES.  Pacille Northwest
Forest and W Expt St e [Uopabdisingd ]
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Liusen (38}, after an claborate study of seed stimulation, concluded
that the tendeney of western white pine seed to remain viable beyond
one season 15 due to the impermeability of the sced coat, not to any
inherent physiological charicter of the seed embryo or endosperm
such as need of & resting period after ripening. The tendency to
delaved germination is largely overcome by fall sowing, the normal
occurrcnce in this type.

Seen Losses

Only a very <mall proportion of the sced produced in the cones
germinates - probably, on the average, about 1 or 2 pereent.  Losses
beein on the tree. Squirrels (Tumiaseiurus hudsonicus richardsoni)
often harvest the major share of the erop. In specific instances they
hiave been observed to take from 90 percent 6o practieally all of the
white pine crop.  White pine cones are preferred to those of other
species, bul where the white pine erop is light, cones ol other species
are harvested. Undoubtedly = larger proportion of the seed crop is
taleen in poor seed yeaes than in guod ones. Various speeies ol insects
reduee seed eraps of all the speeies by feeding on huds, flowers, -
mature rones and seed, and mature seed. Instances have been
noted in which they destroved practically the entire white pine cone
crop in certain loenlities.  In 1930, for instance, all white pine cones
produced on two sample plots on the Kaniksu forest were attacked
by inzerts of undetermined speetes wnd the seed destroved.  On other
sample plots vn the Kaniksu and Coeur d’Alene forests no danage
was noled.  Difliculty in eolleeting sufficiont seed for planting pur-
poses has been experieneed on aecount of extensive insect damago.

Addditional seedl s <lestroyed after reaching the ground, through
the aetien of fungl, inseets, and rodents. Rathbun-Gravatt {15} has
shown bevond doubt that many seeds are killed prior to germinntion
by dumping-ofl  erganisnes, al maeny  investigators have noted
pregermination fosses Teom other eauses. Rodent depredations, for
example, are the principal obstacle Lo successlul direet sewding.

The total eflfeet of the varivns agencies enusing soed fosses on netural
rogeneration s indubitubly great, wed it is unfortunate that so little is
lnown about them,  Better infornution on seed losses is neeessary
for aecurnte eveluntion of the ellicaey of seed trees,

Sorrcr oF SEED ror Natrnan RECENERVTION

“What was the souree of seed?” has been one ol the most frequently
asked and disenssed questions in western white pine silvieultnre.
Quest for the answer, neeessary to an understanding of natueal ce-
reneration, has ronstituted a targe part of silvieal researeh in the type.
Curting methods have been devised and revised as new discoveries
were made,  Investigations of seed supply and storage and of faclors
controfling initial establishment of nalural repreduction lhave now
mdde it possible to picee together a fairly definite answer Lo Lhis
question,  Seed may be divided according to origin into theee classes:
(1) Stored seed, i, oo, seod stored in the dull longer than the normal
overwinter periad; (2) coincident seed, produced al the Gme of cut-
ting or hurning or within the preeeding year; and (3) subsequent
seed, produecd by the residunl stand.
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Though the idea, evolved largely by Hofmann (23), as to the im-
portam{:p of stored sced was exaggoerative for many years and exerted
an undue Influence on marking cules, the theory outlined was In part
correct.  Later and more com[n‘(-imnsi\'e stuclies showed that seed
deposited in the forest floor before or immediately after cutting or
fire plays a part, sometimes & very important One, I regener ation of
western white pine stunds.  Iven seed stored | in the ciuﬂ’ for longer
than the normal overwinter period is a factor in regeneration, even
though of mueh tess importance than was onee belteved.,  The dofinite
fimitation on the seod-in-the-duff theory is the fact that western
white pine seed 5o placed will rarely retain its viability for more than
2 yoars, and that sed of none of the ether species will do so for more
thnn the usual overwinter period.

Natural regeseration of guite adequate density often vesults from
stored seed and coineidont seed combined, and i s very diBeslt
in sueh cases 160 segrognte the two seed classes. Undoubtedly some
it least is from stored seed, since on many arcas reproduction is
definitely coneentrated where the duff remains undisturbed and i
lneking where the dufl has been burned,  As was previously men-
tioned, extensive areas on the Kaniksu National Forest thal were
buried over in 1820 reproduced sbundantly in 1927 as a result of 5
cond seed reop in 1026, which was only partinlly destroyed by the
fire, and favornble conditions for seed germination and seedling
siarvival in 1027,

The impecisnee of o continuing seed sourer subsequent Lo cutting
hins been established hy stidies of the time of origin of reproduction
on nmerons cut-over ad burned-over areas.  Table 23 shows the
aumber of western white pine seedlings annually becoming estab-
lishied fUhaf is, surviving their second season) during a 10-yvear period
following eutting on 10 representative western white pine areas,

Tanne 23 Nuwdher of seediings estubiished jn decade following logging on {0
represeatalive western while pine areas, by year of origin
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Tuble 23 shows very clearly that the reproduction stand was built
up faivly cvenly over the period.  The combined contribution nm:lz'
by stored sod coineident sead can be rather acenrately determined,
seed-storage studies have shown that practically all seedlings Imm
these sourees see restricled 1o the fisst 2 years for woestern white pine
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and fo the first year for the other specics. Assuming 500 established
white pine s-edlings per acre #s the minimum number for satisfactory
regeneration to that species, and including sceedlings originating dur-
ing the frst 3 years (s generous allowance), only 2 of ‘the 10 areas
could possibly be classed as satisfactorily reproduced to white pine
mainly from stored and coincident seed.  Bimilar studies of u large
number of cut-over western white pine areas have shown that rvepro-
duction frem stored and coincident seed is satisfactory on not more
than L out of 4. The necessity of seattered seed trees or some other
continuing sced source is apparent.

Observations on burned-over aress have confirmed the finding that
repredaction stands frequently originate over an extended period of
years from subsequent seed,  Apparent contradictions in (he form of
excellent reproduction stands on okl burns, with searcely a living tree
of the paren( stand in sight, can often be explained by sovciuw coin-
cident with the fire or hv the obsorved fact that in u stal fntnliy
dumnged by fire a considernble number of trees may survive for sev-
ernl yonrs and boar constderable guantities of seod.” A good example
of this is {urnished by two sample plots established on the kaniksu
forest in 1927 on arcis burned over in 1926, As is shown in tubie 24,
n considerable number of white pine (rees survived the fire, M ost of
them died within 2 years, but a few were still alive 10 years aller the
fire.  Anntml seedfing conunts on these plots showed that although the
fargrest numbers of seedlings ovigisated in 1927 and 1928, appreeiable
nuenhers apposred practically every year for 8 more years,

Tanue 24 -Swrvival of western while pine trees 10.6 .nches d, b, b, and larger, on
twir bttrnm’ over stmple plofs on the Kuniksu Mational Fovest, by weors
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The prineipal reason why stored ond coineident seed cannot he
relicd upan for adequate regeneration is not inadequacy of ovieingl
supply so muoch as heavy losses of seed and seedlings,  [nseets,
sepneeels, and the like may destroy the major part of any annual seodd
cru, [‘mlhvmum‘ unfavorable conditions for germination and
early survival may prevent a buge number of secdlings from becoming
established, despite a plentiful au[)pl\ of seed on the ground. Often
the supply of seed in the dolf under a mature sl and is materialhy
redieced by germimition belfore the stand is eut  germination that
||-.1|:1]l\' conslitutes n vomplele Joss, the secdlings dinppenving rapidly.
Conversely, il seed losses are small and growth eonditions fnvorable,
1 zood erop of sendlings may originnte from a relntively small soed
erop. On werount of (he hoavy m:t' and seedling losses that may
ocryr Hl HIY “'l\[“ \(‘dl [ R ) |” (Wo or tlll(‘l‘ ‘1“[(!'\";[\(‘ ‘I'Ill‘) n
eontinning seod soures is nsually necessnry to obtain wlequate notural
regeneralion in the weslern white pine type.
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GERMINATION

Seed of all species common in the western white pine type normally
germinute in the spring in soil wet to ficld capacily by melting snow.
Phenofogical observations at the Priest River Experimentat Forest,
[daho, and at Savenac Nursery, Mont., and secdling studies (15)
indicate that germination begins on exposed sites at the lower alti-
tuddinad limits of the type between April 20 and May 10, Germination
is always later by & week or more at Savense Nursery, at 3,150 feot
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
Apeit 30 or fater,

Germination is later also on areas sheltercd by a forest canopy
or hy topography.  The effeet of a forest canopy is well iilustratod by
table 25, which summarizes the course of seedling germination in 1932
and 1933 in prepared seed beds at stations in full sun, part shade, and
full shade on the Priest River Bxperimental Forest.  These stations
are only o few hundred feet apart and differ ondy as to shude.  Both
tieee and eapidity of germination varied markedly with rharscter of
overhead shade,  Germination boean and ended about § weeks earfior
ab the full-sun station than at the full-shade station in & dense mature
stand.  Although most seedlings were up by June 5 at the fuli-sun
station, andd by July 15 in Tull shade, strageling gormination continued
until the surface soit dried out, ahout July 1 in full sun and a month
later in foll shade.  As Jemison (28) has shown, temperature of alr
and soil, cvaporstion rate, and humidity are all significantly lower at
the sheltered stations,

Tantr 25, Course of germinotion of fall-sown seed of the sir principal species in
prepared sced beds with different degrees of shoide t
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Ry el e L e e e My i [,
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AL e . e e Indy s duly 2T July 98
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Table 26 gives the course of germination on three study arveas on
the Knniksu National Forest, all focated in typical seed-tree cullings
in the western white pine type. These records were obtained by
frequent examinnton of pernmnent smnple-plot quadrats.  Period of
gempinaiton coimnpares closely with that shown by the dal. for the
prepaeed seed beds on the Priest River {orest.  Germination was
praciieally completed abont July 1 on the exposed fat, about July
15 on the dey videe and southerls slope, und about Aogusi 15 on the
shieltered north slope,
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It has been found that in spite of material varistion in the spring
weather—for example, marked differences in the duration of snow
cover—seedling germination on similar sites usually beging 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 vither o smaller total germination in speeies slow to start or carry-
ing over of some viable western white pine seed into the second
season,

TABLE 20.--Pragress of germination {percent of {otad) of the siz principal species
on three typical ent-gver wrengt

Sheltered north slope } Ridue nnd
Approxintate examinntlon dnte A sl sty
w20 | 1931 . siope, L

oyl
fint, 1%L

Prreent | Pereent . Pereeni | Pereent
i} M B}

Jung t5
July | AU Lo — e .
July 15 . . e e - L 8
Aog. | . S e ciaaea eeas 21 7
Aug. 15 JE e i tK)
et L e e lmi .

b Knnlksu National Furesl.  Elevation: North alope 2,800 fact; ricee, sonth Slope, sodd #al, 5000 fept,

Moisture, warmth, and oxygen are the prineipal factors essential
to germination of tree seed.  As soil moisture is usually plentiful in
the spring and suflicient oxygen is rarely lacking in well-drained
npland soils, it sceins probable that soil temperature controls the
beginning of germination in the western white pine type. Although
the exact requirements of the associated spocies are not known, Larson
{(33) has shown temperature to have a very important offect upen rale
of germination and to be perhaps the principal agent governng this
process under natural conditions,  Table 27, based on Larsen’s data,
indieates the effect of soil temperature upsn the rates of germing-
tion, under lavorable moisture conditions, of four species common in
whife pine slands.

Light, though cssential to the germination of some seed (8), is
probably of little importanee with seed of western white pine and
associnted species.  Although Hght may have some stimulating effect,
it has heen demonstrated bevond doubt that seed of all tree species
commeon in the western white pine region will germinute satisfactorily
even in the shade of dense mature or overmature timher stands if
other conditions are favorable,  Germination of approciable percont-
ages of western white pine seed stored in dull in the shade of dense
voung to overmature stands has been reported, for example, by
Brewster ® and by IHaig (17, 19).

It Jop funtoote 1, page 10,
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Tanwe 27.-—-Germination per day of faur principal species in relution to daily mean
seil lemperalure |
Species SP9-00° B, 619%-70° B, Ti%-50° F.

S S R,

Percend Fercent Perecnt
Wostern wihite pine 8.0 ] 25
Denirips-fir_ . i.5
Western rordeerior 1
Western hemnluck

. 23
W { 4.0
SO T T

© Aversges fof petiod of st rupld germinstion.  After Larsen (35}
1 N best,

Germination is materially aftected by the character of the surface
layer in which it oceurs.  Dufl, for example, is & very poor germinating
meditinn under certain circumstanees, particularly on exposed sites
(4. 14,373, At the full-sun station on the Priest River forest, germina-
tlon was never satisfactory on dufl, even though sced was sown on
this surfaee much more hoavidy than on ethers.  In two separate sow-
irg experinents on a clear-cut exposed flat, Larsen (37) found germina-
tton 2 Lo 12 times as good on burnt and natural mineral surfeces as on
duff,  According to records obtuined under the generally more
fuvorable conditions left on typical sced-lree cuttings (table 28),
germination on dull dud not differ greatly from that on other surfaces
for the hardier and Iarger-secded species, western white pine, grand fir,
and Douglas-fir.  Germination of the smaller-secded speeies, however,
was distinetly poorer; hemlock and redeedar germinated 5 to 10 times
as abundantly on burnt and unburnt mineral surfaces as on duff.
The reason for this difference is not elear but it scems to be related to
sizo of seed.  Probably the rather rapid fluetuation of moisture content
usual in the dull’ is partly responsible, and the fnet that small seed dry
out more rapidly than large seed. Under greenhouse conditions,
where a [nvorable 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 i Lendency for gormination to be less on duff than on ashes and on
rotten wood,

Tastg 28— Germination on burned-pver and nalurgl mineral sofl and on rotten
wonl in derms of germinalion on dufl,) an typical sced-lree cutiings

Gernrnntion sn—
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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-
secded species, particularly redeedar and hemlock, is aided by such
measures as tend to expose the mineral soil on considerable portions
of cut-over areas.

The best data available on the viability of fresh seed of western
white pine and its principal assoeintes as determined by sandflat
gernlinution tests in the greenhouse, at the Priest River Experimental
Forest and al Savense Nursery (83, 35, £1) are averaged in the
following figures:

Pereent
Western white pine_ ... L oL 44
Douglas-fir__ . e . immma_ .. 4
Western arch. el .. e .30
Wentorn recieednr .. . - L. . ... . 73
Western hemloek. . . oL .. ... . . .. 65
Gead e . ... . .. . 12

Germination percent is usually higher in the greenhouss, where
moisture and temperature conditivns can be kept Iavorable, than
under natural conditions.  In nursery work this is recognized, and n
correction factor based on experience is used to adjust for differences
between germination in sand (ats and germination in seed beds.
However, the relatively short period used in testing seed under
greenhouse eonditions tends to result in underestimate of the number
of seed that are enpable of germinating. Even 200-day greenhouse
tests ave too short to permit complete germination of western white
pine seed, which under natursl 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 ussocintes is the number of scedlings of cach species
produced by a stand of given composition over 2 definite period of
years, Such & measure s afforded (table 29) by comparison of the
percent of cach speeies in the total residual stand and the pereent in
botel germination over & period of 6 to § yenrs on 12 permanent sample
plots on cut-over areas. The high reproductive ability of redeedar
and hemlock is very spparent. For cach of these specics the
percent of total germination is distinetly higher than that of
botal residunl stand. The 2 species together, constituting only a
little more than hall of the residual stand, accounted for 93 percent of
the total germination; whereas the 4 other spoecies together provided
only 7 pereont,

In interpreting table 29 it must be remembered that these figures
represent total germination, not established scedlings.  Redeedar and
hemlock, for example, produce prodigious numbers of seed, but a very
small proportion of their seed develop into established scedlings,
The superior hardiness and vigor of white pine, larch, Douglas-fir, and
arand {ir scedlings in some measure makes up for less abundant sced
woduction.  These species are able to beecome established under
wbitat conditions too severe for redeedar and hemlock.
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Tasie 29— Composition of residual sland 10.8 inches d. b. k. and larger and species
distribution of seedlings germinating in 6- lo 8-year period following logging, on
gere busig

ol ’ i Scedlings germtinatiog
Spuocles [rees left after lopging Ber bere
Number Pereent Number Pereent

Western white pimn 5. § = 168 3
Western futeh 3.2 7 1, 35T 2
Datiglas-fir L2 3 200 -
Crrssnt fir . 74 i7 1, 550 2
Woesbern rptdesddar, . L 8.3 19 =170 3%
Western homilaek B a2 43, 832 A7
Other spocles i, . L3 .

AT Y S 13,4 i e} A 100

i Tints from I; e nt sningle pilots,
SEEDLING FSTABLISHMENT

Ample seed supply and abundant germination by ne means assure
satisfactory regenceration.  Adverse conditions of light, temperature,
and moisture, particularly during the eritieal enrly scason, may casily
destroy an entire scedling crop. Even under generally favorable
conditions, & considerable portion of the scedlings germinating are
killed during the first few sensons by adverse weather and local soil
conditions nml by various biotie agents, particularly rodents, inscets,
birds, and fungi.  On 15 cut-over areas in the western white pine type
on which conditions are relatively favorable to seedling survival, 46
pereent of all seediings died in the first season and a total of 62 pereent
in the first three scasons (table 30).  Losses dropped off rapidly after
tie first year, and it seems probable that the low mortality rates noted
after the thivd year continued until competition due to inereasing
density in the scedling stand became an setive {actor,

Tasue 30——Seedling mortality of the & principal species on 15 cub-over aveas, by
years since germinalion

T
Specie § year | 2years 3 youts ! ©yonrs | Syears § 6 years ¢ Tolal
Percent  Perceal | Percent | Pevcent | Percent | Pereenl | Percend
Westorn white plne. ... 4 7 ] & 3 2 45
{ratihis-fir 2 R 45 & ] G 3 2 tih
Western fnreh ! 10 B 7 3 2 1 a7
ritnel fir 32 W g 1] 1 5] &
Weatern hemlock 70 0 3 2 1 7 2
Wispern rederdne, . + 8 S 4 4 & ™+
Average Ciem eea 4t E I} 7 3 3 3 7t

t Values for §0th nod skxeh yenrs sodd toisl Are approxiomte,

Beenuse 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 suceessful praetice of siiviculture. Such knowledge is
of particular importance in the western white pine Lype, where the aim
is to obtain reproduction stands not only ndequate in total numbers but
also contrintng stfficienl proportions of the more desirable species.
This was early recognized, and in 1913 Brewster ® undertook a study

M IRESSTER, I3 R, PACTORS GOVERNING NATUILAL REPRODSCTION ON VARIOUS S1TES, Working plan,

WL Ao Bpewaren, 10 R nond Lawses, J AL, 3TUDY OF £APTORY AFPECTING NATE AL REPRODUCTION,
Progress report, WiG,  Naorthers Rocky Mountaln Forest swnd Ronge Bxpt. Sta.  [Unpublishied.]
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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 & southwest slope, and the third on 2 dry bench.
At each station the seed of six species, western white pine, ponderosa
pine, western larch, Douglas-fir, western bemlock, and western red-
cedar, were sown on burnt minersl and natural duff surfaces in the
open and on trenched and untrenched quadreats of duff surfaces 1n the
shade of {imber or heavy brush. The trenched plots, which were
denuded of all vegetation, were established to determine whother
removil of moisture from the soil by roots of trees and shrubs affeeted
seedling survival under heavy shade, All plots were enclosed with
sereens of 4-inch mesh to keep out rodents.  Air and soil temperatures,
wind veloeity, nir humidity, and precipifation were recovded daily.
At woeldy intervals, soil moisture content was deternined and counts
of seedling germinntlion were made.  So far as possible, dead or dying
secdlings were classiflied as to eause of death,

All the species tosted were found best adaptoed, even in the initial
seedling sluge, to the habitats in which they commonly oceur.  Pon-
derosa pine was thie only species to show safisfactory survival on the
southwest slope; ponderosa pine, larch, and Douglasfie all survived
satisfactorily on the dey bench; and western white pine, redeednr,
and hemloek proved best ndopted for survival on the sheltered
northenst slope.  In general, suevival was better on burnced-over or
denuded surlaces thun on natural surfnees at all stations, a result at
least parctinlly due to the absence of other vegetation.  Vegetative
competilion for moisture was shown conclusively Lo be a faetor of con-
sidlernble importance ot the southwest and beneh stations, whore
dronght was the most active agent of mortality, Daomping-off
organisms were very active ot all surfaces al the northeast station, and
nder shade and on dulf surfaces at all stations, uccounting for the
majority of losses under these eondilions,  Frost-heaving and other
winter losses were very heavy, partienlarly on the southwest slope and
the bineh, where snow eover afforded less protection in spring and fall,
A Tew seedlings were killed, nlso, by insects and rodents.  The eather
sl number of seedlings germinating and the lack of systemalic
repliention prevented any eritical annlysis of losses according to mor-
tulity ngent, species, and station,

tis possitle that, in spite of the protective sereens and the relatively
moist character of the 1813 growing season, losses due to insolation
ovcurred on the drier sites, and that these were elassified among
funzos and drought denths, [ was not until 1916 that attention
was first endled in an Ameriean journal, by Flactley (209, to the fnet
that insolation often produces surface-soil temperatures high enough
to destroy the enmblim of tender young seedlings at the ground line.
In any event Larsen (37), sumarizing the survival data for publica-
tion in 1024 s connection with additionad studies, called attention to
the dangerons temperntures recorded on some plots, and, although
no experimenial datn were availuble showing actual losses due to
insolation, surmised “that very high surface-soil temperatures on
cleared and exposed (lads wnd south slopes were eausing injury to the
socedlings of western white pine, redeedar, and hiemlek.

Wallenberg (60, stwdving the possibilitios of relorestation by sowing
soecl in preparad spots, alse contributed information on the nature and
unportannee of various mortality sgents affecting initial secdling
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survival. Germination and survival were observed on 300 prepared
seed spois in tests conducted 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 fur the heaviest losses were eaused
by drought, and the next heaviest by cutworms. Frost heaving and
fungi also cnused heavy losses.  Although Wablenberg mentions that
stones lying on surfnees exposed to the sun may attain temperatures
injurious to growing tissues aml possibly fatal to nearby scedlings,
he did not list high surface-soil temperntures among the common
ngents of mortality. Probably surface temperatures were not
particularly high on the steep north and northwest slopes he studied.
Owing to the extensive nature of the tests, no instrumental records
were made of soll moisture or surface-soil temperature conditions.
[n another study Wahlenberg {(61) recorded surlace-soil temperatures
up to 145° F_in the open on an cast slope.  Such temperatures would
guickly result in injury and death to succeulent young seedlings.

More recently, Hualg (79} has completed a study of the role played
by various factors in the initinl establishment of scedlings under
mensured environmental conditions.  First-year mortality was studied
at three stations on the Priest River Kxpertumental Forest, all located
on u large river fiat representing severe to moderately severe conditions
for western white pine, Althongh spil and general elimatic conditions
were identieal throughout the series, the stations varied materially in
microclimatie conditions owing to differences in the density of the
residunl stund.  As control of overwood shade is oune of the most
offective tools of the silvienlturist, it was reusoned that this arrange-
ment offered the most promise of supplying useful and practical
results, One station had been clenr-cut; one had been partly cut,
retaining a fuirly hervy stand including a large number of small
nnderstory frees; the third was in & nearby uncut climax stand of
grent density.

Fach station, enclosed hy a high woven-wire fence, was equipped
wilh rain enge, hygrothermograph, maximum and minimum air
thermometers, soil Chermometers, zir and dull psyehrograph, ane-
momoeter. and soil-water measuring equipment (geotome, soil cans,
oven, balanee, and dull hygrometer),  Equipment used Lo measure
light intensities were o stop-wateh photometer with solio paper,
Shirley thermopile, and Livingston black and white porous atmometer
spheres. Scedling phivtometers, both sealed and free, were employed.
Soil Lemperstures were Leken at the surface (the bulb burely covered
with a lieht laver of soil or needles) wiel at levels | Toot und 2 feet
bolow the suchiee.  Wind veloeitios were measured at the standerd
S-fool level, and conversion factors to reduce the 8-foot readings to
velocitios al seedling level were obtuined through a series of test runs
with ancmometer cups sel 6 inches ehove soil level,  Seil-moisture
detorminations were made at weekly to 10-day intervals. A co-
operative Wenther Bureau station at the Priest River Experimental
Forest hewdquarters, within one-half mile of the stuly stalions,
furnished a 20-year record with which to compare the general character
of weather conditions during Lhe seasons of sludy.

285640 4L —O
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Causes of secdling mortality were studied at cach station during
the seasons of 1932 and 1933 by means of a serics of prepared quadrats
sown to western white pine, western larch, Douglas-fir, western
hemlock, woestern redeedar, and grand fr {(pl. 6). Natural duff,
natural mineral soil, and burnt mineral soil were used in these instalia-
tions, mned some control quadrats were specially treated. ISach type
of surfnee was represented in duplieate or triphiceunte, to permit meas-
urement of ehinonee variation. On ecach quadrat suflicient sced was
sown, on plats 16 to 20 inches square, to insure a sample of about
200 to 500 seedlings of each speeies with which to follow mortality
by cause. Quudmits were examined at 2- to 10-day intervals, depend-
g on the quantity and character of scedling mortality, and cach
dend seedling was clussified as to cause of death after an individual
examinntion.  This disngnosis was strengthened by the instrumental
reconds, which furnished eoncurrently un excellent picture of habitat
conditions at the time of death.  In addition 10 seedlings were care-
fully remoeved at weekiy to i0-day intervals Trom special beds for
deterniination of root penctration. The resulting data were used in
eonjunction with soll moisture measurenients in rating the current
effectiveness of drought ns u cause of niortality.  Tuble 31 summarizes
the general character of the first-year losses durivg the 1932 and 1933
SONSONS,

Mortadity began immediately after germination dn lale April or
earty May, while the soil was still thoroughly soaked by melting snow
andd spring rains. Karly mortality was caused principally by biotic
agents, numely, inseets, biwds, rodents, and fungi.  Practically all
took place when the seediings were sucenlont and tender.  The
gradual hardening of seedling Gissues and the drving out of the surface
soil slowly brought abont u cessation of mortality due to biotic agents,
Later Yosses, Deginning in late June and early July, were prineipally
due o insolation and drought, :

Losses Bes ro horie Ackeyts

Fungi bave already been shown to be the most destructive of the
biotie ngents ttable 35, accounting for 24 percent of all deaths in
the 2 yvears of the experiment, or nbout five times as many secdlings
s were destroyed by inseets and birds combined.  Greatest mortality
was in full son and lenst in puet shade,  In general, losses from fungi
dd ot vary signilicantly between the mineral surfaces.  Fungi
were miach more aetive on dufl than on minersl surfaces at both the
part-shade and the Fullsun station (table 323, though data were in-
complete beenuse of poor germination on dull surleces.  Fungi also
were genevally more active on all surlaces at the full-son station than
at the partshade station during the two years of the study. This
seems Lo andicate that from the standpoint of fungus ectivity the
higher Lemperatores on the full-sun area, particularly on duff surfaces,
more than compensate a somowhat shorter season due to earlier
dreying,  Under Il shade, where surfnee temperatores do not vary
so markedly between doff and mineral surfaces, losses from fungi
weve drregnlar, being bigher on dull in 1932 and much higher on
mizeral soil in 1933,
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TaBLE 3] —Causes of first-year seediing maortelily of the six principal species, from
prepared quadrals wnier J deyrees of lght, 1932- 33

i !
Slation " Fungl nseetr  Insola-

i
I - . .
iand bird-  tion Draught Total

Percent  Pereent Fercemt - Percent Percent
b ] . 46 ] ]

Full-un 0

IPnre-shiele 11 3 1 1 1

Fizli<hwule 5 3 1 12 T
Avernge l 24 a 2 18 . i}

TanLk 32— Firsi-year seedling mortelily cuused by fungi on duff and notural
mgneral yurfuces, an preprred quodrats, tn percend nf total germination, 1932--33

. : ) | :
dtation, surfuce materkal, nne “;E'ﬁri':;“ Dowglag- Western  (ram!  Wostern Western v oL
yonr oo fir lireh fir hemlork  redeedsr  ¥ETHES
Full=un: : : 1 :
I)udl‘: Foreend | Pereent Percent Percend | Perceat | Pereent Pereenf
10 m———— - 16 e e . . : 1
w3 LI 2 . w7 | o - 04, . Lo ol
Minern] #adl: : : ’ ’
e e cr—mmaaoa 2 [ ST D - 24
1833 e o tmmmammm———— 32 k¥ 2] o L e - i)
Part-shule: l
1ulil: ’ :
[[F23 e ememamanaaan 18 ) woL et e a2 o
14 . cmmmmmmmm——— 25 ¢ 37 P 25 ' al 5l 4h
Minween] soil: :
a2 [ 10, 17 B P I 13
T e €0 3R . 7 34 3l o
Full-shade: :
[ET j
Wi s 15 12 10 .. . 12 44 20
14088 e camamaam—a 18 19 a0 - 2 ] 18 i
Minerad solls ! : i
3] esasmmamaa 10 18 * 1., T 3 1
168 R 4 iy 6l ; 5% 1 18 47 47

Fungi attacked vigorously all the speeies commonly associated in
thie western white pine Lype.  Losses by speeles Trom fungus aittuck
wore in somoe instanees so varied as to suggest unequal distribution
of conditions fuvorable to Tungus development or of the more virulent
fungus strains.  The differences were not sulliciently consistent be-
tween stations or sensons Lo imply suseeptibility differences among
the speeies studied.

Losses due to wnseets also varied widely by species, vear, and station,
During both 1932 and 1033 they were materally higher at the full-
sun stution Lhan at either of the others, the differences being greatest
in westerns redeedar,

In contrast with inseets and fungi, the birds that (requented the
cut-over nreas, and the climbing rodents such as mice, wood eats, and
scpuireels, seomed to be ighly seleetive,  Most of their damuage was
done Lo western white pine.  Losses caused by birds woere relatively
light and were not recorded separately from inseet dumage.  Rodents
wore suecessfully exeluded from the fullsun and part-shade stalions
hy fenving wnd other proteetive measures.  Though greatly reduecd
in number ut the tll-shade stution by polsoning wnd trapping, rodents
destroved 36 peeeent 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 clense than those on the study plots. lindoubtedly, however,
biotic agrents nre n potent if somewhat erratic factor in initial mor-
telity of seedlings in the western white pine type.

Losses Duk To Puysicar AGENTS
INSOLATION

Insolation, causing injuriously high surface-sell temperatures, was
the most important physical agent of mortality encountered in this
study. U alse played & part in cresting soil-moisture deficiencies
responsible for drought losses.  High temperatures are produced by
direet exposure to strong suniight as soon as a thin layer of topsoil or
duff is dry, and cause stem lestons at the ground line, killing many of
the seedlings,  Insolefion accounted for five to six times as many
seeelling deaths as drought at the fullsun and part-shade stations
{tuble 31}, No heat losses oceurred at the fullshade station, whers
soil tentpoeratires never went above 39° F. .

Tanue B35 First-year seedling mortality on mineral soil caused by physical factors,
tn percent of those seedings surviving biotic losses, 1932
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'

!

Phydiead fhetors poid (ree species

1 nhatiened sofl
Hurngd-gver soil
Weighted sveragic
Unburned sofl
Burtwed-nver soil
Wilglited average
Unbarned soil
Welghtad averaga |

Ineclathan:
Woslern whiloe plee
Diengetns-tis
Westren lreh
Cienned fip !
Western Dsinrtoek
Yevstorn rmlevdar

Avere, 1) pecioy T,

- == ===
Drouphi~ ' :

Weslern white pine ] ] iim 1j {3 47 34 41
Jinagelus-fir sl 4] &) 1| 1 tlf B 2| 17
Waostern lareh 4 b k1 1 3 2 o ] #
Cignad tir 1 2 1 0 9 0 L] 16
Wastern hwinlock 47 43 30 16 18 8 ! o 1 45
Westertt riderdkr ) Ll H 2 18 ;] 51 £} L]
Avernge, sll spectes [ 5 14 13 H [ 5 51 56 a4

Al physienl factore. :
Vestern white plne .. __ ... | 83 72 H By = 1 +? I M4t
i ek fir T - o] B4 i 24 15 it 20! i7
Wosterp burgje R . /| 83 S0 17 45 My M g5 3
Ciriand fir : i3 £9 G 12 B! 8 a4 - 16
Western hestlock e - .. 00 i j11.1] L1 11] 51 %] a7 - 95
Weslern redvadar e e W00 s W0 00 85 3 fin R L]
Averige, ol spreles . . L) .3 87 8y N1} | 4 i 54

i l

P VRGeS uee fop W08 anly,
2o Tews Lan 10 5 percent.
# Inchrling frost sl niscellnneeas other nctor,



http:Averl).gt

NATURAL REGENERATION IN WESTERN WHITE PINE TYPE 69

A much clearer idea of the extent of insolation and drought deaths
is given if deaths due to biotie causes, which oceur carly in the season,
are subtracted from the total number of seedlings produced, 2nd the
number killed by physical luctors is expressed in terms of the residual
valee. This is necessary if species differences are to be compared
fairly. Obviously, for example, if 90 percent of the seedlings of one
gpecies are killed by biotic agents carly in the season only 10 percent
at most ean be killed by physical factors.  Scedling mortality caused
by physienl fuetors is summed in terms of total germination less biotie
mortality in table 33.

Inselution 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 arcas, killing 73
pereent of the seedlings surviving otic losses at the full-sun station
and 22 percent at the part-shade station.  From the effect of insola-
tion ut the pari-shade station, where the action of this agent is less
obscured by drought deaths oceurring during the same period, it is
clear that grand fir, Douglas-fir, and western white pine are relalively
resistant to bigh surfaee-soil temperatures, western hemlock and
westorn redeedar are distinetly less so, and western lareh is inter-
medinte between these bwo groups.  The differenees have been tested
gtalislically and lound significant.

The influenee of insolation depecds to some extent upen cortical
developnient of the stem; early hardening of external stem tissue
undoubtedly increnses resistance to injury. Thal seedling tissues
harden when subjecied to severe temperatures is shown by the coarse
woody appearaner of secdling stems at the full-sun station in mid-
season as comparad with seedling stems under part or full shade
{pl. 7. Hardening of the cortex undoubtedly explains why the
larger and sturdier seedlings characteristic of sonie species are able to
survive at all in the extremely high temperatures recurring day after
day on the full-sun wrea and on the more exposed poertions of the part-
shade nrea,  As previgusly slated, temperature conditions ave pur-
ticularly severs in the western white pine region, scanly summer
precipitation and prevailingly clear, cloudless weather resulting day
after day in extremely high surface Lemperatures capable of destrue-
tive injury Lo unprotectea plant tissue.

Numerous investizators (2, 4, 20, 26, 48, §5, 52) have pointed out
the damaging effeet of temperatures exceeding approximately 120° ¢,
on green plunt lissue.  The degree of injury varies, of course, with
age and species of seedlings. Baker (2) found that damage may
appenr when internal temperatures go as high as 117° and may be-
come common when they go above 130°; and that above 130° few
young seedlings survive,  Table 34 summarizes the oceurrence of
hizh temperntures during the growing seasons of 1932 and 1933, In
the surfece soil at the full-sun station temperatures of 120° or more
oceurred on 48 days during 1932 and 52 days during 1933, and temper-
wtures of 135° or more oeeurred on 18 davs in 1932 and 20 days in
1933, Datly maxima as high ng 144 in 1932 and 150° in 1933 were
recorded on mineral surfaces ol this station. As a result, scedlings
surenmbed rapidly to heat girdling at the ground line, redeedar disap-
pearing entirely by Uw end of July and hemlock by the end ol August,
wnd the nomber 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°,

Taruk 34—Effect of shade on surfuce soil temperoture on wmineral guadrals, by
monthy, 1932- 33
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stedton, by maonths, 1032 33
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Surface temperabures vary greatly sceeording to the nature of the
surface soil. Toble 35 gives temperatures on duff, natural mineral,
and burnt mineral surfaces at the full-sun station.  Dufl temperatures
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were purticularly severe, as the light, porous charneter of the onganic
materials permits carly surface dlymu and more rapid whsorption and
dissipation of heat.  In May the only killing tomperntures recorded
occurreil on dufl surfaces.  Tn the period \Iav to Mugust, inelusive,
maximum temperatures of 120° F, or more oceurred on dufl 77 (lﬁ.\-’b
in 1032 and 87 days i 1933, and on naturad mineral surfuces 48 davs
in 1032 and 32 duys in 1933, Burnt mineral suwrfuces have slightly
higher temperatures than natural mineral, their darker cofor causing
"uuttl absorption of hent. The effect of surface material is best
shown by number of davs with temperatures of 1357 or more.  In
1932 and 1933 the number of days with such temperatures averaged
&1 per year more on dull and 16 per year more on burnt mineral than
ot metieal minerul suelacos,

On the cut-over aress, e, the fullsun and part-shade stations,
this quicker surfare drying, mmhmw{ with a greater range in daily
tetperature extrenes wl inereased  danger from both frost and
insolution, made dull surfaces extremely b uzardons lor young seedlings.,
Nol o u,unrlt secdling survived the fiest senson on duff on the full-sun
areda, e very few survived on the ess sheltered portion of the
part-shude area.

In an experiment by Barsen (473 (he findings weee similar. Table
36, recompiled from hus data, shows Jistinetly better survival on
mineral than o dull surfnees.

Tanee 3 Seedling suretvall 2 ogenrs ofter sowing, in relation o surfoce-soil
g e g
ftlerl

. Woesterny white pine Wosters ROl Avernge
Surface-aal waterial : : R AL all

lareh . \ vead s
Test L Test? Averie Fpruee spectes

Percent Pereent fercemt Percent Pereent Pereent
[l 5 1i ; o
Slivead bl ained etlen winnd o A =
Vartly Linrned Aty e
Clevpennd s peakly Uigrned dogf p o
lirrpond sl dasdies ug ap,
Faeqr, buisis shes i 1 =
Nutural mineral o 17 - 5

ol terasa of bolul mrmbers of seed sawl After Larsen 07,0 Test 3, westorn white ploe, was [n I\]IB
Lest 2 [4RY
¥ Fangns et
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Dronght, the second most wnportant physical cavse of secdling
mortality, operates direetly through the unhalance hetween soil mois-
ture aud root peng lnttmn, & circumstance that explaing the parndox
of heavy drought wortality on the relatively cool, moist, full-shusio
aren ftable 43, This situntion is Hlosteated o figure 11, which shows
grophically the progress of suefieesoll deving on cach of the theee
nreas in the 1953 weason.  Maximum and minimum root depths at
virous Lmes are shown for western white pine, one of the d('t‘pw-
rooted Apecies, and westorn hemboek, the shallow wsl-rooted spectes.
Soil deving i the upper hivers, of groat importanee in inttial sarvival,
i shown to take plaee primarity from e surface downwied,

Mithough soil drying on the Tull-sun aren was rapied and reladively
deep, this was mmpmmll(-([ in purt by deeper root penetration, par-
tieularly by the more resistant species, western white pine, Douglas-fir,
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western larch, and grand fie.  In 1933, for example, the soil on this
arcn had diied 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 fow of them died of drought. The shorter-
ropted species were unable to maintain 2 favorable balance of root
penetration and soil moisture and consequently suffered heavily.
Drought losses bowan s soon as the soil moisture conient ropped
below the willing coefficient in the laver in which seedlings wers
rooted, about June 25, and resulted immedintoly i drought deaths of
hemlock and redesdar.

At the part-shade station (ligure 11), the root-penctration halance
in 1933 was Tavorable to all species oxeept redeedar and hemlock,
Surlaee dreving, beginning about June 23, killed s fow short-rooted
hemloek on mineral surfaces, but was relieved by ruins on June 28
und 29, Abont July 6, surface-soil drying aguin hesan to kill some
redeedar and many hewnlock on exposed iquadreats, and this drying
fasted until the fall mins began,  Only s few short-rooted individuals
of ather species wepee killed Ly drought in 1933,

At the Tullshade station, lthongh surface deving began much luter
in the season and reduced soil moisture o or below the wilting eo-
efficienl to a masimum depth of only 3 inches, drought losses wore
heavy beeause of shallow root penctration of all species,  Low Narlit
wtensity wind unlnvorable soil and air temperatures, though not diroet
eeuses of mortality, probably had an important past in prevenling
seedlings from growing vigorously and henee from heeoming drought
resistant,

Drought losses al the fullsun nnd part-shade stations, particularly
the former, would have been relatively higher I iosolation had not
previously killed large numbors of sedeodnr and hemlock. A fow
quadrats at the fullsun station were shaded by sercens, which pro-
vented dethal surface-<oil  temperstures.  Soil-moisture  eonditions
were stubstantially e =ame on both shaded and unshuded quadiats,
except that the former dried out a little more siowly as the season
progressed.  On the shwded gnadits drought sanked seeon:d to biotic
fhetors as o vanse of martality, having an espeeially severe offect on
the shorter-rovted species. Apparently drought may play # much
more important role on areas where losoletion is not an agent of
niortelity.  Hesults of & study made in 1934 show that on north slopes
drought (ends to B the most intportant physical agent of mortality,

The relative susceplibility o drought of the seedlings of various
species Lested gt the viver-flat stations is shown by tuble 837, [n [ull
sun nnd under part shade, as nearly as ean be judged from the 1033
recorils, the Tour haredier speeies do not dilfer significantly in resisiance.
Western redecdnr and western hemlock again form & more suseeptible
group.  Redeeduae is definitely less suseeptible than hemloek, owing at
loast in part to its slightly bul consistently deeper root peneteation.
Under full shade the species differ more sharply with regard to drought
resistance,  Here the extremely weak rool penetration of western
nreh makes this species thie equat of hemlock in susceptibility,
Douglus-fir and probably grand fir wive the least susceptible.  In the
intermediate group of western while pine and redecdar, white pine is
significantly the less suseeptible.  Drought resistance was closely
linked in every case to depth of initinl root penetration, Plate 8
shows dilferences in root penetration between species, stations, rnd
Limes of senson.
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TaBLE 37— first-year drought worlalily of seediings of six principal species sur-
viving biotic losses, under different light conditions, 1952-33

Fullsun  Part-shnda ] Full-shade

Specles station slation statkan

Percent Percent Pereeni
Western white ping. . 7 " 4l
Danglas-fir 3 1 17
Woslern fnrch 4 2 a3
(rramd et 1 0 1
Weslorn releming A 8 60
Western hemlook n! 1R 05
Avernpe> L. . 10 & ]
Standard ¢rror e ————— e —————— e m e e %22 | +2 ] ' ES

I Less than 0.5 pereeat.
T lecoreds tor 1633 only.
¥ Exeluding gennd fr.

"The high scedling mortality consistently observed on exposed duft
surfaees, although crused mainly by high temperatures, is due in
lesser degree to unfuvorable moisture conditions. ‘The rapid fluctua-
tion tn moisture content of «uff kills many newly germinated sced-
hngs hefore their roots can become established in mineral soil under
the «dufl. - The moisture content of the mineral soil under the duft is
aboul the same as that of exposed mineral surfaces, and onee the
seedling rools are established in the underlying mineral soil, the
survival on dull’ fends to be nearly the same as on minoral surfaces
under shade or on north slopes, where insolation losses are fow, This
is indieated by permanent snmple-plot records (table 38) from arcas
on which conditions were generully more favorable for scedling
establishtent than on the severe river-flat areas of Haig’s study.
Differences in survival between surfaces were not very pronaunced,
Altheugh not suseeptible of statistien] analysis, hecause of the ir-
regular character of the hasie data, these sample-plot records indicate
thot of the three kinds of surlnce listed, establishment is best on
mincrsl soil, poorest on rotten wood, and intermediate on duff,

Tanry 38~ Seedling survivel of principal s[verics ot four cul-over areas 8 years
afler enlting, in pereend of af! seedlings produced
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Suviccrrena CoxyTror

The silviculturist ean in great measure control the abundance of
natural reproduction by manipulating the disteibution and deusity of
the residual stand. On severe sites, I gevneral, most abundang
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regencration is got by retaining a fairly dense residual stand, because
such & stand reduces insolation and maintains a favorsble 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 restriet blotic losses,
and tend to produes high initial survival ol all species.  On sites where
aspectinrgely prevents bigh serface-soil temperatures, regeneration
is probably lavored by retaining ouly a lght residual stand or by
clenr cutting.

Obtaining the most desirable species composition in the seedling
stand s often more difficolt than obtaining sdeguate density. It
can be promoted to some extent through control of overwood shade.
Retention of fairly beavy residual stands on flats and southerly slopes
tonds, entirely sside from its eflect on seed supply, to decrease the
proportion of western white pine and its hardier assoviates and
inerense the proportion of western redeedar and western hemlock.
Clear—cutting on severe sites, on the contrary, teads Lo veduce the pro-
portinn of western redeedar and western hemlock, as these species
are fnr more suscepiible to gl surlace-soil temperatures nnd drought
than their nssociates, and to inerease the proportion of western whitte
pine, Douglas-fir, western lareh, and grand fir.  However, mortality
logses in full sun en severe sites may be so heavy as to prevent adequate
regeneration of any speeies.

On more shelbored sites, sueh as north slopes, available evidenee
indicates shat given an adequate seed sowree, clear-cutting witl pro-
duce the most destrable serdling staud, as regards both quantity and
composition,  On such sheltered sites losses due to high surtaee tem-
peratures are largely clininated and foll-sun conditions favor estab-
lishment of western white pine. Drought, an active ngent even on
these sites, mmterindly reduces the erop of more susceptible species
such as redeedar and hemlocek, althoush, under generally favorable
conditions, an appreciable pereentage of these species may be expected
Lo survive,

One outstanding practical limitation to the control of composition
by varving the density of overhead shade fies in the fact that it is
apparently impossible exeept within narrow limits to encourage western
redeedar, a corumercially valuable species, without also encouraging
weslern hemloek, & species of Jow commercial value, or to encovrage
the highly valuable western white pine without nlso encouraging the
conmeremntly tmferior grand fir.  These Hmitations indicate the prob-
able necessity of empioving cultural methods, suel a8 weeding, if
composition of the scedhing stunds is to be effectively controlled.

EARLY DEVELOPMEXNT

The problems of natural regeneration do not end with successful
seedling establislunent.  Seedling stands may originate under condi-
tions unfnvorable to satisfnetory growth and, as has been poiated out,
composition of the seedling stand ean be controlled to a limited extent
only.  The chaeaeter of the soil, the seed sowree, density ol overhead
shatle, snd relative sgeressiveness of the associnted speeios, partieu-
fnrly during carly life, all affect the make-np of the stand at maturity,
This periodl of enrly dovelopnrens, roughly the first 30 years, is impor-
tant to the silvieulburist beeause rate of growth and specics 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 scedling development of burning off
the layer of dufl and litter from mineral soil has alrcady been brought
out with reference to the study made by Haig (18). During both
scasons covered by that study, seedlings grew larger on burnt than on
nearby natural mineral soll.$ At the part-shade station, 2-year-old
seedlings on burnt mineral soil were from 25 to more than 100 percent
teller than seedlings on adjoining natural mineral surfaces, western
tarch showing the greatest difference.  Microchemical tests revenled
that burning meade availabie a materially increased supply of several
important mineral nutrionts for at least 2 years after burning, Burn-
ing rosulted in & slight to very marked increase in tbe quantity of
active mangancse, available magnesium, nitrate nitrogen, available
phosphorus, and repluceable caleium.  Available phosphiorus was
almost doubled, and the incerease of replaceable caleium and nitrate
nitrogen was oven larger. The total carbon content was slightly
reduced.  The differences were considerably greater in the top 3
inches of the soil than at lower Iovels,

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 wuestern larch, a species particularly
sensitive to habitat chunges, had an average green weight of 1.64 gm.
on burnt mineral s compared with 0.60 gm. on natural mineral surfaces.
In general the top weight of all species combined was about twice as
great on burncd-over as on natural mineral surfacoes, During the
second growing scason all species made markedly better leader growth
on the burnt surface.

Other investigators (1, 13, 22, 27, 567} have consistently found the
supply of available nutrients in the forest soil to be increased for at
least a year or two by burning. Further investigation Is needed,
however, to determine the full and final offect of burning on secdling
establishment and development, It is quite possible that losses
through soil washing or changes in physieal composition resulting
from single or repeated fires more than ou tweigh the initial gain in soll
fertility.

KrrecT or Overwoon DexsiTy

Density of the overwood stand affects seedling development very
materielly from the first year or two on. Haig (19) found at the end
of the second season that best seecdling height growth had been made
under part shade; western white pine averaged one-third taller than
in full sun, Douglas-fir seedlings were twice s tall as in full sun, and
western larch and grand fir made even larger relative gains. Growth
as measured m 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 & marker exception, averaging 0.61 gm. in full sun on
nntural mineral surfaces, and 0.86 gm. on surfaces in full-sun that
were slightly protected by low sereens, but only 0.35 gm. under part

M Abnilar ateeevalfons have hoen mide by Frewster aomd Larsen (37),  Also Sixth Annunl Ropart of the

riest [Liver Keperimentsl Forest, Norlliern Rovky Mountain Forest wnd Range lixpt. Sta. 1914,
[¥wogripharl )
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shade. Compareble data are not available for western hemlcck and
western redcedar, as seedlings of these species did not survive at the
full-sun station.

After the first few yoars, 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 aren on the Kaniksu National Forest. The aren represented is
uniform in all respects except for deusity of the stand left after log-
ving, On a nearly clear-cut portion (ph. 9, A), western larch and the
few lodgepole pine trees present have made excellont growth and are
the tallest, with western white ping next. These species make up
practically wll the dominant stand.  Most of the grand fir and all the
western lhemlock and western redeedar are distinetly subordinate in
height. Under partinl shade  (pl. 9, B), western white pine, though
ot quite go tall as ander practically full-sun conditions, lorms o larger
proportion of the dominant staud, aad larch and lodgepole have made
much poorer development. Grand fir and hemlock are both more
prominent under partinl shade than in the open. Under moderately
dense shade {pl. 10, M), tareh and lodgepole are practically shsont and
trees of other speries have mads poor growth., The relation hetween
white pine and the more tolerant grand Ar and hemlaek hes 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
hoighls of the white pine trees in this stand, and other stand data, are
given in lable 38, The general trends in the effect of overwood density
on repriluction developmoent shown by these data have been demon-
strated on many other areas.

Tapri - Helation of svervood densily fo heighl and number of 16-year-old
weslern while pine seedlings on puvlions of the Koniksu Naiional Forest

Residunl | Avernge Seadlings per acee
overwood o height
Arcn denaity tominant

{hesad aben | white pine | Western
per aered s seediings 1 white plan

All species

Sqtare feel Fed MNuasber Number
A 20 8.7 R o4, 4
i ] 2.8 5720 7,092
{ a5 i.8 3, 360 15, 880
i3] 150G T 1, 5% B, {00

e Uandtesl seed g of tiils spectes on enely 11 00-00re unidt of ares,

The effect of overwood and aspect upon the relative growsh of asso~
cinted spocies in the reproduction stand over a perviod of years is
brought out by table 40, This tuble is based upon exannnations of
four cut-over areas, und shows chisutges in thie composition of the domi-
nunt stand in inteevals of 10 Lo 1§ vears, the secand examination hav-
ing heen madoe 25 yewrs after logging in each ease,  'The proportion of
western white pine in associntion with westera hemloek, grand fir, and

w it. I‘:lll)l i;:-mlvrl to axerliie wll Bhe otfegts of mn uverwond on reprodeciion W stade pflone,  §egres af
shaube, Loy bevsrts of Waht dnbemabty, i soly 8 eevoniend, mingle mepsuee of oveewotd density,  Cbber Hhinge

At s sl eporatuee s gioistne candent ure wifveisd By overwond density and o lory wifeel growth
of reprotdioel
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& 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 arer, western white pine steadily lost ground in the 19 years
between observations. The 25 percent lost in this poriod was ab-
sorbed by western hemloek, the principal associate in this stand, which
proved a very aggressive competitor. The relative development of
western white pine on clear-cut arcas would be less favorable in repro-
duction stands containing larger percentages of larch or lodgepole
piuo, as these two species thrive best in full sunlight and distinctly
outgrow western white pine in the early years of stand development,

Tanin 40—Composition of deininent sbond, with respect to overwood condition and
erpusire ol rarions tntervds after logging

Wostern CUrand Westorn © Douging-1 Trees
heminek  Ar Inret © fr ! per sere
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: b i
Yeurs — Percend | Pcrcenf U Percent | Percent | Percent | Ngber
i Ee } - b i 3.5

o Peried Wostern
Overwand condiilonami aspeet ™ sinee while
Foggri gz ) plne
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Ahelterwonds ot ey napme { 5 1| - i ! :; g i ‘]1. iﬁ(:
Clusr etk BorUarly nopat { ,_,g ;? ; l‘;: ) '2 i g ' (1’ ! ‘.Iiéga
. 15 # ! 3 a, 3! 2 "85
bo. { & fiy 13 s 215
' 5 . ¥ . : . 38
Clenr-cut; ersterly nepael i{ ,I,; ! gi i :: I; i :fj ; 3 E ?E?
= 4 AL - A2

‘ 3 i : 1 i

1A bout 40 percoat shade,

1 Enchutled somme grand Ar,

1 Inelides some Douglns-pr.

¢ Ineluded some lodgenoie pino.

RELA®IVE AGORESSIVENESS OF SPECIES

A good measure of the relative aggressivencss of individual specios
in the western white pine type during the period of early developrient
18 the proportion of the total number of trees of ench specios that are
m the dominant stand.  Buch datn are furnished by table 41, based
on 12 sainple plots representing stands lrom 8 to 30 years of age.
It will he noted that, within this range of ages, western larch and lodge-
poloe pine form a mueh {arger proportion of the dominant than of the
total stand,  The proportion of western lareh in the dominant stand
was 3 {0 5 Lunes thal in the total stand, as mensured in milacre and
4=milaere units.®  White pine and Douglas-fir form approximately the
spime proportion of the dominant scand as of the total stand. Grand
fir and western hemloek are less spgressive.  Western redeedar is ob-
viously the least aggressive, forming 7 pereent of the tofal stand and
having no part in the dominunt stand.  These figures, in which the
time clement is not represented, would be more significant il based
on repeated weasurements of these plots over & number of yoars.

This order of aggressiveness is maintained with little change in
older stands, ns is shown by table 42, Comparison of relutive dom-
inanee of associnted species in these stands is most elearly made by
considering (he values for dominant and codominant erown classes
combined.  Lodgepole pine and westorn lareh are obviously the most
aggressive.  Wherever present, they ave found prineipslly in the
mhﬂt st ingat vigorond tree on each unlb wos desfunated o 1 dominent,  These estittutos
Lotsequenty Lake into aeconnt hoth ste aned distritetion aver the gron, Classifying trees by the usgal

dyston, Lo, oy dominent, codottinnn, nlernedinlo, i suppressed, s oot prruelicable fu vory young
stamedy.
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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 %'and fir are transposed fromn the order given in table 41.
The indicated differences in agyressivencss between these species are
smell, however, and probably not signifieant. Woestern redeadar is
shown to be the least aggressive species, forming a negligible propor-
tion of the upper two crown classes in sccond-growth stands.

Taury 41.—~Relative agyressiveness of individual species in stand« 8 lo 30 years old,
on {2 sumple plots, as measured by dominnnce

Compositlon of tlomi-
Composi- nant gtand 3 hy—

Specles tion aftotal, - - —— —rr—————

stand ! Milacre +-m[lnere
unfts? units !

Pereent Prereend Percent
Lodgepola ploo. .. ______ ;
Wosternarch L.
Woeatern white ploa,
Dougls-Nre ..o
Grapd Ir ...
Wostern hamloek . ...
Western rodeedur . e - .
OrIer Speelps . e e in e e

Motal. . e rman

=]
=

T AL brees 1 foot tall and taller,

! Including only talleat and mosgt vigorous teee on sach arcn bnit as indicated.
A mblgere unid is 6.6 feel sguare snd ingiodes RN aece.

§ A l-aniluero unkt iz 13,2 feot stunre and Joeludes 1125 acre.

As implied zbove, relattve dominanes is also an excellent measure
of tolerance.  The tolernnce ratings given to the ussocizbed specics in
the western white pine type on page 14 are almost identical with the
dominance ratings given here. It has been found consistently that
carly dominance and rate of growth vary inversely with relative
tolerenee.  Intolernnt species must make rapid inttisl growth to
maintain_ themselves in the stand,  Tolerant species, on the other
band, make slower growth in early life, but, as has alveady been brought
ont, progressively form a more prominenl part of the stand as time
goes on and eventually largely dominate it.

Tanve 42, —Relotive aggressiveness of individual specios in stends 32 to 100 years old
as measured by represeadolion in different erown clasaes

. i o {Inminant
Pombmnl | Codotni- 1 Intertite-  Bupprosssd [ and ee-
eliss | nant elass @ oellate olass | rlass ([mlll Inant
; . clnss

Brecinyg Basly, broos

Pereritt Percemt ¢ Pereent Percet . Pervent | Nuanber

ladgepolopine. - ____.____ Wl W : 12 T li]]
Woatern larel e meamm—— o[} Y T 17 1,214
Wodlern while plne L. ... 1 F 38 R 8,024
[RLIH AT . P ; ! ¥ it i ~ 1, 080
Western hemlock Ce aee 4 il 1 281y
Chronat fr L i - 7™ h 4, 6
Wosloroe roelewenr . e BR 1,415

FO B sanplo okd, ALl trees |ineh d. b, D, wned larger aes ineluded.

Records from a large number of permanent samplo plots in stands
from 30 to 100 years ol age show only slight. changes mn species composi-
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tion within intervals of 10 or 20 years. Such changes as do oceur are
irregular and are largely due to mortality, which for various reasons
may hit one specios harder than another during any particular period.

The frequently expressed opinion that under favorable conditions
western white pina will readily outgrow its competitors is not sup-
ported by thoe evidence available.  White pine apparently is hard
pressed by its aggressive and fast-growing associates, and oven under
favornlle conditions may barcly hold its own, Assoming adequate
protection, the only certain way of getting u satisfactory proportion
of western white pine or any other desived species in the mature stand
is to obtain a good representation of that species in the seedling stand
and then assist its development by eultural methods applied princi-
pally during the carly life of the stand. During the first 30 years in
the life of the stand, species composition is relatively plastic and can
be medified 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 specifie silvieal
information, and pressure of economic considerations have led to
application m the western white pine region of three of the four high-
forest regeneration methods commonly recognized in the United
States (3, 21, 57).  Clear-cutting, seed-tree, and shelterwood methods
have been applied rather extenstvely (pls. 11 and 12}, the true selection
method hardly ot all. Many cuttings have also been made on a
logger's selection or zero-margin sclective basis, difficult to classify
under standard regeneration methods.

The 30 years during which cutting has been carried on under tech-
nical supervision in the western white pine foresés is too short a time
for conclusive trinl of any method. [n purticular, on few of the
arcas cut on a shelterwood or selective plan has sufficlent time elapsed
for u second cut to have been made.  Experience gained on national-
forest cuttings and specific information gained from research have,
however, {urnished a hasis for an appraisal of regeneration methods
applicable in the type.

The rescarch basis imeludes results of a study of natural reproduction
on 30 of the enrlier cuttings, selocted us representative of different
methods, ¥ datailed observations of the esteblishment and early
development of natiral reproduction on some 72 permanent plots
sampling « wide mnge of conditions, and studies of seed supply,
germination, initinl establishment, and early devclopment reported
m this publieation, On this busis & comparison of the four standard
regenerntion methods with reference to the western white pine type
is mude in table 43.

Experience and study have defivitely shown that the fovests of this
type are too diverse, and the necessity for compromise between eco-
nomic and silvieultural aims too pressing, for any one regencration
method to be practiced to the exelusion of all sthers. Selection of
the method to use on any given area should be based on eareful,
rational appriiss! of cconemic and silvienltural factors,

MiLug, LTy sod WEELNER, UL A, NATURAL KERRODUCTION FOLLOWING 1L0GGING [N WEATEUR WIIITE

my e, Nerthern Roeky Moooinin Porest pnd Range Expt, Sie. W8T This onpoblished maogseript
hag been devwn epon fresly foc feformation on the rostelts of past porediess. :




PR TR A P T S T . L HOATE

IR N I N T R AN ER NN AN I S TR F B AT TIA A B TR

T T T Y LT J D N S S I LTI TYIRY DY U T RSP Y ST TEIS IFTT IT S  TY TN
T T TN FECH (N PO T T WL U TR T O C SR EL R Y SIPTITL S FA AT TS




Technical Bulletin 767, L. 5. Depr, of Agricuiture PLATE 10

FiIg

EFFECT OF ITEAOVIER OVERWOOD DENSITY 0N REPRUDPCTIGN,
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SHELTERWOGOD THEANPMENT,

oL Shetterwood steip of western wlite pyre seird troes in combimaton it sliornte clear-cut strips; £,
nuteerit) reproietion M to 15 years okl under a shelieewond.
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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
seedl blocks or strips, in 2 single cut {(pl. 11}, ~ Reproduction comes
from seed produced by nearby uncut timber or seeel present on the
aren al the time of cutling; or the wrea, if Inege, may be planted.

As previously staled, this method was employed between 1999 and
1912 on the Kaniksu and Cocur d’Alene National Forests.  Several
arews on the Kaniksu were cut over by what was termed a clear-cut
and seed-bloek methad.  They were clear cut except [or uneut seed
blocks from 2 to 20 aeres in extent and from 250 to 1,300 feet apart,
and complete relinnee for reproduction was placed on natural seeding.
One of the areas thal restoeked most suecessfully, the Beardmore,
Lad nn established standd per acre 14 years after cutting of 2,400
weslern white pine und 2,900 other seedlings, including an abundance
ol woestern redeednr.  Individual specimens of the more rapidly
growing species were 18 feet high, and 1,000 scedlings per aere, 87
pereent of them western white pine, were more than 4.5 feet high.

Another of these cuttings, locnted on the large exposed Jurgens Flag,
Mlustrates the nesd Tor o nearby seed source and the unfavoruble
elfoet of o sovere site. Here, even 20 yoars after cutting, regeneration
waus nol satishietory at distances of more than 400 feet from Lhe
nearest seed bloek. T Absence of satislactory rvegeneration at greater
distanees Trom seed hlocks was atlributed partly to insulficient
disseminstion of seed and partly to lack of the proteeting influence of
standing timber.  In general the results obtained with the clear-cub
and sced-block method were only partially satisfoctory, principally
beenuse (1) many of the areas clear eut were too large to be resceded
salisfactorily by natural dissemination from uncut blocks, (2) many
of the sites thus cut over were Loo severe for suceessful seedling sur-
vival under full-sun conditions, and {3) seed in the duft was destroyed
in broadeasi burning or was not abundant ¢nough to supplement
adlequately the seed digseminated by the trees left standing.

Where clenr-cutting was restricted to strips 300 to 450 feet wide
running at right angles to the lopography and separated [rom each
other by uneul strips about 150 feet wide, as was done hetween 1909
and 1612 on the Cocur d'Alone Forest, the land reforested in general
promptly snd abundantly, principally to western white pine. Plate
1. # shows a successfully regenvrated clear-cut strip on the Isanc
Sands sale of 1910, In 1934, examinntion of three clear-cut strips on
this sale area showed that trees 0.6 ineh o b, h, and larger numbeted
2,150 poer nere.  Of this total about 850 were in the dominant and
codominant crown clusses, which inelude newtly all trees of future
importanece in the stand. Approximately 70 pereent of these domi-~
nanls were western white pine. A Tew of these enrly Cocur d’Alene
strip euttings friled to regencrate satisfactorily, becguse of adversity
of site. That south slopes and other less favorable sites often do not
vogenernte satisfuclorily after clear cutting has been observed re-
peatediy. The inthienee of aspeet is strikingly iHustrated by the fact
that on Uie Thompson-Nelson sale area, 15 years after the cutting,
western white pine seedlings 0.5 foot or more in height totaled 5,400
per ncve on A strip facing north and only 165 per acre on oune facing
south,
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Clear-cutting

Kind of stands in which

to which best

Number of cuttings  re- !
and lengthe of |
regenerative period.

Cuass of trees left-after cut-

(1} Even-dged siands composed
principally of merchantable tree
(2) Defective, overmature stands
only small portions of which are ar
will ¢ver be merchantable, as old
stands consisting largely of defec-
tive hemlock and grand fir,

North, east, and less exposed west
slopes, where white pine usually
makes relatively hetter growth
than its prineipal competitors,
hemlock and grand fir,

One cutting. Regeneration period
usually 1 to 10 vears. Regenera»
tion of any adjacent areas left un-
cut to produce seed is delayed
until a second cutis made,

. None left, except blocks or strips of |
timber reserved where necessary

for reseeding.

Nearby uncut treés and seed stores
in duflat time of cutting, Seed in
duff seldom alone sufficient. Sup-
ply usually ample if clear-cuttings
not more than 400 feet wide.
Larger areas. usually must be
plantéd.

Abundance and species of | Good reproduction of white pine,
reproduction usually re-

Douglas-fir, larch, and grand fir
where-seed source is ample. Re-
production of hemloek and red-
cedar relatively poor exeept on
better sites.

:“North and east slopes and the less

One major cutting, Sved trees may

Thrifty,

Even-aged

Selected seed trees,

Goad reproduction of white pine,

]
+

Seed tree

: Even-aged stands coinposed .prin- (1) Well-stocked stapds containing
merchantable |
speeies but less than merchantable |
size.

cipally of merchantable trees, as
stands from 120 to 200 vears of age
dominated by mature white pine.

exposed west slopes and flats.

be removed by & second cutting if
eeconomically practicable. 1f left |
uncut, few. are likely to survive
nntil the new stand is cut. Re-
generation period 1 1o 10 years.

vigorous,  fullcrowned
dominants or codominants, prin-
eipally western white pine, seleet-
ed for seed productivity and wind.
firmness: of merchantable size, !
usually 16to 24 inches d. d, h, .

Only enough
trees reserved to- produce the
quantity of seed estimated as
necessary for adequate regenera-
tion. Usually from 2 to § white
pineseed trees peracreare reserved
plus a few of other species.

larch, ‘grand fir, and Douglas-fir,
Hemlock and redeedar sparse ex-
cept .on slopes favorable to these
species, as most north slopes.

!

Shelterwood

Selection

mEny - trees - of
(2 Swands containing fair
aumber of sound trees of species
unmerchantable st the time-of
cutting  but ierchantable pos-

sibly later,

Any slope, though 6n north and east

slopes the shelterwood must be

sparse to permit reproduction of ©

desimble compaosition.

Atleasta seed cutting and a retnoval

cutting, In intensive application;
three ormore cuttings.  Regenera-
tion period 1 to 40 years, depend-
ing on number of cuttings:

(1) At least as many selecied seed

trees as in seed-tree cutting, prin-
cipally western white pine; (2)
thrifty, vigerous trees of merchant-
able species but less than mer-
chantable size; (3+ sound trees of
spireies unmerchantable at time of
entting but possibly merehantabl
later.

Even-aged, or of not more than twa

or three age classes,

Reserved trees, which are suflicient-

1y numerous to insure an ample
seed supply.

Good reproduction of all species

common in 1ype except larch.
Hemlock, grand fir, and redceedar
very abundant.

1
i

éPnrtiﬂl application possible in

uneven-aged stands containing
advance reproduction, immature
trees {especinlly redeedary, and
merchantable trees,  Here oneor
twu selection cuttings could be
made toadvantage, even though
it might not be possible to con-
tinue them,

Any slope, ‘though on narth and
cast slopes white pine reprodae-
tioni i likely to be sparse.

Number of cuttings indefinite,
Regeneratiun more or less con-
tinuous,

All trees not selected as economi-
cally, silviculturally desirable for
immediate cutting, hoth mer-
chantable and unmerchantable.

Uneven-aged,

Reserved  trees,  producing an
abundance of seed.

Reproduetion sbundantbut princi-
pally of hemlock, grand fir, and
redeedar.

(4
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Economic considerations___| Clear cutting, usually followed by

broadeast burning, is the cheapest
method of restoring to productiv-
ity areas supporting large volumes
of defective timber,  Suchcutting
is often necessary 1o abate high
fire hazard cffectively. It s
wasteful where tonsiderable vol-

umes of sound but unmerchant- !

able timber are present.

Expensive and wasteful on areas
supporting large volumes of defec-
tive or unmerchantable timber, as
much work is necessary to rémove
allbut desirable seed trees. Reser-
vation of suitable seed trees, usu-
ally  highly merchantable,. rep-
resents an appreciable investment
in stumpage.

Involves reservation of merchant-
able trees for a second cut. Dis-
posal of unmerchantable and-de-
{eetive timber by piling angd burn-
ing necessary at efther first or
second cut. Most sound but un-
merchantable timber is left for
second cut or later, in hope that it
may then be merchantable.

Continued forest production prob-
ably possible, but application
greatly limited by diffiealty of
maintaining stands of desirable
composition and growth rate.

2
&
S
P
S
tl
=]
&
a
=
2
B
g
=}
3
2
K
17
=
=
=
2
=
=
=
=
=
=
1%
g
=

€8




84 TECHNICAL BULLETIN 767, U, 5. DEPT. OF AGRICULTURE

One general defect of this carly clear-cutting with seed blocks or
strips was failure to provide for regeneration of the blocks or strips
left uncut.  Another was difliculty in controlling the extremely hot
fires resulting from brosdeast burning of the slash.  Largely becauss
of the latter, the method was virtually abandoned in 1913, In recent
years, however, elear-cutling has attracted new interest beesuse of the
excellent reproduction resulting from most of this carly cutting,
incrensed experience, skill, and eonfidenee in controlled burning (10},
and grealer recognition of certain distinet advantages of the method,
and sinee 1929 it has again been practiced though not on a large scale.

Clear-cutling on the national forests of the western white pine
region stnee 1929 has been prineinplly for the purpose of reducing the
fire hazard on areas where timber has been killed by fire, Standing
fire-killed timber frequently constitutes & fire hazard jeopardizing
whatever reproduction becomes established beneatl: it as woell as the
timber on surrounding areas.  [n some instances, also, Ribes plants
have come in afler fire so abundantly that their eradication, necessary
for control of the white pine blister rust, is practically impossible, In
Forest Serviee Region (% clear-cutting and broadeast burning were
crricd out as a hazard-reduction measure in the 9 yours 1929-37 on
14,300 acves, practieally all in the western white pine type.

Alter clear culting of fire-killed timber, [ollowed by broadeast
burning, planting is almest invariably necessary. The seeond 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 romains but a
few heavily charred logs, ashes, and mineral soil.  Herbaceous vege-
tation is often slow to appenr on the twice-burned areas, In contrast,
clear cutting of green timber and broadeast burning within 1 or 2
years remove less of the woody material and often leave the duff and
bumus 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 defeetive and overmature stands, A good example
15 furnished by several thousand acres of timber on the North Fork
of the Cocur d'Alene River, Cocur d’Alene National Forest, sold to
the Ohio Mateh Clo. Most of this was cut under & rough shelterwood
system, bul on some areas with much defective grand fir and homlock
the pine was clear cot and the remaining stand, entirely unmoer-
chantable, was felled and broadeast burned. On areas of o Tew acres
cach that wore advantageously situnted for reseeding from surrounding
timber, relinnee was placed on natural regeneration; larger areas were
plianted,

On the Deception Creek Bxperimental Forest, in the samoe drainage,
a mature stand principally of western white pine was clear-cut in
1935 in strips 350 to 400 leet wide separated by uncut strips almost as
wide and located as advantageously as possible for dissemination of
seed (pl. 12, 4). The cut-over strips were broadeast burned. On
the strips not clear-cut, aboul 60 percent of the merchantable timbor
was removed, and with it suflicient unmerchantable timber to leave
a rather open shelterwood, Tt is expected that the shelterwood will
ndequntely resced both the shelterwood and the clear-cut strips.

M Montann, nothenstern Wishington, nortliern ldaho, nnd northwestorn Sonth Dakota.
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When sufficient reproduction has become cstablished, the shelter-
wood will be removed. Advantages of combining methods in this
instance are: (1) The entire smn(% witl be reproduced a2t one time;
(2} almost the maximum volume of merchantable timber is taken ab
the first cuf -~very little more timber is reserved than in & seed-tree
culting; (3) this merchantable timber is concentrated on less than
half the total avea, which tends to reduce logging costs. Slash was
left in greslest volume on the clear-cut strips and was disposed of
with a minimum of kandling, by broadeast burning.

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

i, ft favors western white pine,  After clear-cutting, on the more
protected sites, white pine reproduces readily and at least holds its
own wilh hoemiock and grand fir, its principal 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 nol completely, destroyed the parent stand.

2. I is the anly practicable method of rvestoring to productivity
arens supporting large volumes of defective timber. The cost of
removing such Umber stands by any other method is prohibitive.

3. AMiniinum time is required for removing the parent stand and
for starting o new one.

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

This method finds its best application in even-nged stands of
merchaniable timber fully ripe for cubting or in overmadure stends
containing large volumes of defective and unmerchantable timber.
fvery part of elesr-cut areas should be within 200 to 400 feet of a
seedd sonree.

The method has these disadvanlages:

i, [t is wasteful whore considerable velumes of sound but un-
merchantable timber are present, since everylhing not logged is
destroyoed,

2. There is always the visk that the hot fires almost invariably
necessary 1n brosdeast burning may become unmanageable and do
damagce.

3. Clear-cutting that erestes very lurge openings is not good practice
on severe sites, where seedhing establishment, particulmly of woestern
redecdar, is dillicult.

A number of modifieations of the elear-cutiing method are possible,
and often it can be advantageously combined with seed-teee or shelter-
wood cutting.  Although its polentinlities have not been lully investi-
ented, it is believed thal clear-cutbing has o definite and permanent
place in the management of the western white pine type.

Seun-Tuer Currine

By the seed-troe method, the area is clear-cut exeept for the mini-
mum pembec of ees adequate Lo produce seed for natwral regenera-
tios, Seed teees of desirndde speeies are selected principelly for their
abifity Lo produce sced snd for wind-fienness.
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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-
inch or larger sced trees as follows: Two to six western white pines,
cither seattered or in groups; two to six western larehes, or, if Jarch
was not present, Douglas-firs; and a few western redeedars, if present.
The rules specified also that all thrifty western white pine (rees less
than 14 inches ind, b, bl were to be reserved. At that fime sced trees
were considercd as supplementing the sced stored in the duff, which
wis believed to be sufficient for natural regoneration in most instances.
The fice-resistant lareh was reserved to insure vesceding in case of
fire.  "The vules provided also for the destruction, by fire or girdling,
ef defoctive or otherwise unmerchantable trees whose presence would
impede patural regeneration of western while pine,

Subsequent to 1916 it was definitely determined, as has been stated,
thal seed stored in the duff could not be relied upon for natural
regeneration. Aier that year, also, increased recognition was given
to the fnct that western white pine was reasonably wind-firm even
when standing singly,  {Losses have averaged only 5 te 10 percent
over a il to 20-year perind) Aceordingly, increased relinnce was
pliced npon sentersd seed trees. As more was learned of the char-
aeteristies of good seed producers, the mles were revised to specify
tn more detail what kind of secd trees should be left.  In 1939, for
mauture but not deendent stands, they still specified the reservation of
2 to 6 wellspaced swestern white pine seed trees per acre, but further
specify that these trees shall bé 16 inehes d. b, h. or larger, dominant
or cadominant, of good vigor, and with well-formed, healthy crowns,
and that other speeios shatl be cut us elosely as market conditions
permik,

Mithough these rules have been extensively applied, by no means
all cutlings made since their adoption have been seed-tree cuttings as
sitvicalturall v delined. In praetice, widely varying numbors of trees
of specios other than (he selected white pine and other seed trees have
oftetr been Ioft, for hoth stlvieultueal and fingncial reasons. The
term seed-tree eatting” has beep loosely appliod to most cuttings in
which o definite reservalion of merchantable white pine trees has
heen made, with little regard for other components of the vesidual
stand.  These variations have resulted principally from the prescnce
of birge numbers of unmerchantable trees on most cutting areas and
from recognition of the need for protection on the more severe sites
during the regencration perind.  Many so-called secd-tree cuttings
are in reabity shelterwood or no more than rough diameter-selection
cutlings,  “The discussion here is limited to suek cuttings us can actuoal-
Iy be conzidered seod-tree cuttings in accordance with the accepted
stlvicnttum! voncept.

The quontity and species composilion of established natural
regeneration on four seed-tree areas studied 8 to 14 vears after cutting
iee shown in table 44, On the Phil MeManimin and Rose TLake
Lasmber ("o, areas the primary seed souree was scattered unent groups
located on seeondary videes, knolls, and slopes, but these were supple-
mented by seattored single trees. On the fwa other mreas, prineipal
dependenee was placed on seattered seed trees, aithough some smali
seed-troe eroups were Iefl, Onoall four areas, ol defeetive or other-
wise snunerchaniable vrand fie snd western hemioek trees were de-
stroyed by girdling to remove overhead shade that might retard
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seedling cstablishment and growth.  The reproduction figures given
in table 44 do not by any means furnish a criterion of the efficacy and
worth of the sced-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 pxposed site, n general indication of what is
considered  satisfuctory regeneration.  Site conditions influencing
natural reproduction ave mueh the snme on seed-tree cuttings as on
clear cuttings, and in general the quantity, species composition, and
developmient of the natural reproduction are similar,

Specifie ndvantages of the method, for application in mature stands
where most of the timber is merchantable, may he summed as follows:

t. Like the clear-cutting method, it is especially suvitable for
recencrafion of western white pine on the less exposed sites.

2. If properly applied, it ean be depended upon to cffeet establish-
ment of 1 new stand of desirable composition,

3. Bventnal remaval of the seed (rees, although desirable utiliza-
tion, is not silvieulfurally necessary,

Tanee $1. Netwead regencrafion an four areas nffer culling by scattered-seed-tree
anef xeed-gronp methed, in established scedlings per acre

Period | Western |
S el fnealidy of aren [ white Other
Coeulting 1 pine

Ioan
1‘ specios ] speeles
- i

!

Vears | Number  Number
| 2,525 525

Ny mber
Phul Mednnisn, Lidbere Creek 11, 053

Jtose Lake Lamber 0

Lintdbere Creck — ) LS ABI0E 6,374
Coidirart Crock . R, '] 817 ; 3,8 4,706
Metoblrick Lomber Ca, Samd<-20eCutbey Creek .. bt 1,310 T R 50

4, The volume of merchantable tiruber removed at the fiest cut is
the maxinmm that will leave enough trees to insure natueal vegenera-
tien.  Beeanse logging costs are high in the western white pine Lype,
cspreially for the first cut. this is a major reason why the method tias
Leen npplied.

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

Seed-tree enutting has these disadvantages and Limitations:

1. 1t is expensive and wasteful in stands containing lacge volumes
ol wnmoerehaniable Gmber, which must be cut to make the seed trees
offective.  Ln sueh stands, if the unmerchantable timber has no
potentinl value, clear cutting is usunily preferable.  Otherwise, some
sort of shelterwond or seleetive eutting may be advisable, to reserve
the timber now unmerchantabile for a future cut.

2. It eannot he applicd on areas where beeause of defeetiveness or
age of tmber, shallowness of soll. or exposure Lo severe winds it is
impossible to seleet desirable seed teees that have o reasonably good
chunee of surviving long enough lo produce sulficient seed for regen-
eralion,

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
salisfuctory regeneration, particularly of western redeedar.

4. Seed trees represent an appreciable stumpage value, vel their
agerregute value is of len insufficiont for a profitable second cut and not
many of them are likely to survive a full rotation.
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SHELTExWOOL (JUTTING

By the shelterwood method, the mature stand is removed in two or
more partial cuttings. Natural reproduction starts under the shelter
of & considerable part of the parent stand, and when established is
relensed by complete removal of the last of the parent trees. To
quote Hawley (211

A minimum of two cuttings are required in the simplest application of the
shelferwantd  method.,  Under intensive maoagement sceveral cuttings, often
execeding ten in naniber, are made in the gradual process of simultancously freeing
the reprottuction 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 cuttings. As
previously mentioned, many so-callod sced-tree cuttings on the
nationud forests were aetually shelterwood cutiings, as they left farge
numbers of usnmerchantable trees standing in addition to selected
seed trees.  Alany of the euttings made on privaie lands also left
shellerwonds, often of an undesivable sort.  In few insiances, how-
ever, has suflieient time elapsed sines the first cut for reproduction to
reach a stage of development necessilating o removal cut, and in still
fewer instances has this cut been made.  Experience with the shelter-
wond method m the type is therefore limited to a rather wide variety
of purtial cuttings that together with secondary cuts made in due
course of time would constitute a rongh shelterwood metliod,

Under favorable circumstances, exeellent reproduction may be
expected Lo result from a shelterncod cutting.  This is well illustrated
by the Ryrie-Wright sale ares. on the Coeur d’Alene National Forest,
one of the few intentional shelterwood cntiings made in the type.
Here the original cutting, in 1910, left a shelterwood containing, per
acee, an average of 28 white pines 14 Inches or more in diameter, 16
other trees of Lhat size, ard about 200 smaller trees, In 1925 the
established reproduction stand on this area included, poer 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 adequalely stocked,

A varintion of the shelterwood method that has been tested experi-
mentally s disposal of defective and other low-value trees by o stand-
improvement operition in advance of commercial cutting. This
procedure creatos shelterwood conditions favorable to the establish-
ment of reproduction of desirable species.  When the reproduction
hag become established the shelterwood, composed principally of
merchantable trees, is removed and the reproduction is left to grow
under elear-cut conditions, which promote hest white pine develop-
ment.

Particular mention should be made of what is popularly termed
zern-marein seleetive entéing and its relation to vegeneration methods,
purticulacly the shelterwood. By zero-margin cutting is meant cut-
ting anly trees of suel size and condition as will produce the greatest
pet-per-acre refurn to the aperator. The e is rather boosely npplied
to mnst euttings in which tree seleetion is based prineipaliy on imme-
cdinte conversion valne and not upon sitvieuttnral considerntions, Cut-
bings of this Lype bave heen mnde most extensively on privately owaoed
titnberlands where cconomie pressare for profitable conversion is -
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tense. Every logging and milling study has shown that sound trees
below a certain diameter and larger trees with o specified quantity of
rot or obher defect are logged at o loss and from a financial standpoint
might better be left standing. Depending on the composition and
condition of the timber stund, the financial organization of the oper-
ator, and current market conditions, cutting under a zero-margin plan
may vary from virtual clear cutting to a hight selective cut.  Cuttings
of this type may, therefore, fall into any of the commonty recognized
regenerntion methods; most of them, however, can be classed as the
ericde beginning of a shelterwood method,

Sitvicultural results of zero-margin cutting in the western white pine
type nre variable. 1f the cutting leaves n counsiderable number of
trees of desirable species, and at the same time opens up the stand
sulliciently to permit the establishmoent of reproduction, the results are
fairly snlisfactory.  This is purticularly true in young, thrifty stands.
Here, sullicient basis for & second cut remains, and good repreduction
gsually resuits.  1f a second cut can be made fo relesse reproduction
from the residual overwood, and if unsatisfactory composition of the
reproduction can be corrected hy cleaning, good second-growth stands
can-he prodeced,

In mature stands containing large volumes of defeetive and vnmer-
chantable timber, the silvicultural results of zero-margin selection
applicd without resteaint are usually anything but satisfactory, The
first cut removes the merchantable part of the stand, leaves defective
and low-vuluy brees dominating, and thus makes a prefitable sceond
eut veey difficult. Experience has shown also that in mature and
ovormabure stands the residual stand often deteriorntes rapidly, heing
subjeet to tnsect damage, wind breakage, and the like,  Private land
thus logged is sometines virtually broadeast burtied in an attempt at
cheap slush disposal.  The result is often a maze of fire-killed fimber
thet in a fow yvears constitutes an especially high fire hazard.

luitinl establishment of adequate numbers of seedlings under a shel-
terwamd s seldom o problem. Seed of all unpartant species in the
type will germinate, snd scedlings of white pine and most of the other
spectes will survive for a few yvears, under a Tairly dense residual stand,
But wetting veproduetion stands of desirable species eomposition, in-
suring their satisfactory subsequent development, and disposing of the
residonl stnnd at the proper tinte constitute a problem, This problem
is espeeinlly difficult i eonnretlon with zero-margin selection, because
the shelterwood left by sueh cutting is composed largely of undesir-
able trees nnd so tends to generate » reproduction stand of undesirable
species composition, for example one dominated by western hemlock
and grand ir. Timely release of the reproduction is difficult because
of the unmerchantable character of the residual parent stand.  The
merked offeet of overwood density on the species composition and
arowth of reproduction beneathi is well illustented by plates 5 and 6.

[n summary, advantages of the shelterwomd method in the western
while pine type are:

I, tt offeets suecessful reproduction of all species common in the
type, with the possible exeeption of western lareh and lodgepole pine,

2. It s more effeetive than any other method on the more exposed
giles, where reproduction eannot beeome established without shelter.

3. A forest cover s maintsined 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 disedvantages:

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

2. Eeonomic considerations oppose the reservation of any volume
of merchantable timber greater than the bare minimum lelt by the
seed-tree method, particularly as regards privately owned timber-
lands.

3. Species composition and development of reproduction are nsnally
less satisfactory than under the clear-cutting or the sced-tree method.
Hemlock and grand fiv tend to occupy more prominent positions at
the expense of the more valuable white pine.  Cultural measures are
often necessary to correct unsatisfuctory composition.

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

SrLrcniox Currivg

The selection method presupposes that all age classes are propor-
tionally represented and intermixed either on every acre or over the
cutting unil as a whole. Each year or at some longer specified inter-
val mature troes, either in small groups or singly, are removed, with
the result that an all-aged forest 1s maintained continuously, Under
intensive manggement, 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
1 to 50 vears,

This method eannot be said to bave been actually applied in the
western white pine type.  Sonie euttings have been made that could
be eonsidered 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 Llested in practice.  Natural stands in the
type tend strongly to be even-aged, or made up of not more than two
or three »xe 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 distinetly 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, whicl, with the exeeption of woestern redeedar, are
the least valuable.  There is Hitle reason to suppose that ian-dirceted
seleetion would have any different result, espoeially sinee for cconomie
reasons the most valuable species would almost inevitably be eul
first, leaving the less desivable to reproduce themselves. In other
words, a forest could be manintained by the seleetion method, bet it
;.voulld not contain mueh western white pine, Douglas-fir, or westorn
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 lareh, Douglas-fir, grand
fir, western redeedar, und western hemtock, with Engelmann spruce,
azlpmo fir, lodgepole pine, and pondeross pine as minor components,
These specw‘a differ considerably in their requirements, and this fact,
together with the mountainous character of the vegion, gives the type
great silvieal diversity, The type is defined as mature stands con-
taining 15 pereent or more western white pine by volume and young
stands eontaining 15 percent or more western white pine by number of
trees.  The conmposition of the stands varies from nf) 108t pure pine to
every concetvable combination of pine with its associates.

Western white pine composes nearly half the merchantable volume
of the Lype and excels all the other species in value.  The lumbering
industry of the Inland Empire is fargely built around white pine.
Second in importance is western redecdnr, valuable chiefly for poles.
The relatively low market values of Imrvlmum spruce, Douglas-fir,
western lareh, and grand fie, make extensive logging of these species
unprofitable. Western hemlock often has pructically no stumpage
value.  Hemloek and grand fir tend to be so defective in mature and
overmature stands as to constitute a definite lability. Disposal of
barge volumes of low-value or totally unmerchantable timber, often
essential in the application of desirable silvicoltural measures, is o
major management problem of the type.  Economie and sibvicultural
aimns are often in direet conflict, and the former frequently dominate,

The elimate of the western white pine rvegion is charcterized by a
short summer scason of seanty precipitation and low humidities, with
a high proportion of clear, hot, sunny days, and long winters with
heavy snowlall and faicly low temperatures, Mean ananual precipi-
talion vanges from 28 to nearly 50 mcehes.  Annual snowfall averages
L33 inches, ranging from 48 inches at the southern border fo 244 inches
at the upper altitudinal limit, At most of these stations, snow lasts
until about thie end of April and frst snow appears toward the end of
October,  Only about 13 percent of the total precipitation occurs
during the summer months, June, July, and August. Annual mean
temperatures range from 41.7° to 530° F.  Daily temperature fluctua-
tions nverage from 34° to 42° in July and August and from 12° to 18°
in Janunry.  Yearly maximuom temperatures average about 100°, and
yearly minima pverage well below zere. Sudden drops in temperature
vecasiomlly canse widespread injury even to mature trees. The
srowing season is approximately the 4 months May through August.
Buring this period scanty precipitation, high temiperatures, and low
humidities accompanted by high evaporation rates offen combine to
produce eritical conditions for the establistunent of natural regencra-
tion.  Evidence has been found that extension of the western white
ping type s limited at high elevations by unfavorable temperatures,
nnd at low elevations by o combination of low moisture with high
temperstures.  Growth ol western white pine s fnvoved apparently
by elimatic couditions for which the precipitatiou-effectiveness indices,
ealeulated according lo Thornthwaite's method, are about 114 for
the year and 11.5 for the growing season.
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Fire, fungi, and insects are the principal ceuses of injury in the
western whie pine type. Fire causes heavy direct lma_es and also
contributes greatly to the incidence and spread of fungi and insects.
The fire-control problem is one of the most diflicult in the country.
Fire colors every phase of manasgement practice; methods of cutting,
stand improvement, and slash disposal must [requently be modified to
conform with fire-control requirements. Fire, however, is largely
responsible for the perpetuation of the western white pine t.ype under
natural conditions.  Pisease also is responsible for some ol the most
difficult management problems. The problem of low-value species
is intensified by their susceptibility to wood-rotéing 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 contrnl this disease. Forest insects exaet an
annuel toll that varies from an unimportant loss to devastation,
leaving the stand not worth logeing.

Western white pine trees pmrlu(o comparatively fow cones; a crop
of 40 cones per tree is considered good, and ¢rops of more than 100
cones por tree are infrequent.  Number of sceds per cone varies with
size of cone and extent of inscet depredations; 120 seeds per cone is a
fair average. Seedbed germination avernges 44 percent. An indi-
vidual trec has been known to bear 7,300 germinable seeds.

Western white pine trees bear good crops at intervals averaging
about 3 to 4 yeurs and varying widely among individual stands.  Five
goml cane crops have been known to be produced in § 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 sced producers at any
diameter. Fair-vigor t:eo‘-‘ consistently produce fewer and poorer
cone erops than do ¢ goud-vigor trees of the same diameter, and are not
effective seed producers at diameters of less than about 20 inches.
Trees become fairly frequent and abundant seed producers at nhout
70 years; thereafter, seed production depends more on individual tree
vigor and character of rrown than on age.  Of the principal western
Whlt(‘ pine associntes, westorn hemlock and western redeedar are
nutstandingly abundant seed producers.

Seed dissemination of most speetes in the type beging in late August
or enrly September.  About 15 percent of the western white pine seed
reaches the ground before Septenther L, and 83 pereent by the end of
Qectober.  OF the seed of geand fir, western lnreh, and Douglas-hir,
from 65 to 80 percent lalls by the end of October. Beed of western
hemlock and western redeednr fnils most abundantly in Qctober,
but 35 to 45 percent ol it falls after November L Western white pine
secd is commonly distributed In quantities suflicient to produce ade-
nuate reproduction not farther than about 400 feet from the parent
tree,

Seed ol all speetes in the type i stored natureally in the dull in the
fall and vemaing vinble undl the following spring.  Seed of westorn
white pine nlone remnins viable in nppree ble quantity longer than
the nomml overwinter pertml.  About 25 percent of it is viable tho
second yenr after stornge, and slightly less than 1 percent after
yenrs' storuge.
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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 scattored
seed trees or adjacent uncut timber.

Germination begins in late April or early May on exposed sites,
where snow lingers late. It is practically completed by July 1 on
exposed sites and by August I5 on protected sites. Germination is
markedly affected by the character of the surface-svil material.
Mineral surfaces, burnt or unburnt, are better than dull surfaces,
probably because duff surfaces dry out rapidly. On secd-tree cut-
tings, the largerseeded specics—western white pine, Douglas-fir,
grand fir--germinate nearly as well on duff as on any other surface,
but western hemlock snd western redeedar germinate only one-tenth
to one-fifth as abundantly on duff surfaces. Germination on roiten
wood tends to be better than that on dufl; this advantage, however,
is counterbalanced by higher scedling mortality due to drought.

Nearlr 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 critical first
vear indicate that early-season losses are due principally to_biotic
agents,  Of these, damping-off lungi are the most important. Fungi-
caused losses are irrecular, however, and consistent differences
between species or hubitats s to such losses have not been established.
Insects, rodents, and birds seinetimes cause serious seedling losses.

As the season advances and the soil begins to dry, biotic losses
largely cease, and mortality thercafter is due principally to physical
agonts.  Insolation, causing high surfnce-soil temperatures, is the
most buportant agent of mortality on exposed sites. Injurious
surface-soil temperainres, beginning at about 120° F,, occur contmoenly
during the summer months on the more exposed sites. Temperatures
are highest on duff, making this surface especially hazardous on
exposed sites.  They are somewhat higher on burnt mineral than en
natneal mineral surfaces, owing to greater absorption of heat by the
blackened surface. BSurface-soil temperatures are less important
umder shade er on sheltered sites, and under fairly dense shade or on
north stopes nee aot & cause of mortality.  Western white pine, grand
fir, and Donglas-fir are the species most resistant to heat injury,
wostern lareh is intermediate, and western hemlock and western
redeednr nre relatively susceptible.

Seedling mortality from drought, the second greatest physical
factor, s directly governed by the relation between soil moisture and
root penetration, 1f seedlings can extend their root systems in pace
with receding soll moisture as the season advances, drought mortality
will not he important.  On areas exposed to full sun the deep initial
root penetration of western white pine, Douglas-fiv, western larel:, and
arand fir protects these species {rom drought losses despite early
drying of the surtace soil, but the shorter-rooted western hemlock and
western redeedar suffer heavily. On heavily shaded, ccol, and rela-
tively moist aress, drought is paradoxically the most important
physieal cause of mortality. Here initial root penetration of all
species is slower, and cven 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 sovere sites is best under
part shade.  On move 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
speeies, western hemlock and western redeedar relatively susceptible.

The problems of natural regeneration do not end with suceessful
scodling establishment.  Seedlings stands may originate under con-
ditions inimical to satisfactory subsequent growth, and to only a
distmetly Tunited extent ean composition of the soedling stand be
controlied.  After establishment, requirements of individual speeles
for best growth differ widely. On exposed sites lodgepole pine and
western larch develop best on arcas almost without shade, where
they make the most rapisl growth of any species in the type. On
such sites western white piny, Douglas-fir, and grand fir, though also
hardy, are henefited by moderate oveehead 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
thaty western white pine and other associates under moderately dense
shade.  During the period of carly development, roughly the frst
30 years, rate of growth and species composition can be 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 cutting, and
selection cutling.

("lenr-cutting, cither in strips up to 400 leet wide or in fairly large
groups. is well sulted Tor reproduction of stands on the less exposed
sites that melude a high proportion of western white pine, It is
nol a good method on severe sttes if i ereates very large apenings.
Best application is in even-nged stands of merchantable timber fully
vpe for eatling ov in overmature stands containing large volumes of
defeetive nnd unmerchantable timber, [t is a wasteful mothed where
consiclerable volunies of sonnd but unmerchantable timber are present
that may become mecehantable in the future.  Clear-cutting can
often be combined wlvantugeously with seed-tree or shelterwood
methods.

The sced-tree method, that is, clear-cutting with the reservation of
seleeted seed trees, is widely wsed an the national forests in the western
white pine region, Tt is woll suited to regencration of western white
pine stands an more sheltored sites.  If properly applied, it is depend-
able. It removes at asingle cut the maximum volume of merehantable
timber over extensive areas that will leave enough trees to instro
natural regeneration.  Application is best in even-aged stands con-
sisting principally of mature western white pine, and the most expen-
stve and wasteful in stands containing Inrge volumes of unmerchant-
nble timher.  Forest Service timber-marking rules spectfv 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 domingnts not less than 16 inches d. b, h., of
good vigor, with well-formed, normal crowns.  Western white pine
15 relatively wind-firm; losses have averaged only 3 to 10 percent over &
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10- to 20-year perioid, A second et to remove seed trees is not essen-
tial sitviculturally,

Probably most cuttings in the western white pine type have left
residun! stands of the shelterwood type, though relatively few have
been so intended. *Zero-margin® selection cutting usually leaves
such stands. The shelterwood wmethod consists in removing the
parent stand by two or more cuts, natural reproduction becoming
estublished under the shelter of a considerable part of the parent stand.
[n Tew instunces has reproduction fellowing the first cut yet become
sufficiently advanced to necessitate a second cut, and in still fewer
instances has the second ent been made.  All the prineipal associates
in the type reproduce readily under shelterwood, with the possible
exception of western lareh and lodgepole pine. The proportion of
western white pine is usually not so high as under the secd-tree or the
clear-cutting method, necessitating cultural measures to correct
unsatisfnetory composition.  The method is especially suitable in
stands contatning mueh sound timber of desirable species but of less
than merchantable size, which ean ndvantageousiy be left far  second
cut, [t does nol give good results where the stand left after the first
cut consists principally ol trees nol worth logging.  Composition of the
ceproduction stand is then usually poor, and the diflicult problem of
disposing of unmerchantable trees is passed to the Tuture.

Seleetion eutting, the method ol repeated cuttings by which an
pll-nged Torest is maintained continuously {not to be conlused with
zevo-mprgin seleetion entting), eannot be said to have been actually
appliedd in the western white pine type, although some cuttings made
i the type have resembled it [t appewrs to offer relatively limited
possibilities in this type. as it tends to favor the more tolerant species,
which, with the exception of western redecilar, are the least valuable.

Acenrding to present knowledge, the elear-cutting, seed-tree, and
shelterwom! methods all deserve a place in the management of the
woslern white pine type.  FPorest conditions are too diverse and the
necessity for compromise between silvicultural and economic aims too
pressing Tor any one method to suffice,  Selection of the particular
methed Lo use on a given area should be based on careful, rational
appraisal of economic and silvienitural faetors,
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