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INTRODUCTION 

Thp pUl'pOSP of this bulletin is to bring togpther the available infor­
mation on nat\lL'al reg<'nerl1tion of the Wl'stem white pine type, based 
on about 25 years of forest l"('search and 30 years of Ilationnl·fol'(>st 
ti rn bl'r-cu tt ing expC'I.·ie'Ilce, 

\V(>stl'f'lI wh i te pine (Pinus monticola) forms the ke;)T specie'S of the 
vfI,lun.hlc wpstt'l'll white pine type of northern Idaho and cC'l1tiguous 
portions of \Vnshington, Montana, and British Columbia.. Although 

, Received (or puhlication June 20, 19·10. 
; 'I'h,' writers wish to ncknowledge their Irulehtedness to n numher or men who bave C<)lItributcd to the 

stud/f's n'portcd hHc; to D, n, Drewster, first director or th~ Pricst [{h'cr Experiment Station, now the 
Northern !tocky Mountnin "'orest nnd Hung(' Expt'rimt'n\ Station; to J. A. Larsen nUll the lutc Hobert 
Mnrshnll, fornwriy rrwmbcrs or the station stnff; to Oerhard Kemlilf nnd J. B. Thompson, SUCCt'ss"·c r..sident 
cJll('l'r~ nt. thp Prl,'s! Hh'f'r ,'x,"'rim~!Itnl roresl; to mJlny fon'sl D,lministrnth'c allie('rs, particularly El,'rs 
Koch, W. B. Oreeley. C. K. Mcflarg, PhlJip NctT, M. fl. Wolll, nnd p, r. Rockwell; IItHI to a nurnh,'r or 
patholqgiJts I\UlI entOlllologists, particularly J. n. Weir, I" E. iIubert, S. N. Wyckoff, /ind J. C. EYt'ndClI. 

1 



2 TECHJ.'<lCAL BULLETlN 767 J U, 8, DEPT, ~)F AGRICULTURE 

the species has a rather extended geographic distribution as a species 
(fi!;, 1), the region 3 in which it is the most important constituent of a 
dominant forest type is relatively restricted, as shown in figure 2, 
In many localities outside its area of abundant occurrence, westem 
white pine grows well and makes excellent de,"elopm0nt as a timber 
tree, but for the most part it is a minor constiturnt of the forrst, 

N cdi \'e to a rrgion chal'lH'tt'I'ized by precipi tOllS topogmphy, the 
type oC(,lI1'S IUl'g(>ly in il'regulnl', often att(>nuatrd bodirs following til(' 
IllOl'e moist ('rp('k bottoms, lower brnclH's and flats, and northpdy 
sJoprs (pi. 1), oItpn fonning intl'iclttr ground paU('I'nS, as is wr11 illus­
tl'lltl'd in figul'£' :3, Vltl'iou;.; iL('cicIPnts of stand origin illld deHlopl11ent 
hnv(' nlso conll'ihulNl to til£' "<'l'Hzy-qllilt" OCClU'I'enC(' of th(> typr 
within much of til(' I'('gion, Insblll(,('S of 11101'(' ext!'lIsin' bndil's at'(' 
found ('hipfl~" in til(' bl'OtHler l'in'I'\'nll(TS, likC' tllnt of till' Prit':-lt Hin'r, 
and on tlH' smoother lowpr slo()('s, such ns thmw Iwtw['en St. ~luries find 
Orofino, along til(' w('slern bo l'eI 1'1' of its t'Hngl', 

C'om rrH'I'cill I slu.llds of w('st('1'1\ whitp pint' at'p COllfilll'd to a toirt! 
l'lwg<, of SOIll(' 2,700,()OO a('rf'~;,,~ 'Yithill this nrt'll thl' principlll:1SSoci­
nJ(' s(wci('s 111'(' wl'st('rn IItI'('i1 tLal'iJ: occ ir/lldalis) , DougIns-fil' (Psfwl()­
tSUlj{l taJ'Uo/ia) , gi'Hlld fir (.t1bicN !JI'andis) , \\'l'~[('1'11 I'l'dcl'd:u' (1' llja 

pti;'alfl) , 11IId w('sll'1TI 'ht'mlo('k ('J'Sll{J([ hd'l'ojihylla), FI'('(IUPllt nsso­
cint('s [u'p Ellg<,lm:11I1l SPI't1('P (PiCNl f7lgdmllllllii), nJpilH' fit, (Abic8 lfls;­
{)('(l/'pa) , lodg<'poll' piliP (1)i 11 U8 cOl/torin tal/Julia), Il.lld pond(,I'osa pinp 
(I'. ]/0 !ll!r rosa) , but till's(' HI'!, impOI'tant l'OIllPOlll'llts of thp typl' only 
in I'Pstl'i{'tpd lo('ali I ips, Th(' s()('ci('s ('0 III posi t iOIl of tlH' W('stl'l'n whitp 
pin<' typl' is ('x('('('d illgly nll'iu bl<" nlllg'illg' from ulmost pUl'l' wh it(' pin(' 
to (,,"pry ('oll('pi \"/\ blp ('om binn! iOIl wi lh its il:-lso('in.t('eI s(w('i('s, It mnT 
(,Vl'n in('ludl' mlllly indi\"idunl stllllds dominn"'d by otll('l' sppcips nnd 
y!'t I'(,!tlillillg Itt (Pasl 1;"; (wJ'('l'nt of whitl' ;::1\(', 

I{('lntin·ly sl11ulI but highly PI'OdlH'li'"(I, til(' WPsl('I'H white' pinp 
I'Pl!;ion sllstnins it majol' 1Tl1I.1l1lfa('lul'ilig i'ldustl'Y ill 11ol'th(,I'1i Idaho, 
llOl'thpHsU'I'n \\'Ilshin~to!l, Ilnd w{'sU'rn ~I()lltnll:1. ,,"psl{,I'n whitl' 
pill(' l'x('('{'ds all othl'l' ';;,)('(' ips logg('d ill that. I'('ginn in both ,"olunw lind 
\"alIlP, "Lumi>l'I'ing in thp gl'l'lltf'l' pnd <)i' nOl'th Idaho, with the 
('olnrHu'ntivpiy high logging <'osls PllC'Olltlt!'l'l'd, is Illa<lp possiblp only 
thl'()ll~h titt' high \'nlllP of tilt' whit!' pilw" (.-].2).5 On ,Jalluary 1, ] 0;3G, 
it Wlls t'stillln.lpd, tl\(, tolnl \'0111111(' of \\'('siPI'I1 whitt' pillP SIl'" timlwr 
IUI1{)ill1tpd to l:{,HR7 lIIilliol1 bOlt I'd f!,pl, Illmhl'I' tnlly, 01' lH'nl'ly hnlf the 
1Tl(,l'ei:nlltahl!' volull1P of tllp tnH', In I!l2;") a4 Ill(' H\"Pt'ngp al1nufil 
('ut of' this lir}('('ipli !olnl('d about 4:30 millioll bOlli'll [pd, lUIl1\)1'1' tully, 
lind IlIl.d H vulup of IIppl'Oxilllntl'ly $14,OOO,()(}(), fn addition to Iwing 
IIS('<I ('xt('llsin'ly fol' lumb!'I', W('stl'l'l1 whitt- pillt' is \"!llul'd liS u sprcinl­
pUl'post' \\'ood, :\(,llriy OIl('-quHrt('l' of lh(, lotul Illillllld ('ut is llSNl in 
1lI1lnufuetuI'ing Il1nt('hps, 

""('s{!'1'1l I'('(lcpdal' is lh!' ;;(,(,OIHI 1l1llS[ illiportullt s(}('cil's in lh(' I'('gioll, 
Its ('0111 nH'l'('in I O("'UI'l'l'IH'P pl'acti('ally coincid(,s with that of \\'PSt/'I'1l 
whit!' pill<', "(,('dul''' polt·s, lls!'cl fo!' l'l('cll'i(' POWPI' tmllsmission 
lillPs. [(ll('phOlHI lim';;, ptC'" aI'(' \\ ol'lh ('ollsidpl'il.hl,Y mol'(' thnn \\"('sl(,1'11 

l ThrnllJ.!hotH thi:-:: buIll-tin, ft·t'ion will rt)ff'r to till" gj'rlflf,lI arf'n within whkh till' Wf',\lprn whit.. pilH- l~.pf\ 
Is thr priu('ipnl ron·... t,(·tJ\·(·r, nutl tYpt· to tlw Wf "{prn whitt' pjlllll~ l't' prlJpt'f.lI:"' dptiJwd hy tht' Fj.n',Sl ~t'r\"i('('1 
munl'ly, :lS mutlln' Illn}wr stands ('olll:limug Ifi: pf'n'prlt or flinn' \\t'~11'''1l whitt' pilw \~ohlJnt~ ur irnUlutun' 
stnnd., ('onlaiuin).! 1.'i PI'p'I1nt of l1Ifm· \\p.,tt'rn whirl' p;ru' hv utHllht'r of tr('('s. • 

; Thi'i is till' nppro~jUitltf' l''\.lpIII. (If \\I'sll'rn whit" pilll' zuup I, hflth ull :tIlIl ullt~id" tlw TI:\liollnl (orf'sts. 
Zorw I t iJllhpr. n..-; d,·tlnNJ hr tt1l' Fon·:-;t ~('rvie(\ is tirulit'r IIf 'Illl'll .'lll'l it· ... , l'flw!it ion. tlJl(llll(':ll iOf\ that, Ulllif'r 
()('OlIOlllh' {'OIlIlitlollS s!I('h as hn\fl pn'\lli!pd III thl' 1111.... ' alld \\"ilh (I()rlltal (h'veioplJll'I1t of transportntion
fllPilitii's, it ("Cluld Ill" I()J.U!t'd at n proUt. 

,$ lUllic' n~ur(i~ III pnrl'nUw.~·!{ f(lftlr to Llft'rnture ('it{·d. p. '.IT" 

http:prlJpt'f.lI
http:pilH-l~.pf
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white pine on a log-scale basis. Annual production of these poles 
amounts to more than 15 million linear feet; this equals 44 million 
board feet and constitutes 63 percent of tlH~ total average aIlnual cut of 
"cedar." Other principal redcedar pl"Oducts are sawlogs, fence posts, 
piling, and shingles, and the annual totd value of these and the poles 
is about $2,000,000. 'White pine and redeedar' togethel' eOIlstitutc al­
most exactly 50 percent, by value, of nil forest pl"Oducts annually 
produ('ed in the Inland Empire. Of the remainder, ponderosa pine 
mak('s up 28 pelTPnt and other speeies, principally Douglas-fit· and 
w('stcrn larcb and to a I('sser degrN' Engdmann spnwe nnd grand fil', 
22 pp('('en t. N 011(' of the spe('il's commonly lLssociated. in the type, 
Itside fl"Om white pine and ret\c('llar, now comIlHUld log pr!ecs high 
enough to WfU'I'ILnt extt'nsive logging.

In view of the low vaitH' of thC'sl' leSSI.'!' ('ompOIH'nts of the type fwd 
the hl'it\TY inveslmellls nel'I'Ssa!'y to proted these foresls fl"Om fire tl,l1d 
dis('fuw, it is important tlllLt tIll' l'{'pl'Oduetion of valuable species be 
I.'lleolll'ngpd Itnd Litc' forests maintained in productive condition. A 
knowlpdg<' of lhe fndors controlling lll1Lul'l11 regen('l'lLtioll is neccsslLry 
to Itch ieY(' Lh is (,IHi. 

HISTORY OF I.:ARLY INVESTIGATIONS AND PRACTICES 

Tht' ('('NI,lion of tht, Forest ~('rvie(' in 1905 markcd the first fonllnl 
sU'p toward tIl(' pmelict, of silvicult.ure over -extensivc 1l1nel !tn'as 
in titP Wl'stl'rll Slates, Chn.rgeci with the duty of ma.unging the 
nat iOllal Jon'sts Jor (WI'IIlIUI('nt u8ei'ulness, this organization WILS illl­
Il1ndill,tl'ly flL(,l.'d with HI(' nl'(,l'ssity of working out forcst-clILLing pmc­
I il'('s for \'iq~ill stands wlii('h would insure adcquate rcgerll'mtion 
with dl'simbh' s()I.'('il.'s, At that time littlc was known of thc sih-icul 
habits or r('CLllirl'llH'nls of tIll' nssoeill,Led tree spe('.ies. Avnilablc infor­
mll,lion WitS limited to observations made 011 I'eprodueing bums or 
olh('I' natural bl'paks in the virgin forl'st, or on the few cuttings tlltl,t 
hnd bl'l'n made on pri\,lttdy ownpd IfllH\S, Some of this ObSel'V1Ltiolllll 
!11lttl'l'ilLi WitS published by Leibel'g (42, 43, 44) aroulld 1900, in n 
sl'l'i('s of inlN'l'sling Pll,P{,l'S on forcst cOllditions in nOt,thern Idnho, 
bl'lll'ing on tlH' sikital l'l'l[uil'emonts of thc principltl species. 

OIH' of the l'nl'li('st proj pets of the newly organized :Forest Set'vice 
was a planrH'd pll'ort to supplPment OIl n wiell' senie the genOl'ILI knowl­
l'dge of tiH'S(' nOl,thl'l'1I forests. The technil'al staff !l,ssigned to elH'h 
IIlttionttl rOl'l.'st was !,p([tli!'N\ to report nnllulLlly their obscrvntions on 
til(' ('hamel!'!' and O(,CUIT('nee of natuml reprod nction and the condi­
tiolls Ilpplll'C'ntly en('oumging 01' discouraging its cstablishment.6 The 
fund of informntion thll" builL up WitS soon augmented by the results 
of ill!'~('-"(,Idl.' t!'itll-nnd-eITo!' I'x(H'l'inll'nts in the form of actual cutting 
Olwl'iLlions unde!' Ll'chni('ai supl'ITision. Within the first 5 yellrs of 
}i'('de!'al superdsion, fiv(' w'l'y dill't~rellt methods of cutting were tril'd 
in the w('stern 'whitt' pilH' type. 

In .lilt' fil'st nnlionnl-fon'st limbel' sale 7 ill the w('stel'll white pine 
t.vPl' in I n07, on Fidl,lily Spl'tion 20 of tite Kaniksu Natiolllli FOI't'st, 
lhl.' sClLttel'l'd-seed-tn'p ml'lhod Wit!:; Ilsed. The 11.1'('11, wns clea!' cut ex­
('('pi tlml 011(' to lin th!'ifty domillant wl.'sll'm white pille tl'l'('S IH't' 

o 1'lIl'lIhll,h(',1 "'ports h~' It. r,. Frmllllll' (\I)07l, J, It. (lilli, (IOI~), W. It. :\tnrri~ (l1l11), 1111<1 (0'. r. Hock­
WI'II (11112) III"(' "Spl'dlllly III(onlllllll'I'. 

1 Tllllhrr III " IIllt IOllal.('m',l 1.11111)('r "II,' is sohl to the hi~hl'>l bltltlor, who cuntracts tu cut lhe timber u.s 
spucUlcd by I hl" Fon'~t ~(\rvice~ 
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FIG lTitE:3. Distributiun of thl:' westcl"Il white pinc typc in a typical drainage in 
northcrn Idaho. 
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acre were left for reseeding" Unfortunately, these trees were soon 
blown down, and this led forest officers to the belief that western 
white pine was not wind-firm and could not be left safely except in 
compact blocks or strips" Accordingly, in the belief that westem 
white pine "ras not wind-firm, that it was a prolific seeder capable of 
reproducing itself readily up to distances of one-half mite or more, 
and that it required a minerul seedbed for be~,/; germination (7),8 it 
was specified in subsequent sales on the Kaniksu National Forest 
in 1907-10 that the timber should be cletrreut u.nd tlic regNlcrfLtion 
she; i'd be pL"Ovided for by le!wing 2- to 20-acrt' blocks of linCH t timber, 
'2 11 ' ):.,300 feet npnI't, ncivantageotlsly situuted to disseminnt(' Reed 
()',' ~he cut-over lu'ea"9 Furthermorc, the slash on the cut-over por­
til..l was broadcast bumcd" 

On the Coctn' d'Alene National Forest, at about the same time and 
aftcr several olher methods of cutting hitd b('('11 lried, timber-sale 
ofIicC'rs deeided th/Lt some dt'ar-eutting systPIn would be preferable" 
The partial-('utting methods pl'cviously tried, ill('luding It l"Ough 
diameter spl('etion and IL crude sheltt'l"wood method that left I1bout 
100 of the large}" t1'e('s p('r ael"(', \\'('1'(' found to IWjllil"e too much timo 
for ('[u"(,ful tr('c marking and to l)J"csent IH"l1dic/LI diflkultif1s of logging 
and sUbse(!uent slash disposal. The belief n,150 grew t}Jll,t the. shadn 
of the resi( ual stand would fuvor the low-value grand fir alld hemlock 
o\'(,r pine" 

Clear-cutting here assumed a somewhat difl't'J"('nt form from that on 
til(' Knniksu rOl'eSt, the l'eSl'ITed stand ("OIl>listing of strips about 150 
fp('t wide nlternnting with cl('/Lr-c"ut strips f!'Om 300 to ·1:50 feet wide" 
Excellent regeneration took placc on tlH' Coeul' d'Alene strip euttings, 
whel'P!ls the KtLniksll s('('(l-bloek ('uttings often fail('(1 to ["('stock 
satisfaetorily, owing in part to the mon' SeVl'I"l' environmpntal concli­
tions on the l/:'v('l !\'nd open vn.llpy lands wh('re these cuttings were 
madc, and in part to the relativ('ly wide spaces betw('en sources of 
se('(1. 

These two cleal"-eut.ting methods had ('('rtuin faults in common" 
First, they pl'Ovecl economically unsound, n. mattt'r to which technicnl 
men gave S('/tnt eonsidl'l"!Ltioll in tlw first stai4t'S of devC'loping silvi­
cultunt! practices (.9)" 'I'll(' logging opel"ftlor, fon"eel to distl'ibute his 
eosh,; ovpr only about 75 p(,L"eeut of till.' Lotitl '.,.olumC' of 1Il('\'('lmnt)1ble 
timlwr and requir(,d to cuL ally tr('l~ that would IUILke IL 16-foot log to 
a 6-int'h top, even in spP('il's of low ('ommen"inl value, OftPll cxpl'l"icnced 
fimmcia.i diffieulti('s, Spcond, no itdeq nate provision wns I11ftde for 
final cutting and r('g'l'IWL"ntion on thl' uneut. strips or blo('ks, though 
these invariably contnilll,d Illature or overmatUt"e limbe'l" whieh it wns 
silviculturnlly Ulldl'sil"tlhl(' to \C't stand t.hl'ough nnollWL" ,'otn,lion" 
Third, the broudcast :dn.sh fil"(,s W('I'(' hard to h!L1ldlt' and ocensionally 
got away to (lPstl'oy 8('(>(1 bloeks 01" otlwr g,"('cn timl)(',", 

H('gn.rdIC'ss of th('il' I't'ln.tin' adVtUltnges and disiLdvtllltn,gps, how­
eyel", the clear-eut-un(\-sN'd-bloek [tnd elear-eut-ILlld-st'(,d-strip meth­
ods werc not wieldy employed, On tJl(' Cocm" ({'Ah'ne fOl"Pst, sevc'"e 
fires in 1910 cltus('(l un intolTllption of severnJ yC'n.rs in timber-sale 
operations. On the .Kaniksu fOl"est the .first formal timber-marking 
rules, drawn up in 1912, prescribed clenr cutting us pructiced on the 

I OARY AUSTIN A SI'LVICUl,TURA'L STUDY IN WESTgllN WlllTE l'INF. ~TAND', KANIK't' N.\TIONAI, FOREST, 
File momornndum" cr, S, Dept, Agr., Forest Servlc(', IIlII. 

P For tile grouud plnn (or aDO of tile largest of these enrly Kalliksu cuttings, 5('0 G",,'cs (l8, jiu, £8), 
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Coeur d'Alene with 25 percent of the stand to be reserved in seed 
strips l'llnning along the ridge crests and up and down slopes at right 
angles to the main drainage feutun's; cutting on this forest during the 
next few years was concentrated, however, on so-called agricultural 
lands, whieh after being logged were to be thrown open to settlement. 
FOI' tht'se lands the rulps presr-l'ibed clear cutting with reservation of 
only smail pn.tehps of timber suitable for farm improvements, "When 
morp pxtclIsivc cULting was resumed, about 1912, new inform&.tion 
rplatillg to the sih'icul habits of western white pine had been gained 
and methods of cutting W('l'e soon radie-nlly changed, 

This information was gailwd by systematic observation resulting 
largt'ly from ol'gani7.f'd l't'S('al'ch, which began with the formation of the 
Priest Hivel' ExpPl'inll'nt Station in 1911 and was concentrated on 
western white pine, Cut-OVPI' areas were gridironed with tmnsect 
strips ['un at l'l'guinr intt'l'vals from nearby grepn timber or seed 
blo('ks, Important hnhitat: fadors wpl'(' cardully cieseribed and a 
l'cc'ort! was mud!' of tIl(' 1ll1l11iJ(,l', agc, ancllocation of the trep seedlings 
found, and of tlw kind. of surface (e, g., duff, minel'Ul, or burnt min­
eml) upon whi('h gt'l'minn,tioll had OeClU'l'l'<l. On til(> basis of its 1912 10 

and 1913 irn'p:-llignlion:-l, til{' station madp the following important 
contributions lo ~il\'i(,fil knowledge: (1) Long-distance disspmination 
of w('s!pm whitt' pill(' s(,pcl wus thc exccption rather tlum the l'ule; (2) 
wpstprn whitl' pi!ll' dOl's 1I0t rl'quirt' !L milH'l':ll sC('dbed for satisfactory 
gprminatioll, l\lltl ('Oll:-l('(jlll'lItly bl'OlldC'ast slnsh burning is not justfied 
itS u. nH'nns of in:-luring SU!'('P:-lSfllll'l'gPIH'I'tltiol1j (3) \\'pst(,l'lI whitr pine 
8(,pd probahly l'('maills viahlp for st'vl'I'nl SNtSOllS in tht' duff under 
matm'!' whitt'-pinr stands, TIH'se conlributions hv,d au immediILte 
lWei marked dYed upon silvicultural practices in the western white 
pilll' l'('gion, 

TIl(' first rrgion-wid(' tim bl'l'-murking rules for western white pine, 
dmwlI up ill thl' fall of I 1l13, were basrd on the theory ILdvanr,ed by 
iIofnllLnn (.2.1) thlLt sred storNl in the duf)' unller old-growth forest 
stU,IHls pould be deprndNI upon for l\dequate regenemtion after 
cutting. Thr;;;t' rules, prrp:tl'rd by Sf. B, Gl'eeley, l'eject('cl the prin­
('ipl\' of leaving large strips 01' blocks of timber uncut as IL serd source 
and plac('(l almost entirr drpendence upon seed in the cluff and 
whu,tever advance growth might be present (47), Under these rules 
('neh f,ale area wns to be e!P!)'I'-cut ('xct'pt that approximately 10 
[H'l'C'pnt of tllr stnnd was to br rrtn,inNI in compact groups, principnlly 
to providr for J'I'Pl'OdllC'tion whrl'f' the sUl'faee bad been severely 
bUJ'n('d in s\n,sh di:-lposn.l n,lIcl to insUl'e restoeking in ('usc thc first 
l'epl'O<iudiotl ~tand \\'(,I'e destroyed b:-.' later firt', The s~ecl-t1'ee 
gnHlps \1;"('1'(' to 1)(' splwr<i from 200 to '100 feet apart, ayeragll1g' one 
gl'OUp to ('n('l1 2 tLCl'rs, The sln.;.,h was to br piled b('£o1'e being burncd, 
in ord.('J' to Sll,',(, as lllll('h advnl1('(, rep rod uction as possiblr and pre­
srI'\"(' whjt<, pin(' 8('('d stol'l'<l ill the duff. The ruks pl'o\'ided also for 
girdling UllTll('l'<'halli':lhlr spr('irs, such as gl'and fil' ILnd hemlock, or 
drstroving thrlH by piling and burning sinsh nround them, 

T!l('s(' l'ul\'f; miu'krd two ad\'ILnc('s not prc\'iously mentioned: 
(1) A growing ['e('ognition, bt1s('(1 on int'orll1fLtion collected by Rock" 
\\'rll, Ko('h, ILnd other fOl'eBt of\l('ers, that westcrn white pine was 
fnirlywind-firm in most situations and coulll snfely be left either in 

,Q Annual r,'port or tlw Priest nil'~r gxprrilJlentulForcst.. Northern Rocky :'>Iountnin Forest and Range 
g,pl.. ala, 1D13, [Unpuhllshed,! 



8 'l'ECHNlCAL BULLETIN 767, U, S, DEPT, Ole AGRICUL'rURE 

small groups 01' l;ingly; (2) a sq UILre f(wing of economic ('eq uirelllents 
by p('ovicling for the prorating of logging costs over a larger per­
centage of the stn,nd and for the disposal of unmerchantable timber, 

The 1913 rules, slightly revised, were applied widely on the Coeur 
d'Alrne and to sOlllr exten t on the St. Joe and Lolo National Forests, 
Excell(,tJ t regeneration on tt number of areas cu t o\'C!' in 1914 and 1915 
bears Lest-int-HlY to their genemlly satisfactory chn-mete'!' when applied 
on ftwontblp areas and unller desiritbl~ sbtnd conditions, Forest 
offiecl's, however, found them undesirably rigid. \Vhite pillc did not 
n.lways occur in it man ncr pennitting the reservation of well-distributed 
sred gl'Ou ps; and rcten tion of a fixrd percen t of the original stand 
\'olulll(, in seed trces often resulted in keeping more or fewer seed 
tl'l'('S than sil vicultllrnl conditions req uir'r(L Large r,umbers of 
smnJI or' ulllller('hantnbl<, tn~<'s remnining after cutting on some r..reas, 
particularly wh<'I'P timbN-slde ofHeers fnil"!d to mnke full usc or the 
nmrking pl'Ovi8iolls for th(' girdling or' dcstruction of unmel'dutntnble 
spreil's, oft<,n ohsC'llr<'d th(' sN'd-tr('r groups; some nl'eas cut under 
the sprd-tree-gl'ollp systrm ('ould hnrdly hr distinguished from tL1'rn<; 
('ut lInder n I'OlIgh din,lllett'r'-seleetioTl systrlll (45). Reconsideration 
of mnrking-rule ref( lIir'Plll{'ll h; was indic'ntpd nnd ItIter considernble 
prplill1 in 111'." (irld work in 1911i fi ['rgionn,L mlll'king board met for this 
purpost' in ~In,y IIlI£) n,t Coeur d'AlerH'. 

The IlliG marking bO:1.I(\, composed of F. A. Silcox, J. F. Preston, 
~l. H. Wolf!', IDlers Koch, F. 1. Rockwell, C. K. McHarg, and 
.r. Kittrrtig(', ,Jr., :1.ssistp(\ by D. R. Brcwst·erof theexpl'riment stntion, 
tin'w up It set of IIllLJ'king rules (45) specifyil.g the adoption of the 
s('attt'l'P(\ sepr\-tr'rl' systrm for matUl'r western white pine stands. 
TIll' un<irsimbl(' rigidity of the 1913 rules was nvoided by confining 
til(' nrw rules to grrwml guicling principles, provision being mnde thtLt 
su pplt'IlH'n tal l'ult,s be pn'pal'ed to meet the spepific needs of encb 
logging ('.hance. 

XII sound lrN'S of sprcirs ot!wr than whitr pint' were to be cut to 
the Lowest mcrcilnntn,blp size, stumpage prices being ndjusted to 
rN'omr)('nse thr logg<'l' for the differential betwern production cost 
n.nd iwpmge srl\ing pl'i('e of til(' mixrtl species. All defective nnd 
Illlmer('hn.ntubl(' tTI'PS that would intel'fer(' with whitr pine reproduc­
tion Wl'I'(' to 1)(' deHtroyed by slash hUl'l1ing, girdling, or f('lIiTlg. 

\;n,r'c' Ii , Douglas-fir', r'('c\eNI fl.1', nnc\ spru('r w('1'e elnssiJj('d ns generally 
d('simblr llssocifttrs; Hnd w('stel'l1 hrrnlock fl.nd grn.nd fir as ulldesimble, 
1)('C'ltuse of tlwir c\t'nse ('rOWI1S, prolific serding, tolemnee, and tendency 
to br, drfC'C'tive. 

'I'll(' adoption of till' I!) Iii nilrs ('uiminll.krl som(' 8 y(,ll.rs of intensive 
('fTort and invesliglttinn on th(' pftr-t of It<iministl'lttiYr and resenrch 
offkrl'R in the wpstrl'll whitt' pinr typr. Br'pwst('r',11 summarizing 
inv('stigll.tive work up to this tllll<' for eonsi<i('mtion of the marking 
bonrd, C'u,llt'd attl'ntioll to ll1at('l'inl Pl'OgT('SR along severn I lines. 0011­
sid('l'n,bl(' information hnt! bccome IWi\,ilnblr on srr(1 pl'oc\uetion in 
westrl'l1 white pinr Htn,nds. For example, obser'\'ationn.l stlldies had 
revenlrd westrl'l1 whitp pine as it eornpltl'!ttively light but fnidy fre­
C[lIt'nt s('('(\rl', pl'Oc\ueing sonw eOl1rs nLmost evrry year with go'od to 
nbUlldnllt, emps nt intrrntls of 3 to 4 years. Al1 In\'estigatiorl of sepd 
prod uetioll eond udrd by Zon (OS) in the fnll of 1911 hnd shown thnt 

11 nltr:\\"~TF,ll, D. n, STl'I>Y 0,' ~fETII0I18 01' Ct!TTfNI1 IN TnE \\'ESTEIlN 1,'lIITE PINE TYPE. Nortift'rn 
J\"f'ky MOflutnin For('st I\lld Illlug,o I>'pt. Slll. 1016. (Unpublished.] 
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in II moderately good seed year well-stocked, m.ature western white 
pint, st:.wds pl'Odw'ed 2% to 5 pounds of genninnble white pine seed 
(75,000 to 150,000 seeds) pel' acre, and that pt'lteti('allv the ~ntire 
('rop WlLS produced by dominant and coclominant tt'res, f..atpr studies 
by Brewster 12 brought out a definite v!tl'iation in western white pine 
seed production with size of tree, the sizp of the seed crop being in 
gnH.'l.'ltl directly pl'orOl'tionate to that of the tree, 

Considerable infol'll1ittioll had been gathered, betwh'fl 1912 alld 
1910, bearing upon the probable source of the seed from which re­
production, usually even-!\,gpd, had come in on Westl'l'll white pille 
areas throughout the regioll Itftel' fires of vilryillg severity and aIter 
('ll ttings tlmL l'rl1loved 11lOSt or all of the Dll'rdllLn table timber, As a 
starting point, threc possible hypotheses of seed source were recog­
nized: 13 

(l)Wind-clisscminatp<.l seed from green timbet' standing at or ncar 
th('. odges of til(' inC!l, EMly tnll1sect st.udi(,s of reproduction originat­
illg Jrow lmo\vll seeel sourccs on somc :30 burns !llld cuttings had shown 
that about 70 pereent of the white pine seedlings st!trted within 200 
feet of is()!.lLtrd paren t trl'(\S ane! about 90 prrcen t within 400 feet, 
"\1though white pine seed is capable of traveling long distallces in 
rxposNl, windy situations, it WILS obvious thn,t l'eHtocking by wind 
([iss(,lItinntion of s(,pd from distant SOllr('('s would be slow and lIn­
('rdaiu, Sueh tl'('rs ('ould thNcfor(' pby only lL minor I'ole illrcstock­
ing I!lOI'P than 11 fl'w hllndt'('d feet beyond the gl'(,(,11 tilnb('r, 

(2) S('('d [)I'odu('('d by li\'illg tre('s left frOIll cutting 01' fire, It wns 
doubt.cd thn,t the gl'(,(,11 tt't'CS left standing after fire were in gen('rnl 
1111111('I'OU8 enollgh Ot' sufliciclltly well distributNl to produce the 
nhlllldlmt HI'I'd slIpply ft'OI11 which had sprung the mn.ny d(,llse, even­
ItgN[ YOllng st!1llds found, tbough Brcwst('t' I'eported 011e sueh instance 
on thc Coru I'd'Alene Forrst and t'reonlNl the 1':1,(, L that ill S0111(' timber 
stnnds su.bjPct{\cl to ligh t surfl.lce fil'es ill 19LO, the tops of It eonsid('l'ttble 
Pl'Opol't,ioll of the trl'f'S rcmll,inrd green fot' 3 yt'nl's after the fit't' , 

(:3) Srrd PI'OdlJ('('d bcfore ell tting 01' fil'(' n.nd stored in the surfacc 
dull' l1nd littcr until nft£'1' cutting ot' bUl'ning occurred, Although 
BI'(lwstrl' llott'C1 that all t:hl're SOlitTN, might pIn.ya pn,l't in regcnemtion, 
s<,<'<1 ill tLtc dufr, pm'tiellllLt'ly 8101'(·<1 sepel (,lll'l'icd ovrl' fl'om former seed 
('rops, lllltde H strong n.ppenl to Ow jUll1.gjnation of the tlVCl'l1ge foresl; 
ollicrt' tLltd dl'ew mOl'c than its shnm of n ttl'ntio.ll n,nd stlldy for nJmost 
/1, <1reade nJt('r the 19 I () rilles w('l'r pn'pn,I'(>(L Tl'l1l1sret studies had 
fUl'nished lInC(urstionl\,blr evidcnce thnt s('('(1 in the dufY from au 
iml1H'cliately pl'l'('rding seed ('rop 01' fl'Oln an l\al'liel' crop bad played a 
plLt't in reproduetioll on cut-over tLnd bUl'I1ed-ovN' nl'cas thl'Oughout the 
Wl'strl'll white pitl(\ region, Somc arrltS ('xu,mined in the course of 
thrsp Htll<lies on which cutting had lrfl: few, if any, whitr pine tl'Oes 
('tl.pnblr of bcttl'illg s('rd, but which hnd. not been hl'Oadcltst bUl'rwd 
following ('utting, slIpportl'd excelll'llt stands of sr(\dlings from 1 to 4 
,YPILI'S old, ~[ost of these scrdlings had g(>J'lIlinll.trti 2 years aftet, 
clIt.ting, pn'sumnbly fl'om stol'cd seed, 0" pll.I,tinlly bUl'Iled fl.l'eas it 
was fOllnd that most of the secdlings present, except those within tl 
few chn.ins of grren timber, lln.d germinated on ligh tly burned or Utl­

bUI'I1(,(j duO', Additional evit/!'nct' was pl'esellU\d hy Lal'SCll, who 
" I\ln:wwrr:tt, 1>, It, II'E"T~;Jnl WlII'U: ,'llU: SE~:t> PIlOIH'CTION, Northern flo"",. ;>'[uulI\lIin For~sL nnd 

nllll~t' [';'pt. ~tll, Will, WUPllhlls1J('d,\ 
13 -- fn:"E,IUrll \I ETlIon~ IN Tllf; ~TI'IlI' O~' N \Tl"ltAI. Itto:l'llOllrCTION Xortlwrtl Hueky :Vlolln!,,1n 

~'(l(('$t lilld !(IlU~O gxpt, I:HII, [II, d,l IU<lplllJlIslt~d.J 
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took up sections of undisturbed duff from beneath mature and over­
mature timber stn.nds ncar the Priest River station hen.dquarters in 
August HH3, and found thn.t the top In.ycr of dufl" contnined bE'twcen 
noo and 5,000 "inbl(' whit(' pine seeds per 11(,l"e. 14 How much of this 
s('eel had come from the light seed crop in 1912, and how much from 
previous erop!';, it \\'itS impossible to ~ny j bu t ns th(' duf)" samples were 
gntherrd in AUl!ust, 1H'[or(' the 191:3 ('rop could hnve bC'0n rele11se(l, it 
Vias ('ertfLill thnt this seNl hn.d n,lren,dv remained yifLol(. sOlllewhfLt 
\Olll!t'l' thn.n tlH' llol'l11nl overwintel' pe'riod. On tIw basis of tilesE' 
studies Brewstt'I' ('stimn,ted that the du£]' on ol,d-gl'Owthwestel'll whit0 
pine HI'eft!'; n.t the tinH' of (,lItting contnin('('., on the n,yemge, 2,900 
viable white pine seed pcr aere, 

In addition to the c,Tidclwe on seed produ{'tian ttnd seed source, 
('onsidernblp infol'lnntion hn,d bl:'en gn,thered IIpon other sil vil'nl f('ntures 
of importttl1ce, The indicntion n,pj)(,ILred dcnr that whiu, Jline could 
g-el'rninn.(\ !wd slIl'vi vo with Cnidy good su('('ess on 1\.11 the common 
g-!'Ound sul'l'l1,('('s, inClUding bfl/'c mineml soil, dllff, and rotten wood, 
Though pill(~ would gel'rninnt(\ under ;Wltvy shndc, it n.pp(\!U'ed thn.t 
flO I)('['('('nt of full sunlight wus about the minilllum CO/' good growth 
!wd dl'Yl'lo]lllll'l1L On th(' oth('1' hand, if rnoistut'(' ('onditions W(,I'C 
fI1\'OI':thlt" whitp pinl' wOldd gl'l'lllil1nte and d(,n'lop })(,Ht in fllll OV(\I'­

hpad light. It hud 1)('('11 found nlso that tt sllrfnco ('oyel' ()f herbs and 
S[II'III>:< unless it "Tns IInusuul1,v d('nse or' tall 01' thc !'Oots fOl'med n 
('ol11plld sod, did not s('I'iously intol'fcl'(, with the establishment of 
white pine Hl'l'dlings, and that w('steI'l1 wbite pine, if givon n,n equn.l 
stnrt with otllf'I' "lW('i('s, wOHld hold its own nnd f01'11I a ('onsidl'l'fl.hle 
pOl,tion of the' dOlllinant stand n,t mnturity, Pcrhnps of eVOIl more 
iIllPO/'tI1IH'C WIlS thl' fn,t'!, gmdllnJly recognized, that whitc pine was 
1'(,IlHonably Will''-fil'lll, e"('·n thollgh o('('nsional ]wn,'y windfnll might 
O('('IIl', I.t had b('('n it'tll'llt'cl thltt whitt, pillc tl'ces w(,I'r ell"ily kill('cl 
by eV(,1l light 811/'fn('(' fin's, fwd ('ollsN[unlltly {'ould not h(' 1'('lipd upon, 
liS thn 1fl1:3 I'ules ('ontelllpblecl, fO/' sped pl'odu('tirln on ~lI'n!ts !wcidell­
tully bll mod [ollowilw lO"lrilw, 

S'illlilul' inf()l'mn.tiO/~, tR(~ugTl l11u('h less dl't-ailcd, bad hcen gntll('l'ed 
fol' the pl'irH'ipninssocin.tcd sppcies in thr w<,stom white pine type, 

1'hc 191 (j mnl'kinp: l'ules j>I'(l\'nd g-enl'r:dly sntisf:wtory, nnd with 
SO/TlO illl POl't an t mod ifi('!tticHlR IU'C still crn ploy('d in national-fol'est 
filllh<'l' saIl'S in the wcstel'n whitc pine typP, These rules were some­
wl1:1.t indC'filli(p, 110 W (\\'('[' , ns to whItt ('ollstitllted n good sccd tl'C(" I1ne! 
in SOI1l(' ('118(,S ['('production following ('utting on nl'cas logg-rd under 
thp/ll has l>(>el1 l'eln.ti'"l'ly POOl' IW('I1,llse undue ('onfidencc was pln('ed 
in Lhl' s('f'ding n,bility of (.I'I'I'S less than 14 inches in diameter !t,t bl'Cfl.st 
hl'ig-h t.1r. In' ll.ddi ti~)I1, e\rident'p I6 stl'ndiiy n.('('ullIulntcd that st01'I'S 
of s('C'd in th(' dun' ('(HIld not be I'nf.i['('ly (i!'pcnded upon, As a, I'cstllt, 
th(> ('Olwidion hl'C'\\' nrnong tilllbp/'-saies omc('['s that s('ed tl'ces pln,y<,d 
:1 lal',!.';(,1' PHI'I in the slI('('('ssf'ul l'<'g(,llem,ti(Jl1 or whitc pill(, than tho 
('III'I'PI1 t Illttl'king- 1'Ir1('s IISSU Ill('d Y A('('()['(linl!ly, pn.ch su b<.;('q uen t I'e­
vision of th(' I'III('s d('filwd 8('(></-(1'('(' 1'('f[lIil'Pll1pnts in gl'pntcl' delnil nnd 
on n hig-hel' stant/n,l'd, ~lnl'killg I'lIles in f'fl'p('( in J!):i7 18 spocifi('(1 
,,-:\,,'noall-"I:;,,1 or lhe Pripst Hin'r "'pc'rim!'nl,,1 P'nrl'st, :-;nrth,'rn I(O\'ky .'.It. Fnn's[ lind Hnn~[' "xpt,

>4tn, I'ti'!, (I'n,,,,III;,I,,',11 
t, f)itww(j'r rtWIIMln,d ·1.5 rC('t ubo\'(\ lh(l J.!rnund: nhhrf'\'Int(\d, d. h. h. 
:', Blu!w""'Tt',n, I). H., S.\.T("IL\i • .'·rrolt.HiI~ en' WI~s'n:w', WIIlTf; I'l~t! gt:Jo;O. Pro~rrw; rrport, ~f)rthcrn

[tn('ky ;\[011111:1111 Vlln"t nnd Ibnl'." I';,pl, ~ln. 11117, [I'IIPUl>fi,h,'d,J 
!1 I r \1(1, !. 'I'., 'Tl'IIY OI'('l"Hl\'f:Hlln: \" I~ TilE \n:STf:Jt~ W/lIT;: 1'/\': HI":, :-;nrllll'rll HI",k), ~lounlJlin 

I,'on"l "lid ItJln~l' ";xpt. ::;tll. 1I1~5. 11'111111"11,111'11.1 
H t~, :4. 1)[0:" \H r.\f t:.'\T f)t~ AI I HJtTl.T ntt:, FOltJo:.ST :;';Jo!1tVICP;. TIll UF.lt ~1,-\~M;Jo:~fEST I! \:-;lHtfHJK, REnlnN 1 
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that in mature stands two to six thrifty whitt' pinc trees, prefembly 
F) inche;; 01' Iltl'~rr in d. b. h., be 10ft per 11('1'(" the miniIllum number 
b(,lng left only if the trees WCI'O 20 inch('s or mor(' ill d. b. h., nnc! had 
Inrge crowns. Silvi('ulturnl resear('h (4-1) lmd the oxperienec of admin­
istm,livc OmCNS dULl'ged with fiee protection indil'1l tod the desimbility 
of piling fwd bUl'lling most logging slash on ('ut-ove!' lucas in t.he west­
om white pine typ(', Itnd this pmcticc be(,fl,Jlle aud hns l'Cmained 
stl111dl1rd fol' nntionnJ-forest timber sales. 

:Most of the discussion since 1916 regarding silykultuml pmcticc 
in tho western white pine type [mel the chnnges evoh'cd hl1ve ecntt'l'Cd 
nround tht' so-called infl'l'iol' spN'ies (31. 50)-the eonsidern,ble pro­
portion of most lIlt\l'('hn,ntn.bl(' ;;tlLnds thnt is eomposed of trees of low 
01' negnti\'e stulllpa.ge vlllu(', '1'1)(' low \'n.lu('s arc due to hi~h suscep­
tibility to henrt wt, of westel'll hemlo('k, grand fir, lLlHI some other 
;;1)('('i('s (2,'1, 6'4, 66, 67), ltnd to the fact tlmt the selling pl'i('c of lumber 
mltmrl'n('lIl1'(,(1 fmIll th('se spo('ies is often insufli('ient to moot produl'­
tion ('osls even i f nothil1~ WOI'C paid for the stl1ndin~ tim bel'. WhNo 
trees of su('h spec'it,s nn' not de\,pdin', the For('st Servico poliey has 
bo<'n to leiwe them 1I111'ut ill til<' hopt' that at some fllLure time they 
('an be sold Itt. n. pl'Ofil. l~or this l'('nson, 11.I·(,I1S supporting 1I1.l'~(, vol­
1I11ll'd of sound timber but of unmorcluUltn,ble spe('ies have boen 
('xellided fl'Om b'orest Sel'vi('o timber-sale boundari"s. But ICiLVing 
these low-value species on n.reas that are l'ut on'l' ClH'Ollrtlgcs their 
rppl'oductioll n.nel tenlh; to docl'en,sp t!le Pl'opol,tion of western white 
pine in the T('IH'odudioll-n,n undesil'll,bk r('suit bot·h sih-iC'ulturnlly 
and ('('o[lomi('nlly. ,,'('s(Il'n whitt, pine is the most rapid in gl'owth, 
!tnd itH wood, be('nllse of inhel'Cntly desirn.ble chfLmderisti('s, bl'ings 
!\. better mllrlu't priee tllll,It tbn,t of n.ny of thl' nssoeinted spo('ies with 
til<' Hingl£' ox('('plion of redl'ednr 1'01' poles. The lumber-priee difl'er­
ontin.! lwtw('l'(l wpstel'n ",hitp pint' 1111<1 its most vltllmble sn,w-timber 
IlssoC'iatl's, w('stNn Inn'h, Douglas-fir, Iwd grnnd fir, is from $12 to 
$l;'j IWI' thollsll.nd bonrd feet. In tllP pnst. this pric(' diIr(,I'('ntial has 
l)('rHislpd d(';;pilt, 1L1letllt1tions in thp g('n('rn.i pl'ice Ie\'!'!. 

GinHing (6) provpd to be fill t'ficetiv{' and ecollomienl nll'thod of 
killing Illdl'sirn blP trl'es lllld WilS t'xt('nsi \'Ply employed, IHu'li('ulm'ly 
on UH' ('o('ur d'Alent' Nn.lionnl Fon'sl, during 19t6 Il,nd in ensuing 
ypars. Silvi('ulturn.!ly it provl'd entin'ly satisfactory on most white 
pilW si lps. Lursen (3f" 37) pl'l'sen ted ('vidl'IH't', howev('r, thnL ex­
tensive girdling', resulling ill romovnl of prnetieally nil O\'l'lwood 
SIIl1(I(" WilS silvi('ullurally undl'simble on dl'ier sit('s su('h as flllts VillI 
soulh,'dy slop('s, n.nd llH' tmlls('ct studit's rl'polted by IIn.ig 17 demon­
slrntpd eknrly that rppl'Odudioll on sueh siles WitS Oft(,ll llllsn.tis­
fn.dOl'y. On SOil\(' othC'1' sill'S, nlthough ('l'onomi('ul and silvil'ulturnlly 
satisfactory. girdling ('ollfliet('d din'ctiy with protection rC'Cjuirements, 
ns thl' tl'l'l'S so killed Inll'1' ('ollstitu(('d It dangcrous fin' hn7.llrd. 

A compl'lllllis(' IImong silvicultul'nl, ('('Ollomie, nnd fil'l'-pl'ot('('(ion 
aims wns IlHldp in I92;~ hy so l1lodif~'illg l'Il.l·liel' prtl.cli('I'S ns to limit 
til(' llulIllwl' of tn'ps per Ilel'(, lhnt could 1)(' girdl('d, In 1924, tit(' 
mlll'kil1~ rulp;; \\'l'r(' l'l'\'isl'd to sl)('('if~' thlLt ('lilting Olwl'n.tions in 
!llll t 1ll'P stnnd;; shoul(! 1t'ltVl' n 5 to 15 1)('I'('('n L ('rown ('OV('I' on £IMs, 
Illld n, 15 to 2ii IH'l'l'C'1l t (,I'own (,0\"(,1' Oil SOli t hed,\' ;;Iop<'s, This 1'('­

qllirl'd 1l'H.ving 7 to :{5 lIll'dilllll-si7.('(1 trpl'S of lilt' d('sil'nhll' IIssocin,t('s, 
such as w('stprll. lal'l'h, Douglns-fil', Wl'stern I'l'dct'dal', and lDngelrnnnll 
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spruce or making up this number, if necessary, with trees of the less 
desirable species, All other unmerchantable or defective trees were 
to be felled and the brush piled and burned, except that not more 
than 12 per acre of the larger trees might be killed, The silvicultural 
wisdom of this revision has been confirmed by a more recent study 
(19), which definitely showed the need for shelter during regeneration 
011 the more seVPl'e sites, 

Although the 192'1 rules proved satisfactory from a silvicultuml 
standpoint, pressul'C of economic cOllsidel'l1tiollS necessitated some 
rClldjustments, The wisdom of foreing sound mixed species onto the 
lumlwr murket when these species would not pay theil' share of pro­
duction costs I1nd could bc lo~ged only if stumpl1ge prices were 
reduced, has ltlways been questiollable, At the pI'csent time every 
efl'ort is llHlde to a void cutting timbel' stl1nds containing cOllsidemble 
propoltions of sound timbeI' of unmerchantable spedes. The 1932 
mlll'king rules as modified specify tlutt if such stands are cut, timber 
of mixpd species need not be taken unless it will pay its way. 
Although lellving large volumes of mixed speciC's tends to elecl"l'ase the 
proportioll of white pine in the repl'Odllction statl't, investigations have 
shown t.hat white pine will germinate and will dll\Telop fairly well in 
its Nlriy yf'ltn; undC'r a mtheL' heavy rl'sidultl stand (19),19 Conse­
qupntly, if Lhl' rosidun.l stmlll is removed within 15 to 20 years follow­
ing log~in~ and cultuml meaSlll'C's are uppliC'd to cormct unsatisfn,ctory 
composi lion of the r<,pl'Orluction stand, tlwre is renson to expect sutis­
fnciory wit it<' pilH' repl'Od uction regardless of the lat'ge volume origi­
nally Ipft following logging. 

Anotltl'l' dp\'C'lopn1l'1l t of recent years is the restoring to prodllctivity 
of arplls supporting o\'prmat\ll"e and dpcadent stands by cutting all 
m('I'('hi\lItabll~ timbt'l', felling and broadcast burning the remaining 
stand, lLnd, unless conditions are especially favorn.ble for prompt 
regC'npration, planting after burning. This practice is later discussed 
under ckar cutting. 

CONIl)OSITION AND CHARACTER OF FOREST 

That many of the silvicultuml pl"Oblems encountered in the western 
whi te pine typC' nre due to the association of fl, number of tree species 
difl't'ring l'onsidl'mhly in thC'ir silviclll ehal'llctC'l"istics and require­
mpnts, hns Itlr'pady b('l'n madp elem', The type unites wcstC'l'Il hem­
loek and wC'stern rcdcpdnr', chnmeteristie species of the Paeific Coast 
forests, with westC'rn larch, tll(, Rocky l\·[ountain form of Douglas-fir, 
and lodgepole pine, typieal of till' northern interior fort'sts. 

Compositional vlll'iations of thC' type are rplnt<'C1 to gC'ography 
(tahlC' I), Westl'rtl larch, for pxnmpk. is less abundant in the {,l'lltral 
and soutlH't'll portions than in the northern portion of tlll' type's 
comnH'I'Cial I'n ngC' , und is entirdy lacking in many of thC' pine stl1ncls 
of lhC' C'lrunnltC'I' River dminnges, whel'C' til(' proportion of pine is 
hig-IIP!,. VV('stN'n hemlock practically disappC'llrs in the southcrn 
portion, but nbounds in the centmlllnd northern portions, Gmnd fir, 
thou~h all important cornponf'llt of' most Wl'stcl'n whitp pin(' stands 
tht'Ou~hollt til(' rpgiol1, is less pIPntiful in the northl'l'l1 than in the 

l~ lL\I(}, 1. '1'. PIUo;LUII:-i'.\H.Y N'OTKH os tU:PRQ[)("(:nON Io"OJ.I.OWIXG r.OI1m:-;n J!'-i 'TIIHl'a.: STANO~ COXT..\lX. 
ISO 1f~:,\\'Y AI>MI.,(T1'H~; Of' 8E('OSIl.lH\' MI'ECIr,H, File memorandum, Northern Hocky MOllntain Forest 
Bnd nnn~o gxpt, ::;tll, LO~8, <lee also [ootnoto 18, 
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central and southern portions, wlll'l'r it somrtimrs forms tIl(' dominant 
COV('l' Ovcr considl'l'fLble arc-as, vV('Stl'l'll l'etiel'dar, though found 
throughout til<' commercial mnge of w('st('l'Il whitl.' pim', is primarily 
confilll'd to ri \'1.'1' flats, bl.'nches, and moist north slopl.'s, Redcedar 
is o(,(,Il.sionnHy lacking on sitl.'s of all classl.'s over considemblc IU'PllS; 

for pXtunpll.', it dOl'S not occur in comml.'l'cial quantitil's in any part 
of tlit' North FOl'k draill/"tgl' of the COPUl' d'Alplw RiyPl', though 
('ommOI1 in lH'H.l'by dm,in!lgl.'s, Douglas-fir is a common component 
of young to matum stands throughout thl' region, Ponde1'Osa pine, 
n.lthough thl.' charactl.'ristic species of a timbl'r type occUlTing widely 
both to thf' ('ast and to thl.' west of tl)(' wl.'stern white pine region, 
sl'ldom is found in significant quantities in this J't'gion except along 
thp bOI'<I('r8, on tI:\(' drier sites such as south slopes, Pondl.'l'osa pine 
is not commonly associated with wl.'steI'Il white pine and has little 
importn.ne(' in tIl(' silyiculturul managt'ment of white pine stands, 
'I'll(' smltll proportions of w('steI'Il hemlock and western redcedar 
showIl in table 1 may make it seem stmnge that these species are 
cOllsid('I'NI important in the management of the typl.', the former as a 
pl'Ohll'm and tIll.' latter as the st'cond most valuable spt'cil.'s. The 
explanation is that, these species are abundant on thn better-quality 
sitrs wh('['(' timh('l' cutting has bl.'en larg('\y concentmtNl, although 
not wieldy distribntrd over the I"l.'gion as a whole. 

TABLE 1.-8J1l'cil',~ COtn1)oW/:I1:on of limbe/' slands in the weslern while pine reg-ion 

Second·growlh stnnds , Mnture 
stnnds ofSI}('('it'S �-------'--~,---Iregion ns 

Northern i Central ! SouthernIAverage a whole' 
, I 

~- --·-~----------1-"----1---1------,--­----~-~. 

Pacelli Pucent I Puct!llt PUcellt Perct!lli 
Wcslrrn white pim' ___ ._ •.•..••...• _....... , ... _ __ 
Wpstl'rII hlrch __ ....... _... ,........... 
Oouglas·nr __ ... ____ •••.• _. 
Omncl fir _.. _.................. ,. 
Wp,t,'rnhemlock ........................... 
\\\',t,'rn r('clcpclnr __ . ..............................
Engl'hnnlln spruco ... ~~ ______________.. ___•__________ ~_ 

45 
24 
11 
3 
5 
6
2 

4(; 
10 
12 
13 
7 
2
2 

55 
7 

15 
12 
1 
2,
1 

49 
14 
13 
9 
4 
3
2 

45 
8 

12 
14 

3 
4
4 

Lodg"pol,' pino. ..................................... 
Poncll'rosn pine. _ .. ,.. .......................... 

3 
1 

7 
1 

6 
1 

5 
1 

1 
9 

'I'olnl --I-oo-I--WO!--1-00- ---WOl--WO 
.- - ­ ~.-.---------

1 Ba~is, dlllll nhtnim'd thnHl~h t01llpr('hpn~iv(' ~rnwth, yipld, nnll stoeking studi('s rnndp in stnn<lsfrom 
3010 120 y,'l\rs old ('onlalnin~ 15 ll~rt~nt or IIIOrl1 0; w~stern while pine by V01UlIIl', throughout the type's 
('omnll'rc'inl ran~(I. 

, 11llsis, Forl'st Survey check cruises nggregating nearly II billion hOllrtl reel, Scribner rule. The~e check 
cmis(', thorl)ughly s'\lnplcd the rorests of the weslcrn white pine region 3S n wholc; they were not confined 
to lll(' w(',I('w whlt." pill(' type. 

F'ir!', dis('flSe, sitl.' quulity. and various accidents of stand origin 
of(pn obscmo thrsp geographic trrnds in forcst composition, In 
S(,COIHi-growth wl.'stel'll whitt' pim' stands larch, Iwmlock, "cedar," 
and gl'llnd fir arr common assoeiatl.'s 011 flats itnd 1l0rtiH'riy aspects, 
wIH'I'l'HH grund fir and Douglas-fir ar(' ('ommon associutes on soutlH'I'ly 
nsp('('ts. Lal'ell fLIld Douglas-fir al'(' found frequently on upper slopes 
and ridges, In addition to areas classcd as of the wcstern white pine 
typl.', them nrc extensive urI' as thn,t, because of various vicissitudes of 
stand OI'igin and developml.'nt, now containpmctically no white pine 
but art' cnpable of producing stands with f1 good proportion of 
whit(' pine, 

I.n (\rllHit.y and luxuriance of tree and plant growth, western white pine 
stands nftl.'ll l'esem ble the forests of the Pacific Coast (pI. 1) and nrc 
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definitely unlike the thinner and more open-canopied ponderosa pine, 
lodgepole pine, and larch-fir forests of the Xorthern Rocky Mountains. 
Basal areas 20 of from 250 to 300 square feet per acre in well-stocked 
second-growth stands are common. Timber stands often reproduce 
with exceeding abundance; seedliugs are numbered usually in thou­
sands fl,nd occasionally ill hundreds of thousands per acre. Stands 
50 years of age often contain 3 to 6 thousand trees 1 inch or more in 
d. b. h. per acee. In volume, western white pine stands rank well 
among the betier conifer timber stands of the country. Gross 
volumes (all species) of 40 to 60 thousand board feet Scribner rule 
(G,f.iOO to 9,800 cubic feet) per acre are found over considerable areas 
of old.-growth forest. (Usually, however, such volumes are less than 
50 percent white pine.) One of the first impressions received by a 
visitor to the white pine region is tho abundance of wood, in trees 
both live and dead, standing and dm'lll. The combination of dense 
timber stands, steep slopes, and thick underbrush in forest openings 
often justifies the local term "Idaho jungles." 

A factor contributing largely to the density of western white pine 
stands is the intermixture of species varying markedly in tolerance. 
The principal species of the type range appro:<o..-llnately as follows in 
tius respeet, from least to most tolerant: 

Ponderosa pine.
Intolerallb_ _ _ __ ___ ___ _ _ _ _ _ ___ _ _ __ _ Western larch. 

{Lodgepole pine. 

lLI I . t I . tit {Douglas-fir.

"' O( ela e) 0 eran --------------. Western white pine. 


Engelmann spruce. 

Alpine fir. 


Tolcrant_____ - - - - -- -- -- - --- -- -- - - - ~;:s~~r~\emlock.

( 

Western redceclar. 

Western white pine is almost exactly at the midpoint of the series in 
tolenmce. Stands are often two-storied, ,"v-ith white pine, larch, 
Douglas-fIT, and grand fir in the overwood and the more shade­
enduring hemlock and redcedar occurring chiefly as an understory. 

"Weste1'll white pine stands tend to be even-aged. This tendency 
is espeeially strong for stnnds less than 120 years of age and for the 
less tolerant species, particularly larch, lodgepole pine, Douglas-fir, 
and white pine. These species lIsunlly reprocluce rather promptly or 
not at all follo\ving fire, epidemic disease, or other major forest 
disturbance. In most stands less than 120 years of age, a span of 
20 years includes 75 percent 01' more of the trees of these species. 
Grand fir', hemlock, fmd redcednr, however, germinate and survive 
for an indefinite period under relatively heavy shnde, and these species 
often reproduce 0\'01' an extended period of yenrs. Reproduction 
stands origin!tting ufter par·tial opening of the stand snch ns is caused 
by wind, endemic disense, insect attack, or light burns consist prin­
eipullv of these more tolemnt speeies. As a result of these tendencies 
the overstory of second-growth western white pine stands is usually 
very nearly even-aged, though sometimes consisting of two or three 
fairly well-defined age classes. Usually an understory is present, 
made up of the most tolerant species, including a much wider range 
of ages than the overstory. A true all-aged condition, such as is often 
found in ponderosa pine stands, is rare. 

'0 Basal are~ is the cross-sectional area of the trcc stem at n heigln of 4~2 feet above ground. 
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Subordinate vegetation is scanty under the denser stands. Ohar­
acteristic species are the shade-enduring wildginger (Asarum 
caudal~lm), queencup (Clintonia unijlora) , western gold thread (Coptis 
occidentalis) , bunchberry (Comus canadensis), twin flower (Linnaea 
americana), clubmoss (Lycoporli1tm spp.), myrtle boxl('af (Pachystima 
mY7'sinites) , pyrola (Pyrola spp.), false Solomonsenl (Vagnel'a spp.), 
and viol('t (VioZct orbiculal(L). In openings and along streams the 
sp('cies greatly il1('reaSe in abundance, with such shrubby genera. as 
Licer, Alnus, Ce(Lnothus, Cornus, Lonicera, Ribes, Rubus, Salh, and 
Vaccinium most in evidmee. Following logging or espeeinIIy fire, a 
profusion of tbrsr shrubby species ordinarily develops. Permanent 
or s('mipennnrwnt ellC'ro!lchmrnt of tlH'sr spcC'ies on denuded timber­
lands is in some plaC('S Q. srriotlS pI·obl('m. Thero arc at 1c~llst a 
million ;"1,('r('s of OI1C'(' very produetivo timberlands on or IH'ar the St, 
Joe and Cleat'\\'itt('t' National FOI'ests--principnlly along the w('stern 
sid('-uPOll whic,lt a dense brush cover has become established fol­
lowing severe logging or fire, Over much of this land, natut'lll 
regenemtion of timber speci('s is not sittisfactory and artificial 
reforestation would be difficult and expensive, 

FOREST SUCCESSION 

An account of forest succession in natural stands will help to 
illuminat(' the silvical reln,tion and interaetion of the several species 
compm;ing til(' \\'('stern white pille type, A knowledge of successional 
tr('nds is ('Xll"l'IlWly helpful in obUlining satisfactory naturall'('g"('neI'fi­
tion, silH'C' mnnngt'll1ent mdhocls to a large clegree only modify and 
aclll pt to h u mun neNls N atut"e's cweLe, often slow, frequently wasteful, 
but IlSlIltIly ('fi't,etivl' methods, 

Followillg fire, whi('h is by far the 11l0Bt potent fuctor in destruction 
of westC'I'n whitl' pine stands, abundnnt natural reproduction con­
tainil1g varying proportions of white pine and associat('cl speci('s 
usunlly bC{,OIll('S estnblishcd (pI. 2, A), The composition is con­
trolled hy the intemetion of site quality, aspect, s('nson, seed SOlll'ce, 
and likl' factors, If the bum is very severe, 01' if it foUows elosely 
UPOll It previous burn, westem larch and lodgepole pine I1l'e often the 
fil';;t s[)('eif's to become estn,blished, fwd sometimes the only ones for a 
nUll1bpr of year's, Both these species 1U"l' 1111['(ly n.nd make cxc('ption­
ally mpid and vigorous rarIy growth. VV'"este'l'n larch gds its prompt 
start from seed s{'attel'pd by vet('l'nn trees, which, b('clUlsr of their 
ex('('ptionnlly thick bark, sun'ivt' fairly se,'ert' forest fin's; lodgepole 
pille, from tiI(' ftbundant seed supply stol'ed in {,Olles on th(' parent 
trN'S !lnd relC'ns('d w}I('n til(' firC', aitC'r killing ttl(' trees, OpN1S thp {'on('s. 
Lodgepole piliP frrf( UPll tly acts us a pionN'I' speci('s in r('forpsting 
ar('ns that ha V(' b('('n badly burned. The Jack Pine Flats n('fil' 
Coolin, Idnho, on the Kaniksu Nationnl FOl'('st, fUl'l1ishes an ('xc('Uent 
eXiLll1plc (pl. 2, B); C'lell a casual inspection shows that the densc 
stand of lodg('polp that foUowC'd a \'ery s('v('['(' fil'(' about 1850 is 
gradunIly being ['('placed by wbit(' pine, wcstel'l1 hU'('h, Douglas-fir, 
grnnd fir, and EllgPimnnn Spl'lICe, whieh in all probability oceupied the 
al'('a bdore tb(' fir(', On the great 1910 bum in nOl'thel'll Idaho, 
extensive fLl'eaS originally suppol'ting typi('nJ whitr pine fOl'ests are 
now covered with the lodgepole pine type, but Lhe morc 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. 

vVestern white pinf', also, has the capacity to reproduce itself 
vigorously and, givnn an adeqnate seed source, will readily establish 
itself on open burns. In faet, many of the best western. white pine 
stands originated following severe burns on which through some 
circumstance an abundant seed supply was available. Reproduction 
following It single burn is usually adequate and the propOl·tion of 
white pine su,tisfllctol'ily high. Abundant repl'oduc,tioll of very 
d('sirn,ble composition is a ('ommon sight Oil bums filled with fin'­
killed trees. Unfol'tunntl'ly, IH)\\'('Yel', such nrl'llS are sometimes 
burned oVC!' It sccolld or even a third time. Aftet· multiple bums 
n'gt.'nem.tion sometimes fails OVCI' a long pel'iod of yelll'S, alld is uSlInlly 
scanty and fl't'qupntly of ul1desil'l1hlf' composition, Doublt· 01' triple 
bul'lls lIsually leaye 110 liYing tI'l'c for s('cd somee. Sel'iolls site 
rdl'og-I'('ssion may I'('stllt. 

On th(' more prote('lpd sit(·s, pal'Lieuln.dy where the parent stnnd has 
bt'ol1 only ptlr't i{tlly destl'oYl'd, I'Pprod lI<"tion of till' lolN'ant Rpecics 
is more abundant !tnd IUl'e\t Ilnd lodg£'polP pine I'pprodu(,tion is 
sparse or completely lac·king. 

Ear'ly c/evclopnH'nt of the pstahlish('([ rcprod udion stand is char­
aeteri,;£'d by rapid gl'OwLh u.nd dominam'p of till' kss tol('mnt sIwcies, 
"\Vestt'!'l1 lurch, if prpsent, rapidly outstrips whitp pilH'. making ahout 
one and onp-half times as l1Iueh lwigbl growth as til(' pine ill tht· first 
30 yetu'R. Lutl'r thl' whitl' pilH' gradually gains on tlH' larch, at ahout 
90 YPlu's yi('lds only a 10- to In-percent ndvuntag£', and w1ll'n fully 
matul'l' appl'Oximatc·ly cquals In,l'eh in hl'ight. Lodgt'polc pint', also, 
outstl'ips whit£' pine in pnrlr h('igilt growth, but holdg this lld\'tllltage 
for only ahout 50 years. Gl'llnd (ir growth equals t1mt of white> pine. 
'fht' fnd that It Inq~(' numbc'r of slIpprcsspd grnnd firs remnin in the 
stand /'0[' many J('nrs nt'tel' similarly suppressed white pin£'s have 
suc('ullIl)('d oftpn gin·s thc C'lTOIH'OUS imprpssion thtlt the white pine 
has outgrown tit(· gmnd fir. Douglns-fir lugs slightly behind white 
pin£' in Iwight growth but is sompwilttt mOI'(' nggl'('ssivc <lUl'ing the 
early lif(· of til(' stnnd, uS(ltdly CIlllking more mpid diumeh·(, growth 
and d('v('loping Inl'g{'l' and dpJ)s('l' crowns. 

'1'''<, lYH)/'(> tokl'lIl1 t species, hC'llJ10('" fI nd l'(·c/('('(Inl', find to a lesser 
l'xtl'lIt SPI'U('l', uRunll.y lag- in rnl(' of growth nnd form an uncil'I'slor,Y, 
bu t oft I'll ('OIl t i11111' to l'<,pl'Od lIe(' fol' tl nil m Iwl' of ,"NU'R n.ffel' tire dOlll­
inant: stand hn.R bt'co11lP £'stnhlis\l!'d. Rl'(le(,dilr lIutkl's tlr!' s\OWl'st 
Pllriy gl'owth, Ilnd lI(,V£'1' flchic'v£'s dOlllinnll('(' in II. }~Olll1g stnnd. Hc'm­
lock, whilc' most t'1'pqupntIy nn und(·rstoI'Y sp('('i('s in young stands, 
mn.)' form on J)Joist north s\op£'s or undl'I' th(' shadp of it I'(·sidunl ov{'l'­
story an important constituent of the dominant t't'pl'Oduetioll stand, 
equalling or ('xc('eding the growth rnte of whitt' pill£'. Quilt' com­
monly, part of the hemlock is in the dominnnt sblnd n.nc! til(' re­
muin(/l'r formR a distinet understory. In mllu)' stnnds gJ'lllld fir, 
also, pprforms this clual role of overstory and understory sppcies. 

As the stand apPl'Oneh(·s maturity (pl. 3, A) its ehHl'lletcr slowly 
ehnnges. The early advantage of larch and lodgl'pole pine in height 
growth beconws leRs conspiclIous. Lodgppole pine aft£'I' 50 ,\'eH1's 
los('s ground nnc! is sddom an important COmpOIl('llt of the Rtnnd nfter 
100 years. Douglus-fu', also, usually present but seldom I1bunciunt, 
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fails to keep up sufficiently rapid height growth to maintain its posi­
tion in the dominant canopy and is not sufficiently tolerant to thrive 
in an intermediate position, Its susceptibility to attack by fungi, 
particularly the root rot fungus (Armillaria mellea), removes indi­
vidunJs from the stand ut a comparatively eady age-acconLing to 
consistent records from permanent sample plots on the better white 
pill(' sit('s this weeding-out process may beg,;n as curly as 40 years, 
As th(' stand approacbes maturity, decay becomes bidy prevalent in 
hemlock and gmnd fir, but this is of economic rather than silvicultural 
impol'tnncC', as it affects but little the vigor and growth of individual 
tl'(,(,S, 

TIl!' toll'l'Ilnt spccics become increasingly conspicuous as the stand 
nd Vtlll('('S in age, Op(,llings I'eslliting from light fires, blowdowns, or 
ins('('t Ilnd dis('lIs(' aLh\('ks ILI'e hu'gely filled by the mOl'e tolt'rant 
sp<,('ips, pl'ill('ipally grnnd (iI', h<'mlock, und re<icedlll', eithel' thl'Ough 
clevl'lop!l1l'nt of I'('pl'odlldion alt'l'lHly present but hithel'to suppressecl 
01' thl'ollgh slIhs('(III(,lIt s(,<'lling, The more intolerant species, inclucl­
ing whilt' pillt', cun Iwithl'I' p<'rsist in Lbe form of an lIuderstory nor 
stalt frolll s(,l'el lI11d('1' dl'nsC' shade, 

;"Iallll'i ty of \\'('St('1'1I while pine stands is reached Iwjween 140 and 
200 Yl'1l I'S , whpll \~+it<' pill!' :llld its associates in thC' dominant stanel 
atlnln Illllxill1l1lll yolullH' (pI. 3, 13), The stand lhen entel's into a 
lon~ lH'riod of matul'ity Illfu'ked by th<' gradual decline of the less 
loll'I'Ullt sp(lcies and thl' slow nS('t'IHIl'ncy of the morc tolerant, Doug­
Ins-fil' drops out soon nft('l' the stilnd I'enclll's maLlIl'ity, Most of 
till' whit<, pint' then gl'lldllnlly drops out, accompn.nied 01' followed by 
th!' lu('('h, Fol'nwl'l,r sUPI)l'essNI hemlock, grand fir, and redcedar fill 
SOIlH' of tlH' olwllillgs, and evelltually new reproduction, mostly 
lhough Ilot t'ntin'ly of tht'sc V('lT tolcrant species, fills other gaps in 
th(. slil.nd, Th('I'(' finally r{'slLits, on tht' average sitt', an irregular 
Iwd ulH'vpn-nget! forl'st mainly composed of gmnd fir, western hem­
loek, nnd w('st('1'Il I'('dc(·dar, which is helieved to be the climax forest 
typ!' of til(' rq:;ion (pI. 4, .11), In the nol'thelll pnrt of the type's 
('0 III 1lI !'I'e in I nlll~l' til(' dimnx forests arl' typicn.lly rl'dcednr and hem­
lock, wilh litll!' grllll<l fir. In thl' CIl'lu'Wltt('l' country, to the south, 
til(' ('lilllllX fOI'('sts nl'p 1lI11iuly redcpelnr and grand HI', with little hem­
lock, Among l hl'Sl' SIH'ci(ls, redeedal' is king, id.taining at times nn 
n}:;!' or Ill0l'l' lhnll GOO Y(,IU'S and a dinmetel' of 10 feet (SO), 

As till' ('Iimllx tvpe is a.pproaehed, the less tol('rant species do 
not <imp Ollt ('ilht'l' rq~ulnrly or completely, but il'l'tlguiflrly nnd 
slowl,Y, ('('Illllilling in tlH' sbllld ItS scnttcrell trees for 11 \"el'y long time 
(pI. 4, m, Fin', disc'Hs(', insects, wind, and snOw llil pIny a part iu 
th(' slow 1lI1lt'('h (owned the climnx, operating in iUl in'egul:lr and 
hn plm7.anL mamWI' that oft('ll obscures the successiollal trend, At 
IIlrllost nny stngt', pnrtinl or complete destnl('tioll of the forest may 
(,H IIS(' i\, partinl 01' complete repetition of successional de\"(~lopment, 
III foct, ft'w stands ev('l' reach the elinutx stage; the western white 
pill(' ~YP(' is ('ss('ntinlly It tml1sition type of scarcely suhelimax stability, 
perp(,tunted In.l'gt'ly by lire, }.[ost of the few tl'Uly climllx stancls that 
lin vc b('(IJl .found are limite!L in area and confined to moist, protected 
si(:('s,

The lif(' historit's of severnL old stands, as ll11rnyeled by Mtu'shall 
(4fj), show!'!l a very irregular tmd intricato plLttem of tlge classes, 

2BIl!H!3 '-'11.~2 
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Table 2 brin!?s out the complex nature of one such stand. E\'idenccs 
of fairly distmct 1-, 17-, 90-, 130-, 220-, 280-, 340-, and 400-year age 
classes Were found in this stand, with fire scars corresponding to the 
dates of origin of all but the two oldest. The ubility of tho tolerant 
redcedar and hemlock to reproduce following minor disturbances in 
the stand is evidenced by the fact that these species ure represented 
in L2 and 11, respectively, of the 18 age classes included in table 2, 
while the less tolerant white pine, spruce, l.I1ld alpine fir arc found in 
only 4, 3, and 5 of the age chlsses, respectively. Even in compnrn.tive­
Iy young stfmds, e\'idenee call often be found of one or more visitations 
of fire. For example, in a t9-acre mLxed white pine stand ncar 
Orofino, Idaho, of which the youngest tree was 00 years of age !lnd the 
oldest (other thltn one 345-yenr-old n\tC'l"iln) 195 YNll'S, Hnpl'ilC'gr'r 
(5d) found lllllnistakable evidence of 5 sepamtc fires occurring witiJin 
a SpUll of 70 yonrs. 

T'\III.~; 2..llIe tli.~lrib1/ti()n of In'rs oj rlijJl're~! ,qprcir" H illc!It'.~ tl. b. /t. (lnd larller 
in 1/ ril'('r-bollollt l('(\~I('n! w/till' pille stand on (/fllllil(' Crt'ek, J\anihll Salional 
Forl'st l 

~ ~~--~----, .. ~..-.~~-~-~.. ­

\\"p~t(lrn ~:ngcl· Alpin,' \r{'~tt'rll Western Entin' 
Or hl"'mlot'k r£ldcl'dnr stand 

AIW rlns.q (Ylmrs) whit" rnnnn 
pitw I.jprt1l't~ 

Percent IJuctllt Parent Perrefll Percent Pen'tllt
6HlIJ 0 () II 2~ 12 12 
81 100 0 0 () Ii, ~ 
101 120 0 0 22 0' 
121"HO 8 II 0" 610 12 
HI Ina 0 0 Il .,'1 I 6: :I 

" 

lflHliO 0 11 II 4 ; O! 2 
IHI:'~)(J 0 220 9 fi, B 
201 220 34 () 31 1,1 12 j 10
221 ·2,10 0 0 0 0 fi j 2 
2H-21iO 0 3:1 0 9 6' Ii 
2111-2iiO m () 0 4 12 14
2S1 ~:j(K) 0 0 0 0 0 0 
301-;120 0 0 0 4 1\ 3 
321 .. ;W) 8 33 II 0 II Ii 
:Hl"3r,o 0 n 0 0 0 0 
3r,1-3~(J 0 0 0 0 0 0 
;h~1 -!O(} II 3,1 0 () 0 2 
401 t- Il 0 0 I) II 3--._- --- - .. ---,,-­----.-~ ­

Tot."1 [(X) IIKI 111O 100 [(K) 100 

- ~~".-----.--~--" 

I Mter ;\111"hl1l1 1.;/1. 

CLI.;\I,\Tl(: FACTOnS AFFECTJ~G REGEXEHATIOX 

The W('stPnt ",hill' pin(ll'('gion, dl'spite the gl'l'ltt vllriation in fOI'C'st 
cornpo~iti()n fOllnd within it, is fllirly wC'1l dC'filH'd in t(\I'II1S of important 
dimlltic eondi tioll';. These indude a short SUIlllller scnson of scnnty 
precipitation !lnd low humidities with a high pel'l'entnge of clear, 
hot, ::;ultnv <lnys, and long winters with heavy snowfnll nnd fairly low 
ternpNfltlll'('s. \riIHL \'l\lo('ities nre ulliformly low, cspceinlly dlll'illg 
the growth pCl'iod. The growing 5011son is roughly the 4-ll1onth pel'iod 
from M fly to August. Phenological observations lUlVe shown that 
growth in the region i~ hu'gdy illciepcndC'nt of the length of the frost­
less senSOt\. Observations made 011 reproduction and immature stands 
from L928 to L034, inclusivC', at selectC'd points throughout the rC'gioll 
indicate thn,t anllual dinmeter growth begins bet,'"een the middle of 
April and til(' middlo of Ivlny flnd C'tJ(ls brtwoC'n till' middle of August 
and the firs!' week in ScptClllbl'l'. Height growth, beginning Ilt some 
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stations SOIll('whut latf'r, usually ends from three weeks to a month 
curlier, ending for westpm white pine by about August 15. Pt'clim­
ill!ll'Y data indicute that in muture stunds growth begins somewhat 
later nnd termillll tes at about the Slime time. 

As would be expected, weather records for this sparsely settled, 
rough, mountainous region arc fragmentary, and arc mostly from 
stations 10c11.ted iLl, the region's lower altitudinul limits or at its 
bOlllldnri('s. Howe\Ter, a considel'llbl(' quantity of applicable dnta 
[u'e Itvttihlblc, pl'inc.iplllly from yelH-long we.uther stations opemted 
by til('. For('st SOITire in coop('rntion with tho Wenther Burenu and 
i1 few short-time weather stlltimls maintained by the Forest S('rvirc.21 

Figure 4 locfl·,('s these w('ather stations. A C'onsitlemble Dumber of 
tiH'lI1 Itrc just ou tside the bOl'ders of the western white pine region, so 
that the rcconls pennit tl rontrnst of eonditions within nnd without 
til(> region. Although in Illtlny ('uses re('ol'{ls Ilre fragmentnry, they 
fllrnish ('ollsi<i('l'Il hl(' ill formation on prt'('i pibltion and tempert1.ture, 
two mo::;t importunt fil(' tors. 

PH ECI 1'1'f A'fl 0;'11 

~'f(,Ull nlllluni pr('('ipitatioll ill the western white pl1le rcgion !'!lllges 
from ~i) to Il('arly t')O inches. It illC'n'ttses mnrkc'dly with rlC\'iltion, 
tiS might be exprete<i, :;onw of the higher mountai!l statiOlls showing 
pr('cipi tatioll means se\'eml ill('.\WS in ex('ess of those shown by nelll'by 
val\ry stations 0\'1'1' similnr p('I'iods. It vari('s cOllsistently (fig. 5) 
with gC'ogmphie location within the rpgioll, rOllging npproximntrly 
from 28 to 20 in('hes in the Ilorth('m portion to 32 to 49 inc\ws in the 
W nllll('o sedor llnd ill the SOli tlwm portion. 

A great drill of this pre('ipitation eOlllrs in the form of snow. At 
13 stlltion::; (tnble 3) within the region's extNior bOlllldnries, snowfull 

'('''BI,J,; a.·~ Jrrrw ltn/mal ,~n()lI'f(/1l (It 1.'1 W('ath"r ,~Iali(m" in the /I·e.~ter" white "ine 
rr(lion 'ill I [) I.! 83, 'incillsil'e 

I,A \·rrngt·1 Length II 
nnnuat i (If 

. ~rtf)\\ (:111 f nl('ord tr 

--­ --­
WCI<thl'r ~tl<li()n 

-----;--­
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IInnunl 
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a 
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1t\·('rH~(·d I()~.R illches lmnllnlly during the period l!)12-:3:3, .mnging 
from 48 illC'lll'S nt Pete- King, sitlmted Itt the southern extreme of the 
n·gion, to ~·~·L4 in('ilc::; fit l{olnnu, situtlted Itt thc uppr!' altitudillul 
e:.;tr('IrIr. At most of thC'se stntiolls snow Insts until nbout the end 
of April, und first snow comes about the end of October. 

11 Within lind (H"" th,' we_I ern whltr pine region ttl(' Forest Sen'ire regulnrly operntes during thc summer 
month, iIlO'" Ih'\II UII r"'l'st W["IUwr ~tl\tionH. "rincl"nll\' 10 rneMUH' fir(' wentlH'r nnd forest inflnrnmubilit)' 
rt11 FI'w ~Ir th{l"(I"'l~ltiqn-!, l!O\\'(1¥£'r, hnv(l 111'(11) oprrnfl1il for n :;~m('iNlt tI1uTlh~r or yenr<:; or during n long 
enou~h pcnvu of the year to "ruv iue recurds thut coulu un used III this uiscusslOn. 

http:S('rvirc.21
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FIOUlm 'i.-Location of ycar-Iong and short-tillle wCl1.ther stations in and ncar 
thc western white pine region. 
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PIOUltE 5.-1\1ean 	annual precipitation, in inrhes, at selected weather statIOns 

ill and !lear the western white pine region. 
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Approximately 35 percent of the region's total annual precipitation 
falls in the winter months and 50 percent, almost equally divided, 
in spring and fall (table 4). In summer, about half the remaining 15 
percent falls in June, and the months of July and August are very 
dry. Precipitation in this region is classified as a sub-Pacific type 
(29), being distinguished from the Pacific type} which it Ili.Ost closely 
resemblbtl, by the fact that a proportionately smaller part of the total 
annual precipita.tion takes plaee in the winter and proportionately 
larger parts in the spring and fall. The sub-Pacific type is regr.rded 
hy climatologists as a transition stage between the tme Pacific type, 
with the prccipitntion penk in the winter, and the eastern foothills 
and plains, or ~Iissoun types (62), with precipitation peaks in the 
spring tLnd Slimmer, I"Cspectively. The generally consistent clutracter 
of the precipitati(lIl distribution in the western white pine region is 
showll in figure 6. 

TARLJo] 4.-Sl'a.~onal distribution oj precipitation in the northwestem United States 
--.------~'---.,------------ -------.-I 'rota I mean annual precipitation 

Stotlon or region Precipitation typo I ! I 
! Winter Spring Sumnwr I Full 

-~----- ! 

----;.-'ce-1I1-1-~-e-'ce-n-t --Pe-,c-ell-l -j-'e,-ce-nt 
Scat tie, Wash • _____ .... _. . _ Pacific__ .. ____ ._.__ -12 20 8 30 
Weslern white plm' region (11 stations) Sub·Paciflc ._...... _.__ 35 ?'\ 14 27 
Hoh'nn, ~[ont ..• .'IEastern foothIlls .. ___ _ 15 i 33 I 30 22 
~!i1['s ('ily, ;\Iont. _.. _. _ Plulns 11 j 32 I -10 17 

._---._-_.- ------ ------'----'----'----'--­
t As defined by Wllrd (6£) and Kinter (£9). 

The quantity and distribution of precipitation, particularly during 
the growini;i season, is important in na.tural regeneration in several 
ways. OWll1g to the heavy winter precipitation and the fact that 
sub-soils in the western white pille region are usually moist, mature 
trees are frequently independent of growing-season precipitation. 
Young seedlings, however, particularly during the critical 2 to 3 
years immediately following germination, are largely dependent upon 
current minfnll. Unless favorable moisture conditions prevail during 
the endy portion of the growing season, seedlings frequently fail to 
root deeply enough to obtain sufficient moisture later in the sea.son 
for survival. Table 5 shows the mean monthly and total growing­
season precipitation at 13 stations scattered throughout the western 
white pllle region. Figure 7 shows geographically the mean growing­
season preeipitation 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 
only 1.2 to 2.1 inches. 

Growing-srnson precipitation is very irregular in quantity. For 
examplr, at the Priest RiVl'l' Experimental Forest weather station 
sellsonal totnls have varied ft'om a high of 10.1 inches in 1912 to iI 
low of 2.1 inches in 1922; at Avery, from 13.7 inches in 1915 to 2.6 
inches in 1931. Extended per'iods of rxtrpme drough t OCCLU' frequently. 
Records of summrr drought periods from 1912 to 1931 at the Priest 
Rivrl' Expl'riml'ntnl Forest (tuNr 6), an ur('a typil'lll of tiJr western 
white pine habitat, give the number of days without measurable 
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precipitation (i. e., with less than 0.01 inch) during June, July, and 
August as ranging from 53 to 80 out of a possible 92. Similfl,r 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. 

TABLE 5.-Mean monthly precipitation during the growing season at 13 weather 
stations in the western white pine region in 1912-33, inclusive 

Mean precipitation
Lenrth GrowingWeather station of record season 

May June Joly August 

Year. Inches Inches Inche. Inchi!. Inche. 
Priest River experimental rarest .•..•.•••• 22 2.0 1.8 0.8 1.1 0.7 
Sandpoint. ......... _.........____ ..____ __ 22 1.9 1.7 .7 1.1 0.4 

R~ron•. __ ................................ 21 2.1 1.9 1.0 1.1 6.1 

Trout Creek.............................. 20 2.0 1.8 .8 .8 0.4 

Haugan .......... __ ...................__•• 22 1.8 1.8 .7 .8 0.1 

Prichsrtl ... __.........____...___ •______... 15 2.6 1.9 .7 .9 6.1 

Wallace................................. .. 21 2.7 2.3 .9 1.2 7.1 

Mullan................____............... 8 2.9 2.3 .6 .7 6.0 

Roland...............................__ __ 8 2.7 2.1 .7 1.0 6.0 

Avery•••• ________........................ 19 2.3 2.0 .9 1.0 6.2 

Kellogg............. __ .................... 22 2.4 2.0 1.0 1.1 6.0 

MlIl1selshell·Piercc••.••• __ ., __ .. __...... .. 13 3.1 2.2 1.0 • '1 7.0 

Pete Kin~ rnTl~cr station . __ ............ .. 11 2.8 2.5 .4 .8 6.5 


Average.............................. 17 2.4 2.0 .8 1.0 6.2 


TABLE 6.-Number of days in June, July, and August without measurable pre­
cipitation I at the Priest River Experimental Forest 2 

----.-...,..--~.---. 

Days Longest period of unbroken Days Longest period or unbroken 
without drought without drought 
mensur· mensur·Year Yearable pre- able pre- I Begin'clpita· Begin· tEnding Dura· cipita· I Ending IDara· 

tlon ning date I date tion tion ning date date I tion 
-.~-[--- --------

Numb., Days Number Days 
1912. 53 June 16 June 26 11 1923.... __.. 64 Jnly 18 July 31 I-I 
1913 61 Aug. 18 Aug. 28 11 1924........ 69 July 23 Aug. 3 22 
1914 71 July 15 Aug. 5 22 1925........ 78 July 23 Aug. 13 21 
1915. 58 Aug, 8 Aug. 16 9 1926........ 75 July 14 Aug. 15 33 
lOW f14 July 23 Aug. 7 16 1927......__ 65 July 6 July 24 19 
1917.:::::: 77 Juiy 1 Joly 29 29 1928..____.. 66 Aug. 3 Aug. 23 21 
1918 ...... 65 June I June 16 16 1929.... __ .. 73 July 8 July 31 24 
1919 77] Juno 28 July 23 26 1930......__ 77 July II Aug. 8 20 
1920 , ....... 75 July J.l Aug. 8 26 193L...... 80 July 31 Aug. 31 32 
1921 

~ 

80 July 3 Aug. 14 43
1922 ... ____. 

.---
~ ~~
80 I July II i Aug. 9 30 Avorage.. 70.4 .. ... ........ - ... -----_ ... _-- 22.2 


.--.---,~~-~-.~-, 

I 1. e., with less than 0.01 inch. 
, Datn Crom Jomison, O. M., CU~IATOLOOICAL SUMYARY lIOR ;THE PRIEST RIVER FOREST EXPERI1IENT 

STATION 1912-31, table 17. Northern Rocky Mountain Forest IUId Range Expt. Sta. (n. d.) [Mimeo' 
graphed.1 

Hazardous conditions for the survival of young seedlings, palticu­
larly in dry seasons, are intensified during the summer by a high per­
centage of clear, sunny days with low humidities and high evaporation 
rates. Records taken at the Priest River Experimental Forest indi­
cate an average of about 20 clear days each in July and J.ugust, and 
Kincer (30) points out that during the summer months this general 
region receives 60 to 80 percent of possible sunshine-a proportion 
exceeded nowhere in the United States except in the desert and semi­
desert portions of Oregon, Nevada, Al'izona, and interior California. 
Not only does clear weather aid in reducing soil moisture, but on ex­
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posed sitcs where moisture contcnt of th~' topsoil is low it produccs 
vcry high sUl'fltce-soil tempcratul'c'S, whic,h SC\'Pl'cJ,y injul'c 01' kill young 
plllnts by causing lesions at the ground line. Coupled with low sum­
mer humiditips (avel'aging 37.1 pcrcent in July and 41.9 pel'cent in 
August Ilnd frcquently dropping below 15 pcrcent at thc Priest Rivcr 
Experimental Forest), the mltny clear days also induce evapomtion 
rates so high that transpiration bccomes a lwavy tux 011 the young 
seedlings. Fortunatciy, as hus becn rcmarkC'd, thesc sevel'e condi­
tions al'e to some cxtent balanecd by the low wind vcloeities (aV('mging 
l('ss than 2 miks pcr hour 8 fcd abovc the ground d IIl'ing July !lnd 
Augm;t ttt thc PricstRivcI' FOI'('st), hcttvy wintel' pl'C'('ipib1.tion, long 
rc'tC'ntioll of snow eo\,('1' at Ulttny points, and model'llte preeipitalion 
dl11'ing~[lty Ilnd June. 

ThC' W('l';tel'll whit(' pine I'('gion occurs in whttL ~rt'ITiltm (-i8) has 
dC'fillPd ItS the Canadian tt'Il1IH'I'atUl'e zone. Averagc lUlntUll telll­
Pl'l'IltUl'P mt'nns (fig. 8) mngp from .41.7° F. itt Roland, in thl' C'l'lltl'lll 
part of the' J'('gioll at an elevation of 4,150 feet to 50° F, at Pete King, 
on the soulhl'rn bonl('l' at an l'levlltion of 1,550 fcct. Tempernture 
ill(,l'('ns('~ towurd til(' sou th Ilnd as l'l('\'ntion dp('l'('ases, Gl'Owing­
Sl'I1son tl'mpcrni.uI'('s for 11 wC'ltthel' stntions in the w('stern white 
pint' rl'gion m'l' SUllIllIltriz('(1 in tablc 7, The I'isc in monthly mean 
tNnpemtUI'(' is l1.bl'Upt fromMny und Junc, culminating in July, the 
warmest month oi the yell1', :\[ean growing-sl'nson tempemtures fol' 
th(' stlltions listl~d rnngl' from 5G,8° F, at Rolnnd to G5,9° F, at Pcte 
King, 

TAIII,E 7.--Jfollthly //Iran temperatures Jor the growing se(l,~on at II weather station.~ 
in the western l('hitc pine region in 1912-38, incl1t,~ive 

-----.--------;------~~-~-~~--

1----;-1_1\_[_Ol_'t_hI)~!n':~I~_t~n~:rll~~-r:-=_1 o~~~'.;~::1Wl'lIth,'r sllltlon 
May : Juno Jul)' August 1A \'eral(c , 

------------1---------_.. --- -~--~.-~--.~~-

o It'. o P. o p", OF, o P. J 

, 
Y,ur., 

Prft'st Hlvl'r t\Xpl\rirnentlll forest. 50.7 57.0 0:1.8 tl2.6 58.8 I Z'."! 
;-illndpoinl. ......... ~ .._~ .. _ 52. i 50.:1 tlb.2 na.O 60.:1 Z~ 
Ill'ron ~ ._ .. _.•••. bl.U ,,8.4 lil.ti Ii:!. 4 ,,0. ti 21 
'!'rnllt Cn1ck .... _.. ~ ..... _~~_.~. ,_ 50.0 57. i 6:1, Ii 61,9 58,5 I,; 
BllllgruL ~_. __ ..................... ~ •• 50.0 57,4 ti2.5 (il.O 57 7 2'2 
\\'"III1CI' ~ ....... __ ",_, ........_....... 52.~ W.O 60,5 6.'i.6 til. 2 21 
1\lullu/I 50.0 57,4 0:l.9 63.9 ,'i8,8 Ii 
Roland 47.·1 fl2.0 56_8 , 

50U I f)2.•S 
A \"pry 5:1.0 60.0 (ifi.O 6,'i.5 61.-1 10 
K~lIo~!( 53.5 no. 7 67.3 0.1.8 f til,S Z.! 
Pt1tc Kin~ rnng:('r !itntion .......... ____ .. ___ _ 57,2 63.9 7L7 70.0 ' liii.!l II 

i 

Although seasonnl Ol' anllual tcmpcl'Ilturcs at nlly pfl.l-tieulnl' w('uthl'1' 
stalion nrc I'elntivcly stltble f!'Om ycai' to yenl', templ'mtul'c difl'el'PIH'l'S 
bt.,twcell l'vcn nellrby stntions arc often ltu'ge as a rcsult of dl'vatiollnl 
nlld other topogmphie differenecs, parti(,ularly those nll'eeting nil' 
dl'llinngC', As with most mountain climates, seasollal nnd dnily 
fluctuations art' marked (30). FOI' cight s('lceted stntions in the white 
pinc [,(·gion, avel'llge daily l'Ilngc of tcmpcrntUl'cs in Januttl'Y val'ics 
fI'om 12° to 19° F, and from 34° to 42° F, in July and August, The 
mon tltly n,vPI'ug('S of dn.ily maxima for thesc slnlions I'eneh p('nks of 
82° to 87° F, in July, Ilnd those of the minima rcach lows of 12° to 
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22°, usually in January, the total annual range amounting to 62° 
to 71 0. 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. 

TADI.E 8.-' Yearly mean ab.,olute maximum and minimum temperatures at 12 weather 
slalion" in the western white pine region in 1912-83, inclusit'e 

IMaximum !. Minimum! Length '0-;W~nther station I : record I 

-------.~-".~~--.-------------.---"- -.- ..-- "-~ ----. 

Priest Hinr ~"11NJn"'ntnl foresL 
OF. 

07.3 
op. 
-18.8 : 

Yea,.., 

Snndpolm
Heron 

97.4 
100.6 

-14.0 
-15.0 19-20 

'l'rout ('rrok 
[{lIlIgun 

100.9 
9S.2 

-~~l 4 
-27.9 

14 
21 

\\'olh,ce 
Mullnn 

99.8 
98.0 

-7.8 
-1-1.:1 

21 
n 

Holnml . 93.0 -14.4 7 
A wry ". 
K~lIogg. . 
~[us.,",slll'lI·I·I(·r(·I\ 
Pem King mng"r stnl"lon 

102.5 
101.0 
99.8 

107.0 

-7.S 
-11.5 
-Zi.O 
-3.0 

1!i-20 
22 

6-:1 
10...9 

: \\tht..lrc 2 flgUfl'g Uf(1 gh'l"n first figurt' is for IIlflxhnn, S{'coml (or minima. 

TIH's(' wide' £luetuations have a VCI'Y important ('£feet on natural 
regeneration, In combination with low to mod crate mean tempcra­
turps, tlwy indicat(' frequent frosts, which are an active cause of 
s('edling mOl·tality. The frost\('ss season is very short (table 9), 
l'nllging commonly £I'om about 60 to L60 days, nnd owing to the 

TARI.E 9,--i1vl!rage lenytli of frost/esB season at 18 weather slat ions ·in the "lIJ1!siern 
while phte r/'(Jion in 1912-33, inclusive 

Frost· I.ength I-'rost- , l.ength 
W~nth~'r ,t"Uon less of WCfltilt'r stlltion less I of 

5('0..';011 record ~ens~lJ... r~~ 
Dug:' }"eurJl ])11/1.\ It Yell,.I

rrfl'st .Rf,\'t"r 1',t;lWrinwnlnl (Orl'st. 62 20) ;\Iullnn \03 8 
SII/ldpoint IHi i 21 ' RolnDlI 105 I 8 
1I"ron (Il 22 Avpry lOS • 17 
Trout <'reCk (Il ~~I KI'lIng ~ 129 . 21 
fIougiln (ll 22 ~[l1s.'iI·lshl\II~I)h·rL"l\ il II 
I'rkhnrd •• 105 :! I'~·t~ King runger stntlon __ ." 159 10 
\\'111111('(' 140 IU 

erratic churnett'/" of til(' d(\\-iations b('Io\\" th(' normal minima it is very 
ilTcgular from y('ar to year. Frosts may OCClIl' in any month. The 
OC(,lIIT('ll(~(' of b(\low-ff(\('zing tpmpt'l"atLlI'es is increased by the fI'e­
qlleney of tprnpNa.tur(' illY('l'Sions, i. c., tlH' oceurrencc of lower tem­
pNatur('f; nt low devations than nt high owing to the drainage of cold 
air to the lower elevations, a pl\('llomcnoI\ recorded in the western 



white pin(' r('gion by Lm'S('ll (86) and Gisborne,22 Minimum tl'mpera­
tures at n gin'J1 low l'iI'Yation may bt' itS much as 10° F. lower than at 
nelLI'by high t'lc\'n.tions, ('old-air pockets erPlltt'd in this way arc 
oftt'n mllrkl·d ('(~ologielllly by the OCClUTNI('(' of subalpine spccies such 
as alpine fir lllldEng('lmn,nn spruce along strcam bottoms Itnd flats. 
In such loC'atiolls frost mily pl'oYe au actin' agent in sepdling damage 
and flIol'tlllih', 

Although 'helwy [mst damage to nativl' trpl' specit'S is usually 
limitt'd to young sPl'(llings, sudden drops in tt'Il1IWI'I1,ture occnsiolll111y 
C!l.US(' ttppl'('('it\.bl(~ wid ('spr(,lul dtunngt' eV('ll to mnture trees, On 
Dt'epmlwr 15, Hl24, for pxnmple', it drop in tt'IHIlt'I'atu1'c f1'ol11 45° to 
_12° b', ill 20 hours 1'(,8\11t('(1 in l'xll'nsin' killing or browning or u('('dlps 
0\'('1' it Itu'gt' fOI'cs[t'd Hell ill Wnshingtoll, Iduho, ~lontana, llnd 
British Colul1lbia, .\.gllin ill 10;)5 a drop in th(' dnily tcmpel'tltul't' 
minimum fmlll 23° on Oetol.ll'r 27 to -l2° on O('lobel' 31, ns obscrved 
itt tltt' SaVl'IIIt(' NUI'S(lI'Y lltHuUgllll, ~l(}nt., resulted in widespl'eud 
killing of f()lill~(" Wt'st('rll whit<· pint' WitS t'Slweially hnrd hit; in 
80llW 20-Yl'!1I'-old whitp pilH' plantations 1\('111' tile S!1V('IHl.e Nursery 
IH'll rlv {'Vt'!'V ll'!'p LIII'IH'd \)I'OWII. Pl'l1clicully nil of th('sp trees sub­
st'qllt:lltly r\..co\'{,l'l'd, lhl' aclllnl IHOI'tnlity bring less than 5 percent, 

'I'll(' geographic houudllries of tll(, west('I'n white pine I'egion are 
fitidy wt'll dl'filwd in l('I'I11S of elimatic fnelors, Aeeol'ding to Llll'sen 
(.}O) , ('xtpt1sion of tlw typP is lil\lit~'d at th(, lowl'l' eicvntiolls by deficient 
llloisiul'C' Ulle! Ilt UI(' upp<'r p\enl.tiolls by unfavorable temperatures, 
'fhp pn'cipitaliol1 vnlups gin·n in figure'S 5 and 7, however, show clearly 
that ill(' sOllth('1'11 boun<inry ot' tllP type, whieh does not coincide with 
lilly d(>iillit(' ('hnllg(' in ('1('\'l1.tiol1, is not fixed by insulJicient prl'eipita­
tion atont', SOIlH' stntiolls south of tht' houndlu'Y l'eceive as much 
pl'pc1pilatio[) ns stations Ht similnl' pknltions wilhirt it,23 The stntiol1s 
to lh{1 south, l)(lwPVPl', 1111\'1.' high!'!' tl'mppl'ntul'e's. NUJlH'l'OIIS jnvestj­
g/tlors hflY(' pnintpd out thnt til(' pr\'{'etin'lH'ss of pI'eeipitation depends 
to n IlIlltpl'ilil (Ixtl'nt on lht' Imlnncp lH'tw(,l'1l precipitation ancl CVI1POl'l1,­
tiOll, IJsulllly pxpJ'Psspd ftS til(' PIE ratio, 

Lllek of ('vlIpol'n.lion l't'cor(\s prp\'('nts dil'l'('[ eomputation of this 
\'111I1l' hPI'P, but Thol'llthwnitl' (58J hns I'('('('[ltiy suggested a method 
lH'rIllitting till' substilution of tl'IIlPl'l'lltUI'P for e\'apomtion data, 
Eftpeti\"l'\I('ss illdiet's for both n.lIl1l1nl nnd growing-senson preeipitation 
menns hnVC' 1>('('11 eompute'd in this Wl1y fol' a number of stations within 
n.nd. neal' til(' bord('rs of the' weste'l'n white pine region, and arc presented 
in figul'('s nnnd 10, Thesc vl1lues show that owing to highet' tempcnl,­
tu['('s to the south, highcl' precipitation tllcl'e is less cll'ective than 
pl'peipitntion oecllLTing witbin tli(' type's range, The pr(>cipitntion­
l'fl't'diven('ss ind('x fol' rlinultie conditions ftwomble to the deVC'lop­
1ll(,lIt of western whitt' pine stands appeal'S to be about t 10 for Lhe 
),(\1\1' 01' 1.1.5 for the growing s{'nson, 

U (llsnou:n:. II. T., PAUl!::n ~fl"'n~n"ll Tlntl· ..~ItO\T{·ln:s .\8 IS DICES O\' "'AUt OR nH~I. WI-;.\TlIr:H. North­
Hock}' .\[Ilunt:liu Fnf<'st IIlIfl lbnQt' r,;xpt. :ltn, Appl, ~'''rcstry ;-':OW 0;', J!J:H. [;\nm~oj(mpllt'd,l 

/l !.vihen: qlll'tt"s c\'ldcnr(' Indklltil1g II (orl11"r Wider distribution of western white pine tu the south, 

http:ttppl'('('it\.bl
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SUSCEIYrflHLITY TO lNJ UUY 

Fire, disease, I1nd insects I1re the major agencies causing injury or 
destruction of western white pinp stands, 'Vind, snow, nniml1is, nnd 
occasioJ1!tUy drought I1nd suddpn drops in temper:lture are relatively 
minor causes, Silviculturnl (~Onscqllen('e of injurips hns been alrel1dy 
touched upon in ('onnpction with the successional. dp\'ciopment of 
natural stn,nels and climate; the purposl' ben' is to describe the more 
impol-tltnt agencies, 

FIltE DA~IAC'.E 

Fire is til(' most clllu'aeteristic, actin), I1nd omniprpspnt cause of 
injury to w('slt.'m whitp pinp stands Ilnd hits I('ft it!~ Il1lll'k OIl practi­
eiLUy pypry IH"("C o[ fon'st land in the ["('gion, The typP'H sllset'ptibility 
to fin' is notorious, [i'il'e also mnk('s ItIl important contribution to 
thp ill("id('IH~(' nnd spl'('iul of <lisl'nsc Iwd inscet I1ttacks. It ('olors 
('v('ry plllHlt' of rnanllgPllwllt pI'ueticp; I'egen('mlion methods, stnnd 
imprO\rpUlPllt, and sillsh-disposni flH'thods must oftl'n b(' ll1odifil'd to 
ttvoid undllP confliet with Jin'-control,'pqllil"l'nH'lltH, 

rrlw influPI\('(' of fil'C on fOl"cst SII('('pssioll and thp fnet thnt it is 
1l1rgply n'spollsibl(' Lur P('l"I)('tuttting the type Imve nirNldv been 
broll~ht out. SlIc('('ssful !lppliC'lttion of most lIl('t~hods of 'cutting 
intl'ndpd to ohUtill lIiLtuml l"Pproduction Ilec'pssitntes l'xtensi\'e usp 0'£ 
fin' to disposp of shtsb lwd ot\H'r tlt'in'is, Firr also hns important 
physicnl find C'\l('mical dr(,(,ts 011 til(' soil-at pI'('Sent imperf('ctiy 
ulldl'l'stoodlhnt. Itffprt nnluml l'(,~l'npl"lltion, Discussion b(,I"(' will 
bp limilpd to It f('w of the' ()utstnndin~ chnmetrristics of fir<' in the 
rpgion, and til<' l'('lnti\'p fin' rpsisltUlC(' of the difrt'Ii"Cnt specips I1SS0­
eintNI in til(' typP. 

Firps IIl'P unuHuitlly dpstrucliv(' in th(' w('strm whit(' pinp type; 
ofU'n th('y kill nil. ll'PPS o\"pr ('xt<'m;i\"(· lu'('ns"" 'plH"liclIlul"iy in ('ul-over 
ILnd pnrtiu.lIy i>uI"IH'd stands wllPrp tll(' OIH'nLng up of thl' forpst cnnopy 
hilS pPl'mittpd thorough drying of it largr volume of fllPls, Onc'p 
stndl'd in such a stand, fir'p oflpn gpts b('yond control, callSPS 100­
P('l"cPrll loss, 1111d spl'pnds with disl1sll'OUS rc'sults to udjoinin!! uncut 
timlwl' that might Othl'l"Wisp hn,v!' 1)('1'11 Pl"otN~t(ld sll('('PssfuUy, gxten­
sin' logging in tltp lypl' hns intpnsifipd both til<' hazard nnd til(' dc­
Htnwtivt'n('ss of fit,p. In uncut stands tl\(' dnmnge varips in s('vt'rity, 
fl,('{"of"(li tlg to such ('olld i t ions as flH'1 moist llr<', vol ump of fu('l, humidity, 
wind, Bl'ilSOn of yNI,r, and timp of duy, Fin· pnsily kills rppl'oduetion 
alld poll' sttuHIs of n,ny sppci('s. 

~rnnv fires, ns brought out itLter in thf' (liscussion of forf'st succes­
sion, t"1;;';ult ill ollly fL pfu-tinl killing of til(' stand, ThpRt' burns have 
sPvPl'ni importnnt t"NHllts, nll ('('onomien.lly !tnd siivieultllmlly un­
c]PHit"llblp. Too oftI'll it li~ht fil'(', by illct'('ll.<;ing the VOillllH' of fOl'PSt 
fupls, pn.\'ps tlH' WILy fOt" n mOI'(' drstnu,tin fin'; spl'pad of inspcts and 
dist'asp itt tht' stn,nd also is CIH'oltl'ngNI hy thp large quantitit's of 
favomhll' host tn!ltN'in.l pw\'idpd by fin'-injut"pd tr<'t's, Furthermol'e, 
p!tt"tini burns f'tH'oumg(' repl'ocludion of the mOl'p tolprant, It'ss 
Vltiun.\)ip RIW(·ips, Thus firp, whill' Inl'gely rt'sponsihle for tIlt' ppr­
]wtun,tion of the W('stPI'tt whitp pin!' typP and often n. bt'npficini ngent 
in the initial !'stni>lishl\lI'Jlt of whitp pilH' stands, is an cntu'c!y un­
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TABLE 1O.--Rdative fire resistance of individual species in the western white pine 
type,! in terms of characteristic8 affecting fire resistance 

I 
! : 

Bnrk thickness Resin In old Root babltSpecies Branching habitof old trees bark 

Western larch Very thicle. - _. Very HIlle _.. Deep IlIgh and very open. 
Ponderosn pine do Abundant. ••• _....do,_ Moderately high nnd open. 
Dou~IRS·nr _ ..do Modernte_ .... __ . do._ Moderntely low lind dense. 
Ornnd IIr 'l'hlck_ -- - Very little " _ Shllllow...•. Law lind dense. 
Lod~epolc r.lnc Very thin. --- ~roderately hIgh nOli open.A bUDlilmt Deep ___ . 

_do. ____ Medium __We.~tern w Iitu pine Medium. -- filgh ami dense, 

Western redcctlnr __ . Thin -- .- Very little __ .. Shnllow __ Moderately low and dense. 

!':ngelrnlllln S\'rIloo. ____...do... - Modemte. _____ , .. _do_. __ I.o"' nnd dense. 
Western hem ocle _"""_ Ml,<lIum_ ... Verylittle. ___ .....do_ •• _ Do.

Modernte _____ <" _do ___ _"Iplnefir•• _. __ .. __ j Very thin Very low IlIlII dense. 

~-~~'-="====~==~===T====== 
Relntlve In­ Helntivc fire 

Species Stand habit JllIlIIlIIBblllty Lichen grpwth resistanceor rolinge 

Western larch 0pl'n. r.ow . ~redlulll-hen\'y Most resistant. 
Ppndpro!l!l pine _.£10 .•. _ )'redlulll MNlium to light Ver~' resistant. 
Douglas· fir •. Modemte to dense HIgh [[ell"y to medium. Do. 

D{mse_~~ rio •. [[envy.__ _. " Medium. 
Lodgepole I,lne OPI)O_._._ - MedlulII Llgbt "_'_"_ Do. 
\\'-estf~rn w lltl~ pine _ DllllStl .~. __ do [[el1vy_ .... _ Do. 
Wrslorn rrdCt'Ilnr do..... High . 

Orand tlr 

do __ Do. 
do .. __ .• _ MedlulII. do Low.

t~~~~~~:!l~!~(:l~~~~"O ,. do ...... _ Higb _do ___ . Do. 
Alplm' flr •. _ I ~Iollrrntl. to dense , do MedlulII to bCII"y Vl'ry low. 

I Alto'r ~'lInl U!). 

drsimbl(, fneto!' 111 thp silvicultuml managem('nt of stu,nds once 
('stnblis\lP(1. 

li'undlllllPntnlly, tllP pr('vu,lpn('p of firC' in tllt' w('stprn white pine 
typP is due to thl' combinntion of a summel' setlSon characterized by 
sctlnty !,1),infaU, many hot, sunny days, frequent low humidities, nnd 
o('casionnl ha['d winds, u,nd u, dPllS(\ forest furnishing a plentiful fuel 
supply. Contributing ('nuses in elude dry lightning, fire-detection diffi­
eultic-s, a sOl1wtinws ina<irquu.tc firc-control organization, and the diffi­
culty of qui<'kly t['ansporting sufliei('nt men and supplit's to many of 
tht' mon' r('mott' POTts of thr region. Lightning, in addition to start ­
ing ILpproxilllllt('\y 'rO pCl'cpnt of u,ll fires in thl' ['egion, G!HlS('S dangerous 
pNLk loads in fir<' ('ontrol. In 1926, for exampl(" lightning started 
1 09 fir!'s on ,Tu Iy 12, Ilnd :{7 mOl'e on July 13, on an an'a of abo.pt 700,000 
lH"rrS on UH' KILniksll National Fo[·est. Efforts La copr with the 
rrgion's fin' pl'Oblrm, tldu,its of tht' fh(' ol'ganizH,tion, alllluallosses and 
costs, I).ntl firt' Iwhayior ar(' tr('ated els('whpl'(,24. (14) and will not 
\)(' diS('UHSl'd 1\('1'('. 

R(\sisla[\e(\ of individual sp('cirs to firc det('['minrs Uwir l'rlativc 
ability to sUl'vin' as (,OlllPOIll'l1tS of the typl'. Little actual study 
has, ilowPvl'r, \)('('11 madp of this subjl'ct, largt'ly bN'lLuse til(' hot fires 
common to till' [,(·gion ('rasp aU t'vidl'[l('c of s\l('h difl'p['ences. Most 
of til<' !LVlLililhlp informatioll has b('(\n summlLrizl'd by Flint (12), and 
tilt' following is drawn la['grly f['om his [,t'port. 

Resistallce of a givrl1 sp(\cies to fil't' dt'pt'nds upon a combination of 
tree eharaet(1['isties, p['incipally bark thickness, bl'ttll('hing habit, 
"[!OIt~"Y' [,. 0, rmF.·rOXTItOr. l'I.Al/SISG IX TilE XORTIJERS ROCK\" ~IOUST.\I~ Rt:mos. ~orthHn 

rtovky ~fotlnt"!n Foro" ond HongI' ~;xpt, S(II, 19:$(;, [illlIltIlithogrnphNl.] 
(18111)1OIE. II. '1'., nl1<1 (fO"NII\", I" n. FOIn:ST-mn: mXTltol, C)"H:C1'JVEH. Xorllll'rn nocky ~rotln­

tllin ~'IJr"st Illlng.' ~:'Pt. SIll, W:II, [l'npllblished.1
U. R. ~'()ltt:ST SEIt~'ln:, HEllION ONE. mIJ-:·C!JNT1WI. JlANDIIOOK. I'l\rt~ [ 1111<1 U. 103n. IMhlleo­

grnphe<l.1 

2RIlf\ IIr' II -:I 
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stand habit (d('nsity, duff accumulation, etc,), inflammability of foli­
age, and licll('n growth. It is markedly in£iu('nced by habitat. For 
exampl(', grand fil' growing in a moist creek bottom succumbs very 
l'eadily to a cl'<,pping ground fi 1'(' , but on the' dl'Y hillsides of the 
Clearwater Hi\'t'r dl'llinag<', in Idaho, this trec r('sists fir(' bett('l' than 
whit(' pine and lH'arly us wdl as Douglas-fil'. 'rh(' difrc'rence is due in 
part at leust to thick(,l' hnl'k, dc('p('I' I'oot SYSt ('In , and more open stand 
cond i tions. Table to givrs thl' rdatiY(' fil'(' I'('sistance of the impol't­
n.nl sp('eips in tilL' w('st('['n white pill(' type. Obviously, any such scale 
of lil'p I'Pflisttlll('P mllst b(' Ilppli('(\ with I'PSPITtltions. 

W('Stc'I'1l lan'lI wlH'1l mlttul'p i" by far til<' most fil'(.'-T('sistant sp('ci('s 
in till' type'. CnllslIullythick bill'k lH'lU' thp gl'Ound, low l't'sin content 
of blLl'k, dp(,p l'oots, high and 0IWll bl'nnc'hing hnhit, g(,llcI'nlly open 
!lilt 111'(' of till' stand, at IPllst in th(' inun('dintp vil'illily of lnl'c'h tl'(,(,s, 
low i Idlu III III II. hi I i ty of til(' /'olingp, 11nd thp s('nn ty nc('ull1 ulation of 
duf!' 1H'f}patll Inl'eh tre('s nil contl'ii>lItt, to n I'('mol'knble ability to SUl'­
viv(' fin', At the other end of thp ,,('all' is nJpin(' IiI', highly susceptiblE' 
to fil'l' bp('tlusp of its very thin nnd mo<i(,I'llll'Iy rPBin01.ls bark, shllllow 
I'oots, dt'lls(' Hnd \'pry low IH'lUl<'lH'S wit h highly infinmInltble folinge, 
nnll lIH'diul1! to h('IH')' li('hpn gl'owth. '1'11(' two \i('ll('ns most impoI'­
litnt in thl,il' !'fl'l'l't on fin' hnzlu'd nre bl:l('k moss 01' "squaw hair moss" 
(A{('cfol'in j/,pm/JI/t ii) nne! gl'l'ell moss 01' .C gm.v moss" (A. sarmenfosa) , 
TIH'sl' gl'ow on tl'PI'S in long f('stoons or stl'('nml'l'S and when dry arc 
almost uubelil'vably inflammnble. 

DISEASE 

Some of the most difficult nnd troublesome manngempnt problems 
in thr wostl'rtl whill' pilW type nl'€' dil'Pctly cnuspc\ by forpst-tl'ee 
dis(,IlSPS. Th!' pl'oblpm of Iow-vnlup spocil's is in Piut dup to the prev­
IllplH'{\ of wood-rooting fungi, which sPI'iously 1'('(lu('p the sound-wood 
\'OIIIIlH' of' thl' pl'odul't. A good sharp of ti\(' hmwy proteetion costs in 
\\'('s[(,l'n whit!' pilll' fOl'psts is Slwllt on disense eontl'ol. For a pntho­
logi(,Hl tl'('lltllH'n t of lIl!' 811 bjpd of fo('('st disN1SPS in the type tbe 
1'1'11111'/' is l'pfPl'l'pd to nyniInhl(· litpl'atul'p (.2.1, 25, 63, 6,4., 65, 66, 67), 
TIl(' pUl'pORI' h(,I'(' iH to bring out til!' silvi('ultlll'lli consequences of the 
major fOl'est ll'l'(' disl'lls('S found ill tht> typo. 

WIIITE PI;>"., JlLlSTEH IIUST 

An outstanding IlH'nnCp to til(' w('stpl'n whit(' pine type is the white 
pinp blistOl' I'ust, cnuspd by til(' fungus ('l'oll(ll'lium l'ibicoht .Fischel', 
which tiII'Ntt<'ns the V('I',Y (lxist!'Il(,!' of white pine as a commcl'cinlly 
impOI'tant eompollPnt of tItI' type. This dis!'lls!' has pl'Oved IlS serious 
in WI'sh' I'1I whitl' pine as in nny oth!'r of the importnnt white pine
speril's of till' world, 

TIr(l \\'hitp pinl' bJist{ll' rust sprpnd into the Wl'stOl'll white pine 
l'ogion fl'om til(' Pneific NOIth\\'l'st, where it wns accid(1l1tnlly in­
troduc(,d in l!:HO on pinc' s!'l'fllings shipped from Frnnce to Vnncouvol', 
B. C. A SIlITl'y of til(' w('st!'I'n whilt' pin!' £Ol'('stS in 193G by the 
BUI'PUlI of l~nt()llloI()g-'y Illle! Plnnt QUlll'lllltiIl<' show('d HUlt it occurred 
on ,dlitl' pilH' thl'oughout lhf' eOlllllll'l'cinl l'tlllg(' of tho spoeips. fn­
[('etioll wns lH'il.\'ipst Oil nnd 1I('1l1' till' 8t. .JO(' and Clnnnvntor National 
FOI'('sts, wh(,I'(' il,ppl'Oximnt!'Iy 4 pI'I'cent of nil young white pine trees 
WPl'C \risibly infoetcd, In oLlI('r purLs of the l'egion, the infected young 
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trees Iwernged 1 percent or less. A similar survey in 1937 showed 13 
percent of the young pines on the St. JoC' fOl"('st to be visibly infpcted. 
In the vicinity of the old('r infection centl'l's numerous larger tI'C'es 
arC' known to be iniect('d, but no specific infoction surveys have been 
mndc for trees of mel"Cllllntable sizC'. 

Seedlings and saplings ate much more quickly killed by the rust 
than are oldt'r lr('(~s. In f'1ct, the r('al tlu'eat is to young stands; 
pl"C's('nt merchantable sbwds can and probably will be harvested bdol'e 
they IU'C mttt(·rinlly daTl1nged. TIl(' rust works slowly and seldom 
SP(\('tl1culilriy, IU1d for this rcason tho true gmvity of tho situation may 
bC' undprl'stinH\tC'd.

COlllI"OI of ('ronartium. ribico/a is made possiblC' bytlw fact that it is 
h(llp("{)l'riolls; that is, it l"(·quin·s an altl'l'nilt(' host to eompkte its life 
cyei('. Its nllpl"Ilatp hosts [u'p 1lH'III\)prs of til(' g(.nus Ribes, popuitu'ly 
known ns rilll's or as (,UITIIllts !lnd goosplwrri('s. Spores of the 01"­

ganism 11I'P CHITil'd frolll OIH' hosl to til(' otllPl' by til(' wind. [nfoction 
mny spn'lld 1"1'(11) pill(' to dill'S 0\'(.1' <lisl:IIH'('S of as Illllch as 150 mill'S, 
bUl s('llIolII spn'lIds fl"Om rii>ps to pill!' o\"('r It dislnn('(' ex('(\('ding 1,000 
£('1'1. Emdicnllon of rib('s wilhin find adja('{'nl to slnnds of white pine 
cons('qlll'1I1Iy P("('\'('nts inf('('liol1 of tlr(' pif1('. 

An ('xtl'nsin pf"()~rnm for thp ('ontrol of white pine blister rust 
in 1IH' Wl'stpm whitt' pin!' ("('giol1 has beNI unciPr WH.V sin('{' 1923. This 
pl'ogram is d('si~11I'd to ('ontl"Ol tlH' rust IIPOll approxilllntdy 2,700,0.0.0 
iH'I'PS of whill' pin(' f()l"('st. By ~lnr('h 1\):~9, npproximatl'ly 2,670,40.5 
1t<'I"(,S of Innd hnd b(,l'n ('o\'('("('d by lhl' ril)('s-('l"fidicatioll crews, this 
totlll illeillding first. S(·(,OIHI. illlt! third workings. R('slIlts thus far 
indiclIl(' that npproxill1!1tl'ly hnlf til(' art'ft wol"ln·d onco will r('quin' no 
£urllrl'r rib!'s l'radi('lttioll until it is furthl'r disturbed by ('ither lo~ging 
or burning. TIll' otlH'1" hnl!' will n'qllin' a s('cond working in 3 to 5 
Yl'm's nftpr th(' first. A f('w fln'ns principally stl'Nun bottoms, wh('l'(\ 
grpw lh!' 1t('lwil'sl ('oll('('nlnlliolls of ril)('s of lho lllOSt suscpptible 
spl'("i('s will n'quirt' n lhird or 1'\'('11 a fOlll"th working, The conll"Ol 
pmgnlBl is Iwing pl"Os('('ul('<\ IlS dgo\"Ously as nvnilllble funds pCl"lnit, 
by till' FOl"l'st S('I'\'i('(', 1IH' BurN11I of Entomology Ilnd Planl Qunrlln­
tin(', lind thl' SIaL" of Idnho. Rllpid ('omplPtic)Jl of the second working 
on ('(,I'lnin portiolls of tIl(' nl'('1l !llld ('ornplption of the inilinl working 
OJI til(' {'nlirp 11I'plt is n(>('('ssnry to prot('('l till' hl'll.YY inv('stment already 
mnd!' in pmdi('ul ion and to pn'\'Pllt further inll'nsilien.tion of the 
di:-;Plls('. At pn'sl'nl, infl'('lioll is progn'ssing filst('r thnll conlrol. 

Blist('r rll:,t {,U11110t be' eontrollNI by sih'iclIltllrnl prnctic{'s, but its 
control ('illl 1)(' ni<i('d or irnpedpd by silvicultllrnl pmctices through 
t.hl'ir 1'll'('els Oil tit(' ('('olngy of rilJ05. 1n gl'IH'rnl, ('lwironmental con­
dilions fa\'()f"ing COlli(pr l"l'prOdlleliol1 also fayOJ' ribes eepl'Oductioll, 
Ilnd only within rathpe n!l.lTOW limits ('nn one be encouraged or 
n'[)I'pssl'd without 11 lik{' ('(rect on Lhe otlH'r. 

l{il)('s s(,pd i:-; ('xtpl1si\'ply stored. in the dulf of thl' for('st floor in 
dos!' proximily to lllilH'rnl soil nnd mnilltnins its viability (or very 
long pl'riods po:>;-;ibly ('\'('11 through it fOl"('st rolation of 100 to 200 
ypurs, though this hilS not "(,(,11 t/efinitply [)ro\'l'd. Following opcn­
il1~ up of till' fon'st by loggillg or fir(' ilnt! ('ollspquc'nt disturblll1ce of 
thp dllf}" ('on'I', rilws :-;ppdlings ofl!'11 llppl'nr in i1hulI<inlwe, ('\'('n on 
nr!'!l;-; prH('[i('ldh' fl'p(' of rib(,s. Short of It itnrd bum Ihnl eompll'tl'iv 
(lPsll'o\'s til(' orgalli(' IIIl1l1tl(' of th(' ~ll)illlnd wilh it nIl ston,d s('('d ns'it 
gem'nil ndl' til;· mon' d isturbn nce thl' more ribes. This circumstance 
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greatly adds to the difficulty of ribes ('radication. Destruction today 
of every Ringle living ribes bush would not end the control problem; 
new seedlings from seed now in the duff would appear for many years 
to com(' after each forest disturbance by cutting or fire. 

Ribes, like conifers, germinate best on freshly exposed mineral 
surfaces and pool'est on undisturbed duff surfaces. Seedling survival 
and development are favored by moderate shade, protecting seedlings 
from climatic l'xtremes. Under a closed for('st canopy, upland ribes 
CR. laC1lstre and R. 1Jiscosissi-mum) do not thrive. Few survive, and 
those that do are ill-developed and pres('n t only a small target for 
inf('ction. Stl"('nm-typl' ribes CR. peHolare nnd R. inerme) are more 
toll'r'ul1 t of shlldl', bu t do not occur extensi \rely in fMest stands. 

Con trol of blistpr' I"lIst is favorpd by forest-rl'gt'llemtioll ml'thods 
that bring nbIJut full stockillg of tr('e rl'produetioll in the shortest 
posRible ti III C'. elmr cutting followed by controlled brondcast burn­
ing and cutting by the seed-tl"('p ml'thod arc especinlly good in this 
l·('~Iwet. Tru(', the stand is clmsticnlly operwd up; but this is done all 
at orlee nnd a new stand starts immediately. Whatever ribes seed 
hav(' h(,PII si.of"(·d in th(' clun: Ilrt' either cll-stroyed by fire or else en­
("ournged to gel"lninlttc' promptly and all at about the same timl'. In 
open cuttings 01' on burm;, ribes eradication is not difficult, and one or, 
('('rtainly, two workings suffieC' to reduce the I'ibes population below 
111(' dungl'r point, Emdieation should be un(IPI'takeu when the ribes 
s(,l'dlings !ll"(' b('tw(,PIl 3 and 5 ycars old. Seedlings less than 3 years 
old lU'(' too hurd to find, and mnny of them die naturally. Beyond 
Ii )'t'ar's of ng<', s('('(llings pr'('sent a large btl'get for infection and also 
b('gin to produce SPI'lI. Ribes-control netivit.y is directed toward 
l'xhn listing the pn's(,11 t sped supply, Stl ppl"(·ssing existing ribes, and 
pr('v('n ting fllrthrr' s('('ding in. Onc(' the tree repl'Ociuction cover is 
compldl', Plwimnn1l'ntul conditions are incrensingly inimical to ribes 
estnblishml'nt and gl'Owth. 

Light 5('II'i'liv(' 01' light sheltl'r'wood cutt,ings also inhibit ribes, A 
full canopy is I11ninln.ined and forest disturbance iR held to a minimum. 
Hibes seedlings, if thl'Y appt'tll', subsist poody. After such cuttings 
it is \'c'ry dpsirnblC', in thl' interest of ribes control, to leave slnsh un­
blll'lletl, sinct' slnsh burning that fnlls ShOl't of bl'Oadcust is peculiarly 
stimulllting to ril)('s g('rminution. It is common to see in the scorched 
dun' n round the site of it slnsh pile a veri table ring of new ribes seedlings. 

Stand-improVl'lllent opl'rations in sapling and pole stands apparently 
do not ndd mn.t('rially to the problems of ribes control. Weedings 
and cI('aningR in very young stands create little ground disturbance 
and consequpntly do not affect. ribes much one way or another. Slush 
bur'ning is not necessur'y, Whl'n thinnings and improvement cuttings 
arc made in pole stands, the stands need not be opened materially and 
in any event will soon close again. Slash burning should be avoided 
as much ns possible. Crown thinnings are preferable, as they require 
a minimum of cutting. 

The possibilitil's of silvicultural a.ids to blister-rust control have not 
yet been fully explored, So far as is known, the main consideration 
is to maintnin a full forest cnnop," as long as possiblc and when it must 
hI' rpl11on<l I'('place it with !l full cover of reproduction in the shortest 
possiblc' time. 
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OTHER FOREST TREE DISEASES 

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

Tree .ptcies 11111/ tli8tn8' Ca!/Aal organ ism 

Western white pine:
Red ring roL ________ _ Ring scale fungus (Fames pini (Brot. ex Fr.) Lloyd) 
Red-brown butt rot___ _ Velvet top fungus (Palyparlts schweinit2ii Fr.)
Spongy sap rot. ______ _ Pine root fungus (Fames annasus (Fr.) Cooke) 
Shoestring rot. _______ _ Honey mushroom (Armillaria mellea (Vahl. ex Fr.) 

Fr.) 

Western larch: 


Red ring rot __ . _____ _ 

Brown trunk rot_______ Quinine fungus (Fomes ojJicinalis (Vj]]. ex Fr.) 


Faull.) 
Red-brown butt rot___ _ 
Dwarf mistletoe_ __ _ _ __ Larch form (Arceuthobi1t711 campylopodum Engelrn. 

forma laracis (Piper) Gill.) 

Douglas-fir:


Red-brown butt rot___ _ 
Red ring roL ________ _ 
Shoestring rot. __ - _ - - __ 
Brown cubical rot ____ _ Sulphur fungus (Polyporus 8ulphurevd Bull. ex Fr.) 

Grand fir and western hem­
lock: 

Brown stringy rot ____ _ Indian paint fungus (EcMnodantium tinctorium 
(Ellis) Ellis & Everh.)

Spongy sap rot_______ _ 
Western redcedar : 

Yellow ring rot________ (Poria weirii Murr.)

Red ring rot_________ _ 

Brown cubical rots_____ Unidentified 


In western white pine, as in most other tree species, quantity of rot 
almost invariably increases with age. This is shown clearly by the 
following data on average cull, exclusive of breakage in felling in 
western white pine trees, as measured in board feet (Scribner Deci­
mal C). These figul'es were obtained through a region-wide breakage 
and cull study 2.5 based on actual utilization: 

..Ioe clus8 Cull 
(Y~llr.,) perrent81-100________________________________________________ - 3 

101-120 _______________________________________________ - 6 
121-140_______________________________________________ 10 
141-160______________________________________________ 12 
161-180_ _ __ ___, __ .,_ __ _ _ _ _ _ _ _______ - ___ - - - - - - - - - - - - - - - 16181-200___ ____________________________________________ 18 
201-300 ______________________________________________ 20 
301 +__________________________________ ----------------- 24 

15Average (weighted) __ - - ­

"ANDEIISON, r. v., BIIEA-KAOE LOSSES A ltD CULL PEIICENT OF TIlIBF.1I IN THE INLAND EIIPIRE. North· 
ern Rocky Mount,,!n Porest and Rllnge .Expt. Stll. Applied ~'orcstry Note 03. 1934. [Mimeographed.] 
Pmcticully all cull recorded In this study \vus duo to rot. 
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The percents given in this tabulation are conservative, excluding 
loss in cull trees (trees with less than 25 percent of their volume 
merchantn,ble), standing dead trees, or, windfalls. It is well known 
that decay, by lessening the mechanical strength of trees, indirectly 
causes mur.h breiLkage and windfall. Also, particularly in the smaller 
tree sizes, percentage loss in value clue to rot is often relatively greater 
than cull deduction in volume as customm'ily detel'minedin log scaling, 

From this tabulation it is apparent that although wood-rotting 
fungi cause heavy losses in latel' decades, the percentage of defect is 
not large in trees less than 120 years of age. In a study by Weir and 
Hubert (07) 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 pmcticnHy all trees more than 200 years of age (table 11). 
The conks 0[' fruiting bodies of the fungi frequently did not appeal' 
until trees were mol'C than 120 years of age. Rot was found to be 
more prevalent on low flats near ('reek bottoms than on slopes. This 
has been ('hecked repeatedly by obse[Tation, and it seems well es­
tabIiHhed that in tl'ees of a given age the quantity of rot is appreciably 
greatel' on flat, low, poorly drained land than on weU-drained slopes 
and beTiches. 

TABLE 11.- Relation of bUll nnd trunk h('art rot in we.stern white pinPlo age of tree I 

, !tot in 
! cubic 'I'rees ex· Trees ill llllCh class

LOt'ution Hnd age class (ypars) , YOlllrll(l amined ('ontaining heart rot Iof entire 
. ~'nnd 

, IBottom sites: Percent j ..\'''"llmljer lotlL'mber I Percent
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All s\t('S _ il~~!~~:282T'- i08 i" J,i 
I I
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, Aft!'r ,,",'ir ,Wei \fuhert (117). 

Aceording to the above findings lhe n.verage age at which the stand 
is most liable to fi!'st illfectiol! and below which infection rarely occurs 
is between 50 and 60 YC!t!'S. Infection of young trees with henrtwood­
rotting fllngi cannot, of comse, take place prior to the formation of 
heartwood. rrhe .fungi grow slowly, nnd decn.y mrely becomes visible 
externn1!y in trees less than 70 yeDl's of age, rnj uries play n,large pn,rt 
in the incidellec of infection. Weir and Hubert found that branch 
stubs and fire scn!'s arc the principal injuries by means of which fungi 
gain entl'nnee to heartwood. The smnll quantity of rot found in trees 
less than about 120 yeurs of age is accounted for, at leust in part, by 
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the infrequence of such injuries on these younger trees. Older trees 
become infected not so much on account of loss of vigor as because 
they have more dead branch stubs, fire scars, and other avenues of 
infection. Of the trees in which infection could be traced to injuries, 
braneh stubs were responsible for approximately 76 percent. 

From the standpoint of timber management, the most important 
conclusion to be drawn from the studies just discllssed is that rot in 
standing western white pine timber can be largely avoided by cutting 
at an age of 1.20 years or less. An added reason for cutting at this age 
is thfi.t removal of trees before they reach conk-bearing age would 
progressively reduce the danger to future timber crops. As a matter 
of filct a rotntion age of 100 to 1.20 years is now commonly accepted 
for western white pille. 

Although not credited with a great nmount of dtul1age to standing 
western white pille timber, the honey mushroom fungus, which causes 
shoestring rot in both root and butt, is known to be widely distributed 
in young n.nd old stands of the westem white pine type and to attack 
Illmost all the species in the type. It attacks trees of allY age and 
either kills them outright or so weakens them, both physiologically 
Ilnd me('lianienlly, that they become more sllsceptible to insect attaek 
or wind throw. Because the victims of this fungus are so often missing 
from the stn.nd at the time of logging, the dllmage it does is likely to 
be overlooked. Further investign.tion of this fungus is greatly needed. 

'rhe freq llcnt dnssificn.tion of western hemloek as an inferior species 
in the western white pine t:n)e is due largely to its sllseeptibility to 
organisms causing hClHt rot, particuln.rly Indin.n paint fungus. This 
fungus often renders the tree entirely worthless, n.nd over In.rge areas 
has completely destroyed ('ommercin.l value of this species. In an 
advanced stage the tree may be nothing more than n. living shell, with 
the heartwood entirely rotted away. Unfortunately, infection often 
cornes comparatively early in the life of the tree. In a study by 
Hubert/6 inf<.'dion was first deteded in trees 41 to 80 years of age, 
and of this group 46 perTent were infected. In the 121- to 160-year 
group, 94 pen·ent were infected, and 100 perf'eut of those more than 
200 years of age. It. is believed that thes, 9.gures ilrc fairly repre­
sentative of extensive stands of the w<.'stern white pine type. In a 
study of hpmlock heart rot in the Priest River drainage basin of 
northern l<1n.ho, \Yeir n.nd Hubert (64) found that the average age of 
earliest inf(,ction WilS n,bOll t 50 yem's. The eXlLct nge of fungus inci­
d('nce is difIi<-ul t to detcrmine ilnd n.ppilrcn tly is highly variable. 

Indin,n paint fungus is most prevnlent in western hemloek on wet, 
und/'l\ined sites at low eleviltions and least prevn,jent on slopes and 
bettcl'-drnin('d soils. The ehnractcristir's of site having gren.test in­
flllence on its prevnlen(·c seem to be moisture condition of the soil, 
porosity of the soil, and dminn.ge, rn,ther than soil composition or 
qUHlity. The rl'ln.tion of tret' vigor, crown class, and size to the en­
tmnr·e and prO~l'ess of wood-rotting fungi hns never been thoroughly 
demonstm.t('d (64), bllt in geneml the better the tr('c's general vigor 
the less the qUfllltity of rot. As in wcstel'll white pine, age exerts the 
most positive infiuenre, quantity of rot invn.l'in.bly iucreasing with 
n~e. [n the Priest Ri'-er study just mentioned, 84 percpnt of the 
infections ob8el'\'(,(\ werr n.ttl'ibutecl to bmllr·h stubs find only 16 p('r­

11\ Hr'U,EItT, EHNf;~;-r f':'J rnUiT f'Jl(Han:,ss HEPOHT os TIll-: sn'uY OF DECAY IN WESTERS' UE~IJ.OCK~ e'. S. 
D~pt. Agr. I<'orcst ~l'r\" •• Region One. LU20. [Cnpublishcd.] 
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cent to fire srars, frost eraeks, broken tops, and other injuries. The 
number of sueh injuries pel' tree consistently inereased with age. 

Although the susceptibility of western hemlock to deray presents 
11 difficult problem, it does not preclude suecessful management of the 
species in the typc. On some arl'l1S hemloek renches sawlog size with 
very little rot and eould be grown to pulpwood size on a rotation of 
80 to tOO years with little loss from deray. 

Orand fir suffers nenriy ilS Iwwily as hemlock from rot, caused 
prineipally by Indian paint fungus. 'l'he foregoing discussion of 
this fungus on bemloek applies eq llitHy well to grnnd fir. 

Little study has been made of rot in Wl'::>tcrn I"l'dcednr; most of the 
information available is based on empiriral obselYl1tion. In genel'lll, 
the sp('('ies is ('ompn.mtiv('ly frec from decay except at an nc/vanC'ed 
aw'· Veteran:> are usually heavily dufe('ti\'e, frequently consisting of 
only It shcll of living wood with the centel.' cntirl'ly rotted away, 
Y('lIow ring rot clllI:>ed by POf"in 'U)('irii is the prineipn.l rot of living 
red('edILr thn.t has been definitely associated \..-ith a known fungus (25), 
[n('idence is vltl'iable, ftnd thc I'cnson;; for this arc not well understood, 
011 iiomc /u'eas redeedar, even a large sl1wlog sizc, is almost entil'l.'ly 
fl'l'{,. fl'OJO rot; on other j)'rcns trel.'S of not Illore thl1ll pole size are heavily 
<lpf('('(i vc. As with othcr spccics, agc seems to be the prin('ipal con­
trolling flt<"lor. Redl'edI1I' l'itameteristically dl'velops I1S an under­
story tree, often undl'rgoing long periods of heavy suppression and 
making ('orrespondingly slow gl'owth, Trccs may bc less than 6 
inehes in dil1llll.'t('r tlt brcast hl'ight at agcs of 150 years or more, and 
rot is ('ollllllOnly obs('l"vcd to be much mOl'C prcvnlcnt in sllell slo\\"­
growing trcl'S, It is believed that on fl1\'ol'l1ble sites, if frce frOIll ex­
('pssi\"e suppression, l'cdccdar ('an be gl'own at least to pole sizc 27 

with little loss from rot. Mom pl1tholog1cul information is nceded 
for succl'ssflll managcment of this spccies.,ypstl'rn larl'h and DOllglu!'-fir ar(' comparntivl'ly frec from rot, 
L'p to n.bou t 120 'yl'IU'ii of ngt" tht'ir loss of sound-wood \"oluml' f!'Om 
rot sPldolU 1)('('OIlH'R sl'riolls, This dOl'S not ml'nn, how{'\'er, that 
disl'ns(' has no impol'tnnt I>paring on thl.' mnnngPIUl'llt of thl.'sl' spl'eil's, 
ObSl'I'\'ll.tioflS on IWI.'mll.npnt snmpk plots indielltc that hOI1l'Y mush­
room fungus mny 1)(' It Inrgc fnC'lor in mortality of Doughs-fir, pnrticu­
IlIrh' in voung stunds, Until morc is known of til(' nctivitv of this 
fungus, iiU[p 'cnn h(' sllid ns to its tJ'lI{' wit, in mnnngpml'nt: DWllrf 
III istldo{', pn'\'ld('11 t on w('sil'l'll Inr('h, ('It uSt'S trunk buds nnd l!tl'g/' 
wi t('il('s' bl'OOfllS, Thl' bllds r{'(\ II(,C' til(' flu'l'chan tnbll.' value of thl' 
tr'('(', Thl' brooms oftpn bn'nk of!" by lIH'ir own wl'ight or by oVl'done! 
of snow, enusing a I'pdu('tion in inert'mpnt 11I1d sOlJll.'tim('s total loss, 
'1'11(, bl'Ooms tLnt ('!lUSt' no bn'akngp nC'eoullt for som(' l'l'ductioll in 
inl'/'Pllwnt by ('\)lIsuming ston'd foo(h that would otiH'rwisp cOlllributp 
to eumbinllind upienl il'Owth, 

I t is {'v id('l1 t from tilt' fon'going thn t some oi tlw most diflieult 
silvicultural probl('ms in thl' w('st('l'I1 white pine typc nrc cnused by 
dis('as(', Control of tiles{' dis('nsl's must in n('arty all instances be 
p(I'l'('(l'd through silvicultural ml'nSlll'CS, The principal means by 
which n.t Ipnst partial ('ontrol is possible nrc, ns follows: ' 

I, 11~IITPst till' tilllbt'I' {'rop I)('fol'(' it hus pnsspd its patholo~ical 
rotu! ion ngp, In th(' long run this is by fnr thp most e{r('din' r('m('d,v, 

J~ (~ornnwn'lIll Jlol" ~lZt-'s rHlIJ,W (Will ~() [('(lot In mOr(1 thnn ift rl'rt. A n a \'llrugf' sfzt.' is as (pl't, with nn S.lnch 
top. Pole, (or l!'lrphu'h', tl''''grnph,n'HI pow!'r trnnsmiS$ion liops lire til(' most \'nlunblr redecdnr product, 
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2. Practice forest sanitn.tion, i. e., remove infected trees, either by 
felling or bumin!.!; or by closer utilization. 

3. Create condition::; filxorable to fast and vigorous growth, through 
sound methous of cu tting and stand imnro \'ement. Disease does not 
flouri::;h in healthy, vigorous for(>st stands. 

4. CarC'fu!lv ('ontral slash {in's, which cause butt injuries, and adopt 
logging methods causing tilp l(>llst possible damage to the residual 
stn.nu. 

INSECTS 

At all stagcs, regpn(\ratfon of whitl' pilH' forests is likcly to be in­
flll('I1('('(1 hv tilp nttnd(s of destructi\"(' inse('ts. Insects nHect the 
mnl1ttgl'ml'flt of til!' H8s()('iated trPl' slwcies of th(, type by nLtacking 
5Ppdlilll!S nlld till' (,OIH'S, 8('(,d8, buds, and cambium of tilt' older trt-es. 
TIll' nlOsl irrwl!'r1ill.tl' JllllIlugPllH'nt 11('(><1 is protection of timber stlluds 
that hllv(' /'('ndwd or nn' llpPl'Oueilillg mnturity. 

III this probl!'m tlH' n.ttH('ks of bnd, bppties (LJendl'ocionus spp.) on 
w('stpl'n white, pilIP lll'l' or primfu'y ('om'Nl1. '1'11<' importance of bark 
b('ptlps in till' Olllllllg:l'llll'lll ~)f white' pillC' incl'l'asps proportionlltply 
wi.th tl\(,' ng'l' of till' tl'('pS. YOllng, thrifty U'(,('S nre fairly immune, 
though fa(' tors 8UC' h liS ('XPOSlIl'(', dis('ils!', and fin' inj lIl'y often render 
thl'm Slls('l'pl ihll' to lltt:l('I;:>~ of ~(Icondn l'y be('th's. In older stands 
th!' mOllntain phH' l)('('(/(· ((). truII/lico/w· Hopk.) ('xucts un llllllllUl toli, 
ROI1H'lill1(,R trilling: but sOI1H'tinws such tbut the' l'Psidual stand is not 
worth hllI'Y(,Rlill~, Sin('I' 1!)20, inspet control ml'Usur('s consisting 
maillly of fellill!! infpstpd \\'('st('l'Il whit<, pine treC's II.nd destroying the 
ills(,('t Illn'ltp in tllP bark hanl bl'pn undt'rtakpn b\' the Forest Sen'ice 
with till' [p('hnicnl lI~sistnll('(' of tll<' BllI't'flU of Erltomology llnd Plant 
Qtliu'l!lItillt'. I t lilts heNI dt'mol1stmt!'d that tinH'lr and UdN!lIute 
Ilppli(':tlion of control 1l\['nsul'('''' will k('pp inf('station in cill'(,\;: unci 
I'l·du('(' I oss('''; , 'I'll{' nim ill ('ontrol i8 to i;:(.ep thp Inf('statlon ('ndpmle 
lind to pl'('vf'nt till' dl'vl'lopm('nt of nn ppidl'm;:' which 011~'(' under Wily 
is Inrgplv lllH'Ontl'ollub[('. 

Th'01I~h IHll('h of' thl' dpstl'lI('tion of timbel' by insects is clendy 
n.ppllJ'('IJj lind PlIll 1)(' pYlllulltt'tl. ;;onw of tll!' 10Rs('s tlH'Y cnus£' ll],(, Ipss 
npl)I·('ciat{'(1. III 01'[1 :'Hlppl'(,R8ion, ills('d-killl'cl t"(,(,8 nn' a l!lI'g(' ncl­
\'PI'SI' {'adO!" ;;11)('(, SHugs nll\{Pl'iidly ilH'I'('HS(' dif!icuity. cost, IUld danger 
of HI'(' fig-II ling IIlld hit\"(, Illollp bppn I'psponsiblp fot, widC'spn·n.d ('on­
lIag:mtinlls, SnHl! fpiling, which in mnny lOC'l1liti('s hns Iw('ome 
Rt Ilndan! fOI'C'st 1)I'netic(' us II fil'('ploofil1!! nH'nsul'(" is cOJlsid('['nbly in­
(','plls(,(1 in ('ost \\,1\('1'(' blll'k b('Ptlp nttnl'ks :11'(' unelH'C'\;:ed. A still less 
nolpd I'P:-.ull of hUl'k-lwdlp ncli\ ily is its pll'('et on fOI'Psl composition. 
In fl mattiI'!' stand d(lstl'!wtion of whitt, pitH' t1'c('s by iwwds ('!ltlS('S It 

jWl'lllHl1!'nt <11'('1'1'1\;;(' in 111(' J)mportioll of whit<, pilII', and lhpl'('fol'P ill 
stllnd \'nllll', U8 thl' pillPS III'{, l'('pll1(,(,<\ fol' till' 1110::;[ pH!'! h,V mOl'e 
tol('l'I1nl tn'('s Ilf [('SS \"nlll(,. Blll'k b{'('tks tlIlIS Ils"ist ill l!I'udutllly 
t I'H nsfol'TTl ing: til(' p('olog-ienlly 1I1l~tll ble whill' pinp fol'(,s[ into the 
dimas forest of l'l'dc(I(llll', lll'mioek, and oth('r to\PrnnL s(w('ies. 

OTHER SOCRCES OF I:XJCHY 

Snow is the olltgtn.n<iing: ('i\.lISC of mortnlity in <1en:;c immaturp 
:;to.ncls of til(' w('"t{lrn wlli te' pil1C' type, Os 511O\\,11 in tn hl(' 12, Of the 
total lllortnlit)- obsl'rn,d, 1Il('llSII1'('</ in trC'e hasHI nrelL, snow fLc('ollntNi 
['01' fl'om 22 JlPI'('(\lll in DOIIgIIl,;-£il' to Sil p('r('ent in western hemlock. 
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C'ompltrisofl of basnl-nroa loss with loss in number of trees Ilfl'ords a 
key to the I'eiativ(' size and kind of trees killed. Of the young white 
pine one-fourth of the trees killed by sno\v accounted fOl' nearly half 
the basal ill'cn, whereus, ns might be expected, npproximately the 
reverse \\'ns true of denths by suppression. In the denser stnnds 
snow definitely took the greatest toll of the srnallet· tl·ees. Although 
snow losses mny be rather evenly distribut('d throughout the stand, 
they are more often eonrentrated in groups or Rtrips, in which all 
tr('es arc laid down by the snOw. The openings thus ('IUlSed tend to 
enlarg(' fl'Olll yelu' to yenT, 

SntfW ell.nlnge is not alwn,ys entil'('iy dotl'illlentui. To SOllie extent 
it SOI'\'(\S ItS i1l'I'lHlp but (~(r(,(,tin' nntlll'al sohwtin\ thilJllin/!:. DILIlUt/!:e 
is llll'/!:ely ('onfined to stunds less than 80 Yl'lt/'S of ago, and in the 
stands ItCfeded it is the supprl'ssed, leaning, crooked, and weakly 
roo tod treeH that, IU'O mOH t su hjed to snow inj ury j mos t of tlw strongol', 
stntighter, u.nd bottor->titllnted tl'res sUl'vive. In thinnod stands, on 
thl' othel' halld, snow brrn.kltgt:' iR entirely detrimental nnd may be 
seriously so, ospreially if thinning' has been hoavy, 

'LUll,f: t2.~~ Mortality (I'll 	s(w/,pie pltll.~ 'ire ytlltrtg clc{'()II,hll'o/plh IC'Pstern /I'I/ilc /l'ine 
8t(tf4tiS, liil s/)('("ie,~ (Lnli I'(w.se.~ I 

I 
\V(~st"rn whlt(,· \\r(lstl'rn larch l)uul!ias.. flr Orllnd fir \\'"esll'rn JWIIl- Lodg{'JloJe

]lIm' (2,071) (2:18) , 	 (727) (658) lock (Ill:!) ph", (:1:1) 
CIlUS4! of dl'nth 

Bosnl'rrt.~cs nrl1n 

i 
~. ~:~ ~ M ~ ~ M M ~ M'~ 

>In(Jw '. 25 40 50 75 28 22 ' 30 48 i 80 ! 8" 42 24 
:-;lIppf('ssion~ 40; 24 i :12 I [55 I 35, 17' 27 I 191' [3 7 . [9 2ti
IlIll1rh'~ 5 8 'S 1I 10 Is' S 2 5 II 4 
Disrlls(' ~l 7 I 51 0 , 0 : 6 I [8 I 31 2 0 0 I 9 18 
rl1&'<'I~ " J 3 J ('), 4 , 10 I 6 9 [ 1 2[ 2Ci 
Wlnrl throw. , 1 [ 2 I I I : 3 (,) II! I (')' 3 2 
Unknown 12 10 Ii' 4 I 15 j 20 17 13 3 2 0 0 

Totnl 100100;100100'100100 100 1001001100100100 
1 Bn,,"lls. 10- and 15-Y('l\r rt1cnnls [or lJl,·rmnncnt. samp!r\ plots on 22 cut-(}\'('r un'as. NlJmbf~rS fu pnrf'lltheses

In hpadill!,!s- hHlienh· llUsis. in number or tn'llS. 
1 (.f'SS than I p('n~l'nt. 

SlIs('('ptibilit.v to willd throw is of critical impol'tall(,(, in titr appli ­
enlioTi of l'('g('nprn,ti \'1' 1lH'ltsurPH. Th(' widp usp of til<' s(,l'ci-LI'('(1 
IYH'thod in thl' lypp is possible only \)('cMlsr west('1'11 whitp pine and 
its [ll'irwipul lI.ssoein,tes ltn~ fltidy wind-firm and ean be ldt ItR SCILtt<'I'('(1 
sl'l'd lrl'l's. Data on wjnd~t.hrow and wind-brralmgl: losRes in thp 
SI'('(Hld dpcndp following IOg'/!:ing, from 22 logging !U'NtS on which 
sl'l'd-lI'p(" shelt('I'wood, iLnd sl'lt'etivl' cuttings WNC' made, indiratp 
no com;iHt('nt difl'('l'l'Ilel'S in loss attributILhlt:' to 111l'thod of cutting. 
As SlIlllllllt.l'iz('c1 in lithll' I :3, the avc'mgl' loss fmm wind throw for the 
7 ftssoclll.ll'd spp('il's WitS only ILbout 5 pl'I'cl'nt. [JOSSl'S in the first 
IO-'yl'ltr p(,l'iod following logging 1)\'(', hOW('\,('l', usually much bigher 
tlmn ill til<' s('('olld ILnd SllccP('ding dpeadl's. Althollgh no ohs(,l'vatiolls 
W('I'(, mILd" on gngplmn,1l1l spnl(,l', gl'IIt'I'n.l ('xpl'l'i('ncp l'ntl'R it as being 
I(,SH ('C'sistn.nt than nny of its m:;so('intt's. 

O(,('Hsiollnl hC'n,vv \\·indR ('xact VI'I'Y RPVE'l'P IORS(,R fl'Olll wind throw 
\oC'llll,v. Illld l'IHPl,v IH'('I' ('xll'llsi Vl' ftn'lLs. A singh' 8(,\'prO slOl'1ll in 
(lIp ;:{llrtug of LO;t~ blpw dowil mOl'(' tlUlIl 00 percl'lIt of th(' white pine 
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sced tl'C£'S left uft('r logging on a small area in the Burnt Oabin Oreek 
drainage on the Coeur d'Alene National Forest. In December 1934, 
unusually high winds following a period of hcavy precipitation caused 
extensi ve damage. on and near the Kaniksu National Forcst. Damage 
was heaviest on about 3,000 acres of the Moore Oreck drainagc. 
H('rc losses ranged from 10 to 100 percent of the total stand, averaging 
about 30 pel·cent. ,A,ppro}\.-imntcly 3j~ million board feet of westcrn 
white pine SIt\V timber was salvaged from this area. 

TAlILI:: 13.-Wiwl-!hraw la$,~e,q i'll lhe Ml'ond decadf Jollowi7lg cullin!! -i'n thl.' ll'e,~teT7I 
while pil£(' ty pc I 

Sp~cics 

; l.oss in trl'es from,! 
: r!'Sld(U:lSU',:t _.. _II 
I·J3 Inches: 14+ Inch". ! 

<l. h. II. ' d, h. h. 

Species 

Loss in trc'f)S rrom 
resillulIl stund 

I·J3 Jnc;\(:-t1-1+ 1:;1::­
d. h, h. d. h. h. 

> - ----~-.-

\\"'it('ru whit,· pinu 
W"slL'nllnrch 
Orand Or 
\\','st<'rII hemlock 

Percellt Percellt;' 
-I 3 I, Dunglns·flr 
7 4 I' W('stcrn r('d"Ntllr ' 

~--'-__~,_~_ ill~o~gepole pine' 

Percellt 
11 
3 
9 

Percent 
11 
3 

18 

1 IJnsis, rl'rorcls ror il,'rnllUl('nt ~lImplt) plots on 2'~ cnt·o\'!'r IIreas, l.oss"s on sccd·tt\'~, sh,·!terwood, and 
s(lh~('tivf~ cuttin~s nw (,'omhilled.

, Dntll. wtluk. 

Tn\(,8 in cut-OYP!' stands aI'£' distinctly mot·£, susceptible. to wind 
dlUJlltg'P than trpps in Ullcut stands. SPl'llCl', in particular, is no­
toriol/sly ineapn.bl(· of L'prnainillg standing in cut-over stands subject 
to strong wiIHh;. TIll' hCftvy storm on the Kaniksu forest just 
m('ntio[\(,d bl('w down 1.1'('('5 constituting 19 pet'cent of the total basal 
ttl·l'll. 011 a sILmp!t· plot thinned the previous year in a very dense 
76-yenl'-old stnnd, while in nn adjoining similar stand that had been 
1l'1't uncut till' loss was llt'gligibll'. In this instance. white pine proved 
to be It'ss !'(,:.,istl1n t thcm larch; 28 percent of the white pine was wind 
thl'Own nnd onlv 6 pC'rcellt of the larch. In addition to wind intensity, 
tlH' f'xt('nt of ross dl'pends upon a combination of factors such as 
d\'llsity of ol'iginai stand, sppeies, moisture content of soil, and presence 
ot· uI>8(,I1(,(' of rot. Rot that mechunicnlly weakens the tree is nn 
impo!'tiLllt indit'cet cause of wind throw, particulady in such species 
as grand fir and western hemlock. 

pOl'{~upillPs occllsionally calise significant loss in western white 
pine stl1nds, in which they apparently prefer western white pine and 
gT!tnd fit·. 'flipi,. activity results in girdling and in spiked tops. 
POI'clIpin(\ damage is not, however, so serious in this type as in 
some others. 

SEED SUPPLY 

AllY advnntage onl' trce species may have over another in natural 
rl'f(en('rILtion is usually first manifest in seed supply. Abundancl' and 
fl'l'f(lli'ney of s('cd production, viability of socd and its susc('ptibility 
to dl'structiv-e fnctol's, nnd efficiency of seed dissemination, nll directly 
affect nfLtural l'egelH'ration and arc of particular importance in an 
association of s(,Yt'ml sp('cies such us the western white pine type. 

http:ineapn.bl
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SEED PUODUCTION OF WESTERN WHITE PINE 


ABUNDANCE AND FREQUENCY OF SEED CROPS 


In comparison with associated species, western white pine bears 
I'l'lntively few COllC'S. A crop of 40 cones per tree is rated good; one of 
100 COlles pel' tree is infrequent. The greatest recorded !lumber of 
cones obti['rnd on O!le w('stern white pine tree was about 600, found in 
10:35 on It 54-inch, <lOO-year-old veteran on the Priest River Experi­
nwntl1l It'o\'('st. In 1936 this same tree bore 140 con('s, again an U!l­
IIS11lllly lar~(' Cl'Op. ConC's ,an' borne neIL!' the tips of the branches, 
and IH'ady !\,llIU'p produced III thr highest quarter of the crown, 

Tht' rUIIJlbpI' of tieeds produced per COIlt' ntril's widdy, Zon (68), in 
a sl'pd-produetion study in 1911, found from () to 18'1 seeds pel' COlte, 

witlt !til !t\,(,I'il~e of ahout 90 sl'(,(ls, Brewstt'l',28 in a somewhat similar 
study 11lllClp in 1915, found from 80 to 220 seeds per COile, with an 
IL\'Pl'ng<' of about 1·15 s['('(ls, A.bout 120 s('('ds pel' cone is a fail' aV('l'nge, 
~p('d-dp~tJ'oying insprts ttl'{' in part l'Pspollsible for the smnll nmnbpl' of 
s('('ds found. ill gOtH(' COIles, Aside from imll'ct Josst's, which \"I1.l'y widc­
l.y, 1lt1lnbl'1' o[ SPl'tls IWI' COlt£' dppends chiefly on size of cone; till' larger 
Uw eOIlt', thp morp set'(t. Zon .found that trees about 90 years old 
tl'nd[ld to prod Ul't' btl'p'r cones than old(ll' trccs. His datIl wpre co1­
ll'etl,d on '* <;ttmplp plots, tlll'PC' of 0,5 acre each on the Kaniksu NationnJ 
FOl'PSt and t of 0,9 lttl'l' on tlw Coeur el'Aletll' forest, all in wC'll-stocked 
~tands ('ontaillin~ a high pl'Oportion of wpstern whitl' pith), One plot 
WIlS ill n. nO-Yl'ltl' Shtlld, 2 ill IL t45-yeiLr stn.nd, ILnd 1 in i\,n overmaturc 
stand nUIl'(' titBit 200 yeil/'s of age, Zon found also that thn seeds in 
ll\'L'gc' ('OIH'S W('fP lIu·get· thllll those in small cones fi,lId ha(l a hi.gher 
g('l'InilHllion Iwrcpnt, and concluded that "the larger the cones the 
b('uP[' h~ tilp quality of the set'd," 

At ttl!' mtl' of '10 eOIll'~ per tree, 120 seeds pel' COllC, and average mte 
of gl'rminatioll of 44 pPI'eent (as given later), a trl~C bearing a good crop 
WOUlll pL'O(lu('p, Oil the !1.\'(,l'Ug£', a fl'W mol'£' tlian2,000germiIU1.blPsecds. 
O('c!t~ionitl tI'Pl'S may, of COllrse, bear many more than this, III Zon's 
study tht' l!lr~l'st nllmbl'l' of gl'rminablc seeds produced by a single 
tl'PP WII.S n,()OO, bornl' by a 28-illCh tree; in Brewster's stlldy, 7,300, 
bol'll(' by Il 2 I-inch tn'e. 

ZOIl {:(lI1dudl'd that, in the modl'rately good :5eed year of 1911, fully 
stoekPd, malUl'(' white pine stands bore from 2}~ to 5 pounds of 
g('I'll1iuabll' s('('(1 pel' acrp, or, assuming an aYel'l1ge of 30,000 seeds per 
pound, f/'Om 75,000 to l50,000 gl'l'minab1P seeds p('r acre, In the 
t'x(,pptiollully good st'ed Yl'ar 1915, Bn'wstcl"S study indicatC'd produc­
tion of soml' 280,000 ~l'l'Il1inable s('eds per acrc in fuJly stockrel stands, 
Tltt'se flgut'('S, /'l'prl':5l'llting s('('(1 pl'oducti\'ity in virgin westcm white 
pinl' stands, have no gr('at practical signifieance in regard to natural 
rpgl'Tu'mtion, which results 1'01' the most part from secd produced by 
purtial stands Ipft by Cll tting or fire, Lat£'l' studips lmve been conceIl­
tritt('(1 in ellt-over stands nnd have dealt chiefly with periodicity of 
st'ed production and factors afl'ecting seed production of individual 
tr('Ps, 

Tltr fl'PquPIIC'Y with which good, fnir, 01' poor seed crops are pro­
du('rd O\'pr It p£'l'iod of years is at least as important in the establish­
ment of natural l'egellPl'Iltioll HS tho quantity of seed produced in a 

Il UIIY.IV"TEII, D, R .. lH:lIC11I IlID"ll IliO ('('IIn:s "lI \\'&"n:IIlI WlUTE 1'llIl~ SEED l'I\ODUCTIOli STUDY. 
Northern Rocky Mountllln For,'st aui! Hllngo Expt, titll, IOlIJ, 
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single yen.r. Cones are borne by western white pine at irregular 
intervals. Complete cone-crop failures are /'Ure; some cones are pro­
duced almost every yeu.r, although the quantity produced yu.ries 
markedly f!"Om year to year. On 8 selected sample plots in cut-over 
stands on the Kaniksu and Coeur d'Alene forests the character of the 
('one crops was observed annually for the decade 1927-36. Individual 
trees were classifLed on the following scale: More tlmn 15 cones, good; 
fl to lij ('()Ill'S, fail'; 1 to 5 ('ones, poor. The cone ('rop on the plot as a 
wholp was r!1ted according to percent of trees 14 inches or laI'geI' in 
difLlll('tel" benring good or fail' crops, as follows: ~[oro than 50 percent, 
good; ~;j to 50 per<'en t, fair; less than 2;") perc~nt, poor. Cono crops 
so rittpd for tllPse 10 yl'llrs arl' presented in table 14. Rellsons for the 
vllrin.tions in tho ('O("UlTeIlCl' of good, fn,ir, and poor' cone ('rops on 
indi\'i(lIml plots WOl'C not l'll'n.l'. On plot 139, for example, 5 good 
('Olle crops were pl'Odu('ec! in tlte 9 years of obscn'ation, whereas plot 
1:3H bo['p only 1good ('rop iII the same ye!lrS, and on plot 121 not 1 good 
('011(' ('rop was found in 8 yNLI'S. Plots 19, 24, 134, 135, and 144 bore 
good ('rops nt 2- to '1-yel\1' intervn,ls. 

T.lm I': I·' "- ('/wmc/cl' of (,0/1(' I'I'(}P'~ borne annually b!l ll'e,~lenl ll'hile pine Iree,~ 14 
i/l(,"(!,~ or lnr!/CI' in ,I. b. h. Oil eiyltl sample pifJts, ltJ.1786 I 

_~.h_ • .-~ 
lNlr ,I Plot Plot l'IO~T~':L I Plo:rI:~o:"1 "Plot! Plot I An 

HI :'!,l , 121 I:H. 1:15 1:10 1:19 1014 . plots 
~~ ~_. ~c__ 

;
,--- •• 

;
'._0- __ -<- ,__ 

I 
..-.- ..-i .- ..._-----

X X X (1 I' P 0 X F 
X X I F P F !' P !' P 
(J {I X (1 X X X X (I 
<1 i ~. I F F l' ~' () (l F 
~' i p p p ~' P I' P P 
0 (l 1 10' (I (l i 0 (1 G 1 0 
(J i n 10' 10' P P (J F F 
P I.' I' I' F P !' P P 
p P F G ! P (} !' Pl' 
!' I' P 10' !' P F P P 

D('spi tl' 1II (,S(' wid(' \'n('il1tions among individun.l plots, ccrtain 
yl'III'S W('I'(' ~()()d s('rd years for (H'ltriy nil plots. III 1932 nil but onc 
of til(' l'i~ht plots bo('p good (,Oll(, (,I'OPS, Tile 1929 ('('op wus good for 
th!' thn'p plots in this ~(,()llP t!U\t were ('xnmined, H,nd it. is knowII [!'Om 
otllPl' SOlll'('('S tllllt I02H wns n, gell('l'ltlly good s(wc\ yelLl'. In 1934, poor 
('('ops W(,I'P pl'odu('rd on nil but. one plot. For 11,11 oight plots ('ombined, 
tllf' IO-,\'PIll' [)('('iod ,'o\'('('ec! by thl\ Obsl'lTltLions eon tailled two good, 
tlll'P(, I'll i1', and li\'(, pOO(' seed YNU·S. This suggests thn,t ovcr n,n 
('x[('I1(11'I1 pf'l'iod ~o()d (,I'OPS \\'oldd I'eI'llI' about eyery 5 years on the 
n.\'('!'ngp. II' JO:2(), 11n ('x('eptionnlly good seed yen,r w('l'e indudcd, the 
1l\'('l'ag<' int('('\'tlls betwe('n good cone ('rops would be between 3 and 4 
vrlll's. 
• III ltdd ilion to consistent d ifferell('es between indiyid uul stands 
within It \cwHlity, !:;(,pd pl'Odllcti\'ity vl1l'ies widely between iO('lLlities. 
This is brollght out by tnbl(' 15, whil'h shows white pine ('one produ('­
tiOIl I'DI' It llulIlb('!' of 'sflmplc plots within thl'ee 10cnJifies, In certain 
yl'lU'S th(' {'hnmd('l' of the ('one ('I'OP wns fairly uniform umong nil 
tlm'p, in oth('l's the('(' w(,(,p wid(' dill'('('('nc('s. The 1931 nnd 1934 cone 
('J'ops W(,I'P pOOl' for all. tn 1032 two locnliti('s had good ('rops nnd the 
tid,"! hnt! It fail' croP. within 5 p('('('ont of being mted.good, In 1~30 
nnd lrl 10:3:1, onp \ocnlltyproduccd H,good, another a Cn,u', n,nd the thu'd 
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a poor cone ('rop, The Coeur d'Alene area produced good cone crops 
more frequently thnn the Priest River Valley arens, 

TABLE 15.-(:11116 pro(indion of we.~tern white pine in three dijJerertl localities J 

East side PrJ.'st West sido Priest, Burnt Cahln 
, HI\'~r valley' ! Rlv(~r mlley" C'repk' 

j--···---->~----·I· ---!~.--,-,----

. \-.0•...F .-I~'~j~-l~--li~I'-F- ...:... 
102; 

I X .. ·1 . ; X .........••.
1028 
IO~'II i X X ; .. j' .... 
19aO 
W:ll 1 X j.'! Q : X I X 
1932 X X X.. X I t X I' X1033 

19:1-1 
 , X , ! ~ X i X 

- --,~-..- ~ ~---~- .. _--_._-Total 
. __~_-2_ 0 5 ,_ 3: 1 I 2 

n=~ood. ~~=rnir, P=spoor, 

1 nu.~ls. ti surupip plots In Fox. nnd BNlton Crl1l1k druinnJ,!t'~, Kuniksu Nntional "~orest. 

1 HI~~f.~. 4 sam!}I(' plots On "'<'st hmnrh uf Prit's! f{(\'t'r, Knnlkstl ~ntlonlll ~·Ort'st. 

, flll..'ds, -I 'Ullilph l piot.q. ('Ot'ur tI' AI.·n(' ~ati()nnl Fi'on-st. 

Extl'nsivp eonp-cl'Op observations mad<, over I\, numbp]' of yenrs by 
L'I1Tlg<'l1l on thp nnlional fon'sts slIppll'nlPnt observations of individual 
{rt'll:; on PN'OH\/Ilpn( sample plots. Thesp ('xtensivc obsPI"\"ations \\'pre 
lIladl' pl'imal'ily Lo uS('l'rtuin where seed could bp colle(~ted 1"01' IlUl'Sl'l'Y 
purpos(>s. Tli(,y hl'gnn in 1908, hut wC'n' L'ntlwl' spol'lldie for tllf' first 
13 years. From 1921 records were kept consistently until H)33,when 
the work was pmcticnlly discontinued. The cone crops \\'(>1'1.' I'!ttcd as 
good, fnir, or poor. Although bused on mugh oculal' estimates cover­
ing (>xtpnsivp ureus \'Utller thnn IIctulIJ tn'e cOllnts, fairly Itce\!mte 
infonnll,tion on the genem\ chul'Udpl' of S('N\ Y('III'S I·('sulted. Til blp 16 
gin·s tllp 8('pd-<,l'op rating by yem' fmlll 1921 to 1932, inclusive, for five 
nationnl fOI'('sts of nOl·them Idaho, which include the gr('atel' pUl't 
of tli(· westN'n white pine I'egion. 'Phe rungel' m,tings ugT('e closely 
with tl\(l ('ombinpd Hltmpll'-plot mtings given in tllble 14, Itnd eXllctly liS 
to good yplll'S inBorn!' us tllt'y ineludl' the same yelu's. The only difTN'­
(>nc(>s IU'(' ill 1928 unci 19:31, wlwn "filiI'" and "POOl'!> nl'(' trnnspos('(1 in 
th(' two sC'ts of 1'('(·o('(ls. 

With th(' help of thpse I'IlngN obs(II'\'ntions, a continuous I'('('ord of 
white pint' ('one ('l"OPS hns h('en pie('{'d togethel' for 111'1.'1\8 on Il.nd n('fU' the 
Kuniksll lind Cocur d'Alpne fOI'<,sts fI'orn 1908 to 19:36, by combining 
with thpll1 pennnnent stltnplp-plot tlnd vnl'ious other reports. This 
29-y<'111' record, summal'ized in tnble 17, gives n fairly dependn.hle bnsis 
for I'{.gionnl ('stimtltes of flW/U('IWY of whitp pill(> ('on(' production. It 
Hulmtnntiutes thc showing of tahle 15 thnt the Coeul' d'Alene forest 
tends to produce good cone crops mOl'e frequently thnTl docs the 
Kaniksu forest. For til(' white pille region, as II whole, good cone 
('rops mn,y nppnrently be expectefi('\'('l'Y third 01' fourth ,Yelll', IIlthollgh 
th(> productivity of individual nroas may depart widely from this 
nvpmgc. 
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TABLE 16.-Character of western while 7)ine, r.one rrop,~ in 1921-32 on five national 
forests in 1Iorthern I daho a~ cstimat,;'l by forest rangers I 

Pend ! Coeur I 
Kllniksu St. Joe CI~nrw8tcr I All forests I

Omllle I ; d'AJ~ne I 
Year -.,.--,---!-.,--..,-'-~..-- -'---:-,-, '-'-,--1--"7\-

OF 1'\0 F 1"0'1" P O~' l' OF 1'\O:~' p ______II___L______:___'____ · --1­

1 X I .. . X; N~·:\8·:NO~1921 .•••••••••••••_ ........ X! X • •... 

IIOZO;;._lj' ................._. - X I • . X. X I X , X n· I I 4 


.•••••••••. X ... IX 'IX X I 4 1 0,0 

:~:. . -:::::: x· X \. I ~ f IX ~ ; X X I '~ g g I ~ 
i(l2i\ ..... X· X :Xl Xi .liO'O 
I!m .. ' X· X X I I IX' I X 2' 112 

ll~~ .• I' X I X X ~ I I ,X I X : n 4 1 
V_I X 

I
X I X I X I IIX 

f X e i 2. 1 
1031l .. .. X X X I I I X , I l X 1';'1 1 
1931 , I X X I X 1 ' , X Il I 3 2 

lD32 ... .2:.\__ -:-,.2:.1-'~·__!~I!_j_!_!.2:. _i ~_1_ ':'l~ 
'['owl 4, 5 ,3' 5 I 3! a: .. 3 i .51 3;..c~' 2 I ~! l~l-_ 6 . 17 . 18; 21 

AV('rngl' inl"rvul he· ,i I I .. \
tween good crops . : 

(y~nrs) ............ I 12f.1=3.n ! 11/5=2.2 I 11/3=3..7__•. ~2/~.=3..~ 10/1=10.0 ..••.•••- ••• 


I n=l~oorl. I?=fulr, I'=ponr.

, Itnl c numh"ri Indicate thQ u\'Crage rating or 1\11 forests ror that year. 


TAnl,E 17.--ChaT(Lcter oj westenl u'!l-ile pille ('(me crops on Kanikwlt and Coeur 
d'A.lene National "'()/'e,st.~ a.~ 'inrilcated /)11 (j11.~erv(ltiolls on permanent sample plot8. 
Ta'Ilfler e.~ti/Jwtl's. IIml other records, 1908-86 I 

---_.. _- ----,--- -.----------:-------...-~--

I 
('ocur CO"llr 

Knniksu 1 d'Alene ! Knniksu 
1 

t u'Alcno 

___.y__c_llr____:I·_-o_T-~, : l' 1-~" F i p I....___ -~'~~-1-'l~~-;-p-Y_C_'8_r___ 

i -)---- , 

X X X .... XIIJOll . 'I: 19:!ti
I')O\) X .. -- X X .•• X 

~ ····X : :~~ X X .. '_1910 .. X X ...... X .... _.HIli ,---- X X .•. '11929 
IQI2 .,. X X.. ... XX.. IW:lO X •••. X 
101-1 • X 
1013 X X 1031 

X IfJ32 X X ....... . 
191:; X ·X 193.1 

X 1034 ~~::::::::~ X ~)r x_ ~::~ X!9H1 X 

HJl7 X X 
 ..... X ...... X 

X X ! :~~~lOIS .....:..::_.~. __I_~
Iqlq X 
11)211 X .. X I. Total 8: 8: 13 : II I 6 j 12

IX X 
19:22 X ~ \11 Avrrag~ Intl'r,.,,1 hr· 
1023 X .. 
IO~I X (yrnrs) I 29/8~a.6 I 29/11=2.6 

19~1 

.! X . X X I tw('('n goo<l ('raps: I 

1925 . X t 
-----~-~-~------~----.-----

III':L·\TIO:>/ (W CONE PHOOUCTION TO THEE CHAHAC'I'EIlISTICS 

Stu(\ips IIlwe Rhown n. dpfillitC' l'('ln.tion of eone pJ'oduetion to certain 
tl'!~(, eitlu'aeU\fS, spceifienlly el'own class, tree elnss, dinmetcl', and 
n~e_ 

Tn au ('Itdy Rtlldy of Yil'~in Rtnnds by Zon (68), almost 99 pereont 
of tIl(' totnJ ('I'OP wcu; found to bl' pJ'OdlleNI by dominant Ilnd eodomi­
nant tn'os Ilnd the I'l'mnindpr by inll'I'medinte tl'(,(,s, SUPPI'('sst'(\ tre{1S 
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producing no cones at all. In a similar study Brcwster 29 found that 
a little morc than 90 percent of the total crop was produced by domi­
nant and codominaut trees. 

Later studies have been made almost exclusively in cut-over stands, 
wlwl't' the' ('onv(,!ltiollal ('rown classification of trClos is iuapplicn,ble 
and dussification by vigor hus Iwpn substituted. TI't'os with l:lI'g(', 
dc'nse, thrifty, well-formpd crowns, good ratCl of growth, and a, gl'nel'llJ 
ap.Qpal'fUl('P of good lll'nlth h11V(' bOPIl rlass('d as of good \rigOJ'; thosl' 
with mod('['nLf'ly good prowns and gl'lll'ml lwalth, as of fail' vigor; 
alHI the' rrmnind(,I', as of poor vigor, Tablp 18, based on 5 annual 
obSNvatiol1s of 473 id('ntieni wh.it(' pim' tl'(,(,S on 15 sampJ<1 plots, 
shows till' rn'qUl'nCY of good, fuir, and pOOl' ('011(' crops ILnd of emp 
fllilul'('s for tr('('s of s()('('ifi('(1 vigor 11nd dinmd('I', TIll' outstanding 
('olll'lusiol1 fl'OIll till' Labln is lhnl Ir('l's of good vigol' pl'Odue(' eOIH'S 
1Il1lC'h IllOI'P ahundantly ~lIld f('('qllPlltiy. ('s(>t'('inlly at tlll' smnllor 
dilllllPlI'I'S, thun do tl'(~l'S of' POOl' or fIliI' vigol', If nctuu.l ('ono cOlmts 
hud I)('PIl SII list it \I Led fol' till' qun Ii lat i\'(' dnssifkaLiol1, the balnll(,(, ill 
fnvol' of O\(' good-vigol' ll'!'('S would hlt \"(' \)('('n ('V('II III 0 1'(' favornblc 
b('('allH<' If1lillg nil ('('ops of ilion' lhull 15 (,OIH'S ()('I' tl'('(' itS good giY(1s 
insufTi('i!'lIt \\"I'ij.dll to lIH' (,!'Ops or ·lO 0[' mon' rOIll'S, which UI'(' bornl' 
Illostl,\' by good-\'igol' tn'('S of Illl'gP diltllwtPl', Good-vigol' tn'os 011 
(,(·uching ditlllH'll'rs of llbout III ilwhl's \)(,(,Olll(' ('fl'l'('lin' 8('('(1 beltrl'rs, 
\)('ul'ing pililPI' good 01' fltil' (,OIlP el'ops in about half tbp ,\'(,I1I'S, Fair­
\'igor ll'(\('S ('ollsist ('II tly prodll(:p frw('I' nnd (loon'I' (,Oil(' l'!'Ops than do 
good-vigol' tl'(,(,S or tlH' snlll(, diiUlwlpi' Hilt! HI'(, not (,fl'('cti\"(' s<'od 
PI'O<iU('l'I'H n.t diulllt'tl'I'S of h·ss thlln abollt 20 ineiH'S, Pool'-vigol'tl'('('s 
111'(' obviollsly illt'fl't'eliv(' seed prOdUC('L'S, 

T ,1111,8 I S,- 1~J[fI'l of 11'/'(' I'iqor IInti diall!("rl" 11/1 qllfllitl} of It'1..~It'T/1 while pine cone 
crop, 111('11"111"(''' il4 perCl'llt IIf lo!,tl I'rrJ/1.' po,<sib{r I 

'rnlt'''\ jJ{or .da~.... £loud Fnir Poor TrCt'·vi:!or l'1a,..s Ound Fuir Poor ~f)~'l'Hul di lJUt'lt'r ('011(\ ('011(1 l~()nl' and diul1It'ltf'r ('ont' ('oue ('onp. croprropI·h:,,:.. l!tu,-In,,·q (1"'W prnp ('rop cbs.... fin("ht~""1 rrnp ('rop ('rop 

Ooud \l~or: Ptrrcul {'rrrrut Vair \' Igor ('011. Pacml l'uCt' IIi I'arcill Perrelli 
IJ 100 I:! ,I fI 11 Ufi"'< 1/ -"J II ,I II ~ [.7

III o r,~ In Ii I!l :12 ,1:1 
12 :l !Jr, I~ JO In :11 ,1:1 
II HI :.m !!II 13 I' :!il, II 
II' 21 2"1 Ii 2:1 :!:J :~7 
I~ :!i ~~ Poor vhwr: 
~~l II 11 n 11 o ' IOn 
't.! ~~l S o () 2 I DS 

~~afr \' il!or 10 o 5 13 B2 
Ii II 2 ! .i 12 1 6 21 7~ 
~ II a II j.\ :1 12 IH fig 
lU :I rt IIi 

: Ba:,is. ;1 alUlII d oh"f'n·'ttion'" un Ij;J itlt'Jlth'al tn·t·... on If> Iwrrnllllent ,,\l11Uph\ plots: in elll-ovcr stnncis. 
Dota ,:)ff1 insullkiNtt (or t~till1nfhlg (-rop... on poor~vit!;or In~c..; O\"l'r I·' lucht,S d. h. It .. 

It iR impossible' to (\l'tpl'minp rl'om the datu fLyuilabl(' wllPtlH'l' tn'os 
in ClIl-()\'PI' standR difl'l'1' significantly in ('011(' productivity from, ll'N'S 
of similar diurn('tt'1' and age' in virgin stnnds, Uo\\'pvel', sin('o ('one 
1H'l1ring is knowl1 lo \)(' e\oRPI,v tlss()('illtNI with trl't' vigol', it is to be 
('xpl,f't<'d thal if tl'PI'S ll'ft (trte[' logging increase in vigor they will befLr 
IllOI'!' ('on!'s, 

" l'npuhlbhed n'porl ulrrJldy ('IINI, p, H, 
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Additio11l11 studies made in 1935 and 1936 have yielded further 
evidenN' ns to the relation of tree vigor, diameter, and age to cone 
prodm'tioll. Actual. cone counts were made in those years on all 
pt'rmanenL sample plots suitable for cone-p['oduction studies and on a 
numb!.'!' o[ additional. areas. Although thc ('one crops wcrc poor on 
most o[ the arcns sludi(>d, the rt'lative contributions made by trees of 
good, [ail', lLnd poor vigor ha\'e much signifieunce. Cone counts were 
made on :3,710 white pin!' tn'ps 7 inches and lilt'gel' in d. b. h. For 
the good-vigo[', fair-vigor, and poor-vigol' tre{'s obs<.'rved, respectivdy, 
till' tn'('s iwaring eOIl('S n.motnlt('d to 40 pp['('('nt, 26 percent, and 12 
pl'l'{'('nt and t1w numhl'r of cont'S per tree fixeruged 10,7, and 5. In 
nil, th(, g()()d-~'igOI' trP('s bon:, I]('fl.rly 7 timps as many cones as the 
poor-vigor trN'S. Whilt' the mtio lwlwN'1l tllP (,OIH.'-bNtring ability of 
good.-vigor tn'ps 11IH( thn t of poor-\'igor tr('('s probably \'aries with 
tlw gt'[wrnl qunlilY of tilt' el'Op, it is dpur that the unlance is h('!wily 
ill favor of thl' forIlH'r. 

l~'\lrtllPr infonnu.lion on tht' ('hlu'ui't('l' of tr<.'rs benring cones wns 
gatlwl'l'd in 1D:~5 Oil It (0-1)('['(' tract Ill'tU' Orofillo, Idaho, usrd as a 
basis for {ttl iut('nsivt' lo~~ing !tnd milling study (.5'.';). TIll' 19a.5 cone 
('rop in this p:trti('lllllr lo{'ality was good. Cone ('rop, tr('(' diameter, 
und tl't'C class of ('adl whitr piIlP trt't' on the tl'nct wpre recorded before 
logging. The tret' eiassifieutioll npplit'd wus us foHows: 

('lal's I. 'rile Illrgl'st. mOl;r vi~orous trees in the stand; trees that havl' developed 
without und('rl-(oing heavy competition. Usually tlte taUest in the stand. 

('i(l.~~ 2. Tr!,('q well up in the dominant ('rown le\'el but not of outstanding size. 
May be ('roweled. but not seY<'relv, on one or two sides. 

(;i(J,<.~ 8. Tn'cs with their rrowns in the general ('fawn level but severely pressed 
on (1)(' or JlJort' sic\(os. Crown usually misshapen, ratlt.'r short, and often thin. 
Bol!' long, sleud!'!'. lind well (·leanrd of branchps. 

(':Il.~'i .:. Tn'cH definitely below the general erown leveL Crown uRunlly thin 
nml '!liort, bole Ilh·rlClcr. 

Cla,~., fj. H{'rubby, very infl'rinr treC's in the lower erown levels. Crowns very 
thin lHHl ,horl. 

Aftpl' logging, tiJ(> ng-ps of all tree's exc('pt thos(' too rott('n fit the 
slulIlP W('['l' c\ptPI'Il1ilH'd h,Y' counting tllP Hllnunl rings. TitbIt, 19 
shows till' reilltion of coIl!' produC'tion to dinIll!'tl'I', tl'P(, ('lass, and agp. 
[<'PI\' good crops \\'('1'(' honl\.' by ll'P(,s 1('ss than I G illc\tl's ill diameter. 
111 th(' lIPl)('1' diHtIll'tPI' I'angl', a lUl'g(' pl'n'pntilgl' of Ill<' 1I.'pt's hon' ('ones 
and tit!' (,I'Op of ('Ollt', [WI' cOIll'-Ilt'lll'illg tr('p was 111'11 \'it,[,. 

TI'(I(' ('Ius:-; WIIS foulld to IIlroI'd It \'pry dos!' 1l1('tlSllI'{' of (,011(' produc­
tioll. nood ('()f\p ('!'ops \\"('rp bortH' by 70 PPI,(,C'llt of til(' duss 1 tr('es 
ltnd -10 ()t're(,llt of till' dns;, 3 trl't's. Togl'lhC'r, tlJC'sp two clnsscs 
U(,('Olllltl'(\ fOI' 1)2 [)I'[,('pnl of all lllp ~ood ('rops. Tree ci.asst's 4 and 5 
bol'P pnu·t i<'n Ily no ('OIll'S. 

Th(' rplntioll or ngl' to ('011(' production WfiS not wl'll dl'filll'd, although 
t !lP/'(' SI'PIIlS to 1)(' SOIlW IpndplI("- for til!' old!'r tn'ps to h(,1l1' more lI.nd 
\wl[C'1' ('()flP (TOPS, A elm>\' l'P\:itiol1ship is seon'ply to be !.'xjwcll'c! in 
any .l!;i\'pn sland; os n. resllll of eompPlit.io[} within lht' sluml, age has 
littl!' /'(·Intion to dinmPiPl' or tl'PP elass. 

A :;imillu' diffi('llity in t'(,l:tting ('011(' prodlldion to ugP hus bN'Il 
('I1('OllTltl'f'(,d hi nll whitl' pill!' ('O)\P-l'I'Oj) ~tllllil'S. ~lost stands of the. 
whit!' pitH' typl' urt' I'Pittli\'(,ly ('\'PJ1-IIg'pd, und so within !lIly gin'n sblnd 
('lpar-(>lll di!rt'rplll'l'~ ill l'OIl(' prodllelh-ity due to agp eRU scn.rcl,ly be 

http:eompPlit.io
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expectcd. Consistent differences in cone productivity observed be­
tween stands are undoubtedly due to a number of interacting factors, 
of which age is only one. 

TABLE HJ.-Relnfion of quality of rone production of western white pine to tree 

diameter, class, and age in percent of number of trees 1 


Oood·crop Fair-crop Poor-cropClllssification No·crop Basi_, 
trees trees trees trees trees 

---.-------. -----·1----1---- - --- ----_._--
Diameter class (Inches); PeretTIl PeretTlt Percent PeretTIt Number

8-JI,fI .......................__ ...___ •. 
 0 0 1 99 77

12-15.9........_...................... . 6 12 
 9 73 204

16-:9.9.............................. .. 25 Zl 
 13 a5 192

20-23.9 ........................... . 51 22 12 
 15 1~8 
21-27.9 '" ....................... .. 57 18 9 
 16 114

~·31.9 ...................__ ........ . 59 18 
 9 14 4-1
Tree class: 

1..................... __ ......_...... . 70 15 6 9 
 111
2.................. ____ ............... . 40 Zl 12 21 ~53

3 ........... __ ........ " ..... __ '." ... . 9 
 12 12 67 210
-I. ................................... . 0 1 
 1 98 103
0 ...... __ .. ______ ..................... . 
 0 0 6 94 17


Age clllSS (years): 

1l1·1I0 ....................... __ ....... . 5 17 11 
 67 18

111-130............................... . 25 11 
 10 48 201

131-150. '."'." __ ............... __ ... . 32 16 41
11 166

15I-IiO.............................. . 38 26 32
4 116

171-100 __ • __ ........... __ ........... . 42 12 12 
 34 2fi 

I t'roln Orofino, [dlllte" study plot, 1035. 

D. S. Olson, ill charge of Forcst Scrvice planting in the northern 

Rocky Mountain region, reported in 1932 (52) thn.t germination tests 

of secds collccted from trces 10 to 17 years of age, in which 7 lots of 

600 seeds each were used, indicated a. viability of 39 percent. Ger­

mination of seed collected from 21- n.nd 26-year-old trees averaged 55 

percent. While seed-bearing trees as young n.s these are relatively 

rare, and scldom produce more thn.n 2 or 3 cones per tree only partially 

filled with seed, their combined effect may be appreciable in rcgen­

erating severely understocked Mcas such as burns. 


Sced produ("tion beeomes fairly frequent and abundant at about 70 
yeal'S and tends to increase with age until the trees are about 20 inches 
m diametcr. Beyond this point, productivity of the larger trees 
appcars to hltve little relation to agc or diameter but to depend 
chiefly on individual trec vigor and character of crown. Zon (68) 
reportcd that trees I),bout 100 ycal'S old produced longer cones than 
trees more than 200 ycars old and proved that the larger the cone, 
the grcater quantity of germinable secd per cone. On the other 
hand, as earliel' stated, the greatest number of concs recorded on one 
white pinc tree were found on a 400-yenr-old vetcmn. 

EFFECT OF FIRE ON SEED 'MATURATION 

Westcrn white pines killed by summer fires have been known to 
mature eonsidcI'llhle quantities of germinable seed. This happened 
on 0. large scale on the Kaniksu National Forest in 1926, when severe 
fires occurring in late July did not prevent the maturation of a la.rge 
part of the bumper sced crop of that year. Remarkably abundant 
germination occurred in the spring of 1927, and as the slimmer was 
favornble fOI' seedling survival many of the 1926 burns on the Kaniksu 
Were amply restoeked or eV('Tl overstocked in the single year. 
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Germination test,., 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 conclusive. 

KIND AND NUMBEH OF SEED THEES NEEDED 

Specification of the kind of trees to leave for seed production is not 
diflicult in the Light of findings n.lready reviewed. Good vigor, 
recognizu.ble by thrifty, well-formed crowns, good rate of growth, and 
geneml appearance of health, is of first importance, The main con­
clusion of the cone-crop studies was that the bulk of the crop is borne 
by trees of good vigor. Trees of good vigor begin effective seed 
production at diameters of about 14 inches, flnd fair-vigor trees at 
diameters of about 20 inches; poor-vigor trees are ineffective seed pro­
ducers at any diameter, In geneml, among trees similar as to vigor, 
the larg(lr the tre(l the more seed it will produce. Trees less than about 
70 years of age are seldom good seed producers, but above 90 or 100 
yean" the produetivity of trees seems to depend more upon individual 
vigor lwd diameter than age, vVhere other factors are equal, how­
ever, them is a tendency for seed production to increase with age until 
the tree reaehes full maturity, 

Estimating the number of white pine seed trees necessary to pro­
([uer a desired number of seedlings is exceedingly difficult, Seed and 
seedling losses, as well as seed production, must be considered, Fur­
tlH'l'mOI'e, white pine being distinctly periodic in seed production, it 
cannot be expected that seed trees will be effective over any period 
so short as 2 01' 3 years, With the help of certain assumptions, 
hOW('V('I', it may be possible to estimate the number of seed trees 
nee(lP<1 with sullc·ien t aCCUl'aey to serve as a guide until additional 
know\Nlge is n,vailable, An example will serve to illustrate this. 

Su ppose that 1,200 establishrd western white pine seedlings per 
acre Ht'!' d('sired within a 0-year period following logging, On 75 
IW['('('nt of tlw cut-over area this would result on the average in 
ar\!'q lIa.te stoeking, Because of depletion by weevils and rodents, 
gp['minn.tion loss('s, and high mortality of newly germinated seed­
lings, it is ('stimnt('d that only about 2 pereent of the seed produced 
will "('suIt in ('stnblishrd sel'cllings, Aecordingly, a total yield of 
no,ooo s('('(ls 1)('1' aet'(' over the 5-y('ar period will be required to make 
Slll'!, of 1,200 ('stablished s('cdlings, Assuming 120 seeds per cone, 
500 ('on('s must h(' produced, According to the averages presented 
in Lltblp IS, IS-ii1eh good-vigor trees produce good crops 25 percent, 
filiI' crops 20 pel'eent, and poor crops 23 percent of the time. If good 
('one- Cl'OpS l1vemge 40 cones prr tree, fair crops 10 COl1<'S, and poor 
(,I'OPS::l ('on('s, 18-ineh good-vigor trees can be l'XI)('ded to produce on 
HlP n.vPI'ngc about 65 cones ov('r a 5-Yl'ar pc-riod, and 8 such trN'S per 
acre 111'e suffieient to provide the 500 cones needed, On the same 
basis, 16 fail'-vigor trees would be requirNI. Similar calculations 
can be made for trees of larger 01' smaller diameter or for a longer 
s('('(ling ppriod, Obviously, these cstimates are subject to consid('r­
Ithl(' ('['1'01', but that they arc approximatt'ly eOl'l'ect is shown by the 
fad thn.t on nationa.l-fol'Pst timb('r salt·s, wh('r(' standnrd practice has 
lwen t~) leave 2 to 6 whit!' pim' seed trct's pel' ncre, mostly of good 
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vigor, satisfactory re::;Locking to white pine has in most instances 
taken place in a 5- to 10-year period. Frequently, as has been pointed 
out, seed already in the forest floor at time of cutting, or falling 
during the year of cutting, will materially supplement seed produced 
by trees left for seeding purposes. 

SEED PRODUCTION OF ASSOCIATED SPECIES 

Seed production of species associated with western white pine is 
exceedingly important in its effect upon the composition of rep1.:oduc­
tion stands. Provision of sufficient white pine seed trees will by no 
means inslll'e the desired proportions of white pine; the abundance 
and reproductive cn,pacity of other species present must also be taken 
into account. 

On 12 permanent sample plots in cut-over stands, the ch!Ll'ficter of 
the cone crop of all white pine l1Ssocln,tes was observed l1nnually 
throughout the 8-year period 1927-34. Character of cone crop was 
rated as follows: 

Lurch, Douglus-fir, grand fir, und Engelmunn spruce: 
Poor: 1 to 20 conos per tree. 
Fair: 21 to ,10 cones per troC'. 
Good: More than 40 cones per tree. 

Wt'stern redcedur and western hemlock: 
Poor: Scattered cones only. 
Fair: rntcrmcdiate condition. 
Good: Branches sag from weight of cones. 

The crops borne by the trees 13.6 inches d. b. h. or larger are sum­
marized in table 20, flJld compared with those produced by white 
pine. Hemlock and redcedar wem outstandingly prolific seed bearers, 
producing five and four good crops, respectively, in 8 years. During 
the same period western larch trrcs produced three good, two fair, 
and three poor crops. Although Douglas-fir is shown itS producing 
only olle good crop in 8 years, the Douglas-fir C0110 eJ'Ops of 1932 and 
1933 each came within 2 percent of being rated good. 'rhus, from 
uva.ilablc data, Douglas-fir approximat01y eq lIals larch in produc­
tivity. Grand fil' seems to be the least abundant seed producer of 
the major white pine associates. 

TABI,E 20.--Character oj cone crops prorltlced by trees 13.6 inches d. b. h. or lm'ger 
oj the principal .~pecies of the western while pine type in 1927-34, inclusive I 

\\'('SlCrn I Western I I ' ~'fcslern 1 Western
'vhile pine Inrch Dougln.~.tlr I Ornnd fir ; rodcedar I hemlock 

Yenr -.-' '--'-1--1-- .._._, ·'-1--'--:. ­

,0 l' Ii'",G~' pio FlpIOIl<'lpiG P'Oi}'i" 
-!~-~-,-.-:-::-:-::-::·:--::-:.-Jx- 'x- xl-: ::. g'I::::~.;:k: ~x~ ~. ::::~- -~ ;: -xI~~ 
1V3D, ............. ' .. X I "1 X '-' .. , X I"" ''''1'-'''-'' X .... X ... X .. l' ­
1~5i .::::,,:::': xl, .x '~ I', :::C X X, :::: :::: ~ ~ .::: ... : ~:::::: 
loa:! .... " .......", ..... X I ..... X! ....... X .... '-.' .... X X ........ "IX:.'''' 

103·1 , ............. ,.. ,' ... 1 X l. .-' X I.... ·· ..1 X .... "X .... X I.... ' .. , X ......... 


TotnL ........ '23,-31'-3,.. 2,:3--5'-2,-0 -2°1'-4'-3'-I1'5,2'-1

I I, ' !: ' 

I O=good, ~'=rair, P=poor. Rlltings bused on annual Observations on 12sample plots in eut·over stands. 
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By combining the observations of cone production on permanent 
sample plots with forest rangers' estimates covering more extensive 
areas, it has been possible to build up a 14-yeur record of cone crops 
according to which the average interval between good cone crops i~ 
2.1 years for hemlock, 2.8 years for redcedar, and 4.7 years for larch 
and Douglas-fir. Thl' record for grand fir is unreliable. 

There is little evidenee that conditions in anyone year ever con­
duce to uniformly good cone crops for ull species. In the period 
1927-34, the nearest approach to a good seed year for all species was 
1932, when fOllr bore good crops and one fair. The poorest seed yeur 
was 1\)27, in which two of the species had fair and four had poor crops. 
In other years little cunsistency between species is evident, probably 
the l'Psult of varying suscpptibility of the sPYel'lll species to frost, 
wind, rain, and otitpl' climatic elements during flower pollination and 
sl'tting of the fruit. 

TADLF; 21.·c ·Sumber of sails per acre Cltllght annually in seed traps on two per­

'fIIcment .wmple plots on cltl-over areas 


l(lunlltities 10 thousands; i. e., 000 omittetl] 
--"~'-~----~--, i 

1 1927 .1928 1921J 1930 1931 L!!32 19:13 ; A "crage 
...--~- --'----.---~--:---

-.--..---~.--' .. '--------_ . 

Plot 131: I 
":t'stllrn wlJite pine_-~~·~.~--~·t o 1.0 10.U 6.0 0.5 i 9.~ i 1.1 5.3 

o o 0 8.0 .5 .0 1. i 1. .5
\\ l'~tern Inn·1t . . ......... \ 

Dougia.,·f!r ..• .............. . 3.0 2.0 ~,O \J.a 0 2~:g i 5.1 4. 9 


(imrlll!ir ............... . o o Ii. 0 71.0 0 10.0 Ii. I 

5.0 475. ,5 111.0\\"p.3il'rnr('ctC'(ltinr . T~~_~ ' 3.0 29.0 44.0 146.0. i·I.S 

52.iO lij1.0 21;0.0 2'2'J. [, . 527.5 :10;;. I 2Si.2
W"st,'rn hl'll1luck ..... 

__ 

! 2.0 o .5 o 5.1 1.2.:\fisccllarwuu'i qpt·("il·:-' ~ o 3.U 0 
Plot 2:1' I 3.ll •. 0 1.0, 3.5 I 8. i 4.6W,'stern white pillO. . 

7i. [) I~l.[) 121.5 12'~ : 8.0 76. j
,rl'SlPrn larch 

10. U lIl.O 1.0 ... \) , 11.5 S.2 
llou~II\.,·tir •• r,1.0 2;.5 25.0 .5 i 1.3 23.5
Oralld fir .. 

21.0 '.!.5 0 o o 4.7
"\'~fl\rn [('dcr.llnr 

1. 57~.O 4·1~. 0 2, .536. 5 538.5 2,1.3 1.025.3
W"t,-rn hemlock 

A.8 with white pine, con(' production of til(' principal white' pine 
aS8oeiat('s incl'ea::>ps with tree dinmetpr and vigor. Excppting l'cdccdur 
and hellllo('k, which lwar seNt at distinctly smailer diameters than 
otht,l' s(wciP8. thl' principal associates behan' very much like white pinc. 
The anlila.ble infonniltion is insufficient for detailed comparisons. 

An indielltion of til(' adultl numbprs of seeds produced by the 
associates is ~iv(,1l by Uthle 21. showing for two sample plots on cut­
on'r !tn'as the Illllnbl'l's of SC'l,d caught in sppd traps (pI. 5) over a 
lH'riod of yetu's. Ou tstttmiing n.mong thl' seed-proclucing characteris­
tics of the principn.l white pine associates are the great abundallce 
and [['('<[uPlley of sl'cd crops of reclcl'dar ancl hemlock, the most 
tokl'll.llt species. '1'lw capucity of these species, pspecia!ly hemlock, 
[or produeing trp11lPlulollS llumbl'rs of sC'ecls largely !>xplains their 
abundance in certain portions of the region. In some years the seed 
catch of the smnll-sl'Nlpcl hemlock and l'edcedar was a million or 
lllor(> P('l' acl'('. Til(' slIpPl'ior hardinl'ss and vigor of white pine. larch, 
DOlwlns-fir, and ("mnd fir sl't'dlings in SO!llP UH'asure make up for less 
l1blll~lilnt s('('d p7-odllrtion. in thnt th('sl' spcci('s are ahll' to become 
l'stlli>lis\H'd under habitttt conditions too senre for "cedar" und 
lwmlodc 
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SEED DlSSE~Il~ATlO~ 

SEASON 

AltilOllg-h most sp('cies III til(' W('st('rn whit(' pine typ(' b('gin to 
dissl'nlinlltp tll('ir s{'('(1 in late A llgust or Nlriy S<'ptC'mbp.r, sl'nsonnl 
di::;! ribution of s('('d fnll tliffp!"s ('ollsidp1"ubly among th(' spec-ies. Sppd­
tmp OhSl'ITIl.lions IlHl.dp lwnuully for 8 yellrs in II. 300-YNLr-old stand 
and It \'igo("(}w; 75-Yl'llr ntu,nd, botlt IH'iU' tllP Pri('st Rin'1" Exp<'ri­
ll/('ntal 1"OI'('st, 111\,\'(' yiC'ldpd S01l1P informll.l.ion us to wll('n till' SN,t! of 
tltl' prilleipnl Sl)('ci('s ill tlt(, typP 1"l'll.eh till' g"I"OUIld (tilbl(· 22). 'Vpsl('I'n 
whit!' pill(' dissPlIlilllltpd most of its s('P(1 t'l"Op ill till' pariy filiI. About 
L'i ppn'('lIt of till' ('lltTPnt crop J"('IH'hNI til(' ground IlPfol'(' 8ppt<'UlI)('r 
t, U.bollt H5 1)('I"('l'lIt by till' ('lid of (ktohpr, Ilnt! ollly 15 Pl'I'('Pllt during 
th!' la!(' fnll Hlld wintl'l'. Oralld fir rpll'llsl'd its sppd nlmost ns l'llriy 
IIlId ('olllpl<'lt'ly, ahout SO p('I'el'lIt fullillg h('for(' th!' !'lId of OetO\)N. 
W('S(PI'II IlIrch IIl1d Doug-Ins-fir lIslInlly dis:wminntl'd t1wIr s(,l'd 11 !ilth, 
III!I'I' than die! whit!' pilH' Hnd gl'ltlld fir, psppcially III thl' old!.'r stand, 
only (iij to HI) PI'I'{'('llt of tl)(· ('rop flllling by thp pnd of O('lobl'l'. 8('('d 
of w('stPI"Il "('llllo('k and \\'p::;t('rn ("('d{'('1I111' [(,\I ('onsidl'l':li,h' latPI' thnn 
thos!' of th!' otht'r spt'{'ips; th!, fall was hplwil'st ill O('to\)(;[', but 35 to 
4;j pl'r(,PIlI o('('uITPd nftpl' ).'0\,(,1111)(·1' I. 

T,\I!(.~: 22. I Jt.~lrzIJIII/t)1/. (~r .~/'(''' ,iall o( principal "liI·fir., ill lhe Il'cslern /Chile pine 
tllPI' b!l periori.5 I 

3m· Y EI t{·( 1I.1! ,.;'r.I" IJ (P LOT I,il) 

:\Iidsllm­
~ept(l'nt~U1('r tu her 

_. __~~__ ~\1l1'.~1 

PorcellI l.\""uml1er
\\.t"!-tl'ru \\ hltf' pirH.' 14 :19, :'00W,·'tf'rn hn'h Ii ·15,000I )nll~ln.<·tlr " 6 a,lKlOllrand tlr .... I 12,'fI()
Wrclt'rn hrrnlol'k 5 9Sr., .-,no
W'~hlrn r('(It·t.~.dur 14 3,OOa,OOO 

""eHe:rn whitt· piTlt.' 17 52 15 :1, ,'iOO
'\.estern \arc'h .. 'j.. 22 17,500
DOllZIu.'·fir 2i I 19 I 15 , 8,SOOO.,IDt! Ilr 64 II 14 ' I,SOO~I\\""'trrn hrllllork 14... ···-1 5 49 32 3,000
Wf'<tern rr<!t'f'rlnr 19 19 :la' 39 5,000 

-.-~------- ­....-­

Rl'('ords 1'01' thl'SP two plot::; indit'ftt<' considC'l'flblp \'urintion fl'om 
y('111' to y<'111' ill pPt'iod and s<'nsonnl distribution of 5('('(1 fall, both for 
nil siweil's nnd fot' illdiddual spreips. In 1933 disselllinntion of sC'cd 
or nil sp('cil's hl'g-nn lilt!' Ilnd an UllU::;lIfllly largl' pl'0p0l"tion of til(' crop 
!'('/lcl)(\d tht' ground nft\'r' Xon'rnlH'l" I. A possihh' ('xplnnution is 
that till' IIl1l1sllnll.\' rniny fllll w('llth(,1' of that yelll' rt'lnnled til(' ripl'n­
ing lind olwlling- of til(' ('on!.',; and eons('qtwntly tht' disspminalion of 
s<,('(1. ()Ull'l' dill'l'l'('II(,('" ob:-lPI'v<'d bl'twl'('n the piotR I11n,V b(' pnrtinlly 
dll!' [0 til(' wid€' dispurity in Il.g('. 'l'hC' \'C'tpmn stlllld pm<i.uceci many 
tinH's 1ll01'(, H('pd than the 7;i-,F'IU' stand-rcdccdnr and lll'miock in 
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particulal', In thr old stand lhrs(' sprci('s form('d a larg(' proportion 
of till' dominants; in th(' young stllIld, they w('rl' strongly supprl'ssed, 
It is possibll' that both dpgn'(' of suppn·ssion and agt' of thl' seed trees 
afrl'et til(' limp of sC'NI disse'mination to SOffiP C'xt('nt. Oth(,l" f!lctors 
such fLS sill', nspl'et, fLnd various eiinH'ltic plNIl('nts undoubtedly have 
soIll[' influC'lIcl', bllt their fLclllal ('trl'et is not known, 

DISTA:\'CE 

TIt(, d iSUlIlC(, to whicit s('('(1 an' disspmill!ltNI from tll(' parC'nt tr('e 
d('I)('nd;-; upon tit!' ('oillbill!'d l'ff!'ct of n numlwl' of factol's su('1t as ht'igltt 
of tn'(', topograpity, air IlHwt'lll('nts, elutraet('r of tite s('('d (i, e" size, 
\\'('igitt, willgs, and gPII(,I'HJ ability to "fly"), Ilctioll of birds Illld I'Otil'llts, 
and :-WIlSOII of diss!'lIlill11tion, [II tlH' study of whitp pint' I'l·produetion 
Ol'igilllltillg from iL kllOWII sl'pd sourC'l', aln'IHly cit(·d on pagp 9, about 
iO !lpn'Pllt of tit" s{'pdlings wen' foulld within 200 f('et of tit!' sl't'd source 
alld about UO pprel'lIt within 400 fl'('t. In soml' obs(,I'\'('d instanc('s 
witit(' pin(' sPl'd itlls apPlu'l'ntly bpC'tl dissl'rninnt('(l for distanel's of half 
11 mill' ()l' ilion', hut 1I0t in qllltntitil's suflil'il'nt to b(· rdied UpOII for 
llr/I'l(UILtl' \lnllll'lLl rpW'IIt'nttioll, lSIUl(':lO has llll'nSlIl'('d thl' fli~ht of 
forl';;t-tn'(' st'I'd by n·I{·Il:-;illg tlll'm 0\'('1' snow fl'OlIl it kitl' at kllown 
(·It'\ atiolls alld win<i vl'iocili('s alld obsl'n'ing tIl(' (/istnllcl' thl~Y 
trun·lt'd 1)('1'0\'(' rt'llellillg th!' gl'Ound. Of til!' spI'eips it(· tl'stC'd thnt 
an' common ill till' Wt'SIPrll whitl' pin(' typ(', s(,l'd of w('stl'l'1l IH'mloek 
wa;; fOlllld to tl'i1\'I'1 tht' fUl'titl'st. Whitt' pill(' was lH'xt, dos!'ly 
followl'd by !)(jll~llls-!ir, Itlld s('('(1 of wt'stpw rl'(\et·dllr l1la<!l' the' 
shortt';;[ fli~ht. TIll' IIlttill point l'stllblishl'd by tiL(' n\'itilablp datn is 
t hilt ;;(,I'd ;;lIflieil'n t to (lwei lICl' ndp<llIate I'l'prod uetion is distributed 
lIot fartit('r t!UUI about 4()O Cl'd from tiu' parl'nt tree. 

SEED STOHAGE 

~('!·d of flll spl'cil's in tltl' wpstpl'\I whitp pint' typ<' is stor('{1 naturally 
ill till' d \I It' wht'll it fnlls fmill thp pllrl'n t trpl', and I'l'tnins \'iability 
ulltil till' following "prillg, Ill\'pstigatiolls han' shown, how('\'pr, that 
wp;;tl'rn whitt, pint' is titP ollly spp('i('s in titt' typ(' whost' s('l·d l'pllluin 
\'illblp in fLppn'('illhlp q linn ti ty for lllorl' thnn tlH' normal ovprwin t('r 
lH'riod. ~\II ('xpprilllt'nt in which sl'l'd of Itll till' pl'incipal spl'cil's in 
tilt' (vPl' w('rl' ;;[()I't'd ill tIl(' dull' IIndpr iL !'ILtll('r <il'IlSl' \'i('gin stnlld und 
;;II.!1ltil(';; IUlIllliLlIy tpstt·d ill SIUlt/ flats for \'iubility showpd about 40 
P(,(,(,(,lIt of thl' whill' pilH' ;;('I'd to IH' viabl(' aft!'!' OIH' willtl'r's storage 
and ahout ~;i pl'n'l'lIt lLftl'l' two willt!'rs' storagl'. Slightly h'ss than 1 
Pl'I'('pnt r('[ailll'd \'illbility fLfh'r 3 01' 4 Yl'lt(';;' stom~!', iLnd ollly iLll 
()(,(,tl;;imlltl \'ialli!' ;;(,I'd wns found aftpr G YI'!U'S' storag(·. Sl'C'd of no 
nth!'(' s(}('('ips tpstl'd rdnin('d \"iiLbility for nlOn' thnll tit!' Ilorlllni onr­
wint('(' pt'riod, 

Anotht'l' e11l·('k OIl til(' \'iability of whitc> pill(' s('('(l n£ter lliLtural 
storngp in th!' dulf is IL\"ailnblp from :200 small qlllldmts, lociLtl·d 011 
,;p \'1' I'ltl ('Ill-on'r 11.1'1'11;;, tllltt Wl'['!' ;;('rl'('lIl'd Itftpr til(' h('iL\'y s('(>(1 ('!'Or of 
l\J:W fpll to tlH' gl'OlIlId. Tit!' s('(,(,Plling ('xeiudl'd iLll seed from Inter 
('('op;;, .:\nnual l'Xflininations for 8 yt'iL('S showpd thiLt practienlly nil 
tllp Fwpd pr('s(,llt in du' du!l' in ID2() g'prminlltl'd within 2 YI'llrs. 

1 h\u .. Lion A. \lf~\-tHHt"JIf.JJTOr H,.:Jo:n (H~ 1l0n.L.\Q Flit .\SDITS.\SSOCIATf~5. Pacinc~orthwest 
F"rt'Slllud Uaug(' l';xpL SlII, IU:!S, [l'npuhllsl\t'd,1 
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LiI:rscn (38), uft{'l' un t'laborutc study of seed stimulation, concluded 
that the tt'ndt'llcy of wesh'l"Jl whit() pine seed to remain viable beyond 
one s('uson is due to thC' imrH'nuC'ability of the seed coat, not to any 
inherl'n t physiological c1111rnetN of the s('C'd l'mbryo or endosperm 
such as Ill'l'd of a resting ()('riod aftpl" rippning, Th(' tendency to 
dl'laYl'd gl'rmination is IUI'gl'ly OVerrOHll' by full sowing, tlw normal 
OeClIlTI'IlC(, in this type, 

SEED LOSSES 

Only It V('I"y ,.::mnJl propOl"tion of the' s('('(1 prod lIcC'd in tIl(' cones 
g('rminatl's - probiLbly, on thl' 11\'f'mgt', about 1 or 2 p('rcpnt, .Loss('s 
[)pcrin on the tt'e('. Squin'pls (l'amiasciuI'u.s Iwdsonicug richardson i) 
ofG'n han'('st thl' major Shill'(' or tlll' crop, III s(wcifie instllllCPS thl',Y 
IlIt\'(' bt'1'1l obs('I'vl'ti to lItkl' from 00 (H'I'c('nt to pl'Ilcticnlly ttll of thp 
whit!' pinl' crop, Whitp pilH' (,OIll'S ttl'!, prl'fpl'l'pti to those' of otlH'r 
»pl'cil's, hut whl'l'l' thl' whitt, pin!' ('1'0(> is light, (,OIlt'S of oth(,l' H()('cil's 
1l1'l' luU'vl'stt'd, l'nciotlbtl'dly 0. largl'I' proportion of thl' tlP('(1 crop is 
tn.kC'1l ill pOOL' ;;(,(,d YPiU'tl tlllUl ill good ()lIPS, \Yal'ious spl'cit's of illHl'ets 
reducl' ;;Pl'ci Cl'OpS of nil thl' s[)('eil's by fl'('ding Oil buds, flowl'l's, im­
Jl1allll'p (,Olll'S and ";(,I'd, Ilnd lTlatlll't' SPl'd, IlIstnllcl's havl' bePIl 
lIolpd in which tlu'y dl'..,tl'O~nd prneti('ttlly till' Plltil'P whitt' pill<' COlll' 
('mp in ('(,I'tain locnlitips. 111 1n:Hl, for insbuH'l', all white' pinl' ('onl'S 
prod 1I('l,d OJI two StUll pip plots on til{' Ktlniksll fOrl'sL Wl'I'l' n.ttfwkC'd 
by im:l'cts of IIncil,tl'I'mill!'c.\ sppcips !tlld till's<'l'd dl'sU'oYl'd. 011 othN 
Slllllpll' plots Oil tile' Kltniksu ltnd ('Ol'UI' d'All'llp fOI'l:sts no damngl' 
WllS HotI'd. Difliculty in ('olketing slIffiei(mt sped [or planting plll'­
POSl':-l Illls hp('n l'xpl'l'il'll(,l'd on t1('('ount of p:-:tl'llsi,'p intll'et dnmng(', 

Additionnl sl,t'd i:-l dl'stroYl'd aftPl' l'pu('hing the' ground, through 
thf' tI.ctiml of fungi, ins('cttl, anti l'odl'nt:-l, I{nthbull-Gmvn,tt (15) hns 
:-lltowll bl'yoIlll doubt that IIl1lt1)' sl'l'cls al'{' kill('d prior to gPl'milllttion 
by dnlllpillg-oll' orguil i,.;tI IS, alld lllallY in,'pstigatoI'H itlW(' notNI 
Pl'('gPl'lninlttioll los,.;ps fmlll oth!'I' ('aus!'s, Rotil'1l t dp()J'('tiatiolls, 1'01' 

!'Xlllllpil'. Ill'p the' pl'itlcipIII obstn('ll' to sllc(,l'ssrul dil'(,C't sl'l'ding, 
Till' tolflil'lJ'!'d of t hl' "!tl'iOIIS a~('ll('i<,s (,tlllsing Hl'pd loss('s on llntul'Ill 

J'(W'Ill'l'IttioJl is indllbitaill)' gT('nt. Illid it is UnrOl'tllntttp titat so littLP is 
knowlI Il.iloul lhpllI. BPllt'r inforlllatioll 011 s('l'd IOSHPS is II('(,P!:lSiUY 
for tU'l'lIntlp ('\'lliUlltiOIl or till' ('1Iil'lle), or Sl'pd In'('s, 

S(Il'IICE OF' SEED FOH ;\A'I'l'HU. RgGE"EH'\TIO~ 

"'Vhl'l! wns lh(' SOIlI,(,(, of s('('(I'?" has b(,(,1l OIl(' of lilt, most fl'Ntu('ntiy 
nskPd Hilt! dis('lIssl'cl «Il('tllions ill w('slpl.'ll whitt, pill(' !-;ild(,lIlllll'!', 
QlIl'st rIJI' till' IlTlSWl'r, IIl'('(,SS!LI'Y to all III1(ll'I'stnnding of lI11tu.ml I'e­
gl'lll'rHtioll, has "(Jllslilllll't\ alal'gp pltl't of siiYien.lr('sl'al'('it in till' type, 
('lit t ing ml'litods ha\'p \)('('11 dl'yised tlnd I'("'isl'd tiS nl'IV dis('ovl'l'ies 
W(,I'(' mnd!', Inn'stigntiontl of Heed supply lind stOl'llgl' and of rndol's 
cOJltmlling initinl pslaillisitnH'llt of lIalul'tl1 I'('))l'o<illl'tioll hiwp now 
11111.(1(' it po!-;tlibll' to pi('cp logdlH'l' a fllil'ly d('linitp Il11SWl'l' to this 
qll(,!-;tinll. Spl'd I11ltY 1)(' divicic'd tt(,(,ol'dill~ to oJ'igin into tlll'('l' ('lnsS('s: 
(I) Slorr'd Spl'd, i, 1'" s('('(1 MOl'NI in til<' dllft' long(,l' tlwn lit(' nonnit! 
oHl'winlpl' (H'J'iod; (~) ('Oill('iflPllt ";l'pd, pr'odul'l'd Itt thp limp of ('ut­
ting 01' bUl'ning 01' within lil!' pr(,('pding yNu'; alld (3) subs('C(u('ut 
~('(~d, prod 1J('l'd by Lil(' l'('sid uill ~lnJl(1. 
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Though the idea, eyoln,d largc>ly by Hofmanll (23), as to the im­
portltTlet' of storpd seed was rxagg(','ative for many years and ('xl'rted 
all undue il1fhlPJlce on marking rules, the theory ou tEned was in pat"t 
correct. Later and more compl"('henRh~e studies showed that seed 
deposil<'d in the fo/"('st floor before or immediately after Cll tting 01' 

fin' ph1YS n part, som(·times !1 very important one, in regel1l'mtio'u of 
w('stern whitt' pitH' stands, gvrll s('ed stol"(,d in thl' duff for longer 
tllll.1l tht' l1ol"lTHd oVl'I.,vintel" pel'iod is a fador in regeneration, eyen 
t!Jough of Illutillpss importnn(:p thaTl was once b('lipy('d, TIl(' d('finite 
lirnitilt iOIl on till' st'NI-in-t1H'-d tiff th('ory is the' fnet thnt w('stP/"fi 
whitt, pill(' g(l(,d so pla('NI will I"tlrt'ly ,'('tniil its viability for ilion' thil.n 
~ YPllrS, llnd tbn,t Spl II of 11011(' of til(' otlH'l" SlW("il's will do so for more 
lliiLll till' IISlIltl O\'PI'win tPI' lH'riod, 

"alll/'n.1 1't'g"l'Ilt'l"lltio/l of quite· nd('qlllltp dpllsity oflpll I'psldts from 
siol'l'd sl't'd llnd ("oillei(\Pllt S('l'd ('olJlbin\'d, and it is n'I'Y diflil"ult 
in su('h ('U,,>ps to S('gl"Pg"lltp the' two s('('<1 ('las~;ps, UndOllbtt·dly SOme 
at 1('1\,11 is fmlll stol"(,d S('('(I, sin('(' on many arras /"l'produetion is 
{I!·finill'lv ('OIl("{'IlU'ull'd wI 1(\1'(' tlH' duff I"('rnains undistul"bNI alld is 
IIlr'kill); 'wItPl"(' Ih(' dlllf Illls h('('I1 blll"lWll, As was pl"('yiously n1<'n­
IiOfl('(1. ('xl P!lsi \'(, 1l1'('IlS on till' KanikslI X ntionaL Fo/."('st that WPl"ll 
hU!"II(·d \)\'{'!" ill 1\l2H l'ppl"Odu('('d n.blll\dalltly in ]()27 t1S 11 !"('sult of a 
~()()d s('('d ('I'OP ill If)~f), which was onLy pltl"tinll:.' d('slroY('d b,v the 
fin', lind fllYOl"llblp ("onditiolls fOl" 8('('(1 g('l"milllltioll nnd S('l'dling 
sun'iYal ill I n27, 

'I'1t(' irnpPI'\lIIH'[' of II ('olltinlling s('('d SOUl"('P subs('qupnt to cutting 
hilS IW('/l {'slllblisll(,d by stlldips of tIl(' tilll!' of ol"i~in of I"rpl"ocluelioll 
on 1IIUl\Pl"OllS ("llt-O\'P[' tUIIl bllrnpd-()\'('t, lln'as, TablP 23 shows til(' 
nlllnlH'!" of WPsU'1'1l whitt' pill(' s('('dlings annually b('("orning ('stab­
lislu·d (thlll is, slll'\'iving (hpir 8('("01111 ~wason) durillg aIO-yell!" ppl"iod 
follOl\'inl! (,tilting 011 10 /"l'[)J'psf'lltalin' Wl'stpt"n whitp pinp Ill'paS, 

T,UIl.I·; 2a, XIlIfI/I/'r of .~fP(/linys pstl1lJli.~hl'd in d('("(Ltir folio wiTty {()yyilty on 10 
rI' prl'sI'Iltrit it'" wps/I'rn ll'hilr pine arell,~, by !ifll( of oriyin 

~~~~.- ~-. -

.:l "" .­ :...!.t .:: = 
..... ~ :.. :i:: :!E :­

-:';ec <­
.::.= :::~i -'~ "':':... T­

Yt'l,rOrllru.on. ['tllowlng -?,.i ~~ ""~ :...= -0' .....·8 -.,. -'" - ;(·tHtin~ .,::..c '-:.. 
r" = ....... 

~ ~ 
~ -'" &: 

~ f :.,.'/. 

~::: ;:;, ::: 

;; 

~~ 
"':> 
;:~ 

g-g 
~c: 

~ 
o 

g~ 

.9 

~ 

« §J; I 
~ , 

co i " ~a;- ~tg I 
:L'u 

%i'e. '::;l 
~.~ ! .. ;;;

C <­
:­ ,.

= ,. 
-< ..,; 

1 ,lI '!!) 5 115 7 150 15 
2 I"" \-IS :H I"~ 20 :!:In r..- ., 

,1';27 .1:!i .11 208 :lS 75 alG 
!i77 :t~r. "I ~IS ,11\ ~21 1,0,)·1 

" !H~~ '.l<>" '217 W9 52 3b7 I. 32'.1 
Il ;!!II II :!,')f) 2:.!i fA) :132 I. HI; 
; :.H7 ,~v 1~5 1>;7 123 2h2 S,\7 

" 1'" lli7 WI Wi IH lfii !jf;, 
~ --­

i2~ l~(~Tn\'I\ 'l,!iH I. '!t}.t 1.1\'2(1 1,,11>8 3(10 5,·1-19 

GO 
51 
:10 

iIl2 
11)2 
IZI 
'>1 

lOr. 

tit).\.) 

1"­.f 

sa 
41 
70 
fit 
SH 

I:m 
Hi5 

770 

21l ,,2 261 
n.1 102 6[Jt) 

H I to!) USS 
270 315 1,2fi5 
141 :\1:1 I,<tllli 
HI 272 1,6:H 
S7 !r2S I,05a

lOR 2H I, S". 

fI,,\Z 1,I~i(j 10, JIO 
--.~ _. ~--. --~-. >---~~> •• 

---~ 

()nly ~f·I'fll!IH.!'" c,l1rVl\"inl! tltl' :-<l'('UI1I[ '-I":tsun aftf'r f'uttimr 11rr ,'onsidl'n'd l'stablishcd. lIt'ucl"l seedling., 
IJri~inlLt jill! ,liJrtrl).! tlw l!1....;t ~ :;I'nr"i uf ttl(' ,Iproflp nrc not r~r(lr'II.'(I. 

1'lIblp 2:1 shows vpry ('!t'ady that th(' t"Ppl"oduclion stand was built 
lip flli!"ly p\,(,ltly 0\'('1" Iltt' [ll'riod, Tltt' ('ornbillC'd cOl1tl"ibtltioll Illlld(' 
by ,:;tOl"pt\ lind ('oin('it\t'llt :;('('<1 ('nn 1)(' mth(,I' l\(,Clll"lII(,ly <I{,t(,l"lllill('d, as 
S(~C'd-sl(J/'II~(' s[tldi!'s Itan' s\town thllt pmcti('nlly at"! s('('dlil1p:s from 
tltC'sp SOII/T(,S 111"1' t"('stri<'ll'd to till' first 2 Y('tlI"S fOI" Wl'sl('/"Il whitl' pine 
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and to the flrst year for the other species. Assuming 500 estnblishpd 
white pinp s : ('(llings per acre as the minimum number for sn.tisfuctol'Y 
regenemtiol.t to thn.t species, and ineiuding scedllngs originating dur­
ing the first 3 YPilrs (n. gPlleroliS allowance), only 2 of the 10 areas 
could possibly be dussed as sntisfnetorily rpproduced to white pine 
mainly from stored and ('oincid(,llt sped, Similar stlldips of a large 
t1l1mb('1' of {'ut-o\'('t' Wl'stern whit(, pilll' n.rpas ha\'(' shown that rppro­
dllction from storNI and coineid('nt sN'd is suti:;flletorv on not more 
than 1 Ollt of 4, TIl(' nc('pssitv of scattrred sepd tl'ees' or SOll1P other 
continuing ;;('('d S01l1'<'P is appui'('nt, 

ObSPI"'ll.tions on blll'l1pd-on'I' 1U'l'HS havp ('onfil'll1{'d till' findingthnt 
r<'IH'od lid ion stn nds fIWIUPI1 t Iy origi IlItt(' ov('r an pxt('nc\('d Iwriod of 
y<'ars froll) sub~wC[u('nt :;('pd. ApPHrpnt ('ontmdietiolls in til(' form of 
PX('PIl(,llt rl'pl'Odll(,tion stn.llds on old bUl"lls, wit It s(,IU'('l'iy II, li\'ing ll'('(1 
of tlw pill'plI! siand in sight. ('nn oftl'1l [)(' l'xplitinNI by s('('ding ('oin­
('it\Pllt wilh tlw lin' 01' hy til<' OhS(,I'YNI fIlet thn.t ill n stnnd fittnlly 
dnmngpd by firp n ('ollsidl'I'llbh' nllntiH'1' of tl'('('S mity slIl"\'iv(' fol' SP\'­

('1'111 yl'urs und IWHI' ('oll:-\i(\('l'jl,hl(, qlluntiti('s of Sl'l'(1. A good pxnmplc 
of this is flll'lli:;I\('d by two snmplp plots ('stnhlisht'd 011 til<' Killliksu 
fOl'pst in 1\127 on ItrPHS hlll'lH'd on'l' in 1920. .\s is shown in tlthlt' 24, 
it ('ollsidprnhlp numlH'I' of whitC' pin!' {I'('PS stllTi\'NI th(' fin', .~!ost of 
tlu'llI dipd within 2 Y'('HI"S. hut fL f('w WPI'P still nlivp 10 YPHI'S nr\PI' the 
fil'£', Annunl >H'('dlirlg ('Ollnts on thl's(' plots sitO\\'NI tlllit although till' 
IUJ'gpst nlllllh('J's of :-\p(I(llings oJ'i~';Jlilt('d in 1927 nnd 192R. IlPPI'('('ittble 
DllmIH'!'5 n.PP(,lu·('(1 [Jl'iteti('nlly ('vpry y('ltl' fOl" 8 morl' YNU'S, 

TAnl,g 24. ,S'IlrlJiv(ll oj western white pine tree,~ 10.6 .Itches d. b. h. (Inri /ar(/rl', (If/. 

two bumed-out'r snmplr 1)/ois on the K(mikslt. 1\atio/lal [i'm'est, by !lf11l'S 
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i I'lot 12(1: Plot 13:1' ··.;ear 'Plot 12\ll Plnlla:!;I 
.• 1 

; .---­
i S'umhtr .VlllUbu ..VIII/lbrr .•Y'lmber 

HJ~O , 'li r. ;')1 r, l!l:t! ~ :\ :1 I 
1'.27 I 1" 7 Ifi.1I 10:1:1 :1.11 3, ~ 
II,:!\{ 1011 , r- 1'1:11 2.1l ;U 
1~1:!" ~ !i 7 " '; 1!)3.1 31 
pnu 2.1)2,0 '\!i ~i I. :I W:1Il 3. I 
11m a'l 3 7 

TIll' p['incipnl ['rllson why st()["(·d nnd ('oinl'idl'nt 5P('<I ('nnnot Ill' 
1'(·lil'<I II pon fol' IHI('q lIute (,l'g(>lll'rn t ion i5 not inn<irq tine}, of ol'iginlll 
511Ppl,'/ :-;0 Inll<"il as hpn\'y \I)SS('f, of s('(>d find :;(>pdlin~s, Ins(>ds, 
Hf/llirl'!'l:;, Hlld till' liki' mil," dPHtro,r th!' IlllljOI' pHI'! of /lily IIIlIlUHI s(·(>d 
(,I'OP, FlIl'lllPrlll()I'I'. llnfn,'ol'nillp conditions 1'01' gl'l'lIlination nlld 
('IlI'I,\' .'llIn'ind /!lily PI'('\'('Il! 11 lll/,~(> U11111 b!'/' of s('('illillgs f/'Olll "('('oming 
I'slnblislwd, dt'spitp u pll'ntiflll sllpply of s('('d Oil tllp gl'ound, Oft<'n 
thf' slJpply of s(,pd in thl' dun' Ulldl'!' 11 lll11turl' :-;tllnd is lI111tl'/'illlly 
I'p<lll{'pd by gpl'lnilllllioll \H'fol'(> thl' stand is ('lI! /.!l'l'lllinntion thnl 
IISllllJJy ('OilS! ill!l!'s Jl ,'ompl!'t!' loss, till' s(,pdlings dillPP('II!'ing rnpidl,'t" 
('on \.!' 1':-\1' I,", if s(>(><1 loss('s 1\1'<' :-;1)\1111 lind growth ('o!lditiom; fn,'ornblP, 
It .~o()d ('('op of ,;pl'dlings 1l1ll,V ()l'igilllllf' from 11. J'I']lIlh'ply smnll sl'('d 
('mp, Oil 1I('('Olln! ol'th" IIplI"Y »('p(1 tlnd s(·{'(lIing loss('s tlwt Illn)' 
()(ot'lll' ill IIn\' gi\'('11 \'1'111' 01' (,\'(,11 in [WO 01' titl'(>(, :-\U('('pssi\'p }'1'1ll'S, n. 
('011 Ii 1111 ill!: ~(,pd SOI":('\' is llsllally 11('('('S:;IlI',V to obtain udl'quuU: 11lItuml 
I'!'gr'lll'rtltion in till' wl'slcl'Il whitt, pilH' type. 
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GERMINATION 


SCE.'d of all SPE.'<'iE.'S common in til(' W('stE.'rD whit(' pinE.' typ<' normally 
germinatp ill tILl' spring in soil w('t to lipid capu('ity by melting snow, 
Ph('noiogital obsPl"Vatiolls at til(' Pripst River Expel'impn tul Fon'st, 
Idaho, und at SIl\'Pllfl(' Nurs('ry. MOllL, and s(,l'dling- studips (19) 
indieuJp that g(,l'fllillation bpgills on l'xposNI sitps at tilt' lowPl' Illti­
tudirlld IiIllits of thl' typl' 1)(,tw(,PII ApI'il20 and ~la'y 10, O('rminntion 
is nlwllYs [aU'r by a w('pk 0[' mOI'(' Ilt Sav('lIue NllI'Sl'lT, at ;{,150 f('('t 
ph'vllt iOll, lhltn on til(' Pril'st Hi vpr .Ii:xpt'I'imNltni Fon'st, at 2,:~OO 
f('pt p\('\'iltion, and by It month 01' more at highel' eipvatiolls nlld on 
prot('('ll'd git('s suell IlS north slopes, where snow may remain until 
April :{(J 01' IHlpI', 

Gpl'mination is lttU'I' also on IU'NtS sh('lt('rp(\ hy a rorpst l'nlloPY 
or by topography, 'I'h<' !'fl'l'et of a fOI'('st ('!U10py is \\,(,11 illustrntt'(\ by 
tnblp 25, whidl Sltnlllllll'i7.(,s tlt(· ('OltnW of s{'('(lIillg W'I'millfltiol1 in Hl32 
alld fU:{;{ in prpplll'(·d ;;('(·d I)(,·<ls nt Hlalions ill full SUIl, pnrt shndp. nlld 
full shadc' Oil til(' Pl'ipst Hi\,('I' Kxp('I'inH'lltnl Fol'Pst. Th('st' stations 
are only !l fpw hundl'pel f('C't apart nnd difl'pl' only as to shud(', Both 
tilJ'1' and I'n.pidily or gl'l'lIIillntioll "Hl'il'd 1ll11l'k('(\ly with ('IUlmetel' of 
OV('dlPud slinc/(', Gt'l'Inintttion 1)(,gt11l nlld Plld('d nhout 3 \\'('('ks N11'1i('l' 
al th(l full-sull sintioll Ihun at til<' full-shndp stntion in a (\('ns(' Illntul'(' 
slnnd. Although most sppdlillgs \\'1'1'(' up by .1ulI(, 5 nt th<' full-sun 
stn.lioll, nnd by .July Iii in filii shad(', gtmgglillg g(,l"minntion ('ontilllH'd 
until l/I(' Stll'fll('(' soil c/ri('(l Ollt, (tbout ,July 1 ill full slIn nnd a month 
litl('1" in full shadt', As ,J('misoll (28) hns shown. It'IllIH'I'(lttll'(' of ail' 
tl.nd soil, entporntion rate, and humidity are nit signifiC'untly lower at 
ill(' shl'lt<'I'(·d sintiolls, 

TAO/.f: 25, ('()lIr.~r of (1l'l'1llirwtion Itf foll-Holl'n Nt'ed of tltl' sir principal ,~pecies in 
}JfI'JI(Irtd ""I'd II/'«(,~ /I'it;" diJJu'('/1i ,hgn·es oj shrill£' 1 

j Part Full 
, FilII -Ill! I ~I\lIdr <h1fl~ 

~JJH\\ :OJW· l'l:t! i Apr, 111 .1 pr. J:; :'1 II}' ,7 
nt'rmdlllJOIl bt'l!lIl~~ 

, Apr, 2'" :'[uy I :'lay :l()
I!rn \I al" I :'/11), 10' :?~rny2-t

Cit'rllllJI:lflflll pr:l('{it",th t'lirnpft,tt'(f~ 
1'1'12 .June 5 JUI1(I :10 JUly 15 
1'1:\'1 :'Iay 311 tio /lo,

1i('rmlU 1t/",! pwb: 
l'r~~ ___ .. _ . July :; .I11I\' ~i' ' July 28 
1'/:\'1 -------\ June !!:l i July to j Aug. 1 

1 Pril'~t Ita(lr i<:\prrllnl.'utal F'nrpst. 
I A q'ry ft.\\ '1'1.·dltnl.t~ wf'n' up .:\lny l. 

TIl.hll' 20 f,(in':'l til(' ('OUI'S(, of g<'l'minn.tioll on tl1l'(~C study arens on 
(hl' Knniksll .\"ntiollul Fol'l';;!. nil 1()(,Il{Pc/ in typic'al s('pd-trc(' cuttings 
ill tl\(' w('~I(,I'n witit(, pill(' t,\'pt'. 'I'll£':'(, l'C'('ordR \\'PI'P ohtuilwd by 
f"('(I(f('nf l':mll1illlltioll of pC'l'lllllll(,lIt :;nlllpi('-plot qundl'uts, h'l'iod of 
gl'l'll1innlillll C'OllIPIII'(,:; ('Ioq(,\y with lhllt sltmnl hy lit!' (\aL., for the 
[Jl'('pan,r/ -;1'C'r/ !J!'d" 011 th!' f>l'il'~{ I{j\'pl' [OI'P:=;(. (lC'l'lllinntion \l'ns 
pr:]('li('ltll,\' ('0111(>11'('<1 niH/lit ,JlIly 1 on th!' ('Xf)()HPd fillt. about ,Tu\~' 
l;i on 111(' ell".\' del!!(· Hilt! H(JlIlh!'d," -;/o[le, tllid about August 15 on the 
:=;\tel ll·/'{·d Ilorth ;;Iopt', 
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It has been found that in spite of mat('rial variation in the spring 
weather-for example, marked difl"erences in the durntioD of snow 
cover-seedling germination on similar sites usually begins about 
the same time each year. No material differences with respect to 
either tim(' or rapidity of gennination have been observed among the 
spN'ies of th(' typ(' und('r naturnl conditions, p('rhaps because the 
aVil,ilablo dltta m'e too m('ager. 

ender nalmal conditions germination is probably stopped by 
drying out of th(' topsoil or dufr. Drying (,{J.d,v in th(' sC'ason rC'sults 
in ('i tlH'r a smltll(,I' totltl g('rminn,tion in spPtiC's slow to stnrt or cnrry­
ing ov('r of some vinbl(' western white pine seed into the second 
senson, 

TABLE 26,-Progresa 0/ germination (percmt oj total) oj the six 'principal 8pecie,~ 
on thrpe lypic(lt cllt-over arells l 

Approxhnnle exumhu.tloll dntc 

JUliO I,~ 
July I 
July I,., 
AliI(. I 
Au~. 15 

~"I)t. 1 


I Knllikstl ~1I11onnl Forest. Ehwntlon: ~()rth ShlPl' 2,SOO rect; ridge, ~()nth slope, and tlnl, 3,om ('l't, 

~r()i8tllrC', wlll'mth, and o:-.,-ygeD are the pl'intipal factol's ess('ntial 
to w>nninlltion of h'C'C' seed, As soil moistur(' is usually pl('ntiful in 
th(, spring and sttffi('i('llt o:-.,'yg('n is I'nrely lacking in wl'lI-drained 
nplnnd soils. it SP(,IIlS pl'Obabl(' thnt soil tpmp(,l'fl.ture ('ontJ'()ls til!' 
bpgillning of gp('minfition in thp W('stpl'Il whitl' pill(' typt', Altho~lgh 
till' (lXlwl l'pqllirPllll'llts of til(' ass()('iat('d SPPcll'S arC' not known, L~tl's(>n 
(;:(5) hilS ;;Iwwn IPlll(l('I'nltll'(> to hftvP it very important (,{l'P<'l UP0{l mtp 
of gp('rnintllion Itnd to be pC'rhtJ.ps til(' prilll'ipal ag('Jlt g-o\'p('n;ng this 
pro('('ss undt'I' llillul'H1 conditions, Tablr 27, bns('(1 o.lJLnl's('n'g <lnta, 
indif'flt('s tIl(' pfl't'd of soil tt\JnI)(,I'ntlll'(> upon (hp mt<'s of gl'l'll1inlt­
tion, IIn([('I' I'll vombk moistul'c conditions, of four slweies eOllll!1on in 
white pill(' stands, 

Light. though cssentinl to the g('rminn.tion of some s('('(1 (8), is 
probably of litt!p impol'tnllc(' with sppd of w('st('1'Il whitp pin(' find 
asso('inl('(1 Sl)('('i('s, Although light mny han> some' stimulating ('fl'!'l't, 
it Illts b(\('n d('ll1ollstmtNI Iw,Yond doubt tlmt s('('(1 of all tl'(\(' SI)('('i(,8 
common in the W('SiNn whit(' pille r('gioll will gPl'll1inn.t(' satisfll('t()l'il~' 
ev('n in th(' shad(· of d('nsp Il1ntul'p 01' onrmatUl'(' tirnb(,I' stllllds if 
other conditions al'(' favol'llhl(', O(,l'Ininntion of n,PPI'('('iablp PP('('(,llt­
Itg<'s of W(,Rtpl'Tl whit(' pin(' s(,pd st!)J'('d ill dull' in thp ;;hndc' of el(>llse 
';'oung to OV(,I'l1lntUI'(, sttlllds has beel1 I'('pol'ted, 1'01' ('xamplc, by
13I'C'WSt(,I,31 and by Ifaig (17,19). 

II H,'" ('J(JIIlUlf W, /lage 10, 

http:pC'rhtJ.ps
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TABLJ'} ~~7.-·aermination per day oj jour ptincipa!species in relation to daily mean 
soil temperature I 

Species 610-00" F. 61°-iOo F. nO_soD e. 

Perctrll Percenl Perre-1l1 
West"rn whit.. pine 0.0 0.0 1.25 
nOU~hL,·tlr.• 1.5 2.5 
Western rc,it\',lnr 4.0 
;\'cswrn hemlock :"'::;::::::::::::::::::::::::::1 ~:1·4 i <') .1 I 4.3 

...---~.. _._-_ ....-~-.-~---'--.~---------
• Awrtlgcs for llerlod of most rapid germination. After Larsen (35). 

'No !Cst. 


Opl'lninntiol1 is mnt('ri!llly all'cct('d by the charactcr of the surface 
laYl'r iii whid\ it occurs. Dufr, for cXl1.mplc, is a very pOOl' germinating 
nll·flium undt'r celtllin circumstances, particulnl'iy on (lxposcd sites 
(4. l!J, 37j. AL lIll' Cull-sun station on the PI·iest lUwr forest, gcrminlt­
!.iOIl \VIIS /1('\'('1' I:mt.isflldory on dufr, cw'n though s('('(1 was sown on 
tlds slll'fn,'(' mtlch mol'(' Iwtlvily than on othcl's. In two SeptH'ate sow­
ing t'xl)('rinH'uts on It elpar-cu t ('xposC'd flat, Larscn (37) found gl'rmina­
lioll :.! to !2 limps as good on burnt and t1u.tural mineI'nl slll'ftl('cs ns on 
d tlJI'. According to 1'('('ords obtnilwd undt,I' the gC'neraily more 
favornbll' eonditiolls left on typical s('ed-trel' cuttings (table 28), 
g('l'rllintttion on duO' (fld not diffrr gJ'('ILtly from that on othcr slll'foces 
for lilt' hnl'<iicr and InrgPI'-S('Nled species, westel'n white pinC', grand fir, 
lind f)ouglus-fir. O('rminnlioll of th(' smailPl'-sced('(1 species, howC'\'cl', 
WitS dist ill('t1y pooI'l' I' ; hpmlock and r('dc('dl11' g(,l'minat('d 5 to 10 times 
ai-\ abulldantiv 011 burnt und unburnt mirH'rnl surffice's u.s on duff. 
'I'll!' /'('IlSO/l f()1' this difl'('rl'lIc(' is not cleill' but it sc('ms to be l'('itttNI to 
sizl' of sl'l'd. Probnhly ttl(' ratlwl' mpid fluctuation of moisture' eontpnt 
w;uul in til!' dul), is Plll'tly I'('sponsible, and the fact HUlt smnll s<,<'d dry 
out IJiOI'P mpidly tillUl larg<' s('ed. Under greenhousc conditions, 
wh!',·C' It fltvol'flbl(' dl'grC'(' of moisture was maintained by l'('pC'atcd 
wntl'l'illg, Fish!'l' (1.1) found no significant differenccs in germination 
1)('1 W('PI1 ush, dulf, milll'l'al, and rottcn-wood surfaces, though there 
WiLS a tPl1dpuey for gl'rmination to be less on duff than on ashes and on 
l'ott(,ll wood. 

TAUI,~: '28.~(Jerlllinati(m on burned-over and natural mineral soil and on rollen 
woO//' In tl'rIl!S oj ycnninlltion on dlljJ,' on typical seed-tree cuttings 

Specl~s lind seed per pound (number) 
Burned· N II Iovor ' ,:tum Rotten 
mineral mlllrrai' wood 

soil soU 

Porcelli Perc(1I1 Pactrll 
Wostem white rine ('';i.7oo1 ...•• ~ ... ~ .....................__._••. 8S 17l\ \lO 

OnuI<1 Or (3·1.1001 .' .................................. . 46 (.18 77 

Douglas·fir (·t5.lIJOI .. . ............................ .. lOi ' D~ 10. 

W('st('rn larch (12.1.200), ..•.. , ...•.•• " ~ ........................... . IW' 320 W 

Wr.<trrn h"IT\j,)('k (:M/.4IX)) .......................................... . 569 iOi 350 

"·t·~t!'rn n·<I(·(·dar (:lr.J. :!U()) ....................................... . I.OiO O(iIl HI 


3-18 ·10\ HI 
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Although more investigative work is neCl.'ssary to dl.'tl.'rmine accll­
rately the role of soil cover in seed germination OIl partly shnded nreas, 
it can be stated with confidence that establishment of the smaller­
seeded species, particulllrly redcedar and hpmlock, is aided by such 
measurcs as tend to expose the mineral soil on considt·rable portions
oC cut-over areas. 

The best datiL lwailable on the viability of frcsh seed of westem 
white pine and its pl'incipal asso('i11tes as determined by sandHat 
germination tests in the gl'eenhouse, 11t the Priest River E~-perimental 
Forest fLl1d iLt Savenne NUI:sery (33, 35, 51) are averaged in the 
following figures: 

PercroJ\\'ctllern white· pine ______________________________________ 44 
Douglas-fi r - _ . . _ . _______ . I{ [ 

Western larch. • .• _. __ .__ 30 
Western rcdeeduf.". .. __ . ___ .. _-. __ . 73 
W('stern hemlock .... __ 65.0_' ______ ._. 

Gnu d tiL___ • _... _ ____ 12 

Genllinlltion p<'l'ccnt is lIsliully higher in the gl'ccnhollse, where 
moistmc tUlti tempemtul'c ("onditions (,l1n be kept favorubie, than 
under ntttumL ('onditions. In nursery work tbis is re('ognized, fe,nd a 
("OITCdiofl fndO!" bnsed on cxpel'ienee is used to adj list for differences 
between ~el"lllinali()n in s!wd flats and ~ermii1ation in seed beds. 
HOWt'V'N, t.iw mlativeLy shOI"t period used in testing seed under 
gre£1nhou:>e ('onditions tends to I'estllt in underestimate of the number 
of Ht't1d tilo,t 11I"e ('apahLe of germinating. Even 2DD-day greenhouse 
t(';;tH !\re too short to p('rmit ("omp\£1tc germination of western white 
pillr H£1ed, whidl und(,T natural conditions may l'emain viable in the 
(lun' for 2 yCltrs. Under favomble ('onditions, germination of western 
whit(, pillC' !Uld its asso('i:Ltes in the field llIay approach the values 
shown in the tn,bu\ation. 

A good menSUl"(' of till' eompamtive reproductive ability of white 
pinc' fwd its flsso('int('f; is the nunilwr of st'('dlings of each speeies 
prodtl(,t'd b), a stond of ginn composition ovC'r a definite period of 
y('llrs. Sueh a ll1l'IlSUI"(' is atrordrd (table 29) by eomparison of the 
[)('I"(,PII t of Melt spcc·i(·s in tli(' total rcsid lIal stand and the percC'nt in 
tOUtl germination ov('(" a period of 6 to 8 years on 12 pl'rnULIlent sample 
plots on eut-over arC'lts. The high reproductive ability of rC'dccdar 
and hemloek is very apparent. For each of lihese species the 
prl"c('n t of totnl germination is distinctly higher thun that of 
t()tn! rrsidllnl stand. The 2 spN'ies together, constituting only a 
!ittlp mOl"(' than hnlf of the residual stand, accounted for 93 percent of 
thr total ~erminntion; whereas the 4 otbC'r species together proyided
only 7 p(lrecnt. 

In illtt'rprding table 29 it must br l"('membered that these figures 
rcpresrnt total germination, not. established seedlings. Redcednr and 
Iwmlo(·k. for ('xamplr, pl"OduCt' prodigious numbers of seed, but a very 
smnlI proportion of their sC'('d den'Jop into established seedlings. 
'rlw :lUlwri()/" hnr<iil1('SS nnd vigor of whit!' pinC', Inreh, Douglns-fir, and 
gl'nnd fil" s('('dlings in sonH' llH'OS\lr(, mnkl's up for less nbllndant seed 
prod lIdion, ,[Iws(' Slwctes on' ab)p to b('('oJlIe established under 
habitat conditions too severe for r('dcedar and hemlock. 
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TABLE 29,-Compollition of residual stand 10.6 inches tl. b. h. and larger and species 
disiriblliion of seetilill(la germinating in 6- to 8-year period following logging, on 
acre ballis I 

-------.---~'---------:---------:----------

Seedlings germinating Sp\!cles 'frees lelt alter logging per sere 

J.VU1IIbtT Perctlll Number P.runl
Weslern while pine .. , •• __._._••_••••••••••_.___• __ __ 9.6 22 2, 166 3 
Western larch •••_...___ •••_...._............ 3.2 7 1,327 2 
Douglas·fir ."""'''''''''''' ......._..... . 1.2 3 200 ,,- .. ~ .. ~-
(trunci fir . ~ ..... _.............. ~~ _ ~~~ ~ ... ~ .. ~~~~ 7,4 17 1,550 

~ 

2
WI'sh'rn rc((t"dnr •.•• _. ___ •___ ..._•• _._ ... _. '" 8.3 19 28,170 36 
\\'f'sl~rn JlOlIllo"k ......____••_...... . 13.8 32 43,832 5; 
Olh~rsperl'~ ............_.......... __ • .1 ... ..------ --- - ..--- f.' 

'rota!. ............_............ . '13,0 100 ,1,30g- 100 
I 

, Illlln Irolll 12 IlCrnllUl\'nl ~f"'IP'" \ll"l~. 

SEEDLl~G ESTABUSHMRNT 

Ample s('('d supply and abundant germination by no means flssnre 
satisflletory I"('g('n('mtion. Adverse conditions of light, temperature, 
llnd moisLurl', purticulllriy during the criticul eurly seuson, mlly eusily 
dpstJ'oy all I'll til'p s('('(lling crop. Even und('1' generally favomblo 
(·onditions, a ('ollsidl'l'Rble portion of the spedlings germinating aro 
ki))Pd during thl' first Il'w spllsons by advers(' wefither find loefil soil 
('onditio!ls nlHl by \'IlI'iollS biotie ag-pnts, po.rtieulariy rodents, insects, 
birds, fI.nd fungi. Oil 15 cut-ow'r url'as in till' western white pine typo 
on w\tiel! ('onditiolls tU'!' l'elatiYely favomble to seedling survjvlll, 46 
PPJ'('(,llt of nil sN'dlings died in th(' first s('uson and !t toto.l of 62 percent 
in thp first tllJ'('(' S(,llsons (tllble 30). Losses dropped oH' rapidly Ilfter 
til<' first .'-'Pllr, llnd it s('('ms pJ'Oho.ble that the low mortality rates noted 
nJt.(>J' thl' thit'd Y('llt' ('ontinu('(1 until competition duo to increasing 
d('nsit5' in the sCNllillg stilnd b('came an acthre factor, 

T ARI,E 30.-Seerlling /IIorial-ity of the 6 princip(ll .~pecies on 15 cut-over areas, by
years since germination 

__·'_·~~~~S_pe~.-C_I-Q_S~-_-_·~~·~---I.~~~cnr I 2 years I~~ye;Ir~~C~;::n~~~ L5~Cnr~__ 6 ;.~~, '('otal· 

Percellt I Percellt Percent Percelll Percent Percent Percent 
Wl~l"rn white pille. ___________ 4:1 I 7 55:! 2 65 
Dou!(lns·llr' .•••_______ ._ 43 9 8 0 3 2 65 
I\','sH'rn IlIr~h I ••__________ ·Itl 8 7 3 2 1 67 
Orrln<l flr ~ .. ______,. 32 10 8 6 4 0 (j() 
WI'~"'rn h"Ullock .. _______.. 70 9 3 2 1 7 92 
I\'''~l''rn r('<I,'(·<lIIr... ........ " 44 8 8 4 4 6 i4 

Average ':.:_=~ ---46----~9-~---7-----3---3\---3---7-1 

I Vnlu~5 ror tilth nml sixth yenrs IID<I totnl nrc npproxlnmle. 

BrCltlls(' of the· high ini tiulloss(>s, knowl('dge of thC' conditions affect­
ing srpdling slIrvivltl nnd l11eltSllrC's by which they can be modified is 
Nisentinl to till' sll('c('ssful pmcticC' of silviculturc. Such knowJC'dgc is 
of pal'lieulill' impol'till1('(' in thc westcrn whitc pine type, whl'l'p tlH' aim 
is to obtilin I'('pl'odlldion stltnds not only ud(>quatl' in total nlllnbpl's bllt 
ulso containillg sllflki{'nt PJ'opol·tions of tiJ(' mot·C' </I'sirabl(' species. 
This wns elldy 1'C'eognix(I(I, unci ill 1913 Bl'l'wstel' 32 lInc\PI,took n study 

l'l 'BUJo;\\.ST":Il, I), R., F,,\CTOIt"l fiC)\'Jo:ItXINO NATt'ttAI. HF.l'ROll,'rTJON ON \~.\nlO\r!i SITJo:S. '\'orkin~ plnn, 
lUI:!. Also BItEWSTF.1t. I). fl., nllli I,,\I!.'~;S. J. k, $T!'IlY OP PM'TIlI18 U'n;('TING NATI'IIAl,IIEI'I!ODt:CTION, 
i'rogr~ss wport, WW. North\'rII Hocky MUlIlltnin Forest lint! Hange Expt. Sla, [Unpuhllshcd.J 
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of germination and early survival and development at three stations 
on the Priest River Experimental Forest, One station was on a 
northeast slope, one on a southwest slope, and the third (In a dry bench. 
At each station the seed of six species, westl'1'U white pine, ponderosa 
pine, western larch, Douglo.s-fu:, western hemlock, and western red­
cedar, were sown on burnt miOPral and natural duff surfaces in the 
open and on trenched and untrenchl'd quadmts of' dufl' suL'faces in the 
shade of Limber or hC'avy brush, The tr('nchC'd plots, which wcre 
denuded of all v('getation, W('1"(' estu.blislwd to determine whether 
removnl of moisture from the soil bv roots or trel'S and shrubs nJfectNI 
seedling survivaL tindel' heavy shn."de. All plols \\'prt' ('nclos('d with 
SCl'('cns of X-inch nH'sh to keep out rod('n ls. Air Ilnd soil tpmpt'rntul'cs, 
wind v('Iocity, !Lir humidity, and prC'cipitat.ion were rccordcd daily. 
At wceldy int('rvaJs, soil moistlll'(' contpnt wus ddpl'milH'd nnd counts 
of seNliing gI.'rminatioll w('rc mnd('. So far as possiblP, dplld or dying 
seedlings wpm classified as to cnllS(' of dplLth. 

All the sp('("ips tt'st('d WPI'C' found bpsL adapU'd, ev('n in til(' initial 
seedling sUtgP, to till' habitats in which thl'Y commonly OCCUI'. POJl­
dcrosa pine wn.s liw only sp('('i('s to show :,;utisfaetol'Y :,;ul'vivill on the 
southwrst slope; ponllC'rosa pinr, Ifll'("h, and Douglns-fir all sUl'vivNI 
sntis[netol'ily on tlj(' dry 1)(,lIch; alld W(,:,;t!'I'n white pilH', Iwiecdnr, 
and h('llJlork pl'ov('(1 bl'st ndHptl'd fol' survivul 011 th(' slH'Itel'cd 
nortiWllst slop!'. III gpnl'l"Itl, sUl'vi\':d wns bl'tt('l' on bUl'I1ed-ovrr or 
dl'lIudl'd RUl'ftH'PS than on IlfLturnl sUl'fac('s at' all stations, a (,l'stilt at 
Ipllst plll'tittlly due to the I1b,wJlc'p of otll('l' \'pgptation, VpgC'tatiye 
('Onllwtition for' llJoistul'P wns shown concillsivply to 1)(' n, fadm' of COI1­

sidpl'itbl(' importall(,(, n,t the southw('st !wel b('nch stations, wh('l'e 
dl'OugIt t was till' most aeti \'(, ng('n t of mOl'Utlity, Damping-off 
orgunisms were VPI'Y adivp on nIl slll'fnc('s nt thp 1I0rtiwast station, and 
lIlId!',. shnd(' nnd on dull' sllrfU(,PS at nl! stiltions, ac('ounting for the 
majo/'ity of loss('s lInd!'r lh('sl' conditions. FL'Osl-hl'aving nnd othl'(, 
will[PI'lo8S(,8 WPI"l' \'pry hl'tl.\,Y, pnl'ticlllady on ttl(' BOllthwpst slopp and 
thl' I)('nch, whC'l'l' SIlOW ("()\'Pi' afl'ordpd IpS8 pl'OU'ction in spring nnd fnll. 
A fpw s(,l'dlings \Vl'I'(' kill"d, nlso, by inspets and l'O(lPnts, The mtllt'l' 
snlllil Illllnhpr of s('('dlings g!'l"minnting and tilt, lack of systemntic 
l'ppli('utioJ1 f>r'P\"Plltpd any c('ilienl nnulysis of losscs acconling to mol'­
talit.V llgl'llt, SPPCiNl, lind stdion. 

It i~ (lossiblt' that, in spitp of tlH' protcctiv('scrccns n,ml t110reln,tivcly 
moist cltal'n.et('1' of till' L91:~ growing- s('ason, losses due to insolation 
Oi'('1tlTPd on the (\I'ipl' "itNl, find thn,t thrse WPI'(' e1n.ssifi('d among 
funglls !tilt! drought d('n,ths. 1t wno: not until L916 that attention 
wns first ('n,HI'(l in an Anll'I'i('!Lll jo1tl'nal, by Hll,rtiey (;20), to the rltet 
thn.t illsoln t ion o/'t('n pl'od uces 811 dncc-soil tcm pPI'ntlll'('s high ('lIough 
to <It'Htm), tbC' ('l\,InbiulIl of tender .yl~ung SN\dlill~S U,t, till' grollnd I~ne, 
I TI nny ('\'('11 t rJiLl'~('!l (37), SlI1nlllal'llItllg t\J(' SUIYl \'nl dntn for plI blren­
tinn ill 1!l~4 ill ('Olllll'dion with itd(Litiollnl stndips, (,tdlpd nHpntioll to 
I'll(' dn.ngp('(llls t!'mr)(','n.turps I'ec'ol'ckd Oil some plots, and, although 
no {'X[WrillH'lllnl dn.tn. w('('c a\'n.ilil.bl(, showing ttdUfll IORses due to 
insolation, slIrmis('(1 thnt VCI'V high slIrfncc-soil t{'mpemtlll'cs on 
('1('(\,I,('(111n<l ('xpmwd f1n.tR ltnd s·ollt.h slope'S WNC C'ltllsing injury to the 
SN'(llillC1"R of W('stl'l'n whitp pill!', rpdc('dar, and hellli.-t('k. 

WahlpllbNl!: W{)), sllldving the possihiliti('s of I'eforest.'ltion bysowing 
s('('d in prp(l!l.I'NI spots, nlso contributed illformnJion on til(' Ilft.turp n.nd 
importtLlH'C of vu,rious lllortn.lity t\,ge'nts affecting initial see(Uing 
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1-:1'1'1-:(''1' OF:'II IIlE 0:\ :'1-:1':111.1;\'0"_ 

I. :.:Ipwll·r. \\eak. awll'IHIJal('{1 \\I'!'oll'rll \\1111(' [}jlw ""'I',llilll!'" 1!l'£IWn II tHIef' full :--hade; II; stoc:ky westf'l'lI 
\\ hllf' P,W' .. (·t·dltm!~ glo\\ II untll'l lllll :-1111. 
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CJrouPS. I~n to right.. tllkl'n frulll full-sun, pnrl-sll"de, nnd rull-shade ,antJons, respel'tl,-eh-. 19a:1. Em'" 
~Jln('(~ rt~jJn~:,(l1Jt~ I im~h. ~l'l'dlinl!s ll~ grnupt'd :lH', left to fight. !!rHruJ fir, J)olHda.·Hlr. \\'C'stern lnreh. 
I ...e~t{·rn white pine, wrstern retlccdnr, ant! \H':;;Wrn h£"lIlio('k. Huot penl'tratioll is ."ihown ns of c.. I ) ~ray 
ao. (lJ) Juno 30. (C) July ;lO. "nd (D) ,\llgU.<t 00_ On ,:\111;' 30, only w!!litern white pine "'111 W('SI,','n
redcednr gcrmill<\led under full shude, 
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survival. Germination and survival were observed on 300 prepared 
seed spots in tests con<iueted over thc 6-year period 1916-21. During 
the first 2 growing sellsons each seed spot was visited at 7- to LO-day 
intervals, germination noted, and seedling mortality recorded by 
cause, SurviYI11 was genemlly very poor, Most of the large seed 
sown wCI'e destroyed by rodents, .\mong the seedlings that did 
start, Wahlcnberg rel'ol'(ls that by far the heaviest losses were caused 
by drought, Iwd the next hefL\'iest by eutworms, .Frost heaving and 
fungi also (:ltllsed hensy losses, AlthoughWahlenber~ mentions that 
stones lying on surfaces exposed to the SUIl miL}' !1ttam temperatures 
injurious to ~row~tJg tissues nn~l possibly ft1ta[ to nearby seedlings, 
he did not ltst lugh surfuce-sOlI templ'l'lltures among the COlUmon 
agents of mortnlity, Probably surfa('e temperatures wel'c not 
particularly high Oil the steep north and nOlthwest slopes he studied, 
Owing to the extensive nntlll'e of the tests, no instrumental re('ords 
w('['(' made of soil moisture 01' surfn('e-soil temperature ('onditions, 
In anoth('[' study WiLhlpn bel'g (61) re('ord('d surfa(,l'-soil temperatures 
up to 1450 F, in ttl{' open on ILn ('ast slopl', Sueh temperatures would 
q uiekly resul t in inj Ilry ILnd {[Path to sll{lclIlcn t young sel'Cllings, 

More rc('cntiy, Hn.ig (I[)) hm; ('ompleted a study of til(' role played 
by v!Lrious factors in th(' initiltl estiLblishml'nt of sl'('{Liings under 
m('n'lU ['('<I ('II vironllll'n tILL conditions, {firs t-YPI1!' mortnli ty was studied 
at three stu,tions on tIl(' Pril'st I{i\'l'r Ii}xpNllllentnl Forpst. 1\.11 locfLted 
on lL large riv{'r fIat reprt'st'n ting S('\'('I'(' to modNH,tl'ly s(,\"l'rt' conditions 
[01' west('/'Il whitt' pine, .\Ithough soil and general eiillllLti(' ('onditions 
Wl't'l' ici(,llti('1L1 throughout till' s('ries, thc' stations yn,ri('d lllfLterinlly in 
mi('!'()('lim!Lti(' conditions owing to diff('rcIH'ps ill the dt'nsity of the 
rpsidlml stlLlld. As control of OYP['w()od shtttle is Olll' of the most 
effective' tools of the sil\'i('ultllrist, it WitS reasoned that this arl'l1nge­
!Twnl ofl'('rpd the most promise' of supplying useful and pmetical 
r('sults, -Ofl(' sLation h:td bel'n dplLr-cut;' OIl(' had been partly ('ut, 
retiLillin~ 11, fairly heavy stand inducling 11 IH,rge number of small 
IIndel'Storv tn'ps; the third was in It llPlLrbv IIIWllt dimax stand of 
g!'l'lLt (iPnsity, . 

l~a('h stution, 1'11<'los('d by a high wonn-wir(, f('nee, WIlS equipped 
with min gug(', hygrollwrmogrnph, maximum !wel minimum air 
tll('rrno!llpl PI'S, soil l h('!'!llonwt('rs, ail' fwd d IItl' ps,Vchrogmph, ane­
mOIlll't('r, lind soil-Wilt!'!' nWl1sllI'ing equipment (g<'otom(', soil eans, 
OYI'II, Imln.IH'l', Itnci d IItl' hygronl<'lt'r). Eq uipmPllL lIspd to 1lH'IlSUrc 
light inh'!)sili(':; WI'I'(' n :;top-wu.tch phototnptN' with solio pnpf'l', 
Shil'h'.v tlwl'!Ilopil(', nnd Li\'ingston Illa('1\: nncl whitp porous atmometer 
splH'I'Ps, S('pdling phytonH'tl'l's, both sl'llipd llnd fl'('(', wprl' l'mploy('(1. 
Soil t!'mrJ('l'u.tIlI'PS W(,I'I' tnkl'n at tIl(' slIl'fuc(' (tht' bulb bUI'('ly ('ovc'l'ed 
with a light IIL,VI'!' of soil 01' l1l'l'dIPsl nnd n.t it'vl'ls 1 foot nnd 2 feet 
bl'low th(' sUl'fn('I', Wind ,'plocitips W(,I'P nll'HSIII'pd tlt the stnndal'd 
R-foot le\'!'!' and ('()!I\'Pl'sio!l fndol's to I'(,dll(,(, thc' R-foot t:l'ndings to 
v('lo('iti('s at s(,pdling I(,\,pl wel't' ohlHill(,d thl'OlIgh It sl'l'i('s of tt'st I'uns 
with lUW!l10nwtpI' ClipS ~:;pt (j inehl's nilon soil I('\'l'i. Soil-moistlu'p 
d('t('!'minn tions W('I'(' !llltd(' at w('('l\:h' to IO-dny int<'lTl1Is, A co­
olWI'ntivc W(,lltllt'l' HIlI'Pllll :;tation Ilt'thl' PI'ips! 'I{inl' r~xp('!'irn('ntal 
FOrt'st hl'lldq 1l1l1'tl'I'S, wi thin o'nl'-hnlt' mil\' of thp stlld~· stu lions, 
fllmislH'd It 20-,YPIlI' I'e('ol'd with whi('h to cornpnl'l' tlw general character 
of wel1ther ('onliitions during the seasons of sLudy, 

~8f)fHt,l· ·-41 -5 
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Causes of seedling mortality wcre studied at each station during 
the s(,ltsons of 1932 and 1033 by mean;; of 11 series of prepared quadrats 
Sown to wpst('rn whit(' pine, western lareb, Douglas-fir, wcstern 
hemlo('k, W('stNn redc('dar, and grand fir (pL 6), Natural duff, 
natumi mi!H'1'tl1 soil, Ilnd burnt mim'ral soil W('l'{' llsed in tllese instaiht­
tions. and SOIll(' eon troi q l1admts were spl'cially treated, Eueh type 
of surfll('(' WitS ['PPI'{'splltf'd in dllplicnte or tripli('ate, to permit meus­
Un'mm t of ('lmll(,(' varin tion. On Pilch q lladmt sufficient seed wns 
sown, on plats lfl to 20 in('bps SqUIll'p, to inslll'p n samplp of about 
200 to ;'jOO s('('dlillgs of (,H('h sppcips witb whieh to follow mortality 
by CallS(', (~'Ill.dl'tlts W('['(' ('xlllllilWd Itt 2- to IO-dRY intt'l'vnls, d('IWnd­
ing 011 til(' qlllllltity Hnd ('huI'netpr of sl'l'diing mortulity, lLnd <'Iwh 
dpnd sp('(lling was ('Iassifil'd lUi to cnllsP of death nfl('l' nn indi\'idual 
pXIIUlinntion. This dingno:;is wns stl'pngtlwlwd by th(' instnlmentnl 
['('('on Is, wldeli fUl'lIi:;II(,d ('OIH'UI'l'('lItly un ex('(,llent pictUI'(' of Illtbitat 
('ondiliolls nl thp timp of dpnth, fn addition 10 se('(Uings \\'rn' care­
fully 1'('lIIOVl'd 1\ t \\'('('/.;:Iy to lO-dn,V in t('rvnis from sppcilll h('ds for' 
d£'l(,l'Ininatioll of root pPIH'trn,tion, TIl(' ('('suIting data were used in 
c()JljllnctioJl with soil moi:;tllrp lll('nSlll'l'lIlpnts in mting the current 
p(l'pC'tin'lH'ss of drought as a ('!tu:,;p of !IIOI'tlllity, Titbit' ~l summarizes 
thp gt'nprn.l ('hllm('l('!' of the' first-yen!' loss('s during the' 19:32 and 1933 
S('llsons, 

.\IOl'llllity lH'gan illlllwdintply aft!'l' gel'minnlion .in iatl' April 01' 

('II,d,v .\Iay, wltilp tlip soil WlIS still thoroughly sonked by mt'iting snow 
1l,lId spring I'll ill:;, J~lld.r Illortality was l'llllSPlI p['illcipally by biotic 
Ilgl'lItS, 1I11111!'ly. insl'('(s. birds, ro<i('nts, nnd fungi, Pmetically nIl 
took plll('(' wlipn th!' ;;('pdlillgs WPl'(' SU('clr\pnt Illld tl'n<lpr, The 
grllfillnlillml('lling of sl'l'dling tissllps and tbp drying out of the surface 
soil slowly b!'O\lght 1I\'OIlt II ('('ssation of ll1ol'tnlit.v due to biotic Ilgmts, 
Lal('!' los..;('s, \lPgillllillg in lute ,flllll' and cady July, W('I'l' principally
dll(' lo illsolntion anci drought. . 

LOSSE"; Dl'E TO BIOTIC '\GENTS 

Fun(!i hll.\'(' alrplldv \)('(,lI shown to bp t1w lIlost dpslructive of the 
biotic' 'agpnl;; (tubl" ';{t), !I.e'countillg 1'01' 24 p('l'('('nt of all dpaths in 
th!' :.l ,\"('II!'S of tli(' pX(JP!'illH'nt. or lI\)out Ii\'(, timps IlS man,\' s(~('dlings 
ItS \\('1'(' dl'stl'O,vl'd hy iJl;;!'ds and hirds ('olllllill('(1. (il'('ltt('s{ modality 
WI1S in 1'1111 slln tlnd IPHSt in part slulclp, In gt'IIPl'ul, lossl's from fungi 
did lI()t \'111)' signifi('untly In't W(,('ll the milH'ml surfncNi, Fungi 
\\'prl' IllllCIr mol'(' lIt'li\'/' Oil dun' tlinn on lllilH'l'H1 SIII'fflC('S at both the 
pa!'t-sliull!' nnd. tlrp full-sull sf ilt ion (titbit' :32), though data W('l'(' ill­
('olllpl/'lt' 11('1'lIu;,;(' of POOl' ge!'lIlillntion on dull' Sll rfu ('('s, Fungi ttlso 
W('l'(' g<'ll('l'nlly mort' nctivp on nil surfac('s at til(' full-sun station than 
at tlip pllrt-slmdp stuliOIl during thr two ypa['s of tilp study, This 
s('('rns to indieul<' thaI' fl'Oll1 tlrt' standpoint of fungus activity the 
higlrt'l' tl'IllIH'rutul'('s on th£' full-sUll !tn'n, plLrticuilll'ly on cluff sllrfnces, 
11101'(' t Iin,n ('ollll)('mml!' a sOI1ll'whn t short('[' spnson till£' to enriiel' 
dr,ring, l'ndp!, full shude, Whl'l'(' suduP(' tpmppralur('s do not val'y 
so lllllr\;;:pdly 1)('1\\'(,PI1 dufl' llIlt! mill('l'ld :Hlrfnc('s, losses from fungi 
\\'('1'(' il'l'l'glrlur. I)('ing Liglrer on duff in 1932 ILucl much higher on 
minerai soii in 1933, 



NATURAL REGENERA'fIO~ IN WEl:iTER~ WHl'fE PINE l'YPE 67 

TABLE 31.-CalLses of first-year seedling mortality of the ,~ix principal species, from 
prepared qU(ldral,~ under .'J deyree.• of light, W.'J2- 33 

----- ---- I~~""!-"-'---'------

. . fl1>l'ct,· rn~ol!l'
i:U..tloll Fun~(l i and bird,' tiOll ,Orought 'rotal 

Percent Percent Percenl PeTceni Perce'lll 
F'ulbun 28 9 ·16 S 91 
I'nrt''ihllde 19 3 I 20. ·1 -16 
Full",hllde 2.'i 3 . O· ·12 70 

Average 22 ~ 18 60 

'fA,OLE 32,-1t'ir,~t-ye(lr seedling. mortality wuserl by fungi un duff nnd natural 
mineral 8Urf(lcl!,~, on prf'Jil/.f/'ci quar/rats, in percent of total yermina/'ion, 193t-33 

- '~---~"-- ,~---,
I I\V'rstern

Blatton, surla('e mllterial, and white llouglas- We.'itern Ornnd Western Western A",-erugc
yenr fir Inrch fir hemloc'k rc(lcc(inr

[line 
·-----I---t-­

h'ull",un: 1 
!Jul!, j}rn:t!1l1 Percent Percent Percent Percent I Percellt Percent 

19:12 .- - ~ ...._..----......... - ·16 46 

19:13 ...... -------.. -~- 72 ~ 01 

Min~rnl soli: 
1032 -- ~ ... ------ ..-... 24 24 
19:1.1 

~-

32 26 
Part-shllde: 

~~-- ·:1 :::i':\.. -----..... -­
lJul!: 

10:12 
" .. ~ .......... --------- .. 18 32 24 


Wa:l 205 51 51 45 
MhwrHl50iI: I 

-_..... _---_ ..-.. - i~: ··-70l---38-\ 
W:l2 .-" .. --0-__ ---,,",- 10 17 -- -----:io -is- 11 13 
10!!:! ~ .... ---------- .... 20 38! 7 31 27 

FulHhnd", 
Dull: 

l!Ia~ 15 10 12 44 20 .,- .....---------.. 121lOa!! - , ... ----------- 18 19 30 26 0 18 20 
l\lh,,'ral ~()Il: 

~ 
[61 1~ IHI:12 . ~ ....... _-----_.... iO 8 7 11 


lOa:1 .J.I 01; 01 55 18 :ji 47 

FUIl~.d atluckpd \'igol'ou:-;ly 1111 tll(' l'[l('('i('S ('OllllllOllly H.ss()('iait'd in 
thl' \\'('Stl'l'l1 whit(' piliP t.\'pl'. Loss('s by SI}('ci('s I'1'0 III fllllg'US ultuck 
Wel'(' ill S(I!llP illstnn('('s so Vfll'i('d ns to sug-g'pst lIll('(lual dist l'i bll Lion 
of ('ollditions fa\'ol'ubll' to fllllg'US dl'vplopml'llt 01' of th!' mOl'c' vil'ull'nt 
fungus strains, Tlt(, difJ'c'I'PIH'('S W('I'(, not suf!i('it'nll.\' cOllsistl'llt be­
tW('PIl "lIltiollS 01' S('IlSOns to imply Stls('pptibilily difl'l'l'('lI('Ps among 
tltl' sp('('i{'S stlld it'd, 

Lossl'S du(' to insN'ts nlso \'nril'd wid ply by ;;pl'cips, y('n.l', lind stiltion, 
DlIl'illg' botll In:t~ lllld 10:3:3 tlll'Y \\'('1'(' ll111tl'l'inll,v highpl' Hl till' full­
sun stntion thnn nt pith!'1' of till' othNs, tIH' difJ'l'l'('ll('PS lH'ing' p:1'l'n.t('st 
ill Wl'l'l<'1'Il I'(,d(,pdal', 

In ('Olltl'lll't with illst'dl' nlld fungi, th(' hil'ds that fl'NluNltNI the 
cUt-OVPI' Ill'PIIS, and tltc' dimbillg I'lld('nt~ ~uclt Ill' micl', wood mts, nnd 
sq uilTC'ls, ~('('llH'd to Ill' highly sc,lt'd i \'P, ~ IOl't of lltl'il' dllmugl' was 
dOll(' lo W(lsll'l,'/I ",ltitl' pill('. Lo~s{'~ ('n,usl'd by bil'ds \\'PI'p l'P1ati\'Ply 
light lind \\'PI'P lIot I'('('ol'dpd st'pnl'lltply from illsl'd dUlllng('. HodC'nls 
W(,I,'(, stl('('l';-;l'fully ('xcludl'd from til(' full-still !llld pnrt-shnde stations 
hv fPll('illg' and other pl'Otpctivl' llWHl'1 I ['('l', Though grl'ntly 1'('dUC'l'd

iii llumb!'I' nl Ihl' fllll-~hnd(l stlltioll by [l()i~Ollillg nnd tl'apping, I'Odl'nts 
d{'stl'Oypd :~(\ P('I'('('111 of til(' Wl'St('1'1i white pillt' l'('pdlings tlll'l'l' ill l032, 
witlt \'l'ry littl!' dnrungl' to sL'l'dlings of other sp('cit's on immediately 
adj 11('('n t plots, 
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It is impossible to judge how fairly the biotic losses observed in this 
study represent biotic losses in natural seedlings stands, which are 
less dense than those on the study plots, Undoubtedly, however, 
biotic agents are a potent if somCWhtlt erratic factor in initial mor­
tality of seedlings in th£' western white pine type. 

I,OSSES DUE TO PHYSICAL AGENTS 

INSOLATION 

Insolation, causing injuriously high surface-soil temperatures, was 
thl' mORt important physical agl'nt of mortality encountered in this 
study_ It ItlSO plnYl'd 11 piLrt III erl'llting soil-moistut't, deficiencies 
r(,8pon8il>l£' for r1rollgh t 108s('s, II igh temlWru.t mes liTe produced by 
dind l'XPOSlll'P to strong sunlight as soort as it thin lay£'r of topsoil or 
dllfr i8 dry, and caUflr stem lesions at t1w ground line, killing many of 
thl' ~w('dlillgs, [nsolation lu'('ounted for five to six times as many 
s(,pdling dru.ths afl drought at the full-sun and part-shade stations 
(tn.l>l(' ill), ~ 0 h('n.t IOSSNi occulTed at the full-shade station, where 
soil tpm PP(-!ttUI'l'S l1PVl'r w('n t above 89° F. . 

TAIIL~~ aa, "'irs/-year .~ecdlin(l //tor/alit!1 on mineral soil caused by physical factors 
in percent II/ tho,~e '~("',llilt{I'~ SlI.rlril"ilt(J biotic lo,~ses. 1.')82 3.'!J ' 

I>'UIl-SIIII station !'art-shade station ~'ull-shade sl.alion 
-··-...----.--1--..,.- --- - .-------
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1)""~lo'-flr
'\'N:t('rn 11In'h 
Ornnd flr I 

'Vt's~t'rn lwmlock 
\" l~slprn r('(lcl~tlnr 

[)roll~ht.'
WI'stern whItll pint) 
()"Il~I,c,-nr 
W('s(('rn larch 
Omlld flr I 
\'tp5U"rn lwmlock 
\'ll'''l<'rI1 rNi('('(iflr 

All 	physical (.Ietor': ! 
We-tern white pIne 
iJollgllc'l-tlr
Ins!t'rn lan'h 
Or.mel t1r 1 

W"~trrn h,'rnlork 
"'rstern rrdC'Nlar 

Averl).gt'. all "'Ill"'eios 

I Va~lw~ llrl' inr I!I:la only. 
2 '1'rl\(,(O- h'~s l hnn lUi Jll~rl'Ollt,. 
• IncludIng (ro~t lin. I mlbcrlllln\'ou~ other (actors, 

http:Averl).gt
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A much clearel' idea of the extent of insolation and drought deaths 
is given if deaths due to bioLie causes, whieh occur early in the season, 
are sublrueted [l"Orn the total. f1ull1bPl" of seedlings produced, and the 
number killed by physical factors is exprpssed in t('rllls of the residual 
value. This is necessary if SIH'ciPS difrpJ"('Ilces 111"(' to be compal'ed 
fairly, Olwiously, for example, if 90 pel"cPllt of thl' seedlings of one 
sp('cit's an' killpd by biotic ngents early in the season only 10 percent 
at most ('lUI Ill' killpd by physictll fn.ctors, Sl'l'dling mOl'tulity eillised 
by physicul fu(,tors is sUlllnwd in lel'rns of total germination less biotic 
rnorLnlilv in tllhl£' 33, 

lIlso\i;lion WIlS by far tll(' most Lmporlilll t physical agl'llt of mor­
tlliity at tlH' full-sull station, and dl"Olighl tiw only important OJH' at 
til(' full-slladp station, Insolation ('tlused lh(' death of fOllr to six 
tiIlH'S ItS numy s(,pdlings as drought on tiw cut-over al'eas, killing 7:3 
1)('['(,(,lIl of the s('pdlings sUI'viving i>iotie losses I1t the full-slln stILtion 
aIHi 22 pere('nl III lhe PIU't-shllde station, Fl"Om th(· efr('('t of insola­
tion III til(' IHu'l-shndc station, whel'(' the action of this ILgl'nt is less 
ob::lc'llI'('d by drought deaths o("euITing during th(' same p('riod, it is 
dell[" lhill gl'itllrI fil', Douglns-Hr, and west('rn whit(' pin(' n.r(' relatively 
l'('sisUtn t to high surftu'C'-soil tpmppl"Iltur('s, wcst('rn hemlock and 
W('slp['n 1'('(lcedar are ciistiIl('tiy Ipss so, and w('stel"ll liLl"eh is in tel"­
m('(liall' Iwtw(,pn thpsl' two groups, Thl' differenecs have bel'n tested 
stfLtisti(,Hlly and found significfLnt. 

Thl' influ('n{'e of insolation d('I)('nds to some extent upon eOI't;cal 
d('velopnH'n t of the' stl'Ill; ('ady hardening of ext(,l"Ilul stem tissue 
Ulldoubtl'dly i[H'l'{'lls('s ['('sistanee to injury, That seedling tissues 
hfl["dpn wht'n sui>jPf'tt'd to Sl'\'(,['P t('mpP['fitures is shown by the ('oarse 
woody ILPP('ftl'fl.I1('C' of s('('dling stems iLt the full-sun station in mid­
S('nson as ('om Pfl['Pel with seNlling stems undt·[" part or full shade 
(pI. 7), HIL['(i<-ning of the ('ortpx undoubtedly explains why th(· 
largp[" fwd stun\iP[" sl'f'dlings ehl1mdl'[".\stie of som(' sl)('('ies arc I1ble to 
sUl'vin nt nil in til(' ('xtn'l1wly high tempemtuI'es l'eC'uITing dn,y nfter 
dlLY 011 thc' full-sun !In'lI. and on til(' mono pxposed porlions of the part­
shad!' IIn'n, As pr('viously stntN\, t('mpemtul"(, conditions al'l' pllr­
tiC'ulul'iy S('\'('["(' in thl' wpst(,I'n whit(' pine ["egion, s('anLy SUlIIJllt'r 
p["('cipilfttion and 1)['pvllilingly ('\('i1[" , eloudless wel1ther resulting dl1Y 
Itftp[" <illY in I'xt['('m('ly hirrh sudaC'(' tempemtlll"eS caplLble of desLruc­
tiv!' injury to unprotc'('lNf plant tissue, 

Nlinwrous inn'stigators (2,5,20,26,4.9,55,59) hu\,(' pointpd out 
tiw durnng'illg' pfl'pct of t('II1IH'l'IltUI'I'S exC'('(·ding uPPI'oximntply 1200 F, 
on g[,ppn plllnt tissue', Th(' degl'('(' of injury \'orips. of eOUl"se, with 
ngp Itnd SI)('C'il's of st'pdlillgs, BlLkt,I' (2) found thnt dumag(' may 
Ilppf'ltr wlwn inl('rllni tr'mIH'I'atlll'ps go ns high as 117 0 and mILy bp­
eOTlH' ('Ollllllon whpn tlll'Y go I1bOv(' 1:30 0 ; and thal above 15()0 few 
YOllllg s(,pd\illg's sU[Tivp. Tab\f' 34 sllTlunuriz('s till' O(,(:UITf'TlCf' of 
high tNI1 1)('[,lI.tll ['l'S d tiring the g["()wing s('aSOns of 1932 Ilnd 1033, In 
til!' SlIl'fiH'!' soil III til(' full-sun stlltion tpmIWl'Il.tul'(,s of 1200 01' mol'(' 
0('('111'['('<1 on 48 days dlll'ing 1932 I1nd 52 days during' lO33, lind tempN­
I1tlll'PS of 1350 or III 0['(' o('('ul'I'pd 011 If; days in 19:32 nnc! 20 days in 
19!3:t Dni1.v InllxirnUlls high IlS 1440 ill Ib:~2 Illld 1500 ill 10;33\n'1"(, 
['pcordp<i on miIwl'Ill sllrffH'ps ttt this stntion, As a r('sult, s(,pdlillgs 
sU('('lIInl)('d mpidly to Il('lll girdling' nl thc' ground lin(', 1'C'r\('('c\nr disap­
pt'llring' ('nlirely by til(' ('nd of .July !lnd h!'ll1\ock by til!' l'nd of August, 
n,nd til(' Iluml)('r of livl' sl'pdling'H of thl' 11l0['P rt'sislallt Sl)('cics WI1S 
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seriously depleted. At th(' part-shade station, soil temperatures 
went to 120° or higlwr on only 13 days in 1932 and 16 days in 1933, 
and nCVl'r l"l'acill'd 135°. 

TABLE 34.-BjJect oj shade on 	surjace soil temperature on mineral quadrats, by 
1I!0nth~, 1932- 88 

!Jays on which trmper·
ntlln's W{'r('--- I)nily rnn::tJ.ruot h.'Illperllture 

:-;tatiull It,n!! month 12(Y' F. or 135' F. or ~fouthly 

higtl<'r hlghpr 
 llI!!hest

a\~~\rn~e 

IV:!2 19:1:1 	 1932 1033 

F'ull·suw 01"'. OJ.' op. 0/,'. 
.\Jny ~7 UH 04~Q : 

Junr 101 100 128 12ti 
July 128 : 129 ' IH \40 
August 125 126 1-14 150 

'rotal ()r sjm~~f)nt\1 48 5') III 20 . 1-14 151) 

Part.shll,h-: 	 I ~ i--~l='- ~ I- :l=-~;i~-=-~I~~t~W; ,::.: :::::::::::::J· ·1 1I I 0 I 0, IO~ I U:!. I.. 	 I~ '. I~OAUI!II~t __ ~ .. « ... ~ ... ~"_ U' 5 I 0 0 , 10, lOa ! 1.,: 1"511--- - -';0--0- ---0-;--- '-;--.-. '--ial!-130
'rnlal or Sl'nsorrnL. "_"'_'" - f 13 

=1=;=1=:=~·l1l1·shud,,: 
~flIY .::..::::::::::::.. I~~c -1--·· I····)··· ··1--·····1· _.,June 
July o o g; i2 ~J ',-S2', k~ 
AU~lIst o o 0 i" - 75 i SO 1 88 

---.--~~ ---·---1---'---'-- ­
'l'otnl or ~;(Insollfl1 o o 0 0 iL~-~~:~L__ ~! 88 

T .\[11,£ 35.-RjJeci oj SIlrjace-so£[ "IIlaterial on S/lrjace·,~()il tempctatures at jull·,mn 
station. by months, 111:32:3:3 

M on lh nnd surrnre soli rnnl(>rlnl 120" F'. or 1:15' r. or .\fonthly Highest
I hlglwr hlglll'r nvorugc 

.-._,----­! 1\132 	 1U33 1033 

A\tn~..· 	 .yl(mllt:r:~YltmIJl:r ..Yumbrr ~\'lf,mhrr; ,;IF',. " 1,1. °P. OF. 
'!Jull 	 SO' I) ·1 : III 100 ' 13-1 144 
:-Onluml rnirwrnl o O! 0 () . ~i iU 10,1 ' 04 
BUnll\(I~I)Vl'r ruilwrnt 82 SO . 9:1 01 

JtllJll: o 0 I 0 0 
Ilurr 17 2:1 II 17 120 129 155 152 
:-Onluml lIIirH'rnl lOl 101 128 126 
Buru(1d~on'r mhWfnl :t iii 0 ; 07 Oi 136 . 124 

July: 
lJull 28 

1 
24 25 l t'lll IH l(~) 158 

:-onturnllllirwrni 22 7 g! 127 129 144 140 
llurrl,'d'oVl-r rnlrll'rol 21 o 21 120 1:15 151 148 

" q 0 U 

Au~u~t: 
I)ulf 24 25 20 . 22 I:1S l:li I 156 : 161 
:-;'lIlurUllllirh'rnl 22 24 . 12 125 126 . 144 150I \I ' Jlurm',I,un'f JUjlH~rnl 24 2;} 10 Ii 132 130 151 1.'}2

'rotal or "('usnllnl~ 
DutY 77 87 55 /;8 160 161 
:\uturni mi[wrnl 4H 52 Itl 20 ............... -- .. -_ ...... 144 ISO··..···,:··---···1'.
Burrll'd'II""r IIIlu!'rnl 4S 53 29 38 ......... ---....-- .. , 151 i 152
-~ 

SUl'fntl' tpIl1J>Pru.tul'(,fI nUT gTl'lltl~' uccol'ding to tho llfitUI'(' of the 
surfft('p soil. Tnbl(' :31; gin·s tl'IllJwl'atul'('s on duff. nutuI'fil rnilH'I'ul, 
find burnt millPl'Hl slIrI'nel's at till' full-HUll statioll. Dull' t('IIlppmtlll'(~S 
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W('rt' plLI'tieul!tdy S('\'Pt"P\ as the' light, porous dULl'Ilcl('r of till' organic 
mlltl'riuJs p('I'mits ('!l,rly :lurfu('(' drying and mOl'p mpid absorption and 
dissipation of hl'tl,t. In ~lay till' only killing t!'Hllwl'atul'('s l'!!cordl'd 
oc('ul'rl'd OIl dun'sul'fnc('s, 'Ill the pt:riod ~Jn.y to August, inclusivt', 
ma:.xillllllll U'mTwl'lltUl'('S of 1200 F. 01' lllor(' O('cul'lwl on duff 77 days 
in 19:{2 tllid Hi <lttVS in I9:~:3, and 011 lItltUl'lti rnin('ntl surfil('('S 4S days 
ill lO:tZ !llld ;i2 d~lYS ill [\l:3;~_ BUl'Ilt l11ill('l'ni surfuc('s hflSl' slightly 
higltPl' t!'rnp('I'atu!'('s than lllttUl'tli. lllinpl'ltL tiJl'il' dark!'l' coLol' causing 
gr!'tLtt'l' t1iJ:mrption of IH'tLt. '['ill' pf\,p('t of surf'It('p ll1!ttl'rial is l)pst 
slwwn by lItllltlWI' of days with tl'IH!wratul'l's of l:3ii~ 01' mo]'l'. In 
1!J:~2 nnd I!l:~:3 thp IlllJllllPr oj' dll~'S with :;lIch tc'IllI)(>l'll.tU/'{'s IlV(ll'Ugpt/ 
4·1 l)Pr yl'iU' 11101'1' on dull' all/l IIj IH')' }'<'itr IlIO/'{' 0/1 bul'll t mil1t'ml thun 
011 rmttrl'ttirnill('I'lll sul'l'!I{'('s, 

On tilt' ('((t-O\'P!' IU'PUS, i, ('" t,llP full-:Hlll ,mil pnl't-sitndt· stations, 
lIti:; qui('kpl' slI1'l'ac'p dl'yitl~, eombilH'd with It ~rl'ltt('l' l'iUl~t' in daily 
t('mpl'l'llttU'1' ('xl ['('mps ilnt! il1(,!,('HHPd dllllgP[' I'l'Om both ft'ost tlnd 
imlOllLtioll, lIIndp dull' HUl'flu'('s l'x\.n'llIPiy lI!l/mrdolls ['or young sl'pdlings . 
.:\ot II. BiJJgIp s!'l'dling' sun'in·d til(' first Sl'lBOJI on dllil' Oil tit!' full-sull 
!tn'a, illld VPI'Y f('w slH'vivNI 011 t h!' jp,.;s s}I(,ltl'l'l'd pOl,tion of thl' 
Pitl't-SllllC!P eU'('tt. 

[n Ill! Pxp('('inH'nt by Llll'SI'II (d7) tltp (j!ldill~s \\'pI'1' similal', Titbl(· 
:~ti, l'P('ompilpd from his datil. shows distil1l'tly bdtN sUI'\'inll on 
minp]'ttitlllLll on durl' SUri'Il(,(,B, 

TAIII,~: :1fi. !:i1'I'/fliIlY surl'il'lll,1 J !lfllrx after ,<.)/l'iny, ,in relation 10 ~llrJace-soil 
Io'Uli('ri/ll 

W('S[t'm whilt' "iul' 
___ ~' "'('ShOrn EU!!l-I. .A \'t'ragt) 

manu nilInrt'l. 
sprllc~' S(I("cies'('pst [ *l\'~l ~ .A Y,'rag\.' 

[lurent I'erctlll Pact-Ill Percellt Percent Perct/ll
[)utf 
.\li'u·d duff and clIu,-n WOOl! } li 21 0 2Partly hurm't! ,lull 

_ .. ~ e,'lmrl'onl "Ull!,"rtl) hurnt'" ,lull } :1I j ,- .. _........-!--_...._.­
('hnr(,otll Hnd H:<lw'l: } :.!s 1 23 21i i I 15 : [0rh't'p. IlIosl' 'l"')W~ 

~tlt11ml milH'ml :'~J 13 : III D ' 2:1 ' [6 


1 In tilrm:{ {If tlltal nurnbt'r~ of St'l'd ~OWIl. Aftl'r LurSt.·n (;7 J. 'l\'Sl 1, Wl'~l(lrn ,,,-lIih' pill(\ wus in lOIS' 
((''it:! 111 IH!.i(1 

I FU1H.m~ prl'~I'Jll 

IlHon:/I'1' 

J)WUg'ltl. tltp Sp('Olld most illlPOl'lllllt physiclll ('HIIS(' of sPl'dling 
nWl'llllity, OIlI'l'Illl's dil'P{'(iy throllg'1I tIl(' lInbllinll(,(, bt'lw('('1l soil l1lois­
tlll'(' Hud ('oot pl'lH'tmtioll, ft dl'('l1ntstulI(,P thn.1 ('xplnim; till' puradox 
of' IH·n,v.\' drought lIIol'tnlity on (lip t·pilltini.,v ('001. moil'll, full-shndp 
1ll'l'll (tltbll' a:~J, This sitllatioll is illtlstl'lltl'd ill rigUl'(, II, which sbows 
gl'llphi('nlly t Itl' IH'ogn's:; of sllI'f'It<'p-soil d l'yi lIg Oil (,Heb of tilt, Ihl'(,(' 
1I1'l'IIS ill lit(' I\l:~:{ S('t\SOl1, :\l!IXill1ll111 tint! llIinilllUllI root dppths nl 
\'Ul'i()tJS tilllP"; HI't' BiloWIl I'DI' w('stt'l'n whitt' pill/'. OIl(' oj' tht' 1I('(lp(ll'­
rooll'd :l{)('('il's, Illld w(',.;!I'1'll ht'llllo('k. thi' "hllllo\\'pst-l'ootl'd sp('('ips. 
Soil. dl',\'lll~ ill the lIPPI'I-ln,v!'!':;, of g'I'Put imporltllH'I' in initial sU!Tknl. 
is shown to tuke> pln('(' primllrily f'I'om til!' SUl'l'tI('P dowlI\\'IU'{1. 

.\1 t h(Jll~1t soil. d I'yi n~ 011 lilt' {'UIl-SUll lU'l'1l ",n;; 1'I1pid nnd rplnliYl'l,'{ 
tI('(,P, thi,.; \\,11"; t·oll1jlPlI,.;nt(,d in part h.\' d('('I)(,I' 1'(lOt 1H'l\ptl'lItioll, Pfll'­
t iC'lIla l'I.v hy tIl!' IlHH'P !'I'sisl nnl spt'l'i!'s, \\'l'Sll'I'1l wlti tt' pinp, Dougills-lil', 
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Wi'stf.'['n lan-h, and gl'and fil', In 193:~, for i'xample, the soil on this 
at'ea had (lL-iC'd to a depth of 7 inches by lat(' August, but seedlings of 
thpsl' s[wcies in SOI11(' cllses had roots P(I[wtl'ating 11 inches or more at 
this tinH'. and l'plfLti\'ply fl'\\' of them diN I of drought. Thp shorter­
['ool('(1 spC'cil's W('/'(' IIl1l1bl(' to mnintain 11 favorabh' balanc(' of !'Oot 
PPIlPt rat ion an d soil moistm'(' and conseq Ul'n tly suffp['('(1 heuyily, 
Drought los!:>I's b(lg'u.n ns SOotl itS t!w soil moistul'(1 conte11t dropped 
bl'Jow lhl' wiItilw ('oplfjl'il'lll in ttl<' laypt' in whidl sN'dlirws W('I'(, 
rootl'd, IlbOll t .J !l!~' 26, und rpsld ted imnil'C/iatl'ly b dl'Ough t d~aths of 
hplIl]o('k und I'pdc'pdnr, 

At tlH' part-shudp statioll (figllJ'(' 11), the t'oot-p(llIdl'Htion balnn('p 
in I !);t~ wns flLVorahlP to tll! sl>P('ips PXl'ppt t'('(\eedal' and Iwmlo('k, 
Sl:rftu',' drying, bl'1-6nning about .JUIH' 2fi, killed a f(~w sholt-rootNI 
11('nl!(wk on lIlill('l'Iti ~Urrll('('S, ill! t WIlS l'plil'v('(1 bv mins on .TtIIH' 28 
fwd 20, About .July H, surflH'p-soil drying again '/'!'glln to kill somp 
I'l'd('('dllr IUld IlIIUlY hC'IIlIo£'k Ol.l l'xp(lsl'd qllfl.druts, and this drying 
Im;t!'d IIntil IIH' I'll'! I mins IWgall, Only It fpw short-roo('d ill<li\'idul1!s 
o( olll('r Sl)('{'i('s \\'('r!' killt'(\ by dl'Ough t ill I.B:38, 

At fliP rull~sllHdf' stlltion. ttltllOUgh ,1lIdu('(' drying Iwgttn mlldl htt(>[, 
in [hl' S('lIson Hlld /'I'du('pd soil Illoistlfl'(' to or l)plow til!' wilting ('0­
t'flicipnl 10 It Illllximull1 dppth of ollly :~ ineh('s, dl'Ollght lossl's \n'('(' 
hPil,vy bp('nnsl' of shull!)w /'Oot p(,lldl'lltion of Illl sl)('(';es, Low light 
intensity IIl1d 11I1I'1l.\'ornhlt, soil and nil' tl'IHIH'mtlll'ps, thongh not <iil'('d 
('flUSpS of Illodnlity, probahly had an ill1pOI"lllnt piU't in PI'pvt'nling 
s(,pdlings fmlll grO\\'ing \'igo/'()lIs1y Ilnd h('I1('(' f/'Om bl'coming drought 
r('sistlln t. 

Drollglll losst's at lhl' fIlii-sun Hnd parl-shlldl' slations, particulady 
til!' forml-/,. wOIIl.d 1m\'[' Ih'l'1l I'l'lnti\,ply higbpl' if insolation had not 
p(,p\'iollsty kiltI'd Inrg(' Illtllll~('I'S or ('I'</(,pdl1l' ttnd Iwmloek, A fpw 

qllU.<il'ut s lit Ill!' full~sl/ll stlltioll WI'I'I' "hlld('d by sen'Plts, which P('('~ 
'.'(,III('d IPllml ::;ul'fll('p-'.;oil tl'IllI)('l'lItIlI'PS, Soil-lllOistlll'P conditiol\s 
\\'1'1'(' su/JstHnlilllly lhl' SII/II(' Oil both shalil'd lLlld IIl1slHtdl'd qultdrn.ts, 
{,XI'!'pl lhnl 11ll' I'm'lll!'l' dl'i('(1 out It littlt' lIlort' slowly ns tilt' st'nson 
progl'(·S!-H'(I. Oil tlIP silndpd qundl'lI!s drought rll.nk(ld s('cond to biotic 
fHClol's liS II ('Il.1lSI' (If 1JI01'lHlily, hll.\·jllg Illl ('s~)('cillll.v S{'\'('t'P p(fpet 011 

til!' sllol'll'l'-l'ooll'<I sPN'i<'S, AppIIl'l'nlly dl'oug'ht may pln,y n much 
mot'!' impol'tHnt 1'01(· Oil lU\'llS wll('!,l' illsoltt.tion is not nil flg'l'nt of 
mOl'llllity, Rl'lHlits of n.slud,\· Illlld!' in Hm-l show thnt on nOl'th s10p('s 
d!'01Ig'h I \ ('lids to IH' t ht, most inlJ)ol'ln.n I physienJ ng'(,11 t of rno!'tn.li ty, 

'I'hl' l'l'lal i \'(' SllS{'('pti hilily lo dt'otlg'ht of til(' s('('dling's of y!tI'iolls 
sp('C'il's tPl'lt ('<I III I hI' I'i \"('l'-f!nl stnl iOIll'l is shown by tll.l>l(' 37. In fuU 
slIn Ilnd llndpl' ptl.1'1 sitlldp, flS IH'III'ly as ('It/l b(' judg('1i fl'OlI1 thr 19:33 
!'('{'ol'ds. (hI' fOlll' 1lHI'Clil'I' sppci('s do not. dil}'!'!' significllntly in l'l'sisttllH'e, 
VVl'S((>L'1\ ('('d('!'(l!ll' and Wl'::>lpl'll 1H'1ll/c}('k ngnin form n, 010t'(> suscl'ptibic 
gt'Oup, ({('(icpc/at' is dt'finitt'ly I('s;; slls(,pptibh, than h('miock, owing at 
[Ntsti Il purl to its ,;ligh fly bu[ ('onsist I'll t1y £1('('(>('[' root 1)(>IH'tmtion, 
('n<l(II' full shad,' till' SI)('cips diO'(,I' IJlOI'P sharply with 1'('g'tlTc! to d,'ought 
rp::;istn,llep, IIp/'p till' pxtn'nlt'ly \\'('ak mot 1)(111('II'lI.tion of \\'('stel'n 
IUITh mnkPs this spp('j(·s the' ('(llIlll of /Jprnlock in sus('('ptihi!ity, 
DOllglas-fir nnd pl'Oilnbly grn.nd IiI' WPI'l' il\(1 Ipll::;\ ;;uscl'ptibll', In th(' 
intl'l'(f\!'ciill.[(' grollp of Wl'st('1'tl while' Plrll' llnd (,(·(Iet-dn.I', white pil\{' is 
significllntly til<' I('ss SIIS('('ptibll', Dl'Ougitt I'psistn.ncl' WIlS ('los!'ly 
Iink('d ill (,V('I',Y (,IIS(, to ri,.·plh of initial mot p(ln('tl'n,tion, Pllttp 8 
:-lhows difr('I'Pllc('s ill l'oot pt'lll' I I'll I jon Ill'twpPlI :;pecies, stlttiOllS, and 
t lilli'S of SP!\SOfI. 

http:rno!'tn.li
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TABLE 37,-rirst-ycar drollght mortality oj seedlings of six principal species sur­
viving biotic losses, under different light conditions, 193:3-33 

Species Full·sUII 1'nrt·shll<lo Full·shade 
station station stiltIon

------------------1·" ., ".",,~ _..--__~,,,., 

Percellt Percent Percent'\'est('rn whlto plno., •••••••••••••••••••••••••••••••••••.•••••••. , 7 <I> 41Dough\S·(\r , , .......................................... .. 
 5 1\\!"('st(>rIl lurch _...........__ ~ .. __ .. ____ ....... _~ ........ __ •__ ...... __ ........ ~~ ... ~ ~ ~_ 17 

4 2 fl:lGrand fir I __ ............................................. 
 1 0 10 

W~stern Iwmlock ............................................. . 39 , 18 95 

\\"~st~rn r~lfl('(l~lar ~ - ••__........_....... _w .... w.~ __ ~ ..... ~_~ ___ .. _~ __ "' .. ~_ .... . 24 6 60 


16 5 61
± ')l) < -. - I ±2.1 i ±I.S 

1 r.~ss thon 0.1i I',-r",'nt. 

, H('ror"~ (I)r IIl:l:! I)nly. 

1 gxcluding grllllfl !Jr. 


Th(' hig-h HP<'tllillg- mOl"tality consistently observed on exposed duff 
su/'fn('Ps, althoug-h efius('d mfiinly by high tcmpemtu/'es, is due in 
l('ss('l' <lPg-I'l'P to ullfnvoI'ubl(' moistllt'e conditions. The rnpid fluetufi­
tion III tnoistul'{' ('onlt'llt of dun' kills mn.ny 11('wly g-('/'millntt'd s('('(I­
ling-s b('fol'p thpil' I'oots ('nn b('('onH' l'stnblishl'd m millt'l"Ill soil und('l' 
the dufl'. TIl(' tnoistut'{· eontNlt of the minpml soil Und('l' thp duff is 
nhout !lIP grune as thllt of l'xpoSNI minel'lll su['faees, and oncl' the 
se('cllilll! ['OotH 11I'(' (\stnblislll'd in the undedying min(,l'Ill soil, the 
survi nt.! Oil <l un' tpnds to I>p IH'fil'lv til(' snllle fiS on mill('ml snrfnces 
undl'1' shndp 0['011 Ilorth slop('s, wh'PI'l' insolation loss('s nrC' fl'w, This 
is illliil'ntpd by IWl'lllnl1pnt sllmplp-plot records (tnblp 38) from firellS 
on whi(,1t ('onditiOlls W('l'(' g('Il('I'Hlly mOl'p favol.'abl!:' fol' sP('(lIing 
('stn.bl ish IlIPIl t thall on t ht' ;;('\'('1'(' "i vPI'-(Jnt an'llS of Hnig's study. 
D ifl'('l'('Il(,PH III sllI'Yi \"ttl 1)('1 \\,(,(,11 surfn('!:'s w('/,(' not vpry pl'OnOuncNI. 
Al though no t sus('('pl i blp or statistical fina lysis, bp('ltuse of the 1r­
/'('gula/' ehlu'netPI' of tht' basic dalll, tI\('s(' sample-plot 1'('col'(ls indicate 
tbn,t of tltt' th/'Pt' kind:; of surfac(' list('d, ('stnblisitmpnt is best on 
milll'/'nl soil, pOOl'pst on 1'0 ttl' 11 wood, and intcI'111t'Ciiate on duff. 

TADI,B 38,- SerdlilLlf ,WTt'il'lIi of principal species on jour cut-over areas 5 years 
CLjter ,·utlilL!l. in percent of all ,sl'edNIt(J.~ wodllced 

'--- I I I A"ern~oWeSI~rn I 
Surface sollmnterlnl Orand ; Western f Western ---;~. '- ­whito ' 

pinn ' tlr ' hemlock' redcedar' f[IITfller Sll~rfP' 
, 'pe .. I Ilh.e 

S P.ICS. spcl'it'S 2 

DulT; mixed dutY lind htJlllus; $('Orched , 
, 

Perl'fllt Percent Percent j Percent : PerceIIl I; p(/ICtlli
dull.. , ;1-1 -/,;!lotH-" \I ood I 81 26 ,1:1 ti2ll 1:1 , 8 10 I 3,1 i 9:-1aturnlI111n~rnl , -II 8 :l8 ,11 2:1 

- ~.~--~.,,~ -~ ~--~ ~.---- --. ~- . .,. .,. - - "-- -'------ .-~--", 

1 Hecord ifll'lud(" WI'stern \\'hUe pine. grilli' 1 tlr, IIlId II (tl\\, Uou~lns·tlrs IIn,1 westerlllarchllS. l)ntn Insulll. 
elt'll to 11,1 <PI-('i(-s ~eparillely hy ,ur(IIrr ,oil mllterial, 

1 Western hellllo('k nnd western redePtlnr. 

Sn,vJ(:U J:I'UHA L CONTROL 

The silvicultlll'ist cuu lU gl'('ut mCfisure coutrol the abuudance of 
IlIltural I'Cprodlletion by manipulating the distribution and density of 
the l'esidunl stand. On severe sites, in genoml, most abundant 
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regenomtion is got by retaining a ftlirly dense residual stalld, because 
sllch 11 stand reduces insolation and lwtintains a fayorablo balance 
between root penetration and soil moisture. Such conditions not 
onl.y elillliunte high surfllco-soil temperatures and drought, the prin­
cipal physical agents of initinl mortality, but restrict biotic losses, 
and tend to prod uce higlJ initial survival of nil species. On sites where 
aspeet larg(,ly prc\'ents high surfact'-soil t('mperatures, regenemtioll 
is probubly favored by rctnining only a light rcsilluul stuut! or by 
clea,r ell ttillg. 

Obtainillg the most desimblc spe('irs l'ompositioll in the seedling 
stand is often 1110l"r (liHiclllt than obtnining adrqll!ltC' density. It 
('Un h(, promoted to some extrJlt through eontrol of o\'('rwoo(1 shade. 
B.etention of [nidy heltvy re,;iduul stands 01l flats and southerly slopes 
ton<is, ('ntirpl.y asic\(' from its (,frect on s('e<l supply, to de('rensl' the 
pl'Oportiot\ of w('stel1l white pille and its ha rdiC'I' assoeintes nnd 
ilH~rensc the proportion of western redel'dn.l' allli wcstem hemlock. 
(,len.r-cllttill~ Oil s('Y('re sites, Oil Lhe ('outrnry, tends to reduce the pro­
portion of westt'rtl rpdectillr and Wt'st('rt1 hemlock, as these species 
aI"(' far Ilwre 811S('('ptible to hi!-(h s\lI"fucP-soil telllperatur('s und dl'Ought 
than theil' nssoeint('s, and to illen'HSl' thr proportion of western white 
piliP, ()ou!-(Ins-fir, wpstern lnn'h, Hwl grand fir. Howcyer, mortality 
loss('s in full sun on se\'('I'(1 sites may be so heavy ns to prevent adequate 
I"(~!-(pnprn.tioll of uny sppcil's. 

011 more sl\l'lt(\['{'(l :{ites, such as north slopps, avnilablc evidence 
indicates tlmt ~i\'('tl (\.It ndNlunt(' s('('(l soun'e, c\('Ht'-ellttillg will pro­
duel' tho lHost drsimbl(, S('('(\ Ii IIg sLum!, tiS rcgards both q Uttlltity and 
('omposi.tioll. 011 sueh ,.;heltp['pd siu,s lo::;,;es due to high surfnce t(,lll­
perlLturps n.rl' huW,ly plilllinutpc\ aml full-sull conditions fil\'Or estab­
lislullent of W('StPl'II whilt' pillt'. Drought, an netl\"C ngcnt eycn on 
tilcs(' si tps, IIlI1 trl'inlly l'Nlll(,(,s the Cl'Op or mOl'e suseeptible spe(~ics 
such as rp<lcl'dnl' ami 11l'1lI\o('k, although, \I11(l(,I' !-(ollcrnlly ft"LYol'able 
eouditions, nil aPPl'ceinble [)(>l'cl'lltnge or these spceies may be expecLod 
to su rVl \'C. 

One outstanding pmdirnl limitn.tioll to thc eOl1tl'Ol of composition 
by varring the d.ollsit\, of ovel'head s!tude lies in thc fnet thnt it is 
lLi)pill'ciltly impossible (;xcopl with ill IUUTO\\, limits to ellc()urnge westorn 
l'edccdlll', it eornlHel'l'ially \"nlmtble spC'de,;, without also cncollt'aging 
Wl'St('1'1l hemlock, n, sppeics of low ('oIllJlI('l'cinl \'nlue, or to eneoumge 
the highly vnlunble W('stern white pine without also elleollruging the 
eonnnCl'f'lnlly ini'l'l'ior gl'llnd fir. TI1('sC limitntions in<iien.tc the prob­
n,ble 1Ie<'cssity of employing eultui'itl methods, Sll('/t as weeding, if 
eomposition of the scedling stnnds is to be efIeetively controlled. 

EARLY DEVKLOP\lE~T 

'I'ht' probiPrns of Ililtu ral I'('g!'IH'l'U tioll do not pnd with succ('ssful 
S(,l'dling ('stHblishnll'nt. S(,pdlillg stllnds Jlllly oJ'iginlltt' lJllrlPl' COJldi­
tions unfn.vornble to sntis/'ndol'Y gl'()\\'th and, ns hm; b(,(,11 pointpd out, 
('()Ill posi t ion of til (' R('NII ing ;.;tl) Jld ClllJ bl' cOJ) troJJ ('d to II j il1li tl'd ('xt!'lJ t 
onlv. TILl' ('hamd!'/' of tit!' :',oi1, t11(, 8!'(,(\ sourc{', dl'lIs:ty of o\"('d\('n<l 
,;illld P, lind r('lntiy(' llggTf'qSjYI'J) ('ss of til!' nss(){' in t!'d sp('('il's, pn/'ti('u­
Indy during ('nrly lift', all nf\'!'d thl' IlInkp-llp of tilt' stand nt IWlturity, 
'I'll;;.; ppriod of early dp\'pjOPIlll'1l t, rOllghly tht' first 80 ypn rs, is impor­
tnnt to the silviculturist bccnusc l'ntC' of growth nnt! species composition 

http:in<iien.tc
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can then be dfectively controlled by cleaning and by regulation ofoverwood density. 

EFFECT OF BURNED-OVER SURFACES 

The marked effect on early seedling development of burning offthe layer of duff and litter from mineral soil has already been broughtout with reierC'uce to the study made by Haig (19). During boths('asons covered by that study, seedlings grew larger on burnt than onnearby natural mineral 80i1.33 At the part-shade station, 2-year-oldseedlings on burnt mineral soil w('re from 25 to more than 100 percenttaller than sC'l'dlings on adjoining natural mineral surfaces, westernlarch showing the greatest difference. :Nlicrochemical tests revealedthat but'l1ing made available a materially increased supply of severalimportant mineral tlutri('nts for at least 2 years after burning. Burn­ing n'slll ted in a slight to ve1y mltrked increasl' in the quantity of[lctiVl' lllnngan('se, ltvailable mngn('sium, nitrate nitrogen, availablephospilOrlls, and repiItC'('able calcium. Available phosphorus wasalmost dOllblrd, and the in('rpase of replaceable calcium and nitratenitrogell was (\VPll larger. TIle totnl ('arbon content was slightlyrt'fluced. The difl'errnc('s were cousiderably greater in the top 3inch('s of th(' soil t,hau at lower lC'vels.
S('edling r('sponse to the gr('at('r supply of available nutrients con­tinurd to tiLe end of the second growing s('ason. At that time, at thepart-shade station, the tops of western larch, a species particularlysensitive' to hl1bitat chang('s, had an av('rage green weight of 1.64 gm.

Oil burnt mineral liS eompar('d with 0.60 gm. on naturalmineral surfaces.In genrml tiL(' top w('ight of all sp('ci('s combined was about twice asgreat on burned-over as on natural mineral surfaces. During; thesecond growing s('ason all species made markedly better leader growthon ttl(> burnt surface.
Otbpr investigators (1, 13,22,27,56) have consistently found thesupply of availabl(' IlU trients in the forest soil to be increased for at!c'ast It year or two by buming. Fmth('r investigation is needed,how('vpr, to detprmine the full and final effect of burning on seedlingestnhlisilnwnt and d('velopment. It is quite possible that lossesthrough soil washing or changes in physical composition r('sultingfrom single or rep('ated firps more' than outweigh the initial gain in soilfertility. 

EFFECT OF OVER WOOD DENSITY 

Density of the overwood stand affeets seedling development verymaterially from the first year or two on. Haig (19) found at the endof the second season that best seedling height growth had been madeunder pad shade; western white pine averaged one-third taller thanin fllll sun, Douglas-fir seedlings were twice us tall as in full sun, andwestern larch and gmnd fir made even larger relative gains. Growthas measured ill green top weight of the last three of these species wus!1180 botter under part shade thn.n in full sun. Western white pine,however, WIts it. marked exception, averaging 0.61 gm. in full sun onrLn.t,lIrfLl minoml surflwes, and 0.86 gm. on surfaces in full-sun thatwere slightly protecter! by low screens, but only 0.35 gill. uncleI' part 
"'iUlil.. r (,h,,·n·',OOI1S hllVI\ heen 11I.\(le hy Brow,ter nlld LarSfm (.17). Also Sixth Annual Hoport of theI'rh's[ rtivf'c F:xpI'rimollt'll l"ore8t, Northern Rocky Mountnin Forest lind Hnnge Expt. Stn. 1916.[Mllllonl(raphofl.) 
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shade. Comparable data are not available for western hemlock and 
western redcedar, as seedlings of these species did not survive at the 
full-sun station. 

After the first few years, western larch, lodgepole pine, Douglas­
fir, and westeI'll white pine grow best under pmeti('ally full-sun (,ondi­
tions. The marked effeet of density of overwood on the growth of 
reproduetion in these later years is illustrated in plates 5 and 6, of 
whi('h aU views were taken within 200 yards of ea.ch other on a cut­
over area on the KfLniksu National Forest. 1'he area represented is 
uniform in aIL respects except for density of the stand left after log­
ging. On a nearly ei(l!Ll'-<'ut portion Cpl. 9, A), western ifLl'eh tLnd the 
few lodgepole pine, trees present luwe made execllent growth and are 
the tallest, with western white pine next. These species make up 
pl'ILt'ti('idly ail the dOllliIU'Ll1 t stand. Most of the griLnd fir and all the 
western Il('ln10('k !Lnd western ret/cedfLl' nre distim'tiy subordinate in 
height. Unde!' pal,titt! shude 3~ (pI. 9, B), w('stern white pine, though 
not quite so till! as under practiciLlIy full-sun conditions, forms a larger 
pl'Oportio!l of the, dominant stand, fwd lil.r('h iLnd lodgepole have made 
rnlleh pool'or development. Grand fir and lwmloek are both more 
pW!llincnt undeI' pnl'tinl shade than in the open. Under' moderately 
dense shade (pI. to, B), lltI'('h and lodgepole are practicaUy absent and 
t/'eCS of other species have mnde poor growth. The relation between 
white pine and the more tolel'l1ut grand fil' and hemlock has become 
l'eversed; the fir iLnd hemlock are now the tnllest. Under very dense 
shnde (pI. to, 11), trees of all the species barely eX-1st, as is illustmted 
by the white pine tl'pes shown against the white sheets. Avemge 
heigh ts of tllp white pine trees in this stand, and other stand data, are 
given ill table 39. The geneml trends in thp effo(·t of ovel'wooc! density 
on l'f'pl'Odudioll den1lopmont shown by these data have been demon­
srrn,trd on IllJ1nY othol' areas, 

TABI.I~ :3!l.---lle/atio1t oj Ol'ertrood r1c7l,~ity to heillht and rmm/,er oj 16-year-old 
wesler'll while pine ~eedUTl(l8 on portions oj the._____________.--_~c 

E\ltniks'u National _______ Fore8l _____ ________. 
Residual I A\'cm~e Seedlings per ncro 

ovcrwood heill'ht ___._-,...___ 
Area drnqity dominant I 

(be.snl nrea white pine \\rcstcrn ) \ 

-------1- .P:~~I!!r~__SC_'C<_II~gS I .1~ltl~.~~I~ ~~~ spe~ 
Squllre feet Feet Nu.mber Nu.mber 

.~ .................................................... 26 6.7 a,480 4,4-10 

II .19 2.e 5,720 7,U20 
C O/i 1.6 6,arlO 1.6,880 
D 150 .7 1,520 8,400 

I TIt(' lulles( ~(·t'(IHnr of litH spl'eles on euch 1/1 ,OOO·acre unit of nrea. 

Ttl(' drecL of overwood and aspret upon the relative growth of asso~ 
(',ilLtpd speeie's in the ['('pi'od llction stand over a pPl'iod of years IS 

h1'0 lIgh t Oll t by tltbln 40. This tnblo is based upon examinations of 
fOlll' cut-(W('l" an'as, and shows eilfLrtg'('S in the composition of til('. domi­
Ilallt s/:Ilrtc[ ill int('l'\'lds of 10 to 19 ven,rs, thr second (lxn.mination hav­
ing IWt'1l IIHt<i(' 25 ,rp/u's ILfter' loggil1g' irt <'Ildl eflSC'. 'I'lJ(' propoltion of 
w('stel'lI wbi te piriC' ill nss()('ialion with \\'('sti\l'11 lwmlo('k, grftlH/ fil', ILnd 

~I It is lIot IlItllrtth'd to n:-it'rilu- nlll1H~ (llfN!tS" or lUI 1}\'llrwuoll on n~prOlllll'trun lo S!UHI11Il1oflP'. Ih!grcl.~ of 
Shmh" ill tprm". uf Ii;"hl inWn<iits, i."i only 11 {1()l)\'pniPllt singJt> lIil!llSUn' of a\'~'rw{1od densIty. Ollwr things 
~ml'h t\~ ~uilll'IlIpl'ruturt' UllcllllOi~turH cvnt(lut.nrc Iltrl.'cted by o\,crwo(Jll densily and ill turn ulfect growth 
or reprodtwttoll. 
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a small quantity of larch and Douglas-fir romained approximately 
constant on the clear-cut northerly slopes and doubled on the open 
easterly slope. Under approximately 40-pel"cent shade, OIl the shelter­
wood area, westel'[) white pine steadily lost ground in the 19 yeal'S 
between obscrvl1tions. The 25 p<'t'c(mt lost in this period was ll,b­
sorbcd by westpl'll lwmloek, the pt'incipnl associatC' in this stand, which 
provC'd a very aggrC'ssivc competitor, The relative development of 
west('['n white pim' on doar-cut areas would be less favOI'able in repro­
duction stands containing larger pel'c('ntages of larch or lodgepole 
pine, as these two species thrive best in full sunlight and distinctly 
outgrow western white pine in the £lady years of stand development. 

TAULB 40.-Co'lnp(Jwilioll of dominant si<tnd, with respect to ol'e-rwoot/ condit·ion and 
C,t'[J0dW'C' a/ l'ul"iolts i/!(erl'ftl.~ uf!f>:r IOI/{//flU 

Period \VcstenJ \\'''st"rtl (Irl,ln(] 1\' -t-·-·--r~O~-I-r:-~~-
OverwoO(\ ('on(lItron and ilSPf!(,t since , whIte ' ," .' fir "-; ern I aug liS- • ree~ 

_ >.... .. I I"~:~~~ ,>~~e·I~::'~O~~l._._ ..I~~~. __t_lr_I'~ 
Year.' 'Percttlll I Percent I Per"e/lt Perce III Percent ;Vitlllb-r 

Shoit"rwl)()(I;' nortlwrl)' lli''''''I{\ ~~ I ~~ j ~ ! Ui ~ g U~~ 
(,lellT ('lIt; northerly a:'pccl f U 20 [ 5H 13 2 I 2, 155 

I 2.1 2.11 Ill, ~ 51 U 1,950 

lJo. .{ 15 9 1 . a 0 '\' , ' 2 RoI,) 


25 IlO I '5 ' 35 : '.>" :l-I5 

(·leUl·~cUL; onsterly n,ptwL i{ 15 37 i ·15 12 I' , (j I 0 82.';
· 25 I 74 ; IS 5 , ':! II 0 I 42·1
I I I I --.:1___-'--__.:....-__ 


I "bouL 40 perCOII! Slllldc, 

l rnCltHle~ some grnnd fir. 

3 Includes some Dougllls·fir. 

'lntludes SOUlo lodgopole pino. 


J{gL'\TIVE ACCnESSIVENESS OF SPECIES 

A good measurp of the rolativo aggt'PSsiveIless of individual species 
in the w('stprn whi tc pine type dlU'ing the period of early development 
is the proportion of the total number of trees of eaeh species that are 
in tlw dominnnt stl1nd. Such data arc furnished by table 41, based 
on J2 sample plots repl'cscn Ling stflnds from 8 to 30 years of age. 
It will be not£>d that, within this rang£> of ages, westemlflL'ch and lodge­
polo pirw form a mueh lnxger proportion of the dominant than of the 
totn] stnnd. TIl(' rrorortion of wcst('rn lareh in tho dominant stand 
was :3 to 5 timps that in the total stnn<i, as nwasured in mihLC1'o and 
4-rniln,eru units.a; White pine and Douglas-fir [orm l~ppl'oxinl!1toly the 
samc pt'oporLion of tit(l dominant s~'Lnd as of tbe total stand. Gt'and 
iiI' and W('st("nl hemlock ar(' less aggr(,dsive. vVcstprn redcedar is ob­
\,jol!sly til(' least aggn'.ssive, forming 7 pereNIL of tho total stand and 
hiwing no part in the dominant stn.nd. These figllres, in which the 
Limp ol(l[l1£'nt is not reprPR('nt£'d, would be morc significant jf bnsed 
on repeated nu'aSlll'l'l11ents or tlwRe plots over a number of yoars. 

'DJis o['(/(>r of ttggl'('SSiVPll(,SS is mnilltiiilwd with little change in 
old ('I' stands. n.s is shown by t.able 42. Comparison of rolH.Live dom­
inn.n('C' of uSRo('iat('d sp('C'i('s in th('s(' stn,n<is is most cku;dy 11111([e by 
('ollsidC'rillg til(' Ylllu('s 1'01' dominant and eo<iorninftnt cniwll classes 
t'ombi))('d. Lodgppolr pill(> iLnd \\'('Rt('1'll Iu.!'rb ttl'(' obviollsly the most 
n.ggl'('!'isiv('. WhC'f'{'v('J' pn'1)('llt, t/wy an' found pdrwipally in the 

al Only th(. lall~,qt lint! wost. vi~oroll~ tree on curh unit. 1,'[lS dnqh(ultte<lus It dornlnnnt. 'rllCsc .!Stimntcs 
COlI~e'lIH'l!lh lak(, into 1Il'''Ollllt both si?(, nod rlistrihutloll o..-rr the nrc". ('In~qirying trees by the usual 
systom. 1.('., liS domiu!lut, COUOlllioIlOt, intermedlnto, nnd suppr(,ssed, is not pructicablo in vory young 
stllnds. 
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dominant stand, not being sufficiently tolerant to survive long in a 
suppressed or even an intermediate position. It will be noted that 
hemlock and grand fil' are transposed from the ordet' given in table 41. 
Thcindicnted differenc(\s in aggressivoness between these species are 
smail, however, and probably not significant. Western ['cdcedar is 
shown to be the least Ilggl'cssivc specics, fOl'ming a negligible propor­
tion of the upper two crown classes in second-growth stands, 

TABLE 41.-Relal'ive aggresS'ivenes8 oj indio-id'llal spec'ies m sland·, .r; to 30 year" old, 
on 12 ~(tl/lple plotN, a.~ lIle(l.~ltretl b!l domiWLnCe 

I 
I Composition o( doml· 

Composl. nnnt stand' by-
Species tion o(total, •.~ .--- ­

stand I I MUacro {·mUllere 
units J units' 

--.--------------- .------... --_......... 

i Percent Percent Percent 

LodgepolO ,,11I(L .•• "'••••• '. __ ....................._.................1 I 4 8 

'Vest!'rn Inrch ......................................... _........ .. 6 20 33 

Weqt!'rIl white plno_., ........................ ",,,,.,.,,,,.,,.,_ .. 44 50 :18 

f)ougIM·t1r ._ ......................................... _.... . 3 3 3 

Orund tlr ....................................................... 20 16 12 

Western hemlock ..................... _ ........................ . 17 6 5 

Western redcednr.. ................._............................... . 7 1 0 

Other spocir.s._ ..... ,~ ................ _.... ~ ......... _... _ ........... ~ .~,._ .. ~~ ' ... _4_ ...... _4.~ 2 0 1 


'1'otnl. ................................. . 	 100 ' 100 I 100 
, 
--~.•.-~--------------------'----'----

I All tr!'os 0.6 foot tnllnnd tnller, 
I fncluellng only tnllest Illld most vigorous tr(!~ on (·nch nn'u unit as Indicated. 
, A miJllcre unIt Is 0.6 fN'l S'lunro nnd includ"s 1/11)00 nen', 
I A ·I·mUuero unit Is 13.2 (ceL squnro nnd Includes 1/2flO ncre. 

As implied above, relative dominance is also an excellent measure 
of tolerance, The tol(1['allcl' mtings given to the assoeiated species in 
the westel'll white pine type on pagt' 14 arc ulmost identical with the 
dominancE' ratings giv()n hpl'e. It ha,s been found consistently that 
(·arly dominance and mte of gt'owtb vary inyprsciy with l'dative 
tolemnce. In tolerant speeies mllst lntlke rapid initial growth to 
maintain themselves in the stand.. 'rolel'ant species, on the other 
hand, make slower gl'Owth in early lifc, but, as bas already been brought 
Ollt, progl'('ssively fOl'm a morc prominenL part of the stand as time 
gOl'S on and eventutlJly largciy dominate it, 

TABLE 42,-Re/al'i/'c fl(J(ll'e.~.~il'eneM." nj'inrUI'·trlllo.l NllcrieH in "'ands 3210 100 years old! 
as meas!t7'eti by rcpres('n/at'ion in diffel'ent crown el(ISIleS 

---------,------:-----;--.-_.__ .-- ._.._---,----..,---
I f 	 IDominllnt

Domilltlllt, l'odomi. I [n(ernUl· Rupprcs<ud nnd co·Species 	 Busls, trees Cl1l5S 	 i Iltlllt cln5s ; (liat.e rln:;.q ('l!lSS domInant 
: : i CIOHS 

Percent Pm·",t Perce'1l1 PUl'eJlI Nu.mberPcrcelltu i
Lodgepolo pino.•..•••••_••_. +I II: 12 ; 7·1 3011 
Western Inrch "'."._..•• ' •. ao 20 ~7 I 17 511 1,212 
Woqt!'rn white pine ..... .,_ •• III ID 27 :18 ;15 8.024 
DoughlR·llr .•..... 8 In 2.1 52 2:l , 1,081l 
Western hornlo<:k ...••. 5 !l 27 flU 1·\ 
CI mnd flr .. ' 2 o II 7H S ~:~~~ 
\Vaql.orn roekednr. o 2 to 88 2 1,4015 

.. --.-.-.---'---~.~ .. -..... . . .. 
IOn 11K slImpl(, lots. All trees I Inch d, h. h. lind Illrgor IIrll i,wluclod, 

Recol'ds from a lurge llumbcJ' of pOI'mn.llpnt samplo plots III stands 
f['om :,0 to LOO yeal'S 0[' ngn show only HlighL elwllges in species composi­
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tion within intervals of 10 or 20 years. Such changes as do occur are 
irregular and arc Iill'gely due to mortality, which for various reasons 
may hit on!' sp('cios hurd!'l' tlmn another during any particular period, 

The ft,(,({lH'nLiy expr(\ss('{l opinion that undcr favorable conditions 
west£,J'TI whitn pin!) will J'C'udily outgrow its competitors is not sup­
ported by tho l'vid('[)('o availnblc, y,hitc pine apparcntly is hard 
pressed by its aggr('ssiV(' and fnst-gl'Owing associates, and oven under 
favomble conditions may barp!,v hold its own, Assuming adequate 
protrctiol1, the only ('erUtin Wity of getting a satisfactory proportion 
of west('I'll white pille 01' any other desired species in the mature stand 
is to obtain n. good rt'pl'csentation of that species in the seedling stand 
and then assist its developllwnt by culturul methods applied princi­
pally during the early life of the stand. Dming the first ::\0 years in 
tht' life of the stand, sp£'eirs composition is l'rlativrly plastic and can 
be modifiocl materially by ehanging the density of residual oVCl'Wood 
and by weeding 01' thinning, 

REGENERATION METHODS 

As broltgllt out in the scction reviewing pmetiees anft investigations, 
divcl'sity of [ot'(,;,;t eOlllLitiollS, gmdual accumlllation of specifie silvical 
info I'lllfltioll , and pressure of economic eonsidl'l'ations luwe led to 
appliention in the western white pille region of three of the four high­
forest I'egenel'ation methods commonly recognized in the United 
States (3,21,57), ('lenl'-c.utting, seed-tree, and shelterwood methods 
have been appliedmther extensively ,(pis, 11 and 12), the true seleetion 
method hal'dly at all. :Many cuttmgs have also been mude on a 
loggcr's sch·('tiotl Of' ",era-margin seleetive basis, difficult; to classify 
under staudtll'd I'Pg('Hrrntian methods. 

The 30 ycnrs dlll'ing which clItting has been carried on under tech­
nical sllpervision ill the west-em white pine forests is too short a. time 
for conclllsi,'e trilll of nny m{'thod, In ptu,ticular, on few of the 
areas cut on a sllPlU'l'woad Ot' sel(,(.',tive plan has sufficient time elapsed 
for a second cut to lUl\T{' be<:>11 madc. Experience gained on national­
forest ('.uttings ami specific information gained from research have, 
however, fUl'llishNI It bllsis for all appmisal of regeneration methods 
applieu,ble in the typ£', 

The research bllSis inell!(l!'R results of II study of natural reproduction 
on 30 of the enl'iier cutti,tlgs, sel£'cted as representative of different 
methods,37 detailed obseJ'vll tions of the establisiunent and early 
development of Imtllt'nl reproduction on some 72 permanent plots 
sampling II wiele l'llng£' of conditioJls, and stlldies of seed supply, 
germination, lnitifll e::ltablislunent, and eudy development reported 
in this puhlicH tion, On this busis Il comparison of the four standard 
t.'egeneration lllethods with l'O[e['et1('e to the westem white pine type 
is made in tahi (' 4:~, 

Experience and study have definitely shown that the for<:>sts of tillS 
type are too clivCl'se, and the necessity for compl'omise between eco­
nomic and silviellltumi aims too pt.'essing, fo[' anyone regeneration 
method to be pl'ltrtieed to the eXf·lusion of n,ll others, Selection of 
the method to lise on nny gi v ell l\l'rn should be based on careful, 
mtionnlltPPl'IlisHI or economic ttnd silvicltltul'fIl fUetot's, 

31 HAlO, l. '('./ and \rgl LNElL, C. A. N,\Ttm.\T. HI':I'HOnl"CTlON ~·OI.t.f)\\,I:'W I.fJlHiIXli IN Wr~HTEnN wnlTE 
PINE, }iorLl1l'rn H(ll'ky :\[ollnllLin (,'"r,'st nnd Itnnr(' t,"pt, S(II, 1Il~7, 'l'his unpubtistlPrt mllnuscript 
hIlS b(lI'n drawn upon IrN'(Y (n, inforrnntlon on (lI(' ,,'suits of PllSt pflwticcs, ' 
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F.3511£l-· 35(.700 

:-:11 E 1,'1'1; It \rOO [J 'I' J( 1':.\ '1'\1 E:\,T• 

. 1, Sheltenvood strip of W...~t(\rll whitt' pIntl ~~wd trl\(~.'i in ('olllhtn;uJon \\ ith a!tI'I'natu clear·cut strips; B, 
llatural n'pro'lul'tlOu 10 to lJ year, old under n SIIf.'H('I'wo",,!. 
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CLEAH-CeTTING 

Thr ess('ntial f('atll1'P of th(' cl<'ar-cutting mpthod of rrgeneration is 
I'pmoval of thl' wholf stand, or of til!' wholp stand with tl!p exception of 
s('('d bloeks or stI'ips, in u. singlp cut (pI. 11), ' Reproduction comes 
from s('('d pJ'odll('('d by n('ai'by uoell t tim IH'I' 01' sppd pl'l's('nt on the 
Ill'Pl1 ttt thp tinH' of ellttillg; 01' til<' aI'('a, if lllI'gp, mily bp pillutpd, 

As l)l'('viously stnll'd, this llH'thod Wilt, pmploy('d b('tW('('1l 1909 Ilnd 
1912 OIl tht' Kiln i kSll and COPUI' d'AiPllt' X atiollal FOI'Psts, S('\'eml 
llI'l'IlS on till' .Kaniksu W('1'1' cut ovpr bv whilt was tpl'IlH'd a c\('a1'-('ut 
Ilnd sppd-block llH'lhod, Tlll'Y wpn' clpaI' cut ('xC'Ppl (or uncut seed 
bloC'ks fI'om 2 to 20 1lC'l'l'S in l'xt(,llt Ilnd fI'om 250 to 1,300 feet Itpilrt, 
!Lnd compit't(' l'l'lilu]('(' fOl' I'Pprociuetion WitS plac('d on naturn,l sepding, 
Onp of tIl<' Ill'PitS tlltLt I'('stockpd most slle('pssfully, thp Beardmore, 
IIIHI all ('sbblislwd slalld PPI' ncl'(' 14 yl'lll'S aflpI' cutting of 2,400 
W(,Ht('I'1I whit(' pillt' Ilud 2,900 othpl' s(,pdlillf!s, including an abundance 
of wpstl'l'll J'('dc('dlll', [ndividunl HIJl'cilllPIl8 of til(' more nlpidly 
~('()wi ll~ H[wcipH WI'I'(' 18 fl'l't hig-h, IUIe! 1,000 H('pdling8 Iwr acrC' , 87 
[lpl'('pnt of tiH'llI w(',;lpI'n whil(' pillP, WP(,(' 11I0(,t' than 4,5 feet high, 

Allot hpI' of till'S!' ell tti ngs, loclltpd Oil til£' Iltrgp pxpos('d .J ll1'gPIlS Flat, 
illu8lJ'llt('s til(' lIppd for a llPilrby SPI't! sourc(' und tiw unflLyol'l1ble 
1'11'1'('1 of u. SI'VpI'P sill', Iit'('p, (,\'I'n ~O YPiU'S ilfter cutting, (,Pgl'lH'l'ILtion 
WitS 1101 snlisfaclon' Ilt disttlllel'S of morp than 400 fl'C't from the 
llPiU'pSt sl'pd blocl,,' Abs('nc<' of satisfacto(,y l'pg('IH'mtion at g1'Nlter 
dislllll('PH frOlll s('('d blocks wus ntt1'ibutNI partly to insufficient 
disspmillnt ion of s('('d !tnd partly to Illek of tIl{' P1'ot('cting influpnce of 
st!l.lIdin~ tilllh('r, In gl'I1PI'ul til(' ('('sults obtaiIlPd with tl1(' c!C'ar-cut 
twd H('('<i-blo('k ltH'lhod W('l'(' only plu,tinlly satisffictory, principally 
bN'liUSP (1) lllUllY of til(' Ill'PHS ell'lll' ('ut W('l'P too hll'gl' to be 1'('sC'C'c\ed 
salisfllcto1'ily by lln.tul'nl disspminlltion froIll uncut block8, (2) mauy 
of tiJ(' silt's thlls eut 0\'('1' w(,1'e loo S(,V('l'P for succ(,ssful sl'Nlling sur­
vivltl undN full-sun conditiolls, and (3) sc('d in the dufJ' was destroyed 
in bl'on<il'llsl burllin~ 01' was not abundnnt enough to supplement 
ndNlllItt!,ly lh(' sl'l'd dissl'minutl'11 by titt, tl'('es lpft stnnding, 

WhC'I'P e!PIlI'-puUing WitS l'l'slrid('(1 to strips 300 to 450 feet wide 
runnillg at l'i~ht anglps to lht' lopogntpby find sepa1'ilted from each 
otla'l' by IIIH'II! stl'ips ahout 150 fl'pt widl', as was done between 1909 
nnd 1012 on tlH' COPUI' d' AI('n(' f·'o!,pst, the land rl'fol'('sted in general 
prompt Iy Ilnd nblll1<inlltly, prineiplllly to \\'('sll'l'll wh~t(' pine, Plate 
1.1, H :;hows n SII('(,(,8sfully l'pgl'nC'I'ntpd elPnl'-cut stl'lP on the Isaac 
Sands snip of 1910, In 19:34, ('xnminntion of lhl'pe clpnr-eut strips ou 
this snit' ill'PH shO\\'('d thnt tl'P(,S o,n inch d, b, h, and larger numbpl'ed 
~,150 1)('1' ncl'C', OJ this tolal about 850 were in tilt' dominant and 
eociol11innnl Cl'own clnss('s, which includc' rlpndy all trt'l'S of future 
importnlH'(' in till' stnnd, .ApPl'oximllt\'ly 70 ppl'Ppnt of thl's(' domi­
llant:; Wl'l'P Wl'S[('l'lI whitp piliP, A few of tll('SP t'nriy COPllI' d'AIPne 
st l'i p cu tl ings fai 1('(1 to I'Pgpn('l'atp satisf'adol'ily, bC'C'tt.lls(' of aclvC'rsi ty 
of sitp, Thnt south Hlopl's !lnd otill'l' I('ss favombl(' sitl's oftpn do not 
l'pCTPIH'rntp slltisfllctOl'ilv IIftPI' deal' putting hilS lH'pn obs('['v('(i 1'('­

p(~Lt('dly, 'I'hl' influPI1(:(' of nSlwet is strikingly iliustl'atNI by th(, fact 
thnt on thl' Thompson-Nelson sail' al'ra, 15 yral's after the cutting, 
W('StPI'1l whit" pinp s('C'dlings O,Ii foot 01' mol'(' in hpight totalc'd 5,400 
fH'I' Hel'p OTl It :;trip facing north Ilnd only 105 pel' acre on one facing 
sou t h, 

2HHIi-lt! ---I I - 0 
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TABLE 43.-Colllparison of regeneratiOIl 1/1ethods applicable in the u'cstem white pille type 	 ex: 
t:v--~~.~----;-----'---

Item Cle"N?utting Seed tree Shelterwood 	 Selection 
t.:; 
CKind of .tand, in whioh (1) Eyen·aged stands composed J:;,·en·aged stands l'(lmposed prin· (l) Well·stocked stands contnining Partial upplicnt!on possible inbest applied. 	 ~principally of merchantable tre('s. 	 cipally of m"f('hnntahle trt't's, as nUlny tr{'l"S of wt:-r('lmntnl>ll,' llneven-agl'd stllnds contuining

(2) Dcfe-ctive, on'nnature stands, stands from 120 to 200 years of ug,' 	 Sp,'CIl', hlllless than mef('hsntable adYane<' reproduction, immature ~ oulysmall portions of wbich are or dominait'd by mature white pint'. 	 sizt', (2, :<tl1l1<15 t'(lntaining fair trees (l'SIl('cially rcdcedar), and "":lwill (·,'cr be merchautable, as old numlx.·r of sound tn~t.·s of soe('i~s 	 Ult'rdlllntab)l·trt·t.~.s. Dert:> oneor ::­stands consisting largt.. ly of defl,.lc­ unrnC'n'hilIlt.ahl(O at tlw lillll' of 	 twu $t.~lt·("tion "ultings (.'Ould be t"'
th'e hcml()('k and grand ,fir. 1 l'llttin~ hut men'hantab}e pos-	 IIlndl~ tu advuntogl\ t1\~('n though 

sibly later. 	 it might not be possible to ron­
tiline tht'Ul. C3

Aspects 10 which best Xorth, east, and less exposed west Xorth and east slopes and the less Any slop,·, though on north and east Any 510p<'. though 011 north and r 
SUil~d. slopE'S. whllre- wbit(> pine usually exposed weSt slopes and fiats. 	 rslopt'$ tbl' :-lwl{('rwoQd must bl' i 	 ('sst S)OjWS whitp IJin(' n'llfoduc.. t=:makes. n'latiwly hetter growth I 	 spar:-;p to permit ft'l>rodllction of tion is 1 kl·ly to lll'spurst.°.

than its principal competitors, dllsiralllt,· composition. ~ 
hemlock and grand fir. Z~UIllbt.~r of l.~ultin~ rr­ One cutting. H(·~elll'ration peflod ' One major cut ling. Seed tn'(>5 nmy At ]P'bt a sl'('d CUllIng and a relUo,'sl Xumb"r of ('utrlUgs IIIt!etlnit,'.quired :md It'ngth vf usually 1 to 10 years. Hegcnera·' he remo\"'~d by' a sl'C'ond ('utting if cutting. In inll'n~iYl' flpplication, R(lgeuC'n\tiuJl Ulonl or h.'S$ COIl­ -Iregenl'rntiy(> p('riocJ~ tion uf any adjat1:ot nr(las l~"rl un- ! p("OntllIlically prn('(i("nblt.~. If Ill(t thn'('or IHOf(>l'uuings. Rt'g('uC'nl- tinuous, C> 
cut to produce seed is delnYNI un('~t, ft"'w nrC' lik('ly to slIrviv\: tion p~riod J to 40 years, d(\p('od- .... 
until n second cut is made. untIl the new slllnd is CUt. U('· ing ou numb"r of emtings.

generation period 1 to 10 years. 	 ,....-,Cmss of trees left after CUt· Xune left, except blocks or Strips of Thrifty, Yigorous. full-crowlll'd (I) At INISt liS lIlany selectild scM All tTl'es not st>lectcd as cL'Onoml· ting. timber reseryed where necessary I 	dOlllinalltS or ('odo!llinants, prin­ tTl't.)~ as ill S('{)l!-tn·(' C'utting, prin­ cally, slh'lcultnrnlly desiraiM forfor reseeding. 	 {'ipally w('stern whll,' pill(', sell'rl­ cilJall), w{'stern whill' pint!; (2) immed!ull' l'llttin~1 hoth mer· 
;r. 

ect fors(,t'<l protIUl'I!\,!tyand wind· thrifty, "!g"rous trI'('S of merchlill t· I· chnntablc nlld unmereh.IIHnble. 
tlrrnnt·ss: uf lIll'TChnntablt! ~iZt" lIhl<· ~rlt'cll's but I,'ss thall IIll'f· C 
usually 16 to 24 inches d. d. h. rhnntnble siZt'; (a, sound tft'(·s of t=: 

s:p{'(.'h1s UDlI1l"n'Juultnhle at tiuH' of ' 	 ." 
('1Il tin~ but possibl>'lIwrchlintahh ,. 	 ~ 
hlter.Form of forest produc-~d Ey~n·"ged ____ -- __ -. -.--------. _-'--I Even·aged _..• J.;wlI-aged, orof not lIlore than two ,. 	 ol"m'\·en-aged. 

Seed source~ __________ ._ or three agl' cla.sSt's. "'::
Xe.!fbr uncut trees and seed stores j Selected sced trces. Only enoll~h H.l\st~rnl.d tn~(\sJ which ure sulllcil'nt­ Rl'scrvcd tret's, producing nnin dull at time of cutting, Seed iu ' trees reseryed to produce tIl<' ly nUIlu~rous to insure an RJllplf' abundance of seed. >

dulT seldolll alone sufficient. Sup· quantity of seed cstimatl't! fi~ seed supply, c 
ply usually ample if dear cuttin~s necessary Cor ndl!(}llllte rel:wn('rn~ :::l .....not more than 400 feet wide. tion. Usually from 2 to 6 whit,' C)
Larg,'r areas usually must be pine seed trees per IIcre arc reserYNI c:planted. 	 plus a few of other species.

Abundanee and species vf ' Good reproduction of white pine, GaOlI reproduction of white pine, 	 Good ,,'production of all spe('ies H('production abundant but princi­ ~ ,....reproduction usually re-I Douglas·fir, larch, and grand fir larch, !(rRnd fir, and Douglns·fir, common in type· except larel!. pally of hemlock, grand fir, andsuIting. where s('ed source is amplC'. Re­ ilemlock and rcdcedsr sparse ex­ il('mlock, j!n1nd fir, and redt'l:'dar rcdcedar. 	 ~ production of hemlock and red­ cept on slopes favorahle to these " 	 ycry abundant. l".l
cedar relatiYely poor except on 	 species. as most north slopes.
better sites. 

http:defl,.lc


Continued forest production prob.Economic considerations __ _ Clear cutting, usually followed by Expensive tmd wasteful on areas Involves reservation of merchant­
broadcast burning, is the, cheapest supporting large volume.s Of defec­ able tTl'CS for a second cut. Dis­ ably possible, but apillicatlon 

groatJ~· limited by difficulty of method of restoring: to producth-­ tive or unmerchantable timber, as posal of unmerchantable and de­
ity areas supporting hlrge volumes llluch work is necessar)' to rell10"t~ fective tImber by piling and burn­ maintaining stands of dcsirablll 
ofddectiw timber. Snch cuttiug allbut desinlble, seed trees. Reser­ ing necessary at, either first or composition and growth rutc. z 
is often necessary to abate high vation of suitable seed trel's, usu· second cut. Most sound but un­	 > 
fire ha1Jlrd (,trecth'ely, It is ally highly merchantable, rep­ merchantable timber is left for 	 8 
wasteinl where cons:Jerahle "01­ resents an appreciable investment second CUt or Inter, in hope that it 
urnes of sound bllt unmerchant- in stumpage. j mill' then be merchantable. 	 ~ 
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One gCI1('rtll defect of this early clear-cutting with seed blocks or 
strips wus fuillu'e to provide for regeneration of the blocks or strips 
left uncut. Anotl1l'r was difficulty in controlling tll(' extrQmely hot 
fin·s r(·sulting from broadcast burning of till> slash. Largely because 
of til(' 1l1.ttpr, til(' lIlPtbod WItS virtually abandolwd in 1913. In l"(>cP!).t 
y<'l1.rs, howpvpr, eh·ar-cutting has nttmctpd npw interpst beclwsP of the 
PX('PIlPIl t r('prodlletion rpsul ting from most of this C'ariy cu tting, 
incI'pns('(1 exp<'riPllCl', skill, und cOlllldpnce in controlh'd burning (10), 
and gn·!tli.'r ["('cognition of cprtain distinct advnntngt>s of til{' l1lPthod, 
Ilnd sinc(' 1929 it hns Itgaill bN'Tl pmcticNI though not on a large scalp. 

CJlpar-<'utling 011 thp nntional for(lsts of the westprn whitp pill(' 
rpgion sim'!' I H20 hus bppn princi!tplly for till' pmposp of rpd llcing thl' 
lin' hazlU'C1 on !tL"NtS w/tprc timbl'r hns bel'n killed by firp, Standing 
lin'-killl'd limbpl' f("t'qul'ntly cOllstitut(·s a fire hllzllnl jt'opal'dizing 
whatevpl' I't'pl'odllction b('COlllt'S establishl'd bl'nPlLth it as wdl as the' 
timb('r on slIl'l'olllHling a[,pas, In sonw installces, Illso, Ribes plants 
have' COIlll' in aitPI' fire so abundantly thilt thl'il' emdication, lleCl'SSary 
for' contl'ol of t1H' white pinp blisll'1' "ust, is pnleticlllly impossibll', In 
FO("l'st S('l'vic(' Rpgion I 3S e!(>ar-eutting and bl"Oadcast buming WeI"P 

CalTiNJ (Hit IlS n. hazltl'd-,'pductioll rl1N1SU['(' ill til(' !) ypnl's 1929-37 on 
14,:H)O tH'I'PS, pl'lleticlllly all in the w{'stl'rrl whitl' pinl' t.ype, 

Aft(·1' e!t'n.l· cutting of fi/'(·-killNI timlwl', followed by broadcast 
burning, planting is !llmost inVtlrin.bly Iwcesslu'y, TIll' second bum­
ing of till' ill'(' It, to dispose of fll'c-kiUed trees that cannot be salvaged, 
is usullliv llllleh mOl'p Sl'VPre than tilt' fll'St. w.[ost of this timbt'l' and 
all tlH' oi'ganic mn.ntl{' of tll(' soil is consumNlj nothing l'('mains but a 
few IlPavily chn.l'l"Cd logs, ashes, nnd milH'ml soiL Herbuceous vege­
tntion is ofLl'n slow to ItPPN11" on th{' twic('-buL'llcd arpas, In con trast, 
elelU' cutting of gl'PPll timbl'r and bl'Oadcast burning within 1 or 2 
yNll'S remove' ll'sS of thp woody matt'rinl and oftt'n leave til(' duff and 
hUlllus ml>l'ply scorehNl, with the' n'slut that ht'rbaceous vegetation
comps in pl'omptly, 

At pn'sl'nt, ch'lu'-cutting of green timbpr on the national forests is 
largply confined to ddl'ctin' and overmatul'e stands, A good example 
is fumisJl('d by st'Y(·rn.l thousand flcres of timber on the North Fork 
of til(' Coell!' d'Alrnc River, COl'lI1' cl'Al<>ne Nntional Forest, sold to 
the Obio 1faleil Co, .Most of this was cut undpl' a rough shelterwood 
systpm, hut on 80mp iweas with much ddeetive gmnd fir and hemlock 
till' pilll' was e!PiU' cut and the remaining stanci, entirely unmer­
ellantablp, was f'plhl and broadcast bUl'llrd, On IIn'as of a few acr('s 
eaeh that WPl"(' ad van tng('ously si tllated fOl' r('sC'Nling from surrounding 
timlH'I', 1'('lill.I1(,(, WitS pla('l'ci on llatumll'pgPIH'I':l,tion; lal'g('l' areas were 
ph1l1tpci. 

On the Deception C'I'l'l'k IDxpprilll('ntaI [i'ol'l'sL, in the sanw cil"fl.inagp, 
a nmtlll'p stllnci. prineipnily of Wl'Stl'I'1l whit<· pine was eleal'-cut ill 
L935 in strips ~50 to 400 [N·t wide sepat"H.tc·d by uncut strips almost as 
wici(' and lo('ated ItS acivantageously as possible for dissemination of 
s('('ci (pI. 12, A). TIH' CliL-ovPI' st('ips wprp broadcast. bllL"lleci. On 
the' stl'ips not CI('IlI'-cUt, about 60 pp('C'pnt of the ml'('cilantabh' timb('l' 
WItS I'ernovpci. nnd with it sufTieic'nt llnmp('(~hallta,ble timbpl' to leave 
a mtlH'1' O(H'1l slll'ltl'I'woori. It is ('xpl'ctNI that tb(' sh('ltpl'\voocl will 
a<il'qllftU'ly ('('S(lpei both tire> Shl'itPI'Wood and thl' elc'!U'-cut strips. 

3$ rvrontnnn, n()theltsf(lffl \\'u:-;hfnt."toll, northt'rn I<luho, nud northwestern South Onkoln. 

http:1'('lill.I1
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When sutlieicnt reproduction has become established, the shelter­
wood will b(' removed. Advant·acres of combining methods in this 
instance arc: (1) The en tire stand will be reproduced at one time; 
(2) almost tbe Illaximum volume of merchantable timber is taken at 
t1lP first cut-·very little' more timbet· is reserved thttn in a seed-tree 
ell tting; (3) th is Ilw['chanlu.ble timber is concentratl,d on less than 
half the total arpa, which tends to ['educe logging costs. Slash was 
left in greatt'st volume on the clear-cut strips and was disposed of 
with a mi.lIimuIll of handling, by broadcast blll'lling. 

Specific advantages of clear-(:utting as applied in stands including 
a high proportion of western white pine, on the less expospcl sites, 
may be beieny summed up as follows: 

1. It favors westeI'II white pine, Aftt'r clear-cutting, on the more 
pl'Oteeted Hi Les, white pinc reproduces ('ettdily and itt least holds its 
own with hemlock lLnd gmnd fir, its principal competitol'S, It; approxi­
mates Natlll'p'S lIsllal way of regenerating the specic's, by lightning 
fires; moM of the best whitf' pine stands originated after' fires that 
lleady, if not comptc,t(,ly, dC'strayed the parent stand. 

2. It is fll(' only prneticnblr fIWthod of restoring to pl'oductiviliy 
arefts sllpporliug' In.q.;f' volumes of dt'fective timber. The cost of 
l'Pfl1oving such tilllb('!' stands by any other mpthod is prohibitive. 

3. ~lillimum timp is !'equirrd fOl' removing the parent stand nnd 
fOl' stfLl'Lillg It new 0lH'. 

4. The SUrffL('(' Hoil is left in a condition fl1,voruble for initial seedling 
establishn1L'llt of all spp('ips. (Ful'tlwr'izl\'pstigatioll is nrcdrc/, 11ow­
(,Vf'Z" to dt'tt'l'milu' tht' full ('I1'rct of bUl'lling on the soilnnd on seedling 
devplopnwnt.) 

This nwLhod finds its best applicntion in even-aged stands of 
rnet'chnJltablP timlw!' flllly ripp for cutting 01' in ovel'mnturc stands 
containing In.rg(· volumes of c!dpcti vp and unmerchantable timber. 
Ev('J',Y part of elNlr-cut ILl'paS should be wjthin 200 to 400 feet of a 
se('d SOllt'CP. 

The !l\Pthod hns thes(' disadvantagps: 
L. [t is wltstdul when' ('onsiclern,ble volunll's of sOllnd but un­

nwrchnntlLble limb!'!' n,!'p prpsent, since everything not logged is 
d!'stl'oyed. 

2, '('11('1'(' is n.lwa'ys till' risk that thr hot fin's almost invariably 
IlPCeSSlLt',Y in bl'ondrast hurning may bproUlr unmanageable and do 
damage. 

3. C'INu'-cut Ling that cr('aU's Vl'l'y Iltl'gt' op('nings is not good practice 
on S('V('L'(' Hites, wliPt'o st'P(lling ('Htablishmrnt, pal'ticuln,rly of w('stern 
redcedat, is difli('ult. 

A number o[ rnodifwH,tions o[ tb(' c/('Iu'-cutting method arc possible, 
and often it can Iw n.dvn,ntagl'ously comhilwd with sCNI-tl'N' or sh('lt1'l'­
wood entting. Although its potl'ntinJitips have not bpPll fully investi­
gn,U,d, it is bdipwd tlmt. c!r'n:l'-rutting has a ddinitp and permanent 
place in the rmmageOll'nt of thl' w('stl'l'll white pine type. 

SEBo-THEg CUTTING 

B,v th(· s(,('(I-lr'N' mdhod, the' lLI"NL is cli'/u'-cut (·xcppt fOl" the mini­
mum [WITtIH'r of U'('Nl ncl('qllllt{1 to producc 8(\cd for nntul'u.I r'pg('IH'l'tl,­
t jOll. S(,('(I t ("('('S of d('Hirn.1 d!' spC'('i('s IH'C' s!'l{'eL('d principally for their 
ILbili ty to flt'od lice seed !Lnd for wind-lit·IlUlcss. 





86 1'ECHNlCAL BULLETIN 767., U. S. DEPT. 01<' AGHLCUL'l'URE 

~(arking ruh,s adopted by the FOl:pst ServicE' in 1916 for all mature 
w('stern WllitC' pill!' stands ;;p!'cificd the t'('scl'vation, per aet'!', of 14­
inch O/' lat'ge'/' s('('(l trp(,s as follows: Two to SL" western wlti tl' pinps, 
rithct' SC!tttl'\'PC! or in groups; two to six wpsterll lat'ches, 01', if larch 
was not pt'esl'nt, Douglas-firs; and lL few W('stp\'n n,c/.cpciurs, if pl'pspnt, 
'I'll(' I'ules HpP('ifil'(] also that all thl'ifty wpstern white pint' tn'('s less 
thftn 14 inch('s in d, b, h, wel'l' to 1)(' reserved, At that timp sepc\ tl'('eS 
WP[,£' ('onsid(,[,l'd us supplementing til(' s('ed stored in til(' dull', which 
\Vitti h('li('\'('1I to 1)(, sldlici('nt fOl' Iltttumll'egpnemtion in most il1l';tanees, 
The fin'-I'('sisttlllt larch was /'('sel'\'('<1 to insure respeding in eas(' of 
fin'. 'I'll(' ruks providl'd also fot' thl' dC'stt'uetion, by fir(' 01' gi[,dling, 
of dpf('ctivC' 01' ot/J('l'wis(' unml'I'ehantn,bll' tl'('('S whose presC'nc(' would 
irnp<,dl' natural t'l'g('tH'l'!llion of \\'('stpt'll whitC' pillC' , 

Su bspq Ul'l) t to lOW it was d('fini t('ly dl't(,I'milll'd, itS hits bC'(,11 stitt('d, 
that :;(,I'd sto)'('d ill the' duil' COltle! 1I0t bf' l'pliNI upon 1'01' natural 
l"l'gl'll(,l'lIlion. JJI('/' that Y('III" ItlSO, in('l'('lls('(l l'pcol2:nitioll was givC'tl 
to llw filet tlmt w(':;lpt'n whit<, pirH' WllS I'l'Hsollably wind-linn pV(,tl 
when slll.nding singly, (Lossl's IlIwP It\'l'ragl'd only 5 to 10 P('I'cl'nt 
()V(,I' [t 1 ()- [0 20-Yl'1I1' ()Pl'int!.) AC('Ql'd i ngly, inCI'P[lSl'd r'pliance was 
pla('('d IIpOIl SC'Il11('l'pd sl'ed tl'('(':;, As fllOI'(' WfiS lcllt'lwd of til(' ('har­
tlell'r;s\ ics of good sPl'd pl'od \I ('('I'S , HlP l'nlps Wl'I'P revised to spPcify 
in lllOl'!, dPlail what kind of ,wC'd [I'l'l'S shoul(l Ill' [('ft, In 1939, for 
nHtttll'p but not dl'C'IHI('nt stands, thC'y still spccifil'C1 til(' l'('sel'vn,tion of 
2 to () Wl'I!-spHe('d wl'sll'r'll whitt' pillt' sl'pd tl'l'Nl pl't' ael'l', but fUdlwl' 
sp('('ify thu.t till's(' ll'l'pS slwI! /)i' 1Ii iuC'IH'S d. b, h, 01' lal'g<'l', dominant 
or ('oclomilltLnl, of good \'igor, lind with w(,ll-fol'/npd, Iwulthy crowns, 
fwd tbul otll('1' s{weit's "hull lw (,lit as C'lo:wly as markl't conditions 
p('l'lIIit. 

.\ItIH)II,td) lhps!' rull's ha\'(' b(,C'11 ('xtl'nsin'ly npplil'd, by no ml'llllS 
ail ('utlings mudC' sin('(' tlwil' adoption 1m\'(' bppn sP('d-trp{' cuttings tlS 
silV'iC'ldtr/l'lill,\' dl'iillt'd. In prncticl', wid('ly v(trying numl}('t,s of tl'PCS 
of Sf)('('il's othl'/' thall th(' sP\l'C'h'd whitl' pinl' and otht,t, s('t'd tl'('('S have 
Oft('ll !W(,ll ldt, COl' both sih'lC'ultuml und finaneinl l'NlSOnS, The 
tl'l'In "s('Pci-tI'P(, ('lltting" has h('('n loosply llpplit'd to most euttings in 
wh iell II, dpfin i II' /'('Sl'ITnt ion of 11l('l'chan tablC' white' pint' tr('cs has 
1)('('/1 IlIad(', wi.th littlp 1'('gun1 fol' oth(,1' components of thl' t'('siduul 
stltlld, Tlll'sl' y'lIl'intions hl1\'(' r'('sultt'C1 prineipally fl'Om the PI'('S('lICP 
of IUl'gt' nllTnbl'l'R of llmncl'chnnt:tb[p b'('('s 011 most ('utting [tl'ens tInd 
1'1'0\11 /'l'('ognilioll of til(' Ill'Pel 1'01' Pl'ott'etiOll on tilt' mol'(' SPVl't'(' sites 
d lIring t Iw l'cgcJH'l'Iltioll pCl'iod, ~ran." so-('n lll,d s('C'd-trt,(, C'U ttings 
lU'(' in !'l'nlity slwltl'l'wood 01' no mort' than rough diaml't('I'-s('\Pction 
(,lIttings, Till' discllssion hel'£' is limitN! to such cuttings as can nctual­
l,v bl' ('ollsid('['('d sppel-tn'p cuttings in ac('o['([ance with th(' llccl'ptC'fl 
silvi(,lill urn! (,OIl(,Ppt, 

Tlw qllulltity and sp('cips eomposition of establis/tNI !Iatul'ul 
I'Pg<'n('['ltlio!l O!l fOil!, s('(,d-tl'l'1' a)'l'i!S studil'eI P to 14 YE'nrs nft('/' cutting 
tU'!' show/\ in tabl(, 44, On (I\(' Phil. ~r('\rnllimin and Rose Lak(' 
LlImlwl' ('0. /I/'('HS till' pdmHI'Y s('('eI SO II 1'('1' was sC'attt'I'pd UJI(,Itt gl'()UPS 
lo('nlpd 011 sl'('olldnl',\' l'idg('s, knolls, nndslop('s, hut tlt('sp \\'l'l.'l' suppll'­
flwntl'd by s('nt[pl'!'d singll' tl'('('S, On til(' two otlwl' nl'Nts, pI'ineipal 
c1P(l('/)(/PII(,(' WlIS p!ll('C'd Oil s('nth'red s('('(1 [I'P(,S, llltllougb sonw small 
sl'l'd-tl'l'l' gl'OtlPS \\'('1'1' ll'i'l. 011 nil rOUI' :1I'('lIS, nil dd('ctin' 01' otht'l'­
wisl' Iltlltl('I'<'iwlltnhlP ""und fil' Hlld \\'(,S[l't'/t hl'mlock Il'l'PS Wl'\'(' c!p­
stl'u'yed by gil'dling to t'elllOVC' ow'rhcild shade that might retard 
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seedling ('stablislirnpnt and growth, Th(' reproduction figuI"es given 
in tabll' 44 do not by any mC'fUIS fUl'I1ish il ('riterion of tll(' dlicllCY and 
worth of tlH' s(,l'd-tn'p mf'tlioci; but thl''\· do give, with Uw possible 
l'x('('ption of those for tIlt' Hose Lakl' Cathcart area whl'l"(' much of 
til(' cutting was Oil nn l'X(JOSl'ri sitl', a gt'lwml indication of what is 
('onsicil'I"l'd salisflletoI"Y I"egl'lH'I'ntion, Sitl' ('onditions infiueneillg 
lI11tunli )"('p)"oductiofl art' much th(' sam£' on s(,l'd-tr('(' euttings ns on 
clPllr t'llttings, lind in g('npwl til(' quantity, sp(·cic·s c0mposition, llnd 
dl'vl'lopnll'lIt of till' niltul'all'l'l)l'oduction nrC' similnr, 

SI}('ciri(' ncivantug{'s of tIll' Illl'thod, for application in matUl'l' stands 
wl1('('(' most of thl' timbpI" is .llH'I'('hnntnblp, Iliay bl' Slimmed ns follows: 

L. Lik(, thl' ciell.l'-clltting nwthod, it is· t'spl'cially suitnbk for 
rrgl'nl'rntion of w('stl'l'n white pin!' on tlw h·ss ('xpost'd siu·s, 

2, If J)f'OIH'riy a.ppliC'd, it cnn 1)(' dppl'IHIl'd upon to dl'l'cL ('stablish,· 
l11('nt of U II!'\\" stund of d('si)"nbll' cOIllPosition, 

:3, [~\'('ntllnl (,('llIont! of til(' s('('<1 tt'p('s, although dt'sirabl(' utiliza­
tioTl, i~ 1101. silvicultlll'Hll,v n('('('~sar.v, 

T_\BI,~: ,I-I. ,\'a/.llm/ r('f/eftl'mlion on jOllr ILTf'a,~ flJler clllling b!l scntler('d-,~c('d-trec 
IIwl S('('''-(Iroll./! /IIethod, in I'sl(lhli,~hl'rl sl'erili/l.f/s per lIcre 

pcri~;l IW~lern I 
N'IIIH' !l1l,l lo('alil>- or urell .iure while ,Olh~r. All 

ellt tin~ 	 _ pine speClIlS specie" 

j - .--+-~---
l'eunr 	 l¥llmfJer A'·l£mber Number 

Phil ~I c'~[l\IlIIJIIIl. LlIldl1Pr~ I'n.ek 	 14 2, 525: 8, 528 11,05:1 
Rose Lnkl\ I.l1wht·r C0.: 

I)incllwr.! ("fll('k 	 11 1,245 I 5,!hlO 6,875 
('ntll(',1rf ('[('ok -- 9 817 I 3,8~O -1,706 

i\!t,C;ol,lric'k l,lIrnl",r ('o .. ll!lrul<·:\fc'('lIule,y ('rc,'k 9 1,3101 7,wn 8.509 

4, 'I'll(' V\)lllllll' of tlIPJ'('llHlltahl(' timber removt'd nt tltt' first tut is 
til!' 111 tlxil1l I 1 III that will !t·tlv(' t'nough tn'('s to inslll'p IHltuL'l11 ('('g(·nt't'll.­
tion, B('(,H.lIsl' l()g~il1~ ('osts al'(' high in tIll' westl'I'11 Wh.itl' pilH' type, 
('SI)('('iull,v for llil' first ('ut, this is fi major I'NtSon why tlte method has 
1)('('11 appli!'!/' 

Bpst application of tll(' llH'thod is in ('ven-aged stands consisting 
principally of Illatlll'l' W('St('l'll whitt, pint', 

Sl'('<!-tn'l' cutting Il!t~ lhl's!' disadvantages iLnd limita.tions: 
I, I t 	is ('XIH'nsin and wilstl'ful in SbUlds containing largo!' volumes 

of lHlIIIl'I'('hantnbll' timb!'I', \\'hi('h must Ill' ('ut to mllk(' tlU' s('('(1 [ret's 
l'fl'!'etivl', Ln such stllnt/s, if thl' lInm('('chnntnbk til11ht'I' has 110 

pot(,lItinl nlllll', clt'al' ('lIlling is lIsually pn'fc'l'Ilblc, OtlU'rwisp, some 
sort of sh('lt('t'wood 01' sPll'r'tivp ('utting nuty b(' Ildvisnble, to reserve 
till' timbl'I' 110\\' unnH'I'Chnlllnhll' 1'01' n futu)'(' (,lit. 

2, [t 	('(lIIIlO! hp npplil'd on HI'£'HS wll('I'(' b('('HUSl' of dl'f!'cti\'l'ness or 
ng(' of tilllhl't', ~11ll1l()wlll':-;s of soil. 01' <'XpOSll),(' to SI'V('I'P wincls it is 
imp(l~~ihl(. to sl'l('('[ dl'sil'llhl(· ~(·('d [)'('PS thnt Iw\'(' H I'I'1lsonnhly ~ood 
('hllll('l' of SlllTi\'ing long ('nougli to PI'Or/ll('(' sufficil'llt s('('d fot' rl'gl'n­
('I'ation.

:L It 	dews not ~in' ~()od I'('slllts on till' mOl'(' S('\'l'I'l' sit('s such as 
south slop!'s and l'XPOSI't/ lints, wlll'l'(, SOIll(, shndf' is 11('('('SSHI'Y for 
satisfnt'torv 1'(,~(,II(,I'n.ti{)n, plll'til'ulnl'h' of \\'l'St('t'11 I'N/c(·dal', 

.1. S('('d'! I'('(IS 1'<,[H'('Sl'nt nn npPI'l'(:inblco ~tUlllpllgt.· ntlu(', ,Vf't their 
U(r,rl'('''lltl' \'alll(' is ofll'n insufli('if'n! fOl'lt pwfitnhll' second culand not 
rr~t~lly~of them at't' likely to sUITive It flllL rotation. 
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SUE!LTEHWOOD CUTII.:'fG 

By the shelterwood method, the mature stand is removed in two or 
mOl'e p!u'tial cuttings, N atuml reproductioIl starts under the sheltel' 
of a cOllsidel'llble part of the Plll'('Il t stand, and when established is 
released by C'omplete ['emoval of the last of the parent tl'N~S, To 
quot{' Hawlc\y (21): 

A minimulII of two cuttings arc required in the simplest application of the 
sh('lt('rw(Jod lll('thod, Under intensive management se\'eral ruttings, often 
eX('('\'diug ten ifllllllllber, are made in the gradual process of sillluitaneously freeing 
til(' rt'production and removing the mature stand. 

Pl'Obnbly tiH' majority of ('uttin~s in the western white pine type 
hu.Y(' !pft ('('sid unl stil nds of till' sltl'ile['Wood type, though I'l'iatively 
few IllwP bePIl definitely int('ndpd i1S shl'itel'\vood C'uttings, As 
pl'{·viously m('n tiolH'd, many so-ealh·d seed-tree eu ttillgs on the 
nn,tiollll.l fOl'psts w('['(' actually sil('ll('I'Wood l'U ttin~s, ns they left lal'O'p 
1I11llli)('rs of UF.llIpITilantabh: tl'PNl ::;titnding in addition to selpet~d 
SP(·d tl'Pt'S, ~;!aIlY of til{' etlttin~s ll11ulp Oil pri.vatp lands nlso left 
sIl<'l tl'rwoods, OftPIl of iLn undl'si rabl(' sort. In few instnIlcPs, how­
('vC'r, hns sllfliei('nt timp ('lapspcl sin('p tI\(, first eut for l'cpl'Oduetion to 
['('aeh 11. Rtll~t' of c\pvplopnwnt 1H'('pssilnting it rpmoval cut, and in still 
fpWN instaIlc('s hUR this ('ut \)('('11 mnd('. Expl'ri('[1('t' with the shelter­
wood Ilwthod in tltp type' is th('I'('forl' limit('(l to a mthpI' wid(' variety 
of pH.I,tinl cuttings that to~('thel' with s('('t)ndal'Y ('uts made in oue 
cOllrs(' of tilll(' would ('onstitutl' 11 rough sllPlU'nvood method, 

(TnclPl' favornblt' ei n'lI Il1st ll[H'('S , px('('IIC'nt rt'ln'oduetion mny be 
t'xpt'dpd to r('sult f!'Olll 11 shdt(,I'·;.,"'od cutting, 'Tbis is wpll illustl'atC'd 
hy th(' Ryrip-Wright snip ar;>"_ Oil t;w COPUI' d'Alene Nat.ional Forest, 
on(' of til(' f(,\\' in[l'n[ionnl slwltt'l'wood ('Ilttings mnde in the type, 
HN(' dIP origillid ('utling. in 1910, Idt Il sh(,ltPl'Wood containing, pl'1' 
n('I'1' , an av('I'Itg't' of 2R whit (' pint'S 14 inches 01' nH)rp in dinm('ter, 16 
otlwl' [I-(,(,S of tltnt si7.(', nr,d nhollt 200 smnll('[' tl'e('s, In 1925 tIl(' 
('stilblislwd l'l'pl'odudion ::;[a,)(1 on this 11.1'('11 includ('d, pt'r aCI'(', 3,767 
whitt' pinps llIld. f).:~,'5,'5 sP('(lIillgs of ot1lpr slwC'ips, This I'Pp"oduetion 
stllnd wns sn.lisfnctoriLy distl'i\)lIt('(1 ov('[' the itI'('u, all aspects and 
situations Iwing' adt'qlll\.[ply stockNI. 

A vlIl'iation of tilt' sll('ltp['Wood method that hns l)pen tpstpd exp('ri­
lllPntally is disposul of drf('ctivp nnd other low-val UP tl'('es hy n stand­
improv('mpnt OIH'mtiol1 in advnncp of ('omnH'I'l'ial ('utting, This 
pro(·pdUl'f.' ('rpatps slw\tt'I'Wood conditions favombl(· to the pstablish­
men t of I'ppmd lIet ion of d('gimblp speci(''). \Vhen the reproduction 
has b('('ol11(' (\slablislled til(' slil'ltP/'wood. composed p"ineipnlly of 
Ilwl'chnn til hlp [n'('s, is ['(.111 ov('(l imel the reproduction is left to g'I'OW 

ul1d('(' c1NI('-C'ut ('onditiol1s. which promote best white pine develop­
I11PI1l. 

Pn.rticulnr mention should be mne\(' of what is popularly t('rmed 
7.PI'()-IllIl('~ill ::;('Il'din (,lItting nnd its rC'ln.tion to rpgell('rntion IlIpthods, 
pill'ti(,ltlnri,v the' shdtpl'\\'ood, B~v 7.C'l'o-mnrgin ('utting is 1lI(,lInt cut­
ting' only (.I'(,ps of s\l('h si7.(' nnd eondition us will product' tI](' g'reat{'st 
nC't-Iwl'-il('1'1' ('durn to HIl' olwratol'. Till' t('I'1ll is l'Il.th{'r loos('ly npplipd 
to Illost ('uttill!!,s ill which tl'('(' spl('dion is bnspd pl'ineipnlI)r on imm('­
din.!!' ('onvl'l'sioll \':11111' :I lid 1I0t upon silviclIlt.uml eonsic\prntions. 011t­
tin~s of this ',\'PI' llln'l' 1,1'1'11 lIIudl' lIlost ('xtl'nsin·l)' on pr'i\'n.h\ly ()wll('(1 
tilllht'riullds wlIpl'!, I'('ollolllic Pl'pSSUl'{' for profitable conversion is in­
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tense, Every logging and milling study has shown that sound trees 
below a certain diameter and larger trees with a specified quantity of 
rot or other defect al'l' logged at a loss and from a financial standpoint 
might bettel' bp left standing, Depending on the composition and 
condition of the timber stand, the financial organization of thl' opel'­
ator, and current market conditions. cutting undel' It zero-margin plan 
may vary [rom virtual clear cutting to a light sl'it'ctive cut, Cuttings 
of this tyPt' mlty, therefore, full into allY of tilt' commonly recognized 
l'('g('Il('mtion methods; most of tlll·nt, howl'Vl'r, l'nn bl' classed us the 
crud\' lH'ginning of a s\teltPl'wood llwtbod, 

Silvicultural ['psults of Zl'I'o-lllitrgin cutting in till' wpstpl'Il white pine 
tyP(' IU'(' ,rltrilLbl(·, If thl' eu tt.ing INWt'S 1L ('onsiderabh' number of 
tl'('PS of dpsirllhll' SPl'elpS, and at tLl(> S!tlUt' tim(' opens up the stand 
suffieit'll tly to p<'l'mit tilt' cstnblislulll'nt of reprod uction, the l'('sults are 
fairly slttisfll('tOI'Y, This is particularly tn\(' in young, thrifty starHls, 
Hpl'p, Sllllieil'llt basis for It SPCDIHI cut rl'milins, and good reproduction 
usually I'('sults, if a s('('olld cuL can bl' Illude to releas(' l'eproduction 
from tit!' I'l'sidunl OV(,I'WO(HI, and if Ullsiltisfnetory composition of the 
l'epl'Ocill('tion eun 1)(, cOlT('ctpd hy c1(,lLning, good second-growth stands 
can.h,.' PI'Odll('l'd, 

In matlll'(' stllnds containing larg(\ volumes of defective and unmer­
chantablE' timber, thl' silviclIltuml results of zero-margin selection 
appli('d without I'l'stmint aI'(' usually anything but satisfactor}T, The 
first cut l'emovt's till' ll1erchnntabl(' part of the stand, leaves defective 
Ilnd low-ndlll' tr('('s dominating, and thus malet's a profitable second 
Cll t VPIT difncll! t. E~q)(>ril'nc(' hilS shown also that in mat1lr(' and 
oV('('nmtul'(, stilnds til(' ['('sid Iml stand oft('n deteriorat('s rapidly, being 
subj!'et to inSl'l't d:lrnH~l', wind brpakaw·. and tht'like, Private land 
thus I01!W,d is som<'bim(>s virtllitlly bl'Oudcllst burned ill an attempt at 
chl'ap slash dispostll. Thl' r('sult is oftpn a maze of fir('-killed timber 
titltt ill !1 f(\\\" YPUI'S eonstitllt{'s III I especiitlly high fir(' hazard, 

III iti:d ('stn bl isltnwl1 t of ad{'(luatp n umbers of seNllings under a shel­
tl'l'wl)od is spldoll! :1 problem, S('('d of nil impO/'tan t spt'cies in the 
typ(' will g!'rmill!1h" ilnd sl'{'dlings of whitp pine' and most of the other 
81)(,(·j(,s will surviv(' [01' it f('w yenrs. und('l' II fitirly dens(' r('sidual stnnd, 
Bllt g!'tting l'l'I)I'odlldioll standR of d('sinlhle species composition, in­
SlIl'illg thl'il' satisfllctO!',Y SUbSNI'It'nt d('vpjopment, and disposing of the 
r\,sidual stnnd nt tilt' propP!.' timp {'onstitlltp fl problem, This problem 
is t'sp('('inlly difficult in conn/ctioll with z(,J'O-IllDJ'gin sel('ction, because 
til(' shel t(,l'wood left hy such cu ttill~ ig ('ompos0d largely of undesir­
abl(> tl'PPS illld RO tl'Tlds to g('J)C'J'tlt,f' n J'Ppl'OdllrtioJ) stand of lmc\psirable 
SI)(>('i('s ('om posi tion. for ('xilmp!p OIlP domillil t('(1 by Wt'stern hemlock 
alld g'r!1.llcl £iI', 'L'im('ly 1'(\lPas(' of ttl(' reproduction is difficult because 
of til!' IIIlIllPl'chnlltnh\1' chlll'tH't<'l' of til\' !'('siclunl pal'ent stand, The 
ml1dn·d ('fred of o\,(,l'wood d<'ngity on tlH' 81)('ci('s composition and 
t;l'Owth of "('prod lid ion IWlH·ath is wl'll HI list I.'a t!'d by pIn tes 5 and 6, 

In SII111 nHI.I',Y. nd\'lUltages of till' sheltel'\\,ood nwlhoc\ in till' westcl'll 
whitl' piliP typ<, 111'(': 

I, It ('(1'1'('(;-; ~nlcc('gsful repl'Odllction of nil SjWCil'R ('ornmon in the 
typ\' , with thl' possiblp ('x(,t'ptioll of W('8\('I'1I Ial'ch nnd lod1!cpo\(' pine. 

2, Lt is mol'(' ('fl't'etivp thnn 1111)' otliPl' Illl'tilod on th(' more exposed 
si t (>S, wh('l'l' rep rod lIetioll C!UlIlO! bp('olll!' ('Rtll I>li"I\('<I wi thou t shelter, 

a, A forest cover iil tnnintaillNI ('olltinuously. 
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4, In sLands containing much sound but currently merchantable 
timber, this method permits harvesting most of the merchantabh' 
timber and reserving the residual stand for a decade or two, within 
which it may becom(' merchantable. 

Scored against the shelter-wood method an'! these disadvantages: 
1. Bcfore,it can be applied efl'ectively, better markets for timber 

of mixed species must clev('lop than have prevailed in the past. 
2. Economic considl'rations oppose the reservation of any volume 

of m('rchllntnbl(, timb('r g-rPlltpr than til(' bare minimum left by the 
seed-tn'l' meLilod, pnrticulnrLy as regards privately owned timbet·­
lands. 

3. Specips compositioll and d('vL'lopment of reproduetion are usually 
less satisfactol'Y than undt'r tht' clear-cutting or the seed-tree method, 
H('mlock nud grand fir tend to occupy more prominent positions Ilt 
tht' cxpense of tit(' mOre villuabh' white pim'. Cultural measures nre 
often rIl'cesslu'.v to COl'n'ct unsatisfactory composit,ion, 

Capnblp of many mociifientions and adnptntions to reconcile fre­
quently conflicting- ('eonomie nne! silvienl considerntions, the shplter­
wood mpthod is bl'lieved to b(' mOI'C' generally desirable than any 
other applicable in thp wpstprn whitt' pill(' type, 

SgLECTlON CUTTING 

The selection mrthod IU'('SUPPOS('S that all age classes are propor­
tionally rep I'('st' 11 t('d and ill tel'mixed e1 thcl' on eVPl'Y acre or over the 
cutting unit as a whole, Each year or at some longer spec.ified intel'­
Va1ll111tm'(' tl'N'S, l:'ithel' in small groups or singly, are removed, with 
the l'esult thnt nn nll-Ilgpd forpst is maintained continuously. Under 
intensi v(' rnnllllg'cnH'1l t, Cli ttillgs Ilre r!'(~q UPTI t ancllight; under munage­
ment such IlR previti Is in the Unitl'd Statl's, fpwer and heavier cuttings 
are maclf', pach pal'L of the cutting area being visited at intel'vals of 
1. 0 to ,')0 ,{ears, 

This mdhod cltnnot b(' said to have been aetually applied in the 
Wl'stpl'n whitr, pine tYPl'. SOUl(' cuttings ha\'(' b('en made thtlt could 
be considel'cd tlll' initial steps in selection nmllugell1ent, but insuffi­
cic'llt tim(' has plaps('d sillc(' til(' ineeption of cutting in tb(' type COL' 

thl' m('thod lo bnvp I)('('n tt'stNI ill pmdicl'. N ntuml stnnds in til(' 
ty[)(' t('IHI strongly to hp ('veil-aged, 01' mild!' up of not mol'l' tbnn two 
01' thr('(' ":~f' dnss('s, Soml' apl)!'oneil nn all-ngp condition, but most 
of thes(' nl'!' \'l'rv old and of low valtll'. 

Judging fro III " whnt is known of W('st('l'1l white pine silviculture, tlJ(' 
selN,tion Ilwtilod off('rs distinctly limitl'd possibilitil's in this typl'. 
Hl'pl'Oduction coule[ bf' ('stnblisht'd by it. but neithel' til(' sp('eies com­
posi tioll 1101' th(· su bs('q ut'll t growth of tI\(' rpprod uction stand would 
bl' satisfnetol'Y. Natural selt-diOll in tlll' typl' I'n\'ors Hl(' more 
tolernnl SIH'ri('s, which, with thl' exception of wpstl'rn I'l'del'dar, IU'P 

the' lenst vnlun bl('. Till'I'P is Ii ttll' l'pUSOn to suppos(' that mUIl-dirl'ct('c! 
s(,!pdioll would 1Ul.\,(, an,V difl'<'I'l'nt I'('sult, l'81)('eiIlUy sillc(' for ('conomie 
I'pilsons th!' most \"nlunblf' S(WCi('H would almost inevitably be cut 
fil'st, INn'illg til(' l('s8 dl'sil'nbIP to 1't'I)I'otill(,(, thpll1sl'lv('s. In otllt'1' 
wOl'ds, a fo!'ps! ('oul<l hI' I1l1lintnil)('d In' llll' t4l'll'dion mplhod. bllt it 
would not coutain much Wl'::;ll'l'n whiti, pine, Douglas-ill', or westerll 
lal'eh, 
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SUMMARY 

The western white pine type of northern Idaho and contiguous 
pOiotions of \VaEliillgton, :'Iontana, and British Columbia is composed 
principally of western white pine, western larch, Douglas-fir, grand 
fir, western redccdar, and western hemlock, with Engelmann spruce, 
alpine fir, lodgepole pine, and ponderosa pine as minor componentso 
These species dif!'er considerably in their requirements, and this fact, 
together with til(' mountainous chanlcter of tIlt' region, gives the type 
great silvical diversity. TIH' type is defined as mature stands con­
taining 15 percpnt or mon' Wl'stl't'll whit(' pilH' by volume and young 
stands ('olltaining 15 pprcent or mono Wl'stl't"Il white pill(' by number of 
tr('('s. The eomposition of tlll' stnnds varit's from almost pure pine to 
l'vpry co!)c('ivablp combilliltioll of pirw with its associates. 

\Vt'stl'rIl whitl' pilH' compOSt'S nearly half thp mPlochantabll' volume 
of tI\(· LYlw llnd l'xcds all til(' oth('l· sl)('cil's in valul'. The lumbering 
industry of thp Inland 8mpin' is largl'ly built amund white pineo 
S(,(oond ill iIII portall('p is wpstPrIl redc('(lur, valuablt' chiefly for poles. 
The relatively low markpt vuhws of 811w'lmnllll spruc(', Douglas-fir, 
wpstPnl larch, and grand fir, mah ('xtl'nsiv(' logging of these species 
unprofitilblp. \V('stern hemlock often has prttelically no stumpage 
valtH'. i:l(·mlock and gmncl tir tend to bp so defective in mature and 
overmalurp slands as to constitutp a definite' liability. Disposal of 
largp volumes of 10w-vnltH' or totally unnll'rchanluble timber, often 
essPlltill1 in th(' tlppliealioll of dl'sirnbh' silvicultuml measmes, is a 
major mluwgpmt'nl problt'lll of tht' typl'. Economic imel silv1cultmal 
aims IUt' ofll'll in tlin'ct eonflict, and til(' fOl"l11l'r freq ul'ntiy dominateo 

'1'h(' ciilllat(' of tbp wpst(,rrl whit(' pill<' region is chruoflcterized by it 
short summl'l" S(,[150n of scanly [)Lol'cipilntion and low humidities, with 
It high proportion of cieur, hot, sUIlny days, tlnd long winters with 
hen.vy sllowfllll and fairly low t('mpl'ratures. ).Iean tlnllual precipi­
tation rang('s from 28 to nearly 50 inches. Annual sllowfall averages 
L03 inelws, mnging from 48 inrlH's Ilt till' southern bonIer to 244 inches 
at til(' upper altitudinal limit. At most of thl'sr stations, snow lasts 
until about tbe l'nd of Aprillllld first snow appears toward the end of 
OclolH'r. Only about 15 percent of the total prt'cipitation occurs 
during thp sumnH'IO months, .June. July, nnd August. Annual meun 
tI'mppmlUloNl rang(' from 41.7° to 50° F. Daily tempemtlll"c flllctuu­
lions n,v('mgp from 34° to 42° in .July ancl August and from 12° to 19° 
ill ,]!lIllillIT. Ypnriy maximulll telllp('r!ltur{'s H,\TP[otlgP about 100°, und 
on'ady minima lwpragt' wpll 1H'low zero. Sudden drops in temperature 
occasionally caus!' wid('spn'tHI inj ury en'll to matmoe trees. The 
gr-OWill~ ~:;eilson is approximately th(1 4 months 11l1Y through August. 
During this Iwriod scanty pr('('ipitntion. high telllpf'ratures, unci low 
humiditips act'ompaniNI by high p\"aporatioll ratt'S often combine to 
produc(' (Oritieal eondiliolls for the e:'ltublishmPllt of lltttural regenera­
tion. Evid('l\{'(' has bl'l'll found that ('xtC'lISiOll of till' wpstprn white 
pilH' typ<, is limitt'd nt high elC'\rllliOI1S by llllfnvombll' tpmpt'loaturl'S, 
lWei at low p\pvII.lioIlS boy n ('ombilHltion of low llloistul"(' with high 
tpmlH'mtlllopso Growth of Wl'slt'm whitt· pilH' is flLVOl"ed upparcntly 
hy climntic conditions for which thl' prt'eipitatioll-l'fl'petivC'l1ess iudicps, 
cnlculn.t(ld neeording to 'rhornthwaitpOs method, are UbOllt 110 for 
ll)(· year nnd 11.5 for tIll' growing seaSOllo 
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Fire, fungi, and insects are the principal causes cf injmy in the 
western whw pine type. Fire causes heavy direct los~es and also 
contributes greatly to the incidenec and spread of fungi and insects. 
The fire-control problem is one of the most difli.eult in the country. 
Fire colors every phase of management practiec; methods vf cutting, 
stand improvement, [mel slash disposal must frequently be modified to 
confOI'm with fit'('-eontrol requit·ements. Fire, howfwcr, is largely 
responsible for the pet'petuation of the western white pine type under 
nntural conditions. Disense nlso is responsible for some of the most 
diflh~lIlt mnnngement pl'Oblemfl. TIH' problem of low-vuIue sppeies 
is intensified by their susecptibility to wood-l'Otting fungi. The white 
pine blister rllst thren.tens the vet·y existenee of westcl'll white pine fiS 

an importan t ('ompont'n t of the type. Large sums have been and 
must yet 1)(' spent to (,Ont1'0I this disense. J1'OI"est inseets exad an 
ann ual toll thn.t vU.t'ies front nn lInimpodan t loss to devastation, 
leaving the stand not worth logging. 

\Vestem white pine trN's produee eomparn tivPiy few ('ones; a crop 
of 40 cones pCI' tre(' is eonsiderNI good, IUHl crops of more thnn 100 
cones pel' tree t),re infrequellt. Number of seeds per COliC varies with 
size of cone and extent of inseet depn'dittions; 120 seeds per cone is a 
fail' Itvcmg('. Seedbed germination n.v('l'nges 44 percent. An indi­
vidual tr('(' has b('cn known to benr 7 ,:~O(l get'minabl(, seeds. 

Western whit<, pilH' tn~('s beltr good l'l'0PS itt intervals averaging 
about 3 to 4 yeat·s and vltrying wid(,ty among indi\'idual stands. Five 
good ('one ('!'Ops 1111\'(' b('('n known to b(' produced in 9 yenrs in one 
stnnd; in another, not on(' good ('('op was produ('ed in 7 years. 

~rost westet'l1 whit!' pin(' seed is born(' by vigorous dominant or 
coeLominnnt trees. Good-vigor trees b('('om(' effective seed producers 
at dimni'tNs of nbout 14 in('hes n.nd may bear seven times as many 
('OI)(,S as poor-vigor trees, which ar(' inefreetiv(' seed producers at allY 
diameter. Fair-vigor trel's eonsistently produce fewer and poorer 
('0110 crops thnn do good-vigor trees of tit(' sanl<' (tiameter, and are not 
effoetiYe seed pl'Odlwer's at dinrneters of less thn.n nbout 20 inches. 
Trees beC'olll(, faidy fr('quent and abundant seert produeers at about 
70 YOlLrs; t1wn'l1£ter, 8e('<1 prod uetion cll'pcnds mOI'(' on individual trec 
vigor nnd chnt'n,('tN of ('rOwn thnflon ngc. Of thl' principal western 
white pilJ(' ass(wiatps, w('stCI'll hemloC'k and western l'cdeedul' are 
outstanrlingly abundant s('('(1 pl'OduC'('I's. 

Seed dissC'lninntion of most species in til!' typ(' bpgins in 1l1tl' August 
or efl.l'ly Septpmlwl'. About 1Ii pf'l'('('nt of tIl(' \\'pstpl'll white pill(' seed 
ren.ch('s th(' gI'Ound Iwfol'(' S(>pU'mb('1' 1, fI.nd Rfl pel'c<'lIt by the elld of 
Oetobel'. Of th(' s('NI of gmnd IiI', w('stpl'll lal'ch, I1IHI Douglas-fir, 
from Gil to ROI)('('('t'nt falls by thc ('Ilel of October. Seed of westem 
hemlock n.nd w('stem ('('(lc('<iltl' fltlls most abllndn.ntly in October, 
but 35 to 45 p('I'('elll of it falls aftcl' NOYNnlwl' 1.. Western white pin(' 
s('(~d is <"OlllllH)Illy distl'ihutpd in qultlltiti{,s sllfli(·i('nt to produ('(' 11.([('­

q uat<\ I'(,PI'Odlll'tioll not fll.rtllel· tl1l1.n n.bollt ·tOo f(,pt from th(' par('nt 
tI'P(,. 

Seed of ILll spPC'i('s in thl' type is stol'('d nfl,tllmlly in thp dllfT in til(' 
fn.1l II.nel fPllutlnS viablp Illltil t1H' following spl'illg. S('('(I of westel'lI 
wllit(' pinp Idone l'l'llul,ins viablr ill appn'ciltbl(, qunntity longel' than 
tll(' lIornml (lVPI'Willlpl' Iwriod. Abollt ~;j 1)(,I'('rnt of it is vinblf' th(' 
'\('('01111 .\'PILI· aftt'I' S(OnLg'(I, tLncl slightly les;; than I pel'eent after 3 
year;;' S to mg<'. 
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Seed stored in the duff and seed produced at the time of logging or 
fire are sometimes adequate but ('annot be relied upon for natural 
regeneration; not more than one out of four ('ut-over areas is satis­
factorily regenerated without 11 continuing seed source, either seattered 
seed trees or adjaeent un('ut timber. 

Germination begins in late April or early May on exposed sites, 
where snow lingers late. It is praeticully completed by July 1 on 
exposed sites and by A.ugust 15 on protected sites. Get'mination is 
markedly ilffected by the charadeI' of the surfaee-soil material. 
'Mineral surfaees, burnt or unburnt, are better than duff surfaces, 
probably because duff surfaees (b'y out mpidly. On seed-tree cut­
tings, the larger-seeded species-western white pine, Douglas-fir, 
grand fir-··germ ina to nearly as well on duff I1S 011 any other surface, 
but wcstern hemloek and western redcedar germinate only one-tenth 
to one-fifth us abunda,ntly on duff surfaces. Germination on rotten 
wood tends to be better than that, on duff; this advantage, however, 
is ('ounterlmliul('ed by higher seedling mortality clue to drought. 

Nearly 50 pcrcent of all seedlings die in the first season. Losses 
drop ofl' rapidly after the firsl year, and seedlings 2 years old are 
faidy well esb1blished. Studies of mortality during the critical first 
yelU' indicate that early-season losses are due prineipally to bioti('. 
agents. Of these, damping-off fungi Me the most important. Fungi­
caused losses are. irregular, however, and {"onsistent differences 
between specics 01' habitats u.s to such losses have not been established, 
Insec ts, roden ts, and birds sr:lll('times cause serious seedling losses. 

As till' senson advances I\.nd the soil begins to dry, biotit' losses 
largely ('{'tlse, n,nd mortnlit.y thereafter is due prinC'ipally to physical 
a~cn ts. ll1solation, causing- high surfnee-soil temperatures, is the 
most illlpOt'tnnt agcnt of 1ll000tnlit,y on exposed sites. Injurious 
slIrfa('('-soillelllpertl,[ul'es, beginning nt about 1200 F., o('('.ur commonly 
durillg- thl' SUllI!lICl' months on thc more exposed sites, Temperatures 
are hig-hp.;t on duff, lIlltkin~ this surfa('l' especinlly hazardous on 
(~xpos(>d si tt's. They IU'{' somewhat hig-her on bUl'nt mineral than on 
nn,turu.l IHillt'I'l)'1 surflwes, owing to gren,ter absorption of heat by the 
blil.('kt'n('(l surfacc, Surface-soil temperatures are less important 
undPl' shnd(' 01' on shelterl'd sites, and under fairlv dens{' shade or on 
north ;;lop('s I\.t"(' not a cause of mOI"tality. "Veste~1I white pine, grand 
fir, !Llld Douglns-fir 111'e the species IllOSt l'esistant to heat injury, 
w('stem hti"ch is intermediate, and wester'n hemlock and western 
I'(>clc('dar 111"(' relatively sllsceptible, 

Se(>dling mortality from drollght, th(> second grell-t,est physical 
fador, is diredl~~ govemed by tll(' relation between soil moisture and 
root pNwtrlltioll. (f scedlings (,l1ll extend their root systems in pace 
with I'(>('edill~ soil moisture as the season advltn('eS, drought mortality 
will not be important. On arel1.s exposed to full sun the deep initial 
root p{,I1ctration of western white pine, Douglas-fir, western lar(,h, and 
g-rnnd fir proteds these species from drought losses despite early 
drying of the surface soil, but the shorter-rooted western hemlo('k and 
western redcedar suffer heavily. On heavily shaded, cool, and rela­
tively moist arens, drought is parncloxicuHy the most important 
physica.! ('allse of mortality. Hm'e initial root penetmtion of all 
spflcit)s is slower, and even shallow drying of the surface soil may 
('aliso drought mortality despite ample soil moisture at deeper levels. 
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All factors cOllsidered, seedling establishment of all the principal 
species of th(' type on severe to moderately severe sites is best under 
part shade, On more shelten'd sites such as north slopes, light shade 
or clear-cut conditions urf' best. As regards iniLial mortality, western 
white pin(', w('stem lurch, Douglas-fir, and grand fir are resistant 
spcoi('s, w('st('rrJ hemlock and Wt'stern redcedar relatively- susceptible, 

Th(' probkms of nuturnl reg<'llc'I'ation do not end wIth successful 
seedling pstablishmellt. Sp('dlings sLands may originate' under con­
ditions inimical to satisfactory subsequent growth, and to only a 
distiJ1(~tly limitrd ('xt('nt can composition of the seedling fltand be 
controlled, After ('stablishmpnt, l'equirelllents of individual species 
for b('st growth ditrel' witi('ly, On ('xpospd site's lodgepole pine and 
western larch develop bt'st on a['('as almost without shade, where 
they make tiH' most rapid growth of n,ny sp('eies in the type, On 
sueh sitc's W('stpl'l1 whitt' pil.", Douglas-fir, and grand fil', thollgh also 
hardy, an' lwnpfitpd by mod('mtl' oV('l'lll'ad shad(' during tlw early 
Y('lu's of stnnd dpvplopml'nt. On pl'oteeted sites, however, these 
speeiPR mnk!' ill'st growth undc'r clc'nr-cut conditions. \-VPRtern hem­
lock anel W('stpI'n l'pdcednl' rl'quin' shad!' for bpst developIl1ent even 
on ['elativpty pl'Oi('('tl'd sitt's, and ('an (\xist fot'long periods under dense 
shaftf', 1'h('s(' sppcips, and also gmnd fir, make better development 
than wpstpt'n whitp pine' and othpr associates under modemtely dpnse 
shadp, During tll!' [)Priot! of purly devl.'iopment, roughly t'iH' first 
:30 Yl'urs, mtp of g:l'Owth and sp('ci('s, composition can b(, dfpetiveiy 
controfh'd by cl('ftlllng nnd by l'pgulnhon of ovenvood dpnsity, 

RegPlwmlion nwthods Itpplicn.hlp in th(' W('st('l'n whit(' pim' typl' 
incltl([p detll'-eutting, HPpd-tn'p ('utting, slH'Itel'\vood eutting, and 
s('l('diol\ ('utting, 

('Ipar-('ulting, l'itlJ(lt, in Htrips IIp to 400 f!,pt wide' 01' ill fnirLy lnl'gp 
gl'OlIPS, is w!'11 8uilPd fol' t'ppl'Orillction of stnnds on tit(> IpsR pxpos('d 
Hitps that i!l('llIcil' iI. high pl'O(lol'lion of W('St('I'lI whit(' pinp, It iR 
!lol n. good llH'thod OIl 8('\"PI'(, HitPH if it CI'NLtes v(,J',V large' opp!lings, 
f3pRl nppli('atioll h; ill C'V('Il-ngN! stnnds of Il1C'l'l'halltabl(' timlwl' fully 
ripp 1'01' ('lItting Ot' ill OV(,I'll1atlll'p stands eontrtining lltrge volumes of 
dpfe('(in' alld (llIlIl('I'C'ltulItnhl(, limh('I', [t is a wHstpful Il1ptiJod Whl'I'P 
consi<iPl'lI.hl!' VOIUIll(,H of sOlllld bllt ulIm('I'('ilnntnbl(' timbl'l' an' pn'spnt 
that rnILy b('(,(Hn\' /Ill't'('llllll t n bl(' in tIl(' fu tm'l', OIl'ill'-eu tting can 
ni'tpll hI' ('omhillPc/ ad\"Hlltagl'ollsly with s<,('(I-tl'ee 01' sh('ltpl'wood 
Hwt/tods, 

Till' s<'pd-trN' nH'tilod, thnt is, cll'HI'-cutting with tIl(' l't's(,l'vation of 
sekdcci s('('d trc('s, is wid<'I" t1s('c1 on the' national for('sts in til(' west('L'll 
whitt' pint' l'l'gion, It is \vl'll suitl'd to l'egl'nl'l'll.tion of \Vl'stel'l1 white 
pilH' stands on more slwlt('('ed sil<'s, If properly iLpplied, it is dt'pend­
n hlp. [t 1'('IllOV('R at n, singI(, ('U t tilt' mflximuIl1 VOIllIl1(, of llwr('lmntable 
timbl'l' on'l' pX(l'lIsiv{' Ill'pns thnt will .IeiLve enough tl'C('S to insw'(' 
n!Ltul'n.l l'l'g('IH'l'lItiol1, Appli(,fllion is be'st in pven-aged stnnds con­
siRting prilleipnlly of 1l11llW'p "'/'stl'Z'.ll white pille, iLnd th(' most expcn­
sivl' Ilnd wnstl'ful in Rtnllels contuining Itll'gl' volumes of 11llIl1('l'chnnt­
llbl!' tjmbpr. For('st Sf'n.-j(,(, timbpl'-mnl'ldng rules specify I'('ael'vtttioll 
of two to six w('lI-spaced w('stem whitl' pin(' s('('(\ trees, with a few 
t('('f'S of ot/Wl' sp('('ips. \ypstprn white pinr tl'e('s selected for seeding 
purpos('s should bl' c/ominflmb; not less than 16 inches d. b, h" of 
good \'igol', with wdl-fornH'd, nornllli crowns, Western white pine 
IR l'rlativrly wind-firm; losses haw averaged only 5 to 10 percent over a 
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10-:- to 20-year period. A second cut to remove seed trees is not essen­
tial silviculturally. 

Probably most cuttings in the western white pine type have left 
residun,l stands of the shelterwood type, though relutively few have 
been so intended. "Zero-margin" selection cutting usually leaves 
such stands. The sheltenvood method consists in removing the 
parent ~htnd by two or more cuts, natural I"Cproductioll becoming 
estnblishC'd. ullder the shelter of a con"idCt"able part of the parent stand. 
In few installces hns I"Cproduction following the first cut yet become 
sufficiently ad\'anced to necessitate a second cut, and ill still fewer 
instiLneN; hns tl)(' seeond ('lit been made. .All the prineipal iLssociates 
in the type repl"Oduce readily under sheltenvood, with the possible 
exceptioll of wcstem 11trch and lodgepole pille. The pI'oportion of 
western white, pille is llsually not so high u.s under the seed-tree or the 
clen.r-cutting lllf'thod, ne('essitating cultuml measures to correct 
unsiLtisJ"ndor,V composition. The method is espeeiuJly suituble in 
stltnds ("ontninillg much sOllnd timber of desimbl(' species but of less 
than mel'("hantnbl(, si7.f', which ('an advantageously be left for a second 
('ut. [t doC's not giv!' good results wherf' til(' stund left after the first 
eu t ('onsi . .:;tH principally of trees not worth logging. Composition of the 
("cpl"oduction stand is then usually poor, and thC' difficult problem of 
disposing of unIllPl"ehn.ntnblf' trecs is pussed to thC' futur('. 

HC'lpdiol1 (,lItting, thC' method of repC'ated cuttings by which an 
all-l1gpd fort'st is llIaintninNI {'ontinuously (not to be confused with 
7.PI"l)-mHl"gin :-'l'lpdion (,lItting), eannot hC' Sitid to hnve heen nduu,lly 
ll.pplil'd i;, th(' w('stNn whiU' pine type, althollgh sonw (,lIttings mucic 
in the tYj>(' hH \"(' rps('llIhl('t\ it. It ItPPl':\.J"S to offer relatively limited 
pOHsiililitll'H ill thiH t."P(', as it tC'ndH to ffiNor the more tolNnnt sppcies, 
whi('h, with lhl' ('x(,ppliol1 of Wl'steI"ll I"('d('edal", arC' the len.st valuable. 

.\("("t)l"dillg" to P"l's('nl kllowlPdgl', til(' clenl'-{'llttillg, s('('d-tree, and 
sh('II(,I'\\'o(HI IlIdho<is all d('8('I"V(, n. pla.(·(, in the mnnngenl('nt of the 
w('st(,1"11 white, pin(' typC'. Iron'st conditions 1I.t"(' too diverse nnd the 
11('('('ssi!\' rot" t"01IlPJ"(Hllis(' bdw('en silvicultumi n,nd economic aims too 
11I'('ssini fOI" any (lilt' l!ll'thlJd to slIfliec. Sl'ledion of the pat'tielllal' 
IlIdllOd 10 IIS(, on n gL\'('n :11'('11, shollid bc based on citreful, mtional 
ap pmisH 10 f ('('onOIni(' :tn d sikic ul ttl nll fn.dorR. 
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