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INTRODUCTION 

i 
y f'l'Y S()()I~ aTter the nntional forests of thf' Pncific X ol'th"est "ere 

llt 11'11(/('1' t(,l'blliC:lI ,lllHllagellH'llt an(~ artificial l'eiOl'es.'.tation ,vas 
('gun on tI 'lll~ que;,;tlOn~ bf.'gan to anse as to the sped provenance 
hat wou](1 r.ive best. reslllts in both natural and flrtifipinl reforesta

~on, Doug as fir (l)8(Ur/ot8U(j{(' t{(.l'l/olia; (Lambert) Britton) being 
;J(lC all-pl'c\-ailing and outstandillg trC'e oT the l'Ollllllercial til1lbel' 

zone of western ,Yashington and ",psteen Oregon, the problem here 
~entered in this one spceics. The natnl'nl range of this tree is very 
.reat, pxtenlling frolll sea level to altitudes of 5,000 feet or so and 

lJldllrling sqils varying from rich lonms to almost sterile gravels. 
,Y'ide nlria~jons exist, also, in the age. health, and crowll c1e,-elop
1l1ent of I'he, seecl-benrillg trees. It seell1e(l probable that sepel from 
certain loC'alit1ps would show hereditary traIts that would render it 
espPc.ially suitable for regeneration on some sites but unsuitable for 
some other sites. It seemed probable also that for a ginn locality 
the quality of the seed and of the seedlings gro'wn therefrom would 
vary somewhat with ,the age: health, and crOWll denlopment of 
the parent. 

Astlldy of Douglns fir seed anel its hpreditary characteristics was 
therefore one of the first pl'ojects U1Hlel'taken b,v the ,Yiml River 
Forest Experiment Station1 of the 'Cnite(l States FOl'est Service. 
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The project ,nu; begun in IDl:2, in acconlance with n brief working 
plan ~ writtell by the scnioy author.' in whieh til(' gl'lll'l'al purpoS€s of 
the study were stated ~lS loll 0,,"8 : 

(1) To d.:~t('rmil1e from what cl:u;l'; lIf trel' the hest seed rot' :II'lilkilll 
refol'cl';tation lIIay he olJtn ilWd. 

(:2) To de(prmine the influcnce uf IoeHllIy upon the Hl'NI ('ulleetN1 for 
use in a"tinci:!l reforl'slatiun. 

(a) '1'0 dptel"lnine whllt elnsscs 0(' J)ou;.r'as iiI' mai,,, ;;uitah'e s(!t:'d frcps 
to ](>:,,·c in loggillg opcrations. 

Thc purpost' was to test sccd 110t fl'om all parts of the wide range of 
D Ollglas fil' bllt :from the impmtant ('ollllllel'cial range of the species 
ill ""t':it('rll Oregon and ,\'CSil'l'n \\rashi ngton, 

Tn the :2:2 yeal's since (he project., WtlS inLtiate<l its persollnel:l lias 
(,hanged ('onsidcl'ably, A ~I'eat efl:ol't has bC'CII lIlade, howent'. to 
pt'esrLTC' continuity c;f 1'('('01'(1" nn(l a stancianlizcc/ tc('hnique tht'ollgh
Ollt the obsf'n·atioll>'. The tests are, of ('Ollrsc, still ill('(Jmpl(,te~ nnd 
are in . OIlIC l'C'HpCets ullsni isfactoJ'Y, The present report <les('ribes 
the expel'illlental cOIHlitionH and pl'ocedurc. Pl'CSPllts th(' results t:1ms 
far obtaincd, aIHI (!r'il"'S fot' the informatioll of the fOl'('st manageL' 
SOI11C tentatin' (,Ollelll:-.ioIlH as to sc('l1-ll'('e selcction eith('I' ill cutUng 
olWl'ations Or in :1I,tifieial J'eio1'('stat:inl1, 
. Each par(,Ilt tree h'stp(lin thi" cxpel'imcnt IllHy eitlll'1' I!aYe polli

nated itsl'H or haye 1){,(,11 ]Jollinnh>d by allotl1(,1' h'l'f', Data wel'c ub
tuinp(/ olllv Oil til(' tr(>('s hOIll whi('11 til£' sped was ('oll('dp(1. So :l'al' as 
nHitllclli ail(l lntitlldp arl' (,OIH'(ll'IlN1. all thc tl'('('" within pollinating 
range of tllc ('onl' Iwal'('r arc almost (,C'l'tain h) IUl\'e ])(lcn prod[]('(I<1 
lInt/pr thL' Sal1ll' illflllf'n('ps as thc ('()J1(' l)('arl'1', As to othc1' faciors 
d('nlt "'ithin this "tlldy, l'OITeSpOIl(jpll(,(' beh\'('('11 the pollillating tr'pp 

and till' ('011(' !wan'I' is less ('PItH in, TI)(lsC ,,,ho h:l\'(' stilI/it'd hercdity 
traits thl'our'j ('nl'('ful H·jl'ctiol1 of botll pan'lIis 1'01' H'\~'I'ltl g(>]J(,I':i
tiol\;; migllt at first think that kll()\\'ll'(lg(' of thl' ('on('-bp:,II'illg parent 
ullly is Ilot sufli('il'nt. Prudicull,Y. hO\\"('\'PII, it mattrl'3jittJe wlll'thcl', 
i'OI' ('xal11])I(', the (lellsel,Y grown. illfect('(l. Or 01(1 ~c('d b~es included 
j~1 th(' stud): \\'l're, 01' "'('1:1' not pol1in.at('rl partly by t~'ees oJ: tl,l(' oppO
Sltc' typ('s: III J'('1ol'cstatlOJ1 by 1('a\'Jng sccd tI'C('S n:itPI' logging, and 
nt ]In'spntin C'olll'cting secd for planting. ordinarilv tile fOI'p:,tc]' 
('HIIIlOt. (''>ntl'Ol or idl'ntif,\T tht' source of pollcn, Tile '·(lata ohtaine(l 
in this !-tud,\' fIrC' )J1'('spnt('d not in an aUpmpt to 1)1'0\'(, 01' (/e(lu('(' 1:I.\\"s 
of )I('I'('(lity for J)ouglas fir but l'ail1(,I' to sIlO\\' (1) the efl'pds of 
lISillg" ('('I'(ain DOllglas fir s('('cl on arl'as difl'(,I'ing in altitudc, elimate, 
01' .~()i 1 from t110SP \\'1]('1"(> thl' sped ol'igi natt'(1. a Ild (:2) tIl(' ('freds of 
IIsing s('('d /'1'0111 ('('I'(ain olel, c1l'Ill'{·I,\T gl'Own, 01' illf('ch'd (I"('es, 

It. is\'l'l'\' dilli\'ldj: to isolatl' till' eJl'l'd:;; of :tny Olll' of till' I1l1l11prtlllS 
Tudors afl"edillg (I'('l' gJ'()wth. TlI a !o",-aliitue!P plantatio/J (.stab
li,dwd witll S(,l>t/ i'1'01lI lIiglt- and low-altitllde' SOIlJ'('Ps. fot' ('x:1l11pl('. 
an,\' growth diitl'l'l'll(:e ob:'elTcd lllay be due to dllt('l'('lH:C llotill 

,. )lrx'a:lI, 'I'. 'I'. (JI"'I"f.IX," Fon 'I'IID s'rroy OF 'I'lln I'lO!'!tc'n OJ' (lOl"f:r.M; "'lit 1'lF:1';(] IX lIEI,,\, 
fn()~~ '1'0 ITS \Tl'.U.I'J'\' .\XU ,'(.\BII.I')·)' .t~p T!I1~ ,'HHJIt nl.~ ~I'ilg H1';£':'"_I\'I::;:; IWOW\'" "'III:ltI'!PHO\1. 
J~Hdn(' ~ol'thwP!'\t 1"ol'e~I' I~Xpf'l'ilJhllt ~Iatjoll, l!rJ~. (l'lIfJllhlixhpc! lIIHIlU!-3t'!'ipt,) 

• C. I.'. Willis /I,leI ;t 1'"l"(i('ullll"ly 11('11,·" I'lIrt in IIII' inllilll xi"I'""x nI' '~"('(1 ('olll'etin!.: lind 
tr.xl:lllC:, ,I. V. Iloflll"lIl1 waH ellr·eell,'> ill cllllrl'"" of III .. Ill'ojl'd 1"1'0111 1:11:: to 1112-1 liS ·,111"('(" 
tOI' of til!' Wind Hin'r I,'orpxl I~XIl(,I'ill"'"t Hllliioll; III!' Spillol" :llltiHlI' /llId II p"r!. ill 
lllHiatillg' Ow Pl'ojPt't. Illlll sit) ('C' lU:.!,j hUH Ill'PIl l'(i~POIISilJl(\ 1'01' it :11-; tlil'''l'tor of the 
J'udfi(' NOl"tllw~~t I~OI"(,RI l~xl"'rilll('1I1: StlltiOIl...\IIIUIIC: 1111111." olll"I's wllo 1I,,\·c lUll1 a part 
III ('ollcluetinc: HIII'(' H. II. \\'pilllllllll, Ie.:I. Hallzlik, I'. ,I. KI'",-\o('I, ,\. A. UI'illill (dN'"aS(.,ll). 
ll, \', Drowu (uccctlscll) • ..1, U, Silll~OU, L, A. Isullc. l!), L, KoliJc, uull tile juuior author, 

http:JI"'I"f.IX
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altitude but in soil. For lL test of the eomparatiVl' growth or tl't'CS 
having seed sources of good and poor soil quality: thc two s('c(1
collection areas should be far cnough apart tomakc pollination b(l
twcen thcm impossible; otherwise, the secd collcctcdmay be of a. 
strain. developed through years of cross-pollination, thnt is ('gllnIly 
,,'ell adapted to both soils, Evcn if the possibility of Cl'oss-poILil1fl
tion is thus eliminated, a true comparison or soil cfl'cds may not 
rcs111t if the stand;; on the two arCHS, respcC'ti\'('ly, nrc of two strains 
difl'cl'ing marhclly in inhcritablc yigor, Furthel'lrlOl'e. the'l'l' a]'(' so 
]~Illny cliff('l'ent soil typc~ that It ~'onlpllI:ison of the gro",t,h o;f jll'og('n)' 
fl'om parents 011 two soIl tYIX'S 15 only a \'('n' smalL hegl.nnlng, 

I~viden('e of the hl'l'('ditary significance of s('('d SOlll'(,C' IIlIS b('('n 
obscl'yed in Europe :for mHny d(,CIUlcs, In most of the ('lid\, experi
ments in this (j(~lcl seed i'l'om ('('rlain .Ioealities was plnnh'd 'to dder'
mine the stock's hardiness a11(1 I'at(' of IP.'o\Ythi 11 C'l'rta i n ot:h('l' 
10eu11ti('s, A f(,w l'xpl'l'inll'nts c1ealt with the hel'ita.bility of tl'(,('
form eh:lI'aet('ristics, Sonlt' of the J~lLI'opeanil1Yl'stigatol's w('r(, 
Ci('slnl', Engl('l', Oppel'l1lallll, Hauch, R('IISS, ,Yilwtk, an(1 Kienitz., 
FOJ'C'st-tl'('(' 11{,I'edit,\' stlldi('s in the lTnitt'd States lwgnn with (ests 
of g('ogl'aph ie rates, Hnd .lH tely haYl' i ne1ucit'd tests 0 f d i /I'(,I'pn t t)'pes 
ofindivi(1l1al tTel'S in tI1P sal1lP lo('ality as SOIlf'('es of seed fot' l'l'for
estation, Rl'pol'ts 011 seC'd-solll'('(' C'xl)el'illll'ntsill tllis ('UlIlItT\' have 
l)('(ln pll bl islwd by Anst in, Bat'('s, E('kbo, Veal'Soll. a nd lira h]i;llbt'I'!.!.', 
~\. 1'0SIIll10 of hoth EIII'ol)(,Hn and ~\.m('I'icnll sl'C'd-s()IIf'('e st lI<iit's hits 
b(,C'll pllblisli('d b)r ROl'scr (U):1 

?lfii.l1('h (.1), ill d is(,lIssi ng obsel'\'('(1 growth nlid fol'l)] di11'l'I'PIH'C's 
l.wtweell "lo('al l'll('('S" oi! the samp botallic'al s]l('ci('s, nUrillll{('s th!' 
fOl'l1Ialinll of til ('S(' l'al'CS to till' spll'etin' adion of l'n('tol'S s11eil as 
lc'ngth ot! gl'o\\'ing s('ason, SlIllllll('r \YHrllltiJ. host. soil, (lis('ns(', SilO\\,. 

light, ltlHI ,,,ind, Finding h\'o l'nCl'H of pine making rupi(l growth 
not expla inn bl(l on thr basis of \\,:1l'lnth andl(,llgt h of £.>,To\\'i ng 
sC'Hson, he suggested that n combination of ('speciall,\' (l\'orablc, 
('llyirOll l11entaI factors afl'('ctin!.!.' growth may bring about de\'l'lop~ 
.f)l(>nt of n. physiologi(:a Ily sllJw!'iol' race, ' 

Eur'olwllll obsel'\'allOn (.J) ha::-; ShOWll that in gCIlC'l'al tTC'{' ::-;trains 
:from a. ('old dilllatc·if growll ill a. wal'lll elimah' lllay IJlII'::-;1 tilC'il' 
lJllds too ('al'ly lIlJd l)('fl'o7.c'n by a late ::-;pI'ing 'I'I'O::-;t, and thai tl1(' 
oaks I'('spond in til(' opposii(' way, AI th(· "rilld Hin'I' f(jf'(,:c;t lIlII'S

pry (altitlJ(le 1,100 fppt) , ('oiJlI)liJia Natiunal FOI,(':c;t:.Wrw·;h .. tT('PH 
gl'O\Y)I hOlll s('('<1 frolll :c;pwl'al ciil1'C'I'Plli: higil-nltitu{l(, SOUl'('PS iIan' 
b('l'll Obi-;l'I'y(,(1 by .J. F, Kiinlll1l'l to blll'!'t t:iH'il' buds l Of' :2 \\'('('1\:-; 

1.)('1'01'(1 (iIost' dl'l,jn'd fl'Olll low altitudl's, 
Thl' gnlgrnphic, distribution of ('ad.' plllllt ::-;pl'('i(l::-; is lal'gl'J" l'Oll

trolkcl by the t<'lJ]IWratlll'('s l'f'qllil.'(,(( fm' its lifn PI'O,'l'Ss('s, Oil high 
mOllnta,ills. usnaIly tl'lnp('l.'nt.ul'('s nl'l' lO\\'PI' thall at lo\\' altitlldes alld 
the wal'lll-Wl'iltll('l.' sea:-iolli:c; shorter, Two pl:)(,p:-; idt'llti('al in alti
tudl'. tllldlatitucl(' Illa,\' ha\'(' ('xtl'('I)lP1,)' difl'l'l'l'llt !ll('an i'f'lllpel'ntuI'('S, 
espl'eially if olle of th(,lll is Iwal' th(' :-;('aeoast; Ullt for the most part, 
altitude is a. roughly ll('('lll'tlte gage of tC'lllpPI'atUl'(' ditl:PI'l'll('e:c;, 0\\'

illg to the relation oj! tC·llllWI':JtIlI.'C' to altitudl' and the lade of Sl)('('ifi(' 
tC'tn perature dahL in lllO LUlt a iuoU!:; l'egiolll5, foresters htlve COlllC to 
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usc altitude as an index of a tree's suitability for a locality outsido 
'its nntlll'lIl range.

The diffel'ence in growth between the Pacific coast and Rocky 
Monntain JOl'I11H of Dougla>; fir was early recognized in Europe, 
where t.he speeies was int,:oduced about 100 years ago, The 1J0tllni
('Ill and silvical chamdel'istics of the Pacif-ic coast ("green") and 
Roc~ty MOlllltain ("biLll'~'):; JOl'l11S have been described by Frothing
ham (4) in considerable detail. The Pacific coast form usually 
grows much Jl1OJ'{' rapidly, bllt is h'ss hlll'Cly than the Rockv MOlln
tttin. form when planteci in a ('olcl clill1ate, Seed from the States of 
Colorado, NewnIl'xi('o, MOJ1tal1ll: I<1aho, 'Washington, aBcl California 
was planh'(iill Hussin, in 1010 by Count von Berg of Sagnitz, 
IJivonia. A brief ('pport O!l this plant ing Sl1111l11al'izecl by Zon (9) 
showed that \\'11(111 till' sl'('d1 lllgS WPI'P 2 years old those of the Pacific 
('oast f0l'Il1 (I(lJ'in?(l :hOIlI wesh'l'n '\Vnshindon were consideJ'ably 
taller thnn those of tilt' Hock" Mountain :I'c)rm derived from 0010
rndo, DurillL!.' tiJ(' Se\'(,l'(~ winter or 1010-11 all the western "Wasl1
inp:ton fitO('].:: 'YHH bad Iy 'frozen, hut the Colorado stock showed pl'ac
i',icnlly no (ltullage- DllI'Lnp; the next' winter 110 seedlings of either 
f01'111 wcre :rl'ozPlI. 

The }ll'(\Sl'llt ('Xpel'inH'nt (li:Il'el's in two respeds from many pre
"iolls tests of Hll' growt h l'ntp of It p:ivell sprcies as affl'cted by geo
gmpltic seed SOIlJ'('(': (1) The (li:ffl'rl'nt se(,d sources are all ,vithin 
the I'tlllgP of II singh' Pl'PViOllsly l'l'cop;nizecl form (the l~acific coast 
form) of tile spl'l'il's, and (2) tIll' study illcll.l<les extellsive tests of 
se' el'al individllal types of sN'<1 t:n'l'S in tlw snllle localities. 

TIIP conelnsions ]lJ'('sentl'<l 11('I'P slloul<1 not: hp taken as wide gen
ernlizations: tlH'Y apply Onl)TlIl1cler the spl'eific p:ro'wing conditions 
nffecting the purcnt trees and plantations or the study. 

EXPERIMENTAL PROCEDURE AND CONDITIONS 

SELI~CTION OF l'ARENT 'rJlEES AND COLLECTION OF SEED 

III (-]1(', fa 11 of l!lB ll, lil)('ral qllnl1tit~r o:E cones was collected from 
120 d if1'pJ'PIIt. tl'('('H. TIH' pHrellt (Te('S Wl'l'L\ sele\'tl'<l to t)'pify yariolls 
Nll<ii(iolls as to a~!.\\ l'ilp C{nalit,\"tI stand density, fungus infection, 
find, alti(;II<1l', TIH',\' gl'l'win J::3 (liI)'{'I'('nt, localitil's withill the prin
('ipnl l'llng'(' of till' Paeific const form of Douglas fil', from north
wpstcrn '\Vashingtcn to centrul-'western Oregon. shown in figure 1. 
X ot all tbe dUSSl'S of se('(I-sotIJ'('e conditions COYcl'l'd by the study 
were ]'('pl'eselltcd ill ('\'Pl'Y one of tile loeal itles; in some of the locai
ities, 11o\\'('\'pI', lllOl'e titan one sC't of conditions were found, Alto
gethcr, 2G sPNI ('oIlpet·ions 'were macle_ Seed was collected from 3 to 
11 trees in eaell of t1lespim;talH'(>s except three, in which collection 
was )'rom 1 Of' ;2. (Te<'s only; titus, in. geneml, it was possible to sub
merge any ind ivi(1 u:tl ('ha I'Hl'i:l'ris(ics of si ngle trees through combin
ing the dMa. for sc>\'('rnl tr.'t'es jn one locality_ Throughout the study, 
the l'C'COl'('/;; or tlte sped and progeny of each parent 'were kept separatf! 

uT(,('lInil'ld \':11'[(,(111 nnllll'H (,II(n(h'ely IIpplil'11 [(I the (\\,0 forllls 11I'e: PueW,' ('oust forlll 
vil'i(/ili: HlWI;y )lonll1llln l'lll'ln, 1111111(,11, ' 

"'.I'll(' (PI'III "sill' '(Huillf' «"1I0Il'!; till' forcsl,,[lI'o<1uI'(i\'l' cuptlclly or nil urea, determined 
II" lIw ('OlllpnH\lp <'11",,(,(, fir all !'Iilllll(i~ lUIII ~Oll ~olltliti(Jns. l!'l\'c site (JllUllti('~ IU'C reGOg'
Jll'l.ctl here, oe which I i~ the best_ . . , . , 
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;Lnd were identified by number n.lone. The loca.lities and the num
bers of individua,l trees from which seed was collected n.nd used are 
shown, for eacl) set of conditions, hl ta.ble 1. 

The seed-source areas varied in altitude from 100 to 3,850 feet. 
The parent trees ranged in age from 15 to 600 years, and in dia.meter 
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m TEST-PLANTATION AREA 

ll'lGUHEI 1.-Loentlon and plel'lltioll of R('PII'('olip('tiOIl HitPR ulld II'Ht-plnMat-iOIl IIrellS. 

from 3 inches to (Ph feel. They (liffc'l'C'd in (,l'own dC'ye}oplIlcnt, 
according to stand dC'nsity. Most of them were frce of fungus in
fection, but Seve1J were infected with red l'iJlg rot. (l'mmetes ZJini 
(Trot.) Fr.). 
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T.\.IlLg 1,-01(188, location, (mel. nitUW/6 ot seecl 801lI'('es, ((net 'n'u,mbel's of 1)(/1'('111 
tl'ces /6stetl 1 

PorentAlt!Class Locolity trceshulo t('stc,1 

Stands nt low nltilude: 
Ollen-grown, nged- ~ Fccl ~YIJJ1IIJ(r('orson. "ru;I!. ________ •• _____ •. ·llXI II 

1"1( If1 "'Ir~ Darrington, \\~nsh .. ___ - -,,-- .. "IX) i ,. J. )!, .,--------.--------------. Porllnnd,Orc!!__ . _. _{ 31NI :1 
GuLes, Oreg. __ . UOll lS 
Dllrrington, Wnsh •. _ fiOU ·1

(if) to 70 years"._ .- .. ~-~ .. ~-~ .. ~ ... ,. .... -- {Hellton,OreJ! _" .. ilXI ·1 
Cnrson, "'osh_ ,lIl0100 I0 ~OO yn:m /l 

11"0.. ".. ~ ........... {(llltes, Ortl~_ 2(i

1\1'ore thon 200 y(~nrs_ .. ,, ___ ,_ ,____ .. Oates, Orl'g __ ~ !J50 a

Crowded, ugl'd--·-

Ornnile Fnll~'. WasiL _. _.. _.. ____ . ___ .• 
 400 4 
I'orlson, WIL~h ___ • [JOO .J00 tn 100 )'~lIrs ... ' __ ~M"__ Bonton,Oreg: _{ iOO 3 
Oates, Or!!J,! . _. _ miD :1 2 

"lore limn "00 "'''U'S {Gmllill' I'l1tl~, ,\'a:;h,_ .JOIl ,I 
1 - '" - -. IInZl'l, "'nsh_ 1100 ·1

Stonds III, high nltitlld". ng,'d-- I 
HlIl'c 'l'ruek, '\\-lIsh_ 2, GOO 

20 (0 100 )"C'ur$.. __ ,~ ~. ~ Pnll1Jllr, Orc~_ .. 2,lXIO -.------------.. --j { f:untinm, Oreg., (2,800 }
t a,soo " 

l\lr 'tl 1"1'0 "el s fPlllmer, Ore!! . :l,IXlil r. 
)fl', lUI _J .l tr.-.--~.*- ...... ~w-~~ .. --r~-,lSuntiIlUl, Orl'g: _ _ a,lXIO ,I 

Stlll,";," Oil p~(~r g,ra \'\'I soil, ng,'d-- .I _,,',

~o((HO)~lIrs '.'_ _ . ],nkl\le\\, ""sh_ , lOll 
IfiO years_. .. _ .. \.. .do.. .. . 100 

.Fungus-infected tl'PlIS (n~wd 11iOfl' Illnll !.!OO (\ril)d Hlvcr, \rush 1. :![)O
yt.\urs). ,onh~R, On1g... 1,(1(1(1 

UlJillC~cled I n'ps Ctl~('d Ilion' t hllll 2110 )"'1"'$). \\'ind Hi\'l'r, "'!Ish. _, I"IOU 

1 Porcni; t n"'s aI'" tubulll(ed here fi(','ordilll! (0 tim cOlllpllrisolls ill whie'h tlll'ir lJro~('IIY W{'m uscd in this 
study,lIot oc'mnling to c\'cry description npplring to (,hCIII, .For exalllple, t.hose l",tcring int.o cOlllpuri~on
os rcprcs(,lIling "slHnds on poor gro\'cl soil", nnd so t.uhulu(ed,u!'C not included ill the nUlllber tobulated 
under "Open-growII (r('es ~'To\\'ing nt low nltitude", although they mel thot dcscription IIlso, 

, 'l'hcse trees were used also in a cOlllparison of groWl h ofstoe" der"'e" Crom rocky soil and Croll1loom soil, 
a 'I'hc lre')s tabululed as uninCected inclUde only those tested ill compurison wllh inCect.ed trees at Wind 

TIi\'er, 3 nniufeeted trees in the Gnles locality wero tested in comparison with the infecled trees testcd 
thero, 

The colledions were so made that various parent.tree groups could 
be set, off ·in pail'S ostensibly similar in all respects except one, with 
the purpose 6f deted:ing tIll' ('I!,pd of this one \·:triable on the progeny_ 
Facto)'s the ('f!'('('ts of ",hie-II it wns sOllght to ((et('et in this wny were: 
(1) Altilllll('-higlI 01' low; (:2) soil-good (H' poor; (:3) age-young, 
lllNlilllll, or old; (-I) funglls infection-inf('eiecl or not; infected with 
r('cl ring I'Ot; (;1) sland (lensit,'"-OIWll 01.' ([l'llse gL'o",n, 

A d{'taill'd dl'st'l'iptioll of (,:I('h pHrent b'N) was l'l'c'ol'decl, ('o\'(,l'ing 
slI<'h points as size, :112'(', (]omin:lll(,(" eharacter of crown, and health, 
and with. it a d('sc'l'iption of the b'c'l"s (>llvi"OIl11l('nt, A profile skl'tch 
of the t1'('e was Illude, showing shnpe and proportions of crown and 
JO(,ll lion of COlles, 

The seed (>xtl'aett'c1 ·fl'ol11 each lot. of cones was snbjectecl to a 
s('ri('H of physil'H I II I ('llHll I'l'l1lents, and to germination tests hl tIll' 
gl'(,(,lllIom:e [lnc1 in t1w J111l'St'I'Y, 

SOWING AND PLANTING 

Seed of enC'l1 parent tret' wns sown in the nnl'st'l'Y in the springs of 
l!n:J nn(l 1914, The Hto('k was tJ'anHplanterl within t'l1l' nlll'St'r), when 
1 yea/' old, and \\'11('n :2 yeal'S old. was out'planted on deforested areas 
ea'eh typical of ('onti.itiOlis (,OllllllOIl in the DouglasH!.' region. 

http:inCect.ed
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The outplunting ,yas done in the spring, us soon us the snow went 
off, by the Olle-lIltll1, grub-hoc method. Care was exercised to keep 
the 1'O,YS straight and to space the trees uniformly 7 by 7 feet. The 
progeny of each parent formed a single ro.,,". III 1n5, :f~)l' sOI.lIe 
parent trees 10 or V5 transplants were lIsed 1Il each plantatIon; ':1-01" 
most paren!'!" 20; ~md :for 11 parents, 100. The Slime diagram oJ 
planting Wlls lIsed on all plantation arpas in 1D1:1, so that tllP progPlly 
of an.\' , gh'en parent fOl'lI1pd the S:lIlIe row, by nllmb(~I', .in e"pry 
plantation. 'I'h(' al'('as planh'd in 11)1:1 Wel"e ('neh 700 fept long and 
2:iH i\'et wide. ]n 1UHi, an al'pa, 700 ft'et by 77 i'el't was plant('(1 
adjacpnl to eaeh 10115 plantatioll. In l!)j(j tll(' nlllllbel' of transplallts 
anlilabl(' was considerably snwlkl' than in IDli!; for 110 pal'ent tt'Pl' 
was .it 11101'(' than 10 pel' planhltion, and 1'01' s(\yeral pUl"ent tlt'!'S it 
was Ipss. The planting diagram IISP(J difl'cl'cd -fl'orn that llse(Jin 11)15. 

At the tilll(' of plantillll', id('nt'ifieution Htakt,s wpre pl:l('l'd at tIl(' 
('IHI of t'aell row and at tIl(' ('01 'Ill'! , of ench plot, (lJ1(1 a J1lllllbpl't'd 1I1t'tal 
tag (about, ill(' Hi:/,(' of a. i>-c'l'nt piN'p) waH ]oost'ly wil'pd to ('a('h tl':lns
plallt. Tlli~ tag HhoWt'd tilt' lllllllbpl' of t 11(1 pan'nt tn'e and tIlt, nll11l
1ll'1' of tIl(' t l'anHplallt in till' row. 'I'll(' pla1lted trees wel'e calTied in 
tlwl'('('(ll'(1 books a 1](1 ('0l1lputa tions by these 1lum bel's; fol' ex:! III pIe, 
Ill(' tenth tl'l't' ill lhe I'OW of pl'ogeny of parent tl'ee (i7 was I'ei'el'l'ptl to 
a!-' fii-ln. 

'YhpI'p pC'rligl'pp(1 Hto('k was illHllflieiellt lo C'Olnplete l'OWH, fillel's of 
llon ped ign'('d H(nd, ",{'n' llSl'd ~() n;; to pqua I ize spacing and ('0111

lwtit:ion. No bOl'(lt,1' Htl'ip::; WPI'l' plnnted :tl'OlllHI thl' test plantul iOlls, 
howl'\,t'I'; and whl'l'p pC'digrl't'd tl'pes failed to become established, 
no trees were plallted in the blanks, 

PLANTING AREAS 

Since it "-a!'> clp!'>il'Pc1 to te:::t the planting" stock 011 defol'esh'{l area!'> 
in spn'raJ contrnsting situations, the planting W:lS clone in foul' 
wi(J('ly s('pamted JoC'alities: One in llw sOllthp1'l1 'Vashington Cas
cades (on the Columbia, National FOl'pst), one in the nort hern ,Yash
ing(on Cascades (on tl1(' Slloqualmie National FOI'('st), (Jnl' ill the 
JlOl'tbl'l'l1 Oregon CoaHt Un nge (on tlw Si llsla w Na tiona 1 FOI'('Bt). 
and (JIlpin the llOl'tIH'1'1l oj'('gOl1 CusC'atle'H (Oil the }\lount lIood 
National FOI'l'Ht). In tIll' last-lJanlNl lo('ality tlll'('e plantill!! an'ns 
we1'(' Ilse(l, at (Iill'er('nl: allitudl's. In l'aell of the othel's :t singlp al.'(,:1. 
was 1I~(,(1. All Ow planting al'eas had hpl'll bllrlll'd 0\'('1', and SOli 1(' 

of the III had becn ('ul: o\'er bdore bl'illg hUI'lH'(1. NOIH' of (he'lll had 
pyer bN'n (,Itl(inltl'd in :ll1y way. Eaeh W!lS ]oC'atedwith a "iew 
to nlHximunl ullifol'mity t hl'Ollghollt as to slope, aBj)eC't:, soil, and 
cll'Hinagp. The lo('ationH of the planting areHS are shown in liglll'(' l. 
The al'('aH a l'(~ lI}{ll'(' pa rt iClila l'ly (IPsC'ribed as follows: 

TIll' ,YilHl HiYl'I' area is alJouL 40 luih's .1l0l'tIWHS! of Portl:mcl, 
Ol'l'g., and 7 miles 11ol,th of the poiut at whi('h the Columbia RivPl' 
has Cllt a. gorge throllgh tllP axis of' th(' Caseadl' Range almost; to 
sea level. It: lies on the flat, mile-wiele flom of th(' mOllntain valll')' 
drained by 'Vind Rivel,', n tributnry to the Columbia, River, Its ele
vation is 1.100 fpet; wall:-; of' the valle.\' riHe abruptly to 2,400 Jeet. 
The soil is a t1pcp, sandy, ('lay loam. Normal l1lt'an daily minillllllll 
temperature for the coldest month is 2(j° F. Growth begins ilbout 
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May 15, During the gl'o,Yinp: season the daily maxil1lul1l tempera
tures arc higher and the pl'ccipitation is lel-;s than on ltllY of the othcr 
plantation lIrcas, Mean .monthly preeipi!ation, according to 'Yeather 
Bureau recol'ds tOl' the YCIlrs 1912-21, IS mOl'e than 4,1 indws for 
all months ex('ept .June, July, and Allgust. and for tl}(,111 is 2,2 inches, 
O.G ineh, and 1.1 111('hes, l'cspcetivcly, 'rhe site quality is III. The 
old-growth tinlbcl' was (,lit ill 1909, illlcl It slash-dispmHll firc Jollowed 
the logging, Vine maplc (Ace!' ell'aina/um, l)lIl'sh,) and bl'al'kell 
(Pt(!}'illill1n aquilhwm Kuhn,) forlll tL rank gl'Owth on the tll'e:L at 
j)I'esC'nL 

TIH' RnoqualmiC' area is nbout 28 miles ('nst of Pug('t Sound, in 
the vall(lY of tht' SOllth FOI'I\: of the StillagunnJiHh River, Its eleya
tion is 2,000 tN'!". The 191G plantation is on t11lt'neh north of tlw I'ivel' 
and GOO f(>p{ abo\'(· it. ~Th(l 1915 plantation was abandolled in 1918 
because of rodent damage.) The climate, a<; in most othl'l' portions of 
the i'oothillH al't'a lJOrdl'l'ilJO' on the terl'itory (lireelly influ('Jl('('(( by 
the Pacific Ocea.n and Pug('tSollnd, iflllot severe. in its extremes. TIl(', 
winlcrfl are similal' to thos(' of the \Vill(l Ri,'el' area, the HlIIl1nlPI'S 
coolcl' than at Wind Hi\'l'I'. RummPl' railrf'all is eharlH'tcristi('ally 
11111('11. g-I'eah'I' than 011 til(' Othl'I' tpst al'cas or ill Illofltlo('alitics 1n tlll\ 
])ouglns iiI' regioll. nIpan llIonthly pl'('eipit.atioll. a('C'ol'cling- to 
""'ca~t.IH'I·13III'pali 1·t'{'OI'(\S, fol' 9 lloncolis(>(,lItive.,Vl'al·s ended with'1!l:W 
was 11101'(' thall :3.3 in('he::; for all Illonths ('x(,l'pt .Tune, July, alld 
Augllst, a n<1 ·1'(11' tllPll1 waH ·Ul, U), a lid a.o ilwllC's, l'ps(Jl'('t.i n·ly. Till' 
soil is a Ifl'avell.", salldy loam, Growing- cOllclitions al'e bettcl' than 
011 any nt tht' otlll'I' plallbilioll al'eafl. and am ('olllpal'able to tlw ht'st 
in the Douglas fit· I'(·gion. Sinlilar Ill'al'b.)' al'eas Oil "'hie]) the. timber 
is still standillg al'(' <"lasflifi(·(( as of sit'., qllality n. 

The Sillslaw :II'pa. is 10 lIIiiesinlan(t from the l)acifi(' O(,Plln and GO 
milt's southwest of POl'tland, Orpg. It l'epl'p::;('l1ts till' ('({lIablt' lIIoist; 
('(JlJ(litiOllH of (\1(' Ol'('g'on Coast Hang(·. on which it is jo('atC'd 2,100 
ft'et abo\'(~ St·t) le\'('\' Tile winh'l' t('mpPI'attll'('s al'p h'ss SP\'t'l'l' than 
on any of the othel' plantation al'cas, allc1 the SIlIIlIlIt'I'S aI'(' lIIal'kpd 
by lIigh I'('lnti\'e hllll1itliti('S Hilt! fl'cqucnt morning lind ai'tl'rnoon fogs. 
~tpall Illon/hly precipitation, as ('stilllatc·(\ hOlll ,,'patllpl' BlIl'pall 1'('('
ortis for tht' IWI'io« lSD:2-1DIG,is 11](11'('. than ;').9 :ilH'h('~ for all months 
('x(,l'pt .Jlll)(..,.July, and August·, and for t'l1C'11I. is a.G, l.;~, and 1.8 ill('lIes, 
l'eslwcti\'('lr, Fl'PqUPllt fogs dlll'in!! :;;Ullll1lpr Illonths pl'ohablv add 
('onsi(\prnbh, to tilt' qllantity of Ill()is(lll'(' made aVllilllblpt fOl'"pla1l{. 
gl'owth byj)I'P('ipitntioll. The. hl'Ht. available est imat(·s fronl 'Y('ather 
Bnl'eall <latil. indi('lite that the 1101'111allllPflll daily Illillinllllil tpnlpl'l'a
tun' of tlw eohlpst month is noL 10\\'(,1' thall ;)l a ]!'. The. soil is a, \\'C'II
dl'll.illt'(\, gl'llv('lly, ('lay !Olllli. For DOllglas fil' till' sit(, quality is abollt; 
n. TIH' old-gl'o",th tlndwl' was kilh,« by a (,I'OWll fin' lIlllll,\' ,Yl'an; 
beron' the plantntionH ,,'(,I'e pstnblisllt·(l. A I'llnk growth of salal 
(O(mltll(,7'in sh(/tloll .Plll'sh.) and bl'a('hn ('OWl'S the art'll at. present. 
The 1916 pllllltatioll 011 this arpa sl1(med sud1 POOl' survival that it 
waS abandoned. 

The Moullt Hood a I'pas a I't~ Yl'l'y nellr till' en'st of ill(' ('aseadC' Hange 
llnd 40 milt's SOUflWllst of Po!'tlaIHl, On·g., in tlw Still ('I'eek drainage 
basin. A.I'('ns A alHl B lip within 2 ll1iles of (,Heh Ot\l('I', bllt at ('\(>
YHtions difl'C'rilig by l.HO() f(It't. ...\I·('a A is on aJIH1'I'OW 1)(,II('h jll~t 
above the creek, ut 2,800 f\'t·t elpvntion. Al'ea 13, shown in figure :2,is 
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2 miles upstream 1rom A, neal' the top of the ridge, at 4,GOO feet ele
vation. Area. C was abandoned, owing to fire damage in 11)11. Rep
licative lots of h'ees were planted on each area. in 1015 and 11)16. 
The l\Iount Hood areas are sub,it'ct to winter ('old and summer-night 
coolness typical of the mountains. ..At a nearby weather station the 
normal mean daily minimum temperature of the coldest month is 
22.8° F. amI the 1101'I11a1 mean daily maximum temperature of the 
warmest month is G8°. an these areas the growing season is shorter 
than on any of the other ..plantation arcas; only 4 months in the year 
have a normal mean dally temperature above 4Go, whereas on the 
other planta.tion areas 6 or 7 months have mean temperatures above 
,:!(i0. Douglas fir on the Mount Hood lll'eas bursts its buds about June 

1""H',n; :!.-~11)1I111 Iluut!· II plUlllutloli 111'('11, UII U '·III(I;'('t!. "xp"~e'l slllp" Ill. 1111 1IIIItll(1\' of 
-l.(;(h) 1'('('1. Wh,'11 phulogruphl'd, thll plllll!!'!! !rl'l'~ 1\'('1'1' 1(l ycurH old 1"'0111 ~l'ed IIJ1(I 
J-l ~'I'II"~ ill till' 11I·1i1. 

15, Or' 4- to (i \\'ceks lalcr than all thc other areas. Prceipitntion during 
the growing season is greater than at 'Viml Ri\'el', about the Same 
as on the Siuslaw area, ~and less thun on the Snoqulllmie area. Pre
('ipitatioll, according to dnta l'ceol'dp(l during lS0i3-1H22 nt a "!eathcr 
Bur'eaLl station 3 miles distant, an'rages more than 5.2 inches for each 
month of the year' ('xl:ept .June, July. and Augul-t, and for them H\'('r
ages 1.3, 1.(i, an([ 1.1) inches, l'espcc:tin·ly. The lowcr area (A) has 
a morc shnllow soil than tlw areas ill othel' loculities, and the upper 
arca (D) has n soil still mol'l' shallow. Much rock is mixed \yith the 
sandy loam topso.il, an(l tlwl'e are rock olltrl'oppings Iwar' eHch of the 
two IlI'eas. Humlls was thin 01' lac'king at. the I imc of f)lnnti'w. The 
sit(· qunlit)' of area A is:IV and that of H1'l'1l B is PI·o.)abl.v about V,. 

7.'-:Oi()O-;tn--!! 

http:topso.il
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The aIel-growth timber was killed by fire several years before the 
plunting, and the burning was l'epeated, the last lire occu1'ring: in 
UllO. At the time of planting there were many snugs but very rittle 
herbaceous or brushy growth on area B. Area. A, because it hau not 
been burned so severely, had more of this growth and S(Jlne yOllng 
trees (which were removed). Bmcken, blueberry (Yaccinhl'l1z, ·spp.), 
and scrubby salal form tIl(' present low cover. 

CAnE OF PJ,ANTATIONS 

It was the plan of this expl'l'iment 1'0 giye the planl'('d trees no 
cnJtUl'e, so as to obtain datlL thnt would apply directly to untel1(led 
extensive plantations. Soon it developed, however, that not all the 
areas and not all parts of individnal areas were eomparable in re
gard to competition. On some areas hardwood brush sprung up vcr:,: 
abundantly and threatened to smother or retard the growth of 
many of til('. planted trees; on some, J1atural reproduction of Dougla" 
fir t"hn1utened to deprive mallY of the plantecl trees of the s]1uC'e 
they were supposed to have.. On these areas cleaning opemtiol1s 
were cal.Tied out, in un effort to preserve equality of opportunity 
:for each pedigreed. tree. The "Wind Riyer arelL ',,~as clel1nec1 twice. 
It cannot be, said, however, that such equality was preserved for 
pvery individual tn'l', because t11e relpase \\'('e(lIngs were. not always 
I1w(]ein time and becanse replacements were not made. So far as 
competition is concerned it may be that one lot averaged about the 
f'ame as the n('xt, but the difference among plantat.ions in this respect 
was consilleL·n ble. 

PEIUODIC }~XAMINATJONS 

All plantations W('I'(' ('xamin('cl in bolh t'll(' spring- and the alltumn 
of: 1015 andlO1G, and in the autumn of 1917, 1918, 1919~ 1921. 1923,1925, 
10:28, ancl. 1031. At each examinatioll tL l'ecol'(l waH made of survival. 
At :fall examinations the total height of each surviving tree was 
l'('conled,' except on one 01." two occasions when height wus taken on 
(1\"(,1'.)' fifth tree only. .1:\..t first, measurement was in feet nnd inelH's, 
Inte!:, ill fe(lt lmcl tenths. ..At S0111e examinations a· l"econl was mu(le 
oJ the calise oi: death or injury of any trees, of frost damage, of date 
of winter-bud mnt1lL'.ity, and o£ s('('d bplu·jng. 

At· tillll'H of lWI'ioc1ie examinnl ion the llumbered tag-H \\'(,I'e Jlloyecl 
to limbs hiuho' Oil the treps, and wh('n a. lr('e reached sufTieil'nt sizp 
if:!., tag: was'nailed loos('ly to the main St(,111 at bn'Hst hp.ig-hL )Iissing 
tailS ,Yen' !·eplaeecl (with pmbossed tag-s uf strip nwtal). Thollgh 
tags disnpP<'lll'ccl :from a good Illany tl'('es, it was always possibll' to 
i(\('Jltify .1'1Irh 1TC'cs :from. the plnntation diagram Hml the !lumbers 
on mighboring he('s. 

DAMAGE TO !'LANTATIONS 

The histol'Y of these plulltal'ions hn" shown "b·ikiI11l1y, allllost 
imgirally, the 1111111hel: of' damaging ag-('l1ci('s to which sm:t11 planted 

7 On Ih(' SiIlSIIl\\' II l'en , hl' 1.1):11 lilt' II'I'I~R h,,,! IllIIII!' ~u('h ~l'tlwth Ihlll dinln('It'I· IIWIlSIII'I'.. 
1I1t'lit hnll h"('IHlIt' HI~III1h'nill'. '1'lipl'prOI'P, In thllt \'1'111' hoOI 101111 hl'l~ht: HII(\ ,\llInll'l('I' nl· 
hl'I'UHI hf>l~ht: WPI'" 11I11t'1I. III foWI'P I'Xlllllillllti\lIl~; 1·0 hi' 1111111(' III til,. filII of lOa(j uud lit: 
o...I'('lIr 11I(,'I'\'lIls t:hpr!'lIrtl'I', it: Is plllulIPcl to 1II"II~III'1! ,1I11111l'1('I'~ In 1111 pillll(lllll)lI~ III which 
tltt' tr~l'S hn\'(, l'cnelted 1I111J1'oIJl'la It: slzt'. 
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trees are exposed. In some cases damage has been so severe that a 
whole plantation had to be abandoned. In many cases, trees have 
been so injured that they had to be eliminated from computations. 
In other cases the munbc.l' of trees in some lots has bC'l~1l so reduced 
that the basis for conclusions has been unduly narrowed. 

In spite of the protection customary on 'the national fOl'ests, in 
1917 a, fire mil over parts of l\fount Hood areas Band C. Area C 
was damaged to the extent that it had to be abandoned, and patches 
of trees were killed on area B with the resnlt that the value of the 
records for some lots was destroyed. A fire reached the ,Yind River 
area in 19~7, but was checked be£ore it had damaged more than a 
few lots. 

Immediately after the 1915 plantation on the Snoqualmie area 
was established mOllntain beaver (A7J1odontia. 1'4((' Rafinesque) 
or rabbits, or both, killed so high a proportion of the tre('s that the 
plantation was abandoneil, Elsewhere J.·oclents <lesh'oye!} such pro
portions of some rows as to weaken the clattL l!OJ' certain Jots. 

On SOllle of the test areas there wPI'e ltu'ge nlll11l1ors of snags i'l'om 
whieh ehllnks of bark or wood :rell :f1'01l1 time. to time. In the Sno
<illalmie IHl{i plantation: for ('xHmpl(', each year l1 considerable 
nllmbet' of planted trees Wl're thus killed or so deformed that they 
lla(L to be eliminated from the analyses. 

In spite of preca utions, tre~pnss has affected the recol'(ls :ror n, 
few lots, In the Snoqualmie IDW plantation, a trail ,,"as inlH1
vertC'l1t-1y slashC'd down n row 01' two. On l\Iount Honel area B a. 
band of SIH'I'P browsed on ~ol11e test trees, IIl1c1 on the "Tim1 Hivcr 
area stl'aying eows trampled some trees bcfol"(' a fcnce was built to 
keC'p them 011'. 

Bome i!rost (lamage occllrred on the ,Yincl River area. This is 
disclIsscd on page 32, So fm.· as hns hl' pn obscl'ved, the test planta
tions have not suffered any extl'aordinary damage fro111 sllchfactol's 
as wind, snow, ice, llnd soil erosion, 

RESULTS 

Data. from the experiment were analyzed to detC'l'mine tIle effect of 
v:lriow:; c:hamctel'istics of parcnt stocks and individllal pnrents upon 
(1) yield end size of cones and seeds, and germination of seeds;s 
(2) height: growth; (3) Hl'Ortality in various habitats; and (4) time 
oj: beginlling spring growth (as inclieated by bll1'sting of buds). A 
byproduct of the study "'as information as' to the growth rates of 
plant('d trees on areas of different site qualitics. 

'I'1l(' prog('ny surviving in 1931 on whi~~h conclusions could be based 
t (jta/ed about 8,fiOO on :ronr 1915 plantatIOns and about 2)800 Oil foul' 
1916 plantations, 

HEIGHT GROWTH OF VARIOUS STOCKS 

M~;TIIOJ)S OFAX,H.YSIS 

Total lll'ighl: ill t1l(' JalI of 1931 wns lISC'll lUi JI Il1C'HSW'(, of tIll' ('Olll

pal'ativ(' gl'owll\ of the progeny :1'1'0111 yariolls pn l'l'llts. For tl'ces 

·J.rIIt'r~Rlllts J'I'OJJl lhls purt of tIll' :1nalysiS IJnrc becu prcscnted jn vrc"iollS rcpol't~
(5t 1, S). 'Phpy rll'p slJlIIlllariz(ld ou n ::r;, 
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planted in lD1;), height in lV31 repl·esents the result of growth during 
'IV seasons, including 2 seasons in the nursery; for trees planted in 
1V16, it l'epresents the result of growth during 18 seasons. The height 
dahL fOI· Intervening years were not lIi'iec1 0 for this purpose because 
the ouject is to sho,\' 'the cumulative effect of heredity factors upon 
IY1'owth. 
1:"0 Inmost of the nnltlyses tbe heights of progeny f1'ol11 st'veml similar 
parents wCI'e !tn'l'ngr'd to show the dl'pct of It certain parental char
acteristic upon growth (d~ the 'offspring. The number of parents in 
each of two ('olltTlIsted groups usually was not eqnal, and the number 
of pl'ogell;)' rCII))'eS(ll1ting olle typ~ of parent WI~S very often \1ispropo~
tionate t'o the llumber repl'est'ntJng the opposIte type, ThIS made It 
necessary 1-0 hnw some ('xact 11l('nSl1l·e 6f the signjficance of each 
l1veragr, As the first st'ep in obtaining such a 1t1('!IStll'e the standard 
deviation (if) of the individual progeny hrights, or scatter of the 
tree heightii around the mean, wus computed. Then the standard 

0
erl'or~1J (SE) of the mean wns computed by the formula SE= ,jN-l' 
LV bein~ the l1UmhN' of it(,l11s. The standard error is a reliable 
expreSSIOn of sigll i fiCalil'P, laking j nto cOllsidCl'Iltion the consistency or 
rcgularity of the tl'c;e heig,hts allel n~so the number of trees. ·The 
r,llllHlHr(l errors al'e gT\'l'll With most 01' I'he IIvel'ngpi'i tabulated here, to 
C'lHlblp thp. reader to judge I:he signifieance of the differences in height 
growth of yariolli' lots of h'ces. III interpreting the results, the differ
Qnce betwecn t,,·o nwans was not considered significant unless it was 
Ihl'ee tinH's the sbmdarc1 (')'1'01' or the (lifl'Pl'e'nce (SE,Il(f=,jSE21+SE22)j 
that is, lIllle'ss jt waS gJ'patpl" than tht~ result obtained by squaring 
the standard ('rrOI'S, adding them, ('xlTnrting the sqnare root, and 
111 nlti plyi ng by 8. AWl'agps busN1 on 80 01' m'ore trees usually had fi. 

si"lll1(1nl'd ('1'1'01' equnl ("(, ;1 perccnt of the mean. Most of the averages 
were basr(] 011 at lea!:-o, ::;0 trees. 

Any inllh'iclulIl thut wasinjlll'l'd (luring its life in the plantation 
was climinalr(] fl'Olll the hasic growth dnta, if it WfiS &:lOrter than the 
a.vrl'age llllin:im'(l(l Il'p(1 (rt the' sallie Jot. Any t.ree was eliminated, 
also, if it ohyiow:;ly had 11(1(')1 suhjl'ct. to abnormal grmdng conditions. 
AHogctll('l· not. more than 10 percent of the trees surviving in 1931 
wpre so t'iilllillnll'{l. 

,\VIH'1l I'h('~e' pliminntiolls 111ld been made t.he elata. still showcd 
eOllsi<lcrnblt' il'l'ell'lIlal'ity ill height growth of progeny of individual 
pn,rrnts in inc1iyidlllll pili ntations, il1(lieai'ing t.hat some progeny 
wel'e tlllnn,tul'ally stlllltl'd throllgh tilt' inflllence of some £actor not 
iclcntWed. l1 Tliis irregularity is illustrated in figure 3. In an 

oDntn from thp pPl'iOilip mpn~11I'pmpnts nl'c utill7.NI (p, :ml, howev~r, to demonstrnj·p 
thl' Pl'OgTl'SS of g-l'ol\'lh In (llIdl plllntlltion liS II wholl', I'cg'IIr111rSR of 81'('11 80llrCI), Lllter, 
tilPSI' cllltll 1'1'0111 pPI'lllilli' IIIl'UHIII'PIIIl'II(H will show whctlll'l' Il KII'l'n $tl'lIll1'S I'llte of growth
lIlullltnlns (ile HltIIl(' 1'('llIl"Inll 10 til()~1' 01' 0(11(>1' HI'rlllns IInlil the tr('cs rCllch 1Illlturlb', 

100ftl'n h'I'III('11 "SIIlIHIIII'II dl'l'illtioJl or IlIlWIIII," ' 
II Ullinjlll'l'(1 In'PH liS sho!'I' liS ~, !'('Pt sonH'lillH.'s 0('cnrl'('[1 within 7 fl~et or tl'e.'s, from thp 

HIIIIlI' 11111'1'111:8, 11$ 11111 liS :!;; I'prl, III IIIl1nr Instllll('I'S Iln IIhrnpt brclII, In the height I(wel 
Ill'(~l1rl'('i1 111 Ih.. SIIIII(' Sl'1'I"1ulI 01' 1"\1'0 01' III 0 I'll IItl.lUl'PJlt pllrllliel rows, In tbe l\Ionni: 
Ifoocl-,\ 1U1(; plllnialioll 8111'h II 111'('11); I'III1H liP I'he slupt', nl: rlf(ht· n1lf(les to thn I'OWS, 
I hl'Oug-h t'on~I'I'lIlil'(' roil'S nl'· 11I'(lf("1I~' J'l'IlI'I'Hl'lltlll!!" nbl">!l!" 20 1I111'1'rl'1It pnre1lts, ~'hll 
lrrl'glliar ollllhll'~ of j'IIIK 11I'l'n); HII!!"g-l'sl' nlORl' 01' n. swath l'r(,lttell hy It IIrc atllrtllll;" nt thc 
foot of n shIll(' nllil hlll'l1ll1~ III tllP 11111, Val'llllhlllH ill hHg-ht wlthlll rows not attrlblltllhle 
to IIIJur~' 01.' to ohl'loll~I.I' II I.> 11111'llIaI gl'owlllg ('ollilltions lIIa~', or ('OIlI'Re, hn\,I' becll cnuseil 
l1nrtly h~' I IIhl'l'I'11 I' IIlIlh'WIIIII tlln'f'l'I'IH'I'S III 1'lgOI" II' Is though!: prohabll' that for the 
mOst: Pllrl: ('hey Ill''' lilli' 10 Illl Ill1lil'll'"ll'd Ilelll'lf'lH!,V 01: I'b" soil In purts oC thc plnnthlK
lIreas, lrlres, lJul'uln,l; with UIiCyCll iU(('llSlty, muy destroy the fel'tlllty of 11 t\ll't;~t ~!)!I hi 

http:utill7.NI
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effort to avoid !lS fur as possible the erL'or o:f comparing the. mean 
of a normal samp1e wHh the JIl.enn of a, sample including :t .large 
proportion of Ullnatura tty stunted Irees, the tI PPC1' <]uarti Ie 12 was 
tried as a height measme, This height vnllle was dct:crlllinec1 fot' the 
proCYeny of 20 different groups of purl'nt tTPes lLi{C(l in 10 difrerent 
con~pa"isons, In every case, eOll1purison of the uppet' qual'tiles 
showe.d the same 1'e!:mlt as compllrison of the n1'it hlllt,tic means. 
Therefore, it was assumed that l111natlll'ul stunting 0:[ trces did Jlot 
lower the arithmetic: mean in onc SllIlIpl(\ IIny 1lI00'C than in anotlH'l', 
and the arithmetic-meall height was Ilsed throughout the analyses, 

In order to detect an~T less 1))'()noullec(l eli Il'PI'pl1('ps in heights of 
adjacent trees, snell as might havt' I'('sttlted froll1 a gl'nrlunl vaL'in.tion 
hl site ('onditions betwcm. one pal't of Il plantation II1'Plt and 1II1othet', 
the average height for pnch I'OW WitS exprcssed as a, pct'centuge of the 

i ~~f11111111111111111111111111111111111111.1111111111111111m,,11111111 .1111, 11111111111 
1 ~ 10 15 20 25 30 3$ 40 -4~ $0 .5$ eo 0$ 70 7~ 80 8.5 90 95 

i~~tkllllllllllllllllllllllllllllllllllllllllllllll,1111iII111111,1111, 11111 ,III, 
I • ~ g ~ ~ ~ ~ ~ ~ w u ~ ~ R u ~ ~ ~ % ~ 

NUMBERED POSITION OF PROCENY IN ROW 

WI(l['Inl a,-IIC'lghIH In 1!l~1, in th(' RluRlnw plnllb,f1I1I1, of Ih(' 111'01(('11.1' of!:! uf thl' (lHI'I'nt
tl'(leH teHted, (Elu'h row ('ollshits or pl·tJ~(111.'· of (HI(' or t·}w pnt'puh.;, DHIIIII:.:pd tJ'flt'H 111'1' 
011111(1'11.) Thl'St' pl'ng'I'IIY were /(1'011"11 III 1'111'11111'1 J'[)II'S 7 ('PI" 1I1l1l!'! 1111(1 illO 1'1'1't IeHlI(, 

mean of the a,vera.go heightR fOl' all I'OWS in 1h(' p1ant.ation find t1tiH 

peroentage waR wI'ittell on n, pint 01' dingl'uIII of jIll' Hbll1(In.)'(li~('<1 
ulTiI.ngement 0-1

1 the l'OWH' in eu.C'l1 pln,lIting, ThiR Ill.ade pORsible a 
dil'ect compa.I'ison, fc))' eXHlIlplp, of tIl(' Cal'son Pl'ogc'IlY in thp. )follnt· 
Hoocl-A 1915 plant.ing with t.he Cal'son progeny ill the Siwdnw HH5 
plHnting, in terllls of the pcrcpntagp by whic,1t (,Heh g)'(lUp ('x('('(l.c]p(j 
or fell below the. average 1'01' nll st<)C'ks ~in the same p1;wting, Direct 
('omparisonin terlns of feet wns lIot .~l\itnlJlp, ltc'('all~c, fOl' pxample, 
in genera.! the tl'pes in the Siwl]nw plllllting of H)Hi WPI'P, about H 
feet taller than those. in tho Mount Hood-A planting of thnt yell!'. 
If it was fonnd thaI'. a certain section of one plot pl'odu('(>(l tt'('C's 20 
pet'cent below the plantation nVC'I'nge in 11Pight, WIWI'C'IIS ill all other 
plantations the SHllle Htock in tJUlt' pad o(tJm plot. was 15 pel'('en! 
above the aVBl'llge, and iI' tho stoek Im(JP1' e()n~;del':lt.ion was dp]'irc(J 
from a locality I'csmnblillg the planting lo('a.lij,y in ('linwt(', t1H'1I it 
was concluded that .th~ ~1'()wil1g eonditiolH; in niat. pI\I'tieu,lni' sc'C'tioll 
of that plot were mfCl'lOl' to those on the l'C'JIIa IlHlel' of thc plot. 

It'r,'gulIlI' IlntC'hes 1I('('orI1l111( 10 ohRrl'l'nlinnH In n sillily III lhl' llollgiuS til' 1'rl(ion l'l'lwrll'll 
In tilt,.) followillg: IHA.\C, L, .\. 1)J':"I':r.nJl~tH~'JI ot" JlOl'Ot..\H ]"lIt HI';\(,J~·tl.!J'I':S'l' I'll.\ ~'I'IXO 
HUrtING ~~lm Plrts'r I'II'!-l n;AItS, 1·'11(' l\h'lIIurnllclulil. l'lIl'1t1I' NOI'thwt'st 1.'orl'Ht EXIH'I'IIII('nl 
HtnllOIl. 1U:I1, 

'" ~rhe IIPIII'NIIIII rtile hrlghl· 1'lIlt,,· for 11)(1 11'I'I'S, fUI' rXII III pI", Is I h(, hl'il(h l (If trl'l' no. 
7G whell nil trees Urc! rallged (!('!'UI'IIlIlg' 10 h"ight \\'11 h the shQI'(('i>(. Ilrs\., 
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In that event, concI Hsions clJ'lLwn from height analyses of the stock 
involved were. tempered. oy knowledge of the variation in growing 
C'ondH.]ons. On this basis certain result.s (as is illllicatec1 la.ter in 
table 9) l11ust; be considel'{,cl in some degree unl'eliable. 

The method Ilsed in making gl'owth comparisons of progeny hnv
ing high. and. low-altitude seed sources differs from the method 
llsed in comparisons to iletel'mine the effects of parental age, growing 
space, infection, etc. A tree derivecl from a given altitude as COI11
pared with one del'ived from another altitucle is very likely to be in
fluenced by growth faC'tors other than that of seed-somce altitude. 
Therefore, a stock from a given elevation was compared not with 
a singlu stock fl'om a, different elevation but with the average of 
~tocks fl'Ol11 all eleyations. If in a lligh-altitude plantation a stock 
of high-altitude SOIlI'C'e gl'UW taUt'r than the uvemge of all the stoC'lcs 
tested in that plantntion, and if in a low-altitnde plantation this 
stock diel not grow tn lIel' than the average of a11 stocks tesh'c1, the 
]'Psnlt::; would h'nd to indicate exi::;tence of n. stmin especially adapted 
to the growing conditions at high nItituc1es. 

EFFECT OF AGE 01' PAlIENT 

To (1etermine ,,'l1(>tl1(>]' the a~e of the parent affected the growth 
of the ])l'ogl'ny. a\'l'rnge heights of progeny -werc compared for 
parent trees gl'Owjng in the same locality and similar in all l'espeds 
except age, Tl1(> nUllibers of ptll'ent trees tested are shown in table 2, 
These comparisons wel'e llHH1e for eaeh plantation, the 1015 and 1D1G 
pl,antings bl'ing treated separatel}~. Height aYl'rnges for the 47 pairs
0+ parent-ago groups tire shown In tllble 3. In 2:3 cases the height 
of pl'Ogl'lly from YOIlJ1g pal'ents nverngecl greater than that of 
])J'o~pn'y from old plll'pnts, ill 22 casl'S it aYl'l'ngN1 less, amlin 2 eases 
the heights or tIll' two gl'OIiPS ,Yel.'e equal. Only fOllr of the com
parisons show n signifi('l1nt clifl'l'I'pncl' (n <1ifl'erellee thl'ee timps as 
grpnt as the stnnc1a!'(1 PI.TOL' of fhe (lifl'el'l~nce) : Those i'ol' the Gates 
progpny in the Riuslaw plantation, the Lakpvipw pl'ogeny in thc 
Siusla\\~ plantation, tll(' Cnl'SOll progc'ny ill the :Monnt Hood-A Hni) 
plantatIOn, nlH1 thl' Palnwl' j)I'ogeny ill the l\fount, Hood-A 101G 
plnntation, COlllpal'isons llot (h'sc'I'ib('(1 here showN1 that progeny 
from mi(1(11e-agc'd (100- to 200-yeur-old) pal'ents did not markedly 
(lifl'prill height 1'1'0111 pl'og('n~' of eitlwl' young 01' old parents, It is 
('lear that ngc· of 1,11(' pal'('nt trce 1md ]10 consistent or significant effect 
UPOII growth of the ofrspring, 

'l'AlILJ~ '2.~~YIl/ll1!(,I·N of Il1/rcllt fl'(>(>8 feR/cel ';'n r01ll.}J(ll'i,wn of JII'O{/el/lI {rom. 
!lolIlI!ler (lild olr7rl' 1)(/I'('n/8 

l?'(lur whl.'l1 l'nreuL trees, by locnlity 
.A J!O dll"~ 1 of progellY 
purent (Yl'ur~) W(I'"O

plllllwi C'ur$()11 ,-- (lilIes I(JP~?I~O ~1'''llller RnntilUll -Luke"il!1\' 

--~---I-~-"- --~-"-----.-------~- ---
J i.\"umbt'r 4.Vumbrr jYumbtlr ]\~U min'T .:''"llllilJcr l\"lImlJer 

17-100 !} 1111,- {II S ·1 [) S -I 
1:1(11- I " 0 :l " " "1.1 

_~ 17-iR~+~"~~ l!IHl """~__~__ .~~_-,--_:l_l_"_:~i____~ __,___:l__l 
I J\(.'tu111 n~es or rnn~l'!{ uf a~o for indidduni !\{HJiI-sotlrlIO loenlitil1S were IlS follows: enrsou, !W-·IO Hnt! 

130-170; Gutes, J7~:W. tllld 200 II pwnrd: (irnuitu .Fnlls, no Hlld 215-2:!O; .Pulmcr, 20-10 und 3H~-a75; SlllltitlJU, 
100 und 200 upl\'nrd: Lul<ol'ioll', ;J[I-'IO lind 150. 



TABLE 3.-lleighl.s of progeny froln younge/' and old~r 1)(ll'ellls of ('(/ch seed-source locality, averaged by individual plantations 
~.--- --............ ----------,,.--- .~--.,.'--...,.--


A \'crn~c hl'ig-hts 1 of l}rO~cny in W3l, h~- scc(l-source locHlit.y 
~\~e ('lns'\l'lnn\n(ion nren nnd ;or"r or plnntiu); - fdor pHrenls I oI C'nr$on Onles (1rnnilo F'llls Palmer Snnlinm LnkC\·icw 

=<1I 
8 
j:Qrears Put Fut Feel Feet Feet Fut 

Siuslnw: H.!l5 .. ~_~_ ........ ~ __ _ 17 1Il0 21. 0 (;±O.·I~) In.:1 (±0.4l) 2·1. 0 (±O. 50) 2:3.1 (±O.·lil 17.0 (±0.31l 10. 2 (±0.81) o
130+ ~2. 2 (±.&i) 21.4 (±.50) 24.S (±.52) 21.7 (±.·JSJ 16.1 (±.·IS) Z1.2 (±.3S) r-:j 

17-100 13. I (±.·12) Hi 2 (±.43) 23.-1 (±.SI) IS.2 (±.75) lIi. S (±.3G) t:::I 
130+ 1~. 7 (±.51) 17.·1 (±.•1Il 22.2 (±. (5) 1K6 (±.HS) 1·I.H (±.61) 10.2 (±.52) o 

JOI6.............. .. ....................................... I 

Winl(~?i~\'~~~ ••...•..•• " .......................................... II 16.2 (±.63) 


17-10() 11.6 (±.5:n Ilt5 1±.65) 15.2 (:!=. H7) 15.2 (±.08) 17.5 (±.78) 15.2 (±1. 28) q 
1:10+ 12.5 (±.St) '.,0 (±1.0U) 13.4 (±1. 20) la.O (±.70) 16. (i (±.S!)) 15.6 (±I.54) o 

IT-IOU 12.5 (±.5!i) 22.11 (±.Sii) 2l.-l (±1.03) lS. .J (±.6{)) 17.:3 (±.55) 1~.8 (±1. J.l) t<Snoqunlmic: 19IG....___.._.................................... ""11 
 1:10+ 12. U (±.iU) 22. U (±1. 17) 10.7 (±1. Il) JS.S (;1=.60) 17. u (±.72) 15.:! (±1.01) i> 
Ul

;\tollnt Hood-A: r 
IUl5 ............. ...... ............................... I 17-100 5.S (±.14) S. I (±.3U) 7. !j (±.39) 7.0 (±.291 7.5 (±.16) ii.9 (±.27) !-=j

I:JO+ 4.6 (±.20) 0.11 (±.2ll) 7. " (±.3{j) 8.0 (±.:!2) 7. [) (±.25) Ii. I (±.19) ..... 
17-100 Ii. a (±.311 5.6 (±.2·1) 7.0 (±.3S) 3.9 [±.m (±.39) U.7 ~ 

Mot:::~I~;(;~;;:·..··..·.. .............................. .it ".7 (±.41l~
l;lO+ 6.·1 (±•.13) (i. 3 (±.39) 7.7 (±..l!i) 5.0 (±.21) 5.9 (±.4:l) 03 (±.5S .-3 
~ 17-100 5.·1 [±.15) 5.7 (±.22) 7.S (±.19) Il.I (±.17) 6.6 (±.21) t=j(±.32) I n.5 

l:lO+ Ii. 3 (±.2,1) 7.0 [±.2!1) Ii. 0 (±.aa) 6.9 (±.m 5.!! (±.IS) 
- , -.~ -.... ------ (:±-.I') 6.1 (±..\O) G.5 (±.31) '1.1 (±.36):~::~:.::.::~:::::::::.::::.:::._.::<~~~~:::. __ ':'li 17-J()O 

II 6.1 (±.:JO) 
4. ·1 5.·j (±.22) g5 

1:l0+ .. - 5.0 (±.·Jti) 5.1 (±.35) 5. t1 (±.2S) 6.4 (±.3!i) 3.0 (±.37) o"-~~----.-~~. ~ 

-_ .. _-_._---- !-=j 
1 Numbers in parentheses nrc stnnt.lard err()r~. 

~ 

o 
~ 

~ 
!4 
Ul 
t=j 
l-j 
o 
Ul 
o 
q 
~ 
9c'. 

~ 
01 
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In order to obtain a more simple S(lt of comparison,;;, the ayeragl' 
heights of progeny from the J~onng('r and from thr older Carson 
parents ill all the In].") plantatIOns were an?raged, each plantation 
test being gin~ll n ,n ight of 1, alld the f'1l1lH' process was carried out 
for each other some'(' of sped and for the lUlu 1l'3 '\Yen as the IDl:i 
;,erl(,s of plantillp-s. The l'l:snlts nre gi\'en in table 4, The paired 
items in the 1. ble ",h(J\\' that fOl' some seed SOUl'ces the height of 
progeny from J'lHlnger tree::; averaged .;;lightly greater than the 
heigh!: of progeny from ohler tl'ee~, but that for other sc·ed sources 
the ~upel'iol'it.y was l'('\'('r,.:;('d, Sone of the differences is large enough 
to be significant from a ~tatistil'n1"tn n(lpoint, 

'J'ABLl-} --l.-J/f'i[liltN of /JJ'fJ!J('IIY frolll YOUllfl('/' (I//([ oltTeJ' l)(lr(,lll,~ of ca('/I .~('('d-
8{JII/'(,[' lOCI/lilli, (/l'('I'aucIl by 1/('1/1' 01' plal/til/!I 

------~---.-----,-.- - f-· 
j Ayprul!tI lwi~ht in W:ll ! 
l~ ____________ 

l~~l:; [I!t1ntin~.;; of pro~ellY from ~' 19111 pklntiu~" of pro~eny (roul 
parents nged- ~ IJ!treuts ng;()

! no yenrs or Jql) s~nrs ori lito 11.10 year... 1, ttl 100 yenrs Imore I lllOre
! 1 

Fut Fat 
("ar50U~ .... ~ __ ~_ .. _________ _ 11.·1 (=0_ -1;. I 10. II (=0. ;,0) 

13.0 (=.-11" IiGates_." ........ _. _.. __ 12.11 (=.,,5) 
Granile FaHs._. ,•.•••. 15.-1 (:!=. I~H 11.5 (±.7[')
Painter ......._..... _.. 13.6 <=.-1,,) W.7 (±.55) 
~antb,ln __ .. ~~_._ .... ,,_~, 11.3 (;!:.~l 11.7 (±.65) 
Lakc'dew..'.... _ 12. S (::!:.3;;.1 11.0 (;!:. u,,) 

I 

t Tho nver~ut~$ g'lVt.'Wn an~... mf·~ln.; fl.! thO tP:era!.!l~ rtlr illf' -1 plLlnllll~s oC e'l<,.'ll year, a weight of 1 bciug 
giY~u to ea('h 111:111IWf. )\umbt,f!' lrt Imr~nth~$~s nro ~*~lndnnl errors. 

Opportunity to :-.tud.y the efl'l'(,t of site quality of H'e(l.s~)t1l'ee area 
on growth of progeny was ati'ot'{ll'(] by the seed COll('ctIOJ1;o; from 
Lab.lYle\\". 'Ya"ll. TIlt' Lakt'yil'w IHll'ents p-rew 011 the St('ilacoolll 
I'\ains ("i mill's south of Ta('ollln. "~n:;h,), glacial outwa:;h plains of 
('oal'S(1 granl "oil. Ht'rc Douglm; fir is pnrt 'Of a ::parse, slow-gro\\'ing 
f'tand including ]loIHlprosa pinp antI ()aks~ spt'cil's ('haractl'ristie of (try 
sites. 'Illest' jllain:; an' pt'rhaps the hp;-;t example in \\'Pstl'rll Oregoll 
or we;;tt'I'1l 'Vnshingtoll of a larg(l area with wry poor .site quality 
due to tIlt' Stl'U('tlll'l' and, composition of the. soi1. To II dt'pth of at 
least G fl'pt the soi I consi"ls l1losdy of gnn-e 1, wi th a mixt lire of :::and, 
It ('ontains ve'ry little hU111US. and has praetie'ally llO lmdnce yege
ta ble Ii tt l'l'. The ll1l'an nl1nua I IH'Pei pit a tion of 40 in('lH's i::; suftkiel1t 
:for ex('elll'nt tl'(~(' growth; but l~X(,t'ssj\'e llrainage of the gl'ltYl'lly 
soil makl's tht> Slt(' YC'ry dry during the Inttl'r part of the growing 
season. whell only :2 illehes of rain fall.s in a :2·l11onth period. The 
gO(hl tree growth in lo('alitil's 110t many miles lli;-;tnnt h:\\-ing better 
soil is proof that the ehHI'Hl'h.'r of the' soil is the principal factor in 
the pO~ll' site quality at Lak('\'i,t,w. More than 1:0()() progpny of the 
Lnke\,I('W part'llts W(,I'(, grcnnl III the tpst plantatIons. 

Thr;-:(> PI'O!ll'Il," sho\\'pd llO l'fl'('('b of tIl(' pOOl' qllality or !-he soil 
llPon whi('h illl' :;N'd wa" lll'y('ll)]ll'd. In lwad" rv('ry plnntntion, in 
1931 the LakL'\'ie\\' ::;to<:k l'qualt'd {)t' l'Xl'('l'l]pd 'the nv('rag~' height of 
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all iitocks lesh,{l (table 5), In t1w Him:ilaw plantation. where the 
hei~ht a \'erage ror nil lots was 21..1· fcet, 1TO La keview tJ'('es an'ra~ed 
22,0 £('et, III tile "!rind Ri\'('l' 1\11(. plantation the Lake\'iew stoek 
a\'el'n~l'd 15.4, :feet in heigllt, wh(,I'·~'as tIl(' plantation average 'WlIS 

ollly H,l fN-t. Tile (lata rOl' tIlt' Lnkede,,' sLoek tlH'l'dol'C' ~iw no 
basis rOl' H belief that pOOl' sill' qualily of the HrC'I1, upon whieh the 
pal'ent grows Il'ssens the "igclL' il'allSlllittl'(l ,to the pl'ogl'ny, ~inec 
Bueh t:1'C'es as no,v O('("'llY the St:C'ilaC'oom Plnll1S arc the <lC'seendnnts, 
prolmllly not many gcn(,l'ntions l'elllo"e<1, of b'C'es on bette!' soils 
sCW'l'al jnilcs away, Ulis finclin~ (lops not nm:i\\'('l' the qt\('stion whetller 
oyer a long period POOl.' si t (' qua lit,\' 111 ight \yeak('l1 tl1(' sh'ain, 

T,\I.lLE ",-lIeirlh/s of III'O{j('II!1 froll! I}(/I'('U/R IfI"OWill[f 011 11Ir }Ioor'(/I/olity 
};okrricll', '\1"0"/1 .. Rill', COIIlI)()J'(rl with /I/flN/' of 1111 jll'O/lel/JI 

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

Ptantntion arr" IInti y('nr or p!ant in!! 

--_._---_....._--- ---". 
Fal Fut 

~iu~lnw: 1015_"
\I'lml Hlwr: 

22.0 (;±:O,:W) 21.·( 

HIl[, 
W\fl., 

~noqllllhnil': JUHL 
)rotIT t Howl-A:

1nl5 
!!I1f;. ~ . 

)rollnt If(jod-ll: 
1!ll.fi 
]flit) 

111, 2 (;±:•.11\ 
15,·1 (;±:,\!;j 
1I, 1 (;±:,82) 

Il,! (;±:,Ir.l 
1I,Ii (;±:,:m 

11,1 (;±:,I·\l 
·I,n (;±:,25)._.__...._...._

1t1, S 
J.I.I 
17, a 
fl. ,I 
6.6 

fl. I 
5.1 

. ~ 'I I~, (I (;±:.2Ul H, S 

Tile 5('('(1 ('olll'('(i()l1~ frOIll natC'~, Orrg.. afl'oJ'(]('(l tl1l' onl~' oppor
tunity to (,()IIIjl:ll'(' tilt' ofl'''lll'jng of' ::'('\'(,I'al pal'Pllt tl'(,(,:; in tht' "allll' 
11l('alit,\T j!'!'o\\'illg Oil l:'oil" with nlHl without n 1:.II'gl' PI'opol'ti(Jn oj! ]'ock 
or the Gatl'!-. IHlI'Pllb ((',,(l'(I, eight \l't'I'l' growing Oil a roe!;:\' H);I lind 
(light Otlll'I'wisl' !-.illlibr WPI (I g':(lwillg oll'a Hllld'· IDull! ::,oil.' Pl'ogNIY 
fl:OIll tIte two g"I'OUpS \\'('1'(' IllHlltl'd '~;jdl' 11,\' !-.idi, Oil t1H' J'(H'k,\' ~(()lII';t 
H()()d~B arpa, OJ] til<' "::;Itot" "andy day IOHIlI "!Yillll Hi\'(,1' :tI'I'H, and 
on tlm'p ill('I'III('diat(l gl':ld('" of ~oil. ,. Tahll' (i ~i\'('s tlH' heights of 
J11'(l~(,lly ft'OIll (':tell gl:Olljl, Fol' all 11I"t pl:1I1t;ltions tog('tll('I', til('. 
IIPigitls of prog(,IIY fro II I tilt' l'!Je·ky-;;()il gl'OllJl n\'l'I':t.!!('(/ 1:!,:3 fPl't lind 
th(N'of pl'OW'II'y JI'OIl1 tllP ;,alHly-lo:tIlI-:-,oil group uYl'!'agpd n,n 'fl'l't. 
Till' difJ'PI'PIH'P of OA 'foot dOl';, Hot ;;how 1 hilt 011(1 gl'OUp j;-; nl1~' bl'ttel' 
thnn til(' othpl', Iwillg ll'~!-. than tlil' l'x]lt'l'illlPntal ('1'I'Ot', ('OlllplIl'i:.:on 
of til(' "rocky" and "Ioum" groups Oil (1:1('11 plantation show~ l:'ligbt 
d.i 11'l'1'('Il('(I:; i'n a \'Pl'O!,!'(' Iwi!'!'ht fa \'(lI'ing ~onl('ti nH'S thp forme]' lind 
i'olllt'tinlC's til(' InttC'l': nOli',' of tIll' difl't;l't'IH'(':': IJPing Inl'gl' ('nough to 
indi('att' n. c1ifl'('I'('Il('P in ]H'I'('clital'\' "igor, '. , 

SOIl(', of till' lo('aliti('s 1'1'<1111 \~'Iti(,fl H'('(I \\'lIS ('ol1petNlin this (IX

l)C'I'inH'nt is ('xtl'l'IlI('ly dry, Tho",(' h:I\'in,!!.' til(' It'ast I'aini'nll <1ul'in~ 
thc growing" S('HROIl lIrc' (la('" lind Portland; (ilOSP haying: til(' gl'l'ah,:;t 
:11'(' G!'allite ]i'nlls andDHl'ringtoll, During .July :llld Auglli't Gab~s 
and. POl'tlalld I'('('('i\'e little JlHJI'l' (han 0,;) jIH'h pl'('('ipitntion per 

iflfliOQ-:{G--3 
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month, whereas Darrington and Granite Falls receive more than 
twice that amount. A. growth comparison between the two pairs 
of st(){!ks was afforded on the Snoqualmie and 'Vind River planta
tion areas, 'which are approximatcly alike in all rcspects except 
that the ",Vincl Riyer area normally receives only 2 inches of rain in 
June and 0.6 inch in July whereas' the SnoCJualnlie area. normally re
ceives 4 inches ip. June and 2 in July. The height growth of the 
Granite Falls amI Darrington (rainy-habitat) stocks' was fl'om 3 
to 35 percent abo\'c tWcl'age in both the Snoqualmie (rainy) and the 
",Vincl Rin~r (dry) planting loenlities. The!'e stocks grew as well 
on the "'ind Ri.Yer nrea as the. Portland nlHl Gates {dry-habitat) 
stocks, Ol' better. Thc (hy-hahltat stocks grew well hoth on the 
",Vind River al'ea nnd on the Snoqualmic al'ea. (These compari:::ol1s 
appeal' latel' in table fl.) 

'1'.\111.1:: 1i.··-IIC'il/llls of IJ/'O!f('II]J [mill IJ(II,(,IlI.~ !/l'IIwill!J 011 (,OJl/T(l81i1I!l "Oils ({I 
Uo/(w. U/'I'!I. 

!.\ \'Vr;tg(' I1ciglJl~,1 in 'HI;~I, (~l
! prO}!enr (rom p:ln'nt., gTO\\', 
; ing OU 

Pli1ntat ion ntl':l ~lnlI ;Yll:tr (If lilanting: 

~::UHl\~ lonm 
soU 3 

--_.._---
Fal Fed 

Siuslnw: Hl1.1~ __ _ 19.:1 (-,,0.·11) 19.0 (:::0.30) 
"'ind IHwr: 

JUl.; .. W.2 (±A3) 15.0 (±.!!P) 
lUlil.... . 113.5 (:;.05) HA (:::.5·1) 

F;noqunlJl)ie~ lHlfj_~. __ 22.(1 (:;.85) 23.1 (:;.6,) 
Moullt 1100<1-.\: 

Hllii •. fil (±.3fll i.·f b.lG) 
IUIIl 5Jj (.::::.2-11 5.-1 (±.2:l) 

",fOllllt Hood· II: 
nnr,._, iL7 (",.22) fi.2 b.13l 
JVW........ . -1.4 (±.1'i) 4.-1 (±.2:1l 

~--.-

A\'~rage .... . 12.3 (±.2Ui 11.\/ (--::.'20r 

1 i\lUltl)(lr~ in pa(Cllll hc~(~'" are :-ottluti,lnl £trrnr~. 
2 ilutn nrc (Of IH'Og'l'll)" of '\ p:lr('nl~ ugt:'cl 17 to ~H) )"l'llf:'. 
:I Dutu nrc for Jlr()f!_l\U~· o( S J1an~uts n~l\d ilxr tu ~(lO ) (·af..... 

Pt·o~!'elly Or 1JaI'C'llts gJ'()\\-ing ill (1('n:-;e :-tan(l::;, with ll:1l'I'OW ('\'0\"11:; 

h'~s thnn oll('-I hil'd the length of their stt'IIl:-;, and pro!!;eny of opl'n
('rown pal'l'n[:; with wide:-pn'lHling crown:; ('x/ending npnrly to tli(' 
';!rollIH1. "'l'I'l' incllltil'd in eHeh of thC' 10t:-; of Ontt's and Benton stock. 
At I)(lUl pla('J's t.Iw open-grown lItHl erowd"tl pal'l'nt In'e;-; w('re fOllIld 
1'0 IH'nr to!!ptltel' thaI lhl'Y arC' not like],' lo h[l\,C' (1iffC'I'pd in nnv re
sped otlH;r thnn\ gJ'()WiIl~ :;pa('('..The 'lH'ight of 200. progeny ~r()nl 
4 opell-growll (.TalC's sped trPt's, .In all tl·:;t p1antatioIls combIned. 
HnrngNl lUI f(,pt (btblC' 7); thnt of (iOO pl'ogl'ny fl'om 2 ermnled 
Sl1lflll-('I'o\\'JH'll On tp~ ,,(,pel tl'('CS nyeraged 1:2.6 feet. The eli ffel'el1('c 
of (J.T i'oot do{'~ not j lid i('atC' nil:' }ll'ad ic'a I sll pl'ri<?rity, heing I~:-;s 
than Ill(' C'X)lC'I' I.nH'lltaI elTor. In "('YCl'al plantations (table ',). 
prog('ny from .(lj)p])-gn)\yn par('nls rca('h~(1 gl'eater aYC~'age h~'ight::; 
thnn j)J'()!!l'ny frolll ('J'()wdl'll paI'P])ts. 01: tlw 1.8UO sa.plll1gs of Ben
ton parclltag<', thos(' :froJl1 -t olwn-gr()wn lJal'l'nb; :In'l'aged ] 1.7 fC'et 
ill height aI1l1 thosp :frOIH 3 (,[,o\\,lled pal'ents llveragcl1 12.1 [C'et. 
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Here also. the differenee is too small to indicate any hereditary 
influence. 

TABLE i.-IfcifjhI8 of llrOfjCII!/ {rom OI/CIl-ff/·OWl/. l/1HZ {roll~ ('1'01('(1('(1 JI(/r(,I1I.~ 

I ,Average Iwighl$, I in Hl:H, of progl'IlY from gh'un sel'rt ~()lln'l'S
I 

Pbutatioll nr(>11 nn<t'ycar or plnnting ! Gntes, Oreg., pnrcnl:-; 

0Ill'lI-growl1 2 : ('rowd~d' IOpNl·!(rOWn 2 I ('ro\\'cll't!' 

Fal 	 ... ~~-'l-"'I'---;;;;'--1-' j.-;::-' I 
l~.~ (±O'~II)1 lH.!) (±O.8!i)j 2:.~1 (±O'':~)I 211.0 (±O.OO) 

I".h (±"lI) 20.2 (±.!lIll 1....\. (±.8.,) IS.5 (±1.06) 
1·l.a (±.lilil o.I,!Ii..OI [±(±.I.,'U·\('I.:: 1:1.7 (±I.I!J) 1J.r. (±I.00)
2:1.7 C±:I.IUJ, I'.~ (±.S5J! 21.5 (±,71) 

0.0 (±.li"I S..'i (±.7I,1 .1. .. [±.2!ll .1.;' (±.38) 
5.S 	 (±,2UJ ·I.a (.±;.3.I'i 5.5 (±.aul 5.;; (±.211) 

1 ln.l {:b.22), fi.S 1±.;iO!' ,1.7 (:1:.27)1 ii.S (±.50) 
4.1 (±.27'; ·1.·1 (±.liO. .u~(±_._a_-')I_a:l_i_(_±_"I~ 

12.1 (±.(\') 

1 Xurnbrr:i In pnn~1lI hcs(lS nrc st.nndnrd crror$. 

2 I)ntn uro. for pro!-.Nly from ·t PHrL'nts. 

1 Datn nre for prol:!NIy" from ~ purpnts 

• DnW nrc for progeny f['olll 3 purcnts. 

lI(lritability of dl\'ds (If rllnguil illfcction ",a,.; tested through the 
planting of seed ('ollee(ed at Gates nnd 'Yincl Hh'c'l' from trel'S in
fect('(l 'with reel ring rot];l ancl hom similar' uninlcC'tec1 trl'es growing 
:-ic1(' by side with thelll. In eaeh case the two lots of sc'C'd wen' han
dled nIH] 1I1antNIin the Stlllll' l1lflnnel', and tlle progeny :frOI1l inrecled 
t~ees .,,'e~·c: p:1·(l"'n. (~ir('ctly bc'side the pl'Ogl'ny from IIllillrected trees; 
~o slgl11flcant dlfIerenee has appeared between the two classes of 
progeny. at any perioL1 frol1l the time tlte sec'el germinated. Both 
class('s look the same and ha,'e growll at the SHmc rute. In 19:31 the 
Gn/c's progeny from infc'cted parents aY(ll'tlgpc1 12.6 reet in hC'ight 
and those i'I'OI11 uninfeetecl parents a,reragrd ]2.7 fC'('t in height. 
These values are hoUI mc'nns of eight inc1i,·idual plantation H"ernges. 
They reprl'sl'nt the heip:hts of 17-1 prown~r hom :2 bacliy inf('ctecl 
parent tr('(>s and 470 pl'og-eny from 3 llllillleetl'lI parent trees growing 
nearby. ":hen a'-el'age heights Hre considered for each of tlH' test 
plantations s!.'parately (taLIc 8), it is seen that in sOllie t.ests of th!.' 
Gates progeny thm;e Trom llllinJec't('(l tIws were slightly taller, but 
that in otlwrs those :from infecte(l trces wer(\ tall('1'. In JlO easc 
werc the cl i ff!.'l'ences sign i ticHnt. 

In 19B1 the ofl'''pring- j!rominicctecl W"jnc1 Rin>r parents aWI'age<l 
11.;') feet in hcight and those. frOIl1 uninflldecl 'Yill(l HiH'r putents 
a'-eracrc'd 12.1 feet in height, a difl'el'l'n('e that is less than the ex
pl'rjn~ntal errol' and therc.forc fails to indicate any adv:lntap:c in 
healthy parentage_ These aV(>rages arC based on 82'! progeny from 

1:1 'frfllllctr.-.:. 11;1t;, ot1wr cnmmOIl nnmpF; fot' whieh I1I'P ('onit l'()t. l'ill~-H(,'nl(1 ro"! honey
"omb rot. lI:n<l Iwd,.\" \\'ood rot, ACl'ordlng to sl'udl('s by Boyce (2), tlti~ fuug-us causes 80 
Jl.~rl·rnt of ull d(l"uy los$p~ In 11\'1111;" IJoug-laH fir. 
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4 infeeted parents and 2!l7 fronl ij uninfC'etNl parents. In fi\'C' of 
the se\'C'11 separate t(lst p1antations oJ 'Yind Hi\'el' stock, bette!' 
gl'mdh ,,'as made h,' progt'n V from lin i ni'('('tC'(l tt'eps. J II tlte two 
1'l'lIlaining h'sts. 11O\\:eYl'r, tll(" an'rnge height of progeny from in
JC'ch'd parl'nts wus gn'atl'l'; and onl,\' in the 'Yind Hive!: ami the 
:Mollnt H(]od-~\.. 10L") plantntioJls \\'PI'P tn'C's from llnini'ected par
PlItS significantly tallel' thull tho.;e -ft'om infpcted parpnts. The 
planting:; at 'Vind HiYl'r may llOt o1l'er a Jail' ('oll1pm'lson 0-1' the two 
typl'S or s('('(l sOUl'ee: tlll'n' SOllle of thC' pl'Ogelly from illi'reted trel'S 
hapPl'Ill'(l. unlike un." of ill(' progl'ny :from llnini'('ded treps, to)JP 
planted on n strip 01' soil that nppt'al's to bp poor in flual.ity. In 
the two (est planting',,; wll('I'l' tlll'I'P \\'llS a significnnt difference jn 
growth in fan)I' of 1II1ini'c('tp(1 IHlI'l'llt t I'N'S. 1lIOI'('O\'PI" half the rows 
:from inl'l'!'tl'd pnrl.'llb ,\'t'I'P talkr than hnlf the rows -hom healthy 
pal'{'nb;; in (lUll'I' words. whill' ill IIll':-;(1 pl:lllting's the 1II1ini'l'ctp;1 

parents tlS a gl'OIlP yipldl'd lwUPI' J'(lsults tban Ihe infcctl'll pnrent" 
n", :1 grollp..ill ('neil ('asp illdi\'idll:d pan'nisin thc infcl'tl'd group 
yit'ld('(1 bl'tt:PI' I'I':-lilt" thall c'priain indi\'idllal" ill the llninfpc,tl'(i 
g'roup. 

T.\jlU; S.-~ 7rl'iflil/,~ /J{ /I/,(J[II'I/.II {}'Iiill fJll),(,II/S in/I'('/et! willi 1'cd 'rill!1 1"0/ ((I/({' 
II'IIIII /lIIill[C('//'I/ IltI}"('lI!'; 

I'bntatillil urea nnd Yl':lr of pl:wtll;g ) 

[n[~rle(l ~ l'lIil\[l'('l~d 'J 

rflt : FI'" 1',,/ Per/ 
Siuslnw: ]nI~~ .... _, ~Il.;l' U,(,.~.. ' ~lfl (±O.S:lJ 211.21±O.fUJ 21.-1 f±O.50) 
Wln.lltlnr; 

WI" i la.!l l:h 1)-11 Iii S (:1::. f:O) JKO (-1;1.01\) (' 17.,1 (:±-.51) 
WilL, I I:i.:l '± _~III J:;,I) (±.!17) la.,1 (±I.~~J) 1;'.OI±I.O!l) 

i'lnolluulrni(': lOW 1;'.21.±1.1H 12,., (±I.OI) 2.5.2 (±l. 20) 22.U (:t,l~li) 
_Moullt lloot!-,\: 

HH5 ,,_n <-1:.. 121 I fI_S (:1:.21) •• \1 (t.•I·1) i n.1l t±.2(\j
WIIl __ H. ri '.+. ti,} ~, I ':±-.42) 5.S (±• .'iIiJ I 11.:1 (±.3U) 

ilfOtJlIlll()ori-U: i 
JUI5 n.r, '+.'1,1' ! fl.D (±.2s) I f>,n (±"Il))' fl.3 (±.2i,) 
IUJII, __ ~ ~ . ,I. 7 (t. +0 I ;;.0 (±.4fl) 

~--~-11,~ ,,,,.Im! -12. i-';:;I;'1-12'fi-[:±-,~) . 12. i (±.3;;) 
0____ •__ 

I 'rruuttln~ 7Jlnl. 
'::\lllllil(lfS in p.lrt'nUWSt\'{ art' :-.Jandard ('rrors. 

3 Uain ortJ for prng(\ny from ,i Il:In'n(~ in the LUf:J planWtioll:; nud progeny froUl 3 parents in tha Hlln 


[Ilnlltnl.ion~. 
"" I);\h\ Hri) for pro~Nty from !"~ IHU{.·IH-:;. 
II Datn ure (or pro,",l'lIr {row '2 "al'tlnt~. 
6 Dntn ;lfl' fur J1r()~ellr {rullI :~ P~If('Ul!\. 

1·.FFI·:l'T OF _\I.TlTl'm: OF SEI"IJ,,.Wl'ltlL .\1I1':A AX 111-:1 •.\'1'1';0 '1'/1 A1JITITUJ>: OF 
PI~.\:\TINn 4\HKA 

Till' SP(l(ll1!'('d in lile' jll'PS\'llt ('spl'!'illwnt- was ('oll('etp{l at: 1:2· clifl'('r
enl. a.ltitucll's, l'illlgillg frolll 100 to ;U-l;)O fC'et; and sl'l'dlings from 
all ttl(' spccl SOUI'I'P"; \\,pn' plnnt(lll al altitud('s or l.lno. ~.I()(). :2.1'00, 
:111(1 ·UiOO -1'('('1 in IIl':!!'I\' till' snllJP lnlitlltil' 1111(1 at lm altitllde of 
2.0()() 1'(1('1: :2()() II) i It·" I'n r'UH'l' lIorth. 'flit' I-!:l'o\\'t II mndl' bv stoe'k of 
gi\'lIJl sl'(ld-:-;Olll'('(' altitudes whelt ]llanit'd (lit :ll'l'm( of gin,il ait.itudl's 
is ::;hOWll jll table D. 
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l'AIII,E 9.-[{cight, ·in each test 7}lanlation, of trees derived from cach seed-source 10clIlily, by alWllIie of .~ollrc(! arca IIntl of 1J/mt/ation area 

li01lfC'l' of ~('I't1 '---1,. I 1 ..".~.-~. - ...-.-' 
A\'t:r~lgl"" Iil'i!!ht 1 ill ItMl of tn'p.5lJl f!h'(~JlI,lrll1lnlion~ nll!i\'en Hltituu~~ 	 Cl 

c 
~ 

__~_ ~4 ___ _~ ___ '" ~~~ j'nf('ut PrO~l~Ilj'" phultrd 
tr('l.S rrom O}} (':.wl! plnntn. .. .. . : 

::-1011n1. 110011-A (:lllillldl'" ?>follnt Jlood-U (1lltitlHlc ~ 
whil"ll lHlll UrI'(l III I Rlll,lnw 1 \\ lIul I~~tr :~;i(!~I::)('l,Il)1l , RnOl)llnlruil' 	 I-'l2,~OO fl't'l) seri..·g of - , .J ,UOO feet) scries of..

Alli- 50rll wn< 	 ('lltilll<1e . ) . (altitutll' I 	 ~Locality IUti,' rOIl,,(·ted .. ., -- 2,100fl'et) 1..._.___........__... ··1 2,0110 f .. ell -'-'--"-' !
I1 lUI;' I~!li I ~I'ri,'s of JIll:. ! l!J1ii 1!J1r, I ~l'ril's of illIG 1!Jlf) 
 ol!il:i 	 IHI5 19 IIi s 
f 
~, 

-.~.... I;j 
oFat ~~ ~"Il~llhcr .Y,l,1ulit'r .•Yuml1,'T II Parnl! J 1'{~~;';1l !)urt 121 i Pat:' lil Paulli Pt'rrtllt Pt.'TCf'llt Pa(cnt r:;f1n\nHr- F'~)11.. • ·IIM) 1 X , 1,;11 711 2 I III Li.I.!/l ; 4J:lfi U :I•.I) IfJ:!{i;' II '11.;(" I..n 'lin (,H, 21 II~ (:iU) 'lllie±:!.!)) 101 (±f>.I) 

1),::\rrinJ,!ton I oml 11' :!211 JIll 'I:!S(±I.!J) '1U7(±:!.(i) 1Il7(±I.I,!'II:J(±:J.,) ml(±.:!.M I~'U (±1.5) lIIi (±2.0) U8(±1O.n) o 
t" 

1'..II1I('r I[ ~:~~:g I 'I ! 2c~1 IrK) I ml (;:1:1,01) '110 (;:1:2.[,), Hl2 (±:l.iil 111:] (±2.'\ '122 (-l:3.3) '<r,s (±2.'.1 lO2 (±2. ,) ',IHi (;:1:·1.0) > 
I{lkt','h'w lilli' S: 2:\0 7i11 lIi·I(±I.~1 Or.(±2,",1 1(f.IC-tr..Ul/1 OIl(·H.m U5(t251 115 (±r..rn 1110 (±2.:1) is (±4.9) 

(r.. 

nut(\;, 9[,11 I 21 I n"l 2111'!!:l t±.lil lIS (±1.3) 109 t±:l.5) 'I~~l(±2.tl)." III (±1. ,I 3S5 (±~.:l.l 'U2 (±I.~) SS (±:!..J) i-=j 
>

1 (;i {;±!t9.J 103 (±2.1) 212, (±.J.9) !::i~;ullhJ1l. (~:~~:: I I~ I 5III sn! ;,~ Ctl.:1) '\12 (±2.II; /21 I:!:! (±.1.,1I O'~ (±2.4,' I' J1, (±2.m 
rOrl$ClrI 5\10·1 ~tl .111) ,. H Lt-~.ii) III, (±:l.I) III:! Lt·" Iii 1 !J, (+1.;" lOa (±.1. ,I {1:1 (:1:5.51 IO:l(±13.0) UG (;:1:;'.7) 1-3 
H.lz,'l Q(W'·1 ,II ~o ·'7S(;±:!.~) 11l,(±:l.I;) Ifl'I(±.:,.711 ~'i(+5'1 IIlfiL±A.51 !I;; (±;•. 1>1 lIl5 (±(i.li) SU (±~.8) ~ 
\\,iIl,IHi\w l.:lIHJi!l, H;~' ,01 !I~t±.:I.~J U~(±~.ll) !l1(±,1.:1l lSl(±;;III "~I(;l;;:!':l) <Ilfl (±I.:.I lltl (:;I,2.U) ~ 

Hu('pTI~wk 2,fl[ijll "I hoi ·1Il.llfKl(-j.~.(j), ~S(±,:l.2.' )o",(±.,•. flJ ;'!(;l;;:,.:·;1 qllU:!.~l if.
'lIlfl(-J,,,I.·1) Ilh(,HU) t=: 

Hellion . ,1111 , 7 1111 Go: 121 (±I.Ul !I'i Cel-I.:!l !II) L!:iU,} I'It! (·/-:1.21 '70 H:!.S) \~:! (±:l.:n 'St (±:I.\') SR (±I\:O; 
l'orll.lIl11. 3rH) i a • no I :m 31\JlI Lt:UIl Ull (±'.:!, .") )0,'1(" I:!. 11 J Ilfi (±:l. ,I 3 ;":1( '1--1. 7) HIli U·.s.:\) 80 (±Ii.fi) llti (±S.ll) 
(':!r'iIJIl... "'J .::I~~I__ ~~! ·110 no lO:J.(±:!.I) '77 (±I.II) a;':~(±:!.;l} .711(+2:.) ';"1 (±1.V1 Ua (±2.1) 3!l~ (±2.a) r::

C 

. ---'-c~I.~1 ,.....
~ n. fi 	 ~ fl. l ......_.:\Il,('c~~'''llr~~J...._~____f ..._ _ . _J___'_2~_I_I__._.~'i '11.1 I 117.11 I 'fl.·1 

~ .-~- ~~ ~~. 

c3
1 'I'he OVc-r!lgl''';; I!h"tln ,\t'ru d('fl\"..,.t1 hy ('utnlHii jug the IIH'1l1J IWii!ht of l';lC'lI of till' I:~ Sltwk ... ill a Vh'{'u plaut ',liulI, a \ l'r.lginI! tlw I:~ HlPall", Hlltl ('oU\'C'rl ing thl' O\'l'ragc height of 

e~l('h S;o('1; to n pt·rrt1ntagt· or thi!l a \'('fOgl·. J.'umh('r:.:. jll pnn'ntlll·:jl·... nro $ltllltlurtl error:;~ ::; 
2;;ignifil'!Ullly lalltlr than thu.nnlrngl~ (If 011 ~tlwks in the !o\Hmc Jlhmtntion • ~ 
.. ~iJ.mHi(·nntly ~horter thnn till.! nn~ragc of nIl ~tocks in tho s!mw plantation.
• 'rim dl~\'i:1ti(J1l (rom UYl'wge height is helieved to be due in jJ;lri to sitc·qunlHr vtlrtntioIl \\ it hiH tht) p1:intatioll :1«\1. 	 if. 

t=:! l<\lct. t=i 
Cl 

if. 
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The Siuslaw al1(1 ~I0l111t Hood-B test areas offered the grent('st 
contrast in the climatic conditions that vary with altitude. The 
:Mount Hf)oc1 ar('lt has th(~ greatest "Il'nltion, 4,(;00 feet, and has n 
mountain climat('. TIl(> Sillslaw a1'('(1, although not so low as the 
",Yintl River area, is "t'I'Y ]lear the coast, and t!lerdol'c has IL climate 
mi1<ler than that of any of the other plantatIOn areas. 

titoek from the Salltinlll Xatiollal !i'm'est, in the high Cascade 
Rallp,'L', thnt: \\'as plnntt'd on th(' P>,ills1nw coastal tpst arpa grew nt 
a plll,titularly slo\\' rate. In l!\;n ]t was 2:2 percent beluw the avcr
a!!e hpi!!ht for all sto('ks on that area, lln'I'agilll7 1(;.1 :f'c('t as COI11

pal'pd \\'ith a, gClleral a Yl'rngt' of ~1.'h fept. 'lhe gel1l'l'al Iwight 
an'rag(' :1'01' this plantatioll was l10t matched by the an'l'l1ge for the 
JJI'ogeny of eYl'n on(' of the H Santinnl parents. It aPlwared il11
pl'obablc that th(' poor growth of this stock resulted 1'1'0111 soil 
defieipllcy. The Hvt')'agps for thp Salltiam stock wen' bust'dupon 
:3(iH IlOl'IIla1 pro!!eny; this is a goodly l1ullIbt'l' fo)' these (pst 1)1I1'poses, 
as is showll b\' the slllall standard el.TOI.' of o.~s foot. 

PI'O[.!C'I1.Y fi'oll1 tlwsc sall1(, mountain parcnts grcw well. ill the 
h i[.!h-a Iti tudc pIa Ilti Ilgs. In the 1(Jl(\ plot on tIll' )[OUllt Hood-B 
arpa, at 4.GOOI'('ct altitu(lC',wlH'rC' the elimatc'is like (hnt or its 
l"C'l'CI-HlIll'('C' loc'ality, thl' Santiam sto('k a\'el'nge(l :2, p('J.'('c'nt (al1C'1.' 
thall the' aYC'rage 101' nil sto{'ks. Thlls it was as lI1ut'h ub()\'(~ a\'el'a!!(' 
nt hOIl1t' n,-; it "':\s 1)lllo\Y an'I'ngt' away 11'0111 home. This ~[O\l'l1t 
Hood avC'ragl' WtlS blls('(] l1]lOIl ;jl ])I.'Ogl'lly :1'1'0111 11 pal'c·nts. On 
the adjoi 11 i ng plot pIn nlNl ill IHIJ, 'whero :2TT Sa ntinm pl'OgC'I1Y 
wert' a \'ai In bit, for hei[.!ht-gl'owth unnlysC's, that gro\l p n "l'rngcd :3 
]lc'I'('t'nt tall('I' than till' a\'(,I':lge fill' all }';ioeks. On thl' lo\\'er-altitllde 
~r()lIllt. Hood plnnt:ttion nrpa, at :2,HlH) fept, tht' Santialll stock ·was 
11 pt'I'('t'llt abo\'(' til(' p:t'Ilt'rnl h('ight averHge; here this stock (50G 
trC'C's) a n)l'aged I,;j :f(,(·t, wl1('l'('n;. a II stocks a Yel'a[.!l'<1 G..b fc'ct. The 
!DIG sl'l'il's on this plantntion Hl'pa cannot be, uSt'd for c'(Jlnpnrisol1, 
bc'calls(! the' San\ iam stol'k plunted ill that year wns \lln(,NI in :L 

;.C'('tion ,,'hl'I'(\ the. soi I is not l1t'nl'iy so goo(l as in the H!<.;tiom; where 
rill' lo\\'-alti tll!lp stra i ns \\'Pre pIn ntN!. 

A se('ol1d l1lollntain stock, 1'1'0111 soun'ps fit :2/)00 and ;1,000 1ept 
nltit\lch' IH'Hr Palllll'l', Oreg" gn'w ns well as the nyerage in the. 
('(JHstnl Sillslaw plantation, III nil plantatiolls, the rows of l>ahncl' 
!-ot(l('k adjoilll'd thC' ro\\'s of 8alltianl stodc ",Yhl'I'cns tIll' Santinm 
;.toek Oil thC' Siuslnw area was ~~ Pl'I'('('nt slwl'h'l' than the plot 
a \'PI'a[.!C', the Palllll'I' st:o('k thl'l'(' 11-1!3 tr('es) waS 4: lWl'eellt tal h'1' 
ihnll tIll' plot fln'ra!!(' (tabk (l). 

At high altitudl's, tl1l' PaIllIl'l' :-;toek madl' approximately the saIne 
growth ~lS till' Snlltinlll sto('l\:. Til til(' ~[ollnt Hood-B 1010 planting, 
nt ·LOOO rept nltitud(', the Pallllel' stoek (81 tr(,(,s) was 1(j IWl'cent 
tallel' than the a\'el'agp i'ol' all ;;t(l{'ks. In the adja('pnt l!)}i) planting 
the Palmer stoek (IT.j tl'('es) nbout equaled the an'l'a!!p hcig'ht fot' 
all stocks. Til tIll' l\fonnt Bood-A IH.W plantation~ at ~,HOO feet, the 
Palml'r sto('k (197 (r('('s) Wa:'; :22 pel'eent (1.4 feet) above the :l\'Pl'

a,Q'p hei!!ht :/'01' :til s(()C'ks. Gl'owi Ill!' clo!';e to the Santiam stock, the 
Palnll'I' stock ill tlw :Mount Hood-A 19lG series was hnndicapped by 
the pOOl' soil qnality J11('Il( iOlled prCYlollsly, and its 1)001' gnn\,th is 
not considercd to l'el)l'c)Sent -fairly its inherl'nt vigor. In !!lmcl'al, the 
stO('1e from Palmer grl'W aR well as tIl(' aVl'l':lge at low altitud('f> and 
bettcl' than the HYl'I'age at high altitudl's. 
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The third mountain stock was dC'l'iycd from an altitudc of 2,(jOO 
feet neal' Race Track Rangel' Station, 1 miles from 'Wind River. 
Like the Palmer stock, it I?l'ew as tall as the tlvcmgc on the Sills]aw 
{'oastal test area. At the mtermediate altitudes of 'YinCl Hiver and 
the Snoqualm.ie, it did not gt'OW so welt ns the average stock. Un
fortunateJy test conditions handicapped the llacc Track trees in 
three of the :Mount Hood plantings, so that the results arc 110t Cll'lU', 
In the fOUl'th, the Mount Hood-B, 1915 planting, the. HnC'c. Track 
stock nparly equaled the avernge height of all stocks. 

Ot: the Jow-altitude, stocks testcd that :f1'011l HellIon, Ol'eg.. in pal'
ti(,111:1I'. has l'xhibitNl vcry little adaptability to higheJ'-altitude gl'Ow
ing sites. Thil{ stoek eomes fl'Onl the ('(I[istal hills in 'I\'C'st'(,0ntTal 
Oregon (Jig. 1). On the coastal Riuslnw :lI't'a, which has 11, C'limate 
~il1lilnl' to that oi' Benton, the Iknton b'C'C's (Gi! progeny :fl'OIll 'I pal'
(,~1tS) "\\'(,I'e +.;i :/'('('1:. OJ' 21 PC'l'c(,lll', ta,llel' than thn HVPl'agc (table 0). 
E\'l~n the shol'tl'st gl'oup of pl'Og(,I1Y :b'om any Olle Bpnlon parent wn.., 
12 liel'C'l'nt tnlle!' than the n\'C'I'age 1'01' the tl'lIet. TIt.i» ('oastal stock 
!IT('\\' 111l(JPI' the same tl':-;t l'olHlition.., as the Rnntiam mOllnlnin stock. 
\\'hieh grpw so poorly jn the coastal plantntion-in. fact. it was 
diJ'l'etly adja(,Pllt to :-;l'\,pl'a1 row,.; of the Sanliam mountaill :-;tock: 
but tht, {'oaslal tl'ce» aYPl'aged, 8 Jed talJer than t1H~ neal'est I'O\\'S of 
11l0ullta i 11 st.oek. 

In C'olltl'ast wilh it,.; slIpc'riol' gl.'owth ,dH'n planted llC'lll' hOllll', the 
Bell ton slo('k mad!' 111(> POOI'E'st g!'owth of H II sl (l('ks when pia nlNl on 
the l)IOllllt Hood ipst nl'C'llS. III the lDliJ plant ing Oil the :J[ollnl 
Hood-A tl'ac't at ~.HOO feC't altitucle, tile Benton stoek wah onl,Y 70 
]I('),('C'lIt as tall as tl1(> II \yprage (tabl!' 0) ; whel.'t'as tilt' a n'l'age height 
fo!' all st(J('ks "'as (j"!, f(Opt, that :for til(> Hpnton ,;toek was. on"y ·k5 i't'l'L 
This dilJ'e!'t'I1('p is siunifieani,inaslllu('h as tlH'l'e \\'('1'(' H:"l Hc'nton 
pl'ogeny all(1 I hp Htan<laJ'd 1'1'I'OI' 01' tlw aWl'agp height was only O,lH 
foot. Eadt of the S('\"('11 rows of pl'ogpny I'('pl'psenting Benton. 
pal'ents 'ras -fl'om 22 104fl PC'I'(,l'llt hC'low tht~ plantalion an:l'age fol' 
all stoeks. Thl' lot~ of iI'pc>"; growing on ('n('h tiide (If th~ Ikllion 
Htoc'k wel'e IlllICh (aller, Silllilal'iy i'n the UJI0 sC'l'iC's, the Bl'nlon 
stoek ns II whole was only ~m J)PI'('pnt as tall as ill(' planhll ion an~l'lIg('. 
TIll' avcl'age l1('igltts of the pl'Og('ny of indi\'idllal Bpnhm pal'Pllts 
l'Hngl'(1 :f'I'OI11 7;\ t'o H2 pl'r('('nt of thpgpnpl'al plantalion l\\'('l'ng('. 

(howilt of tilt' Henton slodc on the ~r()lInt Hoocl-B tl'net. at an 
altitllclt' of ·UiOO :f('pt, was :I'nr bplow tilt' a\'PI'llgl' :fOt' all Ht(l('ks l11pl'P, 
In the IUl;) sPl'ips the Bl'll!on stoe1;:: (.1-7 trN'S) n\'('rng:c,(j 1(1 ])el'('('l1t 
Hhol'tpl' than all sto('ks, 5,1 feet ill cont I'ast with OJ. f('t't. In thp npnl'
by l!JHi spries tll(' Hpni'on stoC'k a\'PI'aged J2 pel'C'(,llt Jess in height 
than all sto('ks; but this 1'ps111t :failc'(] to show significant inl'pl'iol'ity, 
be('llllsP thp \'lIl'iation among U1P 42 Hellion progeny was so gl'pat lis 
1:0 give R standard pITC))' of 0 pl'l'C'l'nt. • 

The data show ('Il'nrly thaI: till' Bpniol1 stock js not suih,a to 
the locality (If thc :Moun'l; Hood plantations, 1n thp. Casead{' Ibngp; 
on the ot11er hall(]. they, show :i"f->! as dearly that it is\\"l'lL :Hlaptl'd 
to the Joc'al;ty of thl' ~llIRlnw plantation, .Ileal' t:hc spaC'oast. 

The hpights of 1'1l(' PalmCI'. I-\antiam, alH] Bellton sto('k in thp 
Mount Hoo<l-B 1!)l5 plantation and in the Sinslaw plantation 
are contrasted jn ligure +. 
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The Carson, 'Yash" SCP(l-SOlirco loeality i::: nt low clevalion 1111cl 
has n, relatively Illild climnte, with ]light t(,l11pel'aturos in the ('ady 
spl'iug months pl'l'lmps higher t11an those 01 any other of thp s('l'd
source localiti('s, I,ike the stock derived from Henton, the Carson 

SEED SOURCE 
... NEAR COAST AT HIGH ALTITUDE NEAR COASTAT HIGH ALTITUDEo 
W.., 120 (PALMER) (SANTI"") (..NTON) (PAL".R) (SANTIA"). (orNTON) 
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"'''' ""g~ 0 L-_.L__--IL..___-I-_ 
STOCK GROWN IN A COASTAL PLANTATION ~ ~ STOCK GROWN IN A HIGH-ALTITUDE 'PLANTATION 

(SIUSLAW)(MOUNT HOOD-B 1915) 

FJ()t'HI'l ·1.-/I!'I!;hts or Ilnl1!(llIs iii' Hillel,s [Ii'rlvel] fro 111 lI100nlnin Hiles 111111 fl'om II cOllstnt 
~1fI', III It plllntnUolI lit hij:"h "lllIude IIIllI III II ['OIlShll pll11l1lltioll_ IEllch of the h['ight
vallirs showll was dr'I'h'cli liS folluws: '1'hl' 1111':111 hl'l~ht, III floct, or ('lit'll of the 1:1 
s(III'I,s ill It ~i\'1'1l 11111111:111011 WIIH ('OII1I1U(I'';; thu 1:l 1I1l'IIIlH wer!) 1l\'CrI!!(l'i!; 111111 the 
!lYt'l'n~~ lH'h;ht o[ l'l\dl stLwlt \\1\::; t'on\'~rt~tl to a. 'PCl'\!{\qta~u or the tl"l~ragn uf t.h~ It{ 
1J1l'tlnr-;.) 

stock grew uest on the S,iIl::;law l)lantati(lJ~ area (flg, 5). 'rills was 
the ollly test area, wllt'I'C It ('t]ll:th'd the hClgllt nY('rage of all stocks. 
011 the olh('1' plantation al'pa:;, on each of which so v!.' !'aI hundred 
p!'og(~lIy from Carson W('I'l' gl'o,,"n, the Carson stoel;: 'was invuriably 
inferiol' to llt'arly all other", Even at "rind ]liver, only 7 miles 
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from. their seed sOllrce, the Carson trecs did not grow well; this 
may be due to the fact thai; the nights (luring the early part of the 
growing season are milch coldl'I' at I\'iml Hi\'cl' than at Carson. 
In the :Mollnt Hood plantatiollS the Carson sto('k was significantly 
shortcl' than the average of nil sf oeks. III Ille )follnt Hood-A 101:3 
plantation, 'where it \YUS n'j)['esente'l by 3-t(j b'res, it was 16 percent 
bclow the avel'nge height, being only 5:4 feet high as compnred with 
un average of G,-! -fcet. Hl'J'c the progcny of only 2 of the 1(; Carsoll 
pnrent trees eXC't'lled the hl'ight :typrage crr nil stoeI.s, In the neaJ'by 
HJ1G sl'ries. agnill, the Canmn pI'ogC'ny were shod('[' than the a\'cI'aW'. 
In the Hili) ]\I:tnt ing (In til(' JliglH'r ::\rollnt Hood-B tract this stock, 
l'eJ?."esrnh'd by 200 1t'('l'S, was H pl'I'C'ent shorter than the avcrnge. 

SeyeL'llI 8to('ks !?,TrW eqnnlly w('ll ill Ilearly ('\,('ry plantation; that 
is to say, in co111 1)11 rison wit h 1'11(' an'I'uge :for atl st:cwk:-; they ranked 
al)()ut tirl' same 110 maU'pr ",hl'I'p till',Y w('rp plant('d. .\.n l'xample is 
(lll' Granite Fall!'; :-;(o('k, 'fhps(' Il'l'l':-; \\,I'I'P !'I'om :~ to :3fi ]Jl'I'C'l'!lt
tallt'I' thull :J\'PI'agp in l':I('h of til(' pight planlnlions (table D). At 
hiuh aHilllc!pf{ till'\' I.!;I'('\\· abolll liS \\,pH as ttl(' ~Ull(ialll lTlonntain 
st(wk. and nt low' n'ititncl('s tilt'\' Ul'('W bt'tipr than lllost lowland 
sto('ks. The Gl'anill' Fall:-; sl't'd2sol11'('P lo('alit\' wOllld. be classified 
as of low altittldl', and or cornpal.'atin'ly !llild dilllnlc. From [1 

eiimatie Fibl 11c1 poi nt' tllPl'c j!-lno Ob\·joll:-; l'xplanntion of the stock's 
adaptability to th{' ]\rolln(' Hood I(walil,'" 

A s('cond simi]] ('xhibiting widl' adnptauility was thnL: :from Dar
rington, a. loculil y ~O Illill's nortlll'ns/; of Ole Gl'llI.1tc Falls scecl
SOll1'ce arca. nnd at IlPul'Iy (]1(' :-;:IIIIP plp\'atioll, Tlte J)al'l'ington sio('I. 
eli<] not consistcntly n,'l'J'nup as tall lis tltp (irallill' Falls ~tock; iJllt 
it cl.icl JlOt show nl1); distill(:t :-;igm; of a elirnatj(' handi(,ap ill (hp moun
tnin plantations. and it Q,T('W hlllpr I han nny O(]ll'l' stock in the 
coasta1pia ntn tion. At. na iTi lll.!;t 011 tllp d illlll h' .i~ m II ('It mOI'{' milll than 
at the ]\[ollnt Hood-H plantntioll sitl', tirl' llW:l1I annllal h'lllpel'ntlll'U 
bl'ing highpJ' lrv (j() F. TIl(' blld~ ll~llllllybllrst JlHll'C than a, month 
('al'lil'J' at DalTingtoll. bllt thut tpl1dl'Il('\' did ]Jot l'('mlpr thl' Darring
(on stock sllbjC'ct"lollltt, spring fl'o:it llill11uge on the MOllnl~ HooLl"":B 
arC'a. A thil'd stoek pxhiLJifing tll(' ;:nI1JP' l'P]ativc 811('('(188 at high 
and low clevatiollS WllH that from PIIIllll'l', r('snlts with which nrc 
descriued on page 22. 

1)1 VI'IWI';:\I'I';;; .\.\1 0;';(, ~T(l(,K;; FII()~I r.\ 11I(l{"S 1.0(' \J.rrn:s 

Although Bllclt £:1('101')-; ('on('PI'ning tIl{' pn.rC'nt tr'pe II,"; ag(', soil, 
rainfall, gl'owing 8pa('(', lInciini'P('tioll sIHl\\'pd no ('{]'('d on the height' 
growth o:r til(> IH'og!'IlY, i!1 til is (IXI)(,I'i,lIH'nt, tlw IH'i!!iI /; grOlyth 0 ': 
stock:-; :from "onl!' IO('BlltIPS Wfll> (,llllHJ~tl'ntl.Y SUjlt'l.'lOl.' to that of 
stoeks from otlWI' joeni i ties. The oiJs(,JTecl l1 i /I'P1'('Il('('S in growth, 
r(,sulting :fl'om :fuc'tOl'S 01.' eOl1Jbinntinns of faetol'S that hayc. not 
be{'11 idCnl·ifipd. clistingllil;h wha('1l1n~' be tel'lllPc1 "loC'ulity stmins." 

111 ('v('JT plantntiol1, til(> uYCragp height of thl' Grunite Ti'all~ sUn'k 
was gr('atpJ' thn11 Ihl' a\'(lrngn IH'ig1Jt of all ::;lo('1\:s. In the. Slm;lnw 
planlation it was 110 P(,J'c('nt of' tlIP llH'an of all stock aYl'l'ages (tnble 
9), 24.0 fpc/, al; ('oll1parl'c1 with 21..! :f('et. HpJ'C' the stock wus rcpre
Rl'llt('d hy 102 JlI'OP'(,J1y (]('l'in'll frolll R pnl'ellt trees. 'l'hat the superi
OJ'ity of Grallite Falls stock wascOJlsi:;lellt among the progeny of 
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c1Hferent parents is indicated by the fact that the ::;tandunlerrol' 
was only 1.9 percent. III the ",Vincl River plantation of 1915, the 
stock ot Gmnite Falls parentage avcl'acred 35 percent taller than the 
average of all stocks. This remarkable supcl.'iority may have been 
clue in pat·t to better soil conditions where the Granite Falls rows 
were located than ncarby where the other stocks were tested. In the 
1016 plallting on the same (met, the Grallite Falls stoek was slightly 
taller than the a \'et'llgt'. On the l\Iount Hood-A at'ea, at 2,800 feet 
altitude, the Orllnite Falls stock in the 1915 planting "'us H; percent 
ta]]cL' than the average. In the corresponding 1916 planting the 
Granite J!'alls stock failed to show so dear a, snperiorlty. Hero it 
a-veragl'l1 j 2 pet'cent ta Iler tha n all stoc'ks, but the large variation 
among indiyid ua Is madt' it c1011btfu I t1wL the. an~rage was significant. 
On the higlll'I' l\Jount Hoo<l-B test al'('a, the Granite Falls stock in 
the ID1;-; planti.:tg :LY('I'aged 16 percent, taller than the average of 
all stocks, In the COL'l'CHpOl1(ling 1916 planting, the 11l'ight of the 
Gmnitt, Falls stock wa!:{ RlighOy sllperio)' to the averl1ge of all stocks. 
In the SnoqualnJit' plantation, this stoC'k WIlH 13 pel'('('nl' tallcL' than 
average. Thl'l'l' is 110 1I0tlut that, in gel1eml, the Ol'anile Falls par
ents ])I'O(hl<'l,(l till' 1lI0Hr vigorol1H progeny tested jn th i::; expeL'iment. 

The Rreond mORt vigorollS st-oek w:1s {hat, ell'l'ived Il'omDal'l'ing
ton, This stoel;: shmYl'd mlll'ked supl'I'iol'ity in fOlll' plantations, 
and elsewher(' was slightly uettl'l' than tlw:n:crage, In the Siuslnw 
planting t.he height of th(' Dnl'l'ington 1rl'es (Hi-! pl'ogeny fl'om 11 
parents) .WllH 12H pel'l'ent of the avel'af!c for all sto('kR, 27,3 feet as 
('ompal'<'cl wit h :lL·~ fppt. Growth of adjacent rows gaye no indica
tion that thl' 1I11l1snal hei<rltt growth of tht' Dal'rington I-;(o('k ill this 
l)lnntation ,YaH due. to any ('xll'H.-good soil C'onditions wlwl'l' the Dar
rington progeny grew. On the \Vind Hivel' test. a 1'(,11 , the 1915 Dar
ringtoll stock ,yas 7 pel'c('nt tallpl' than thl'. aWl'age of all stocks. 
Again, in bot-h the ~n()qllall1lio nnd thl' nJount Hood-A HJ1G plant
ings the Dal'rington tl'el'S were signi£icnntly tullet' than thl' avcrage. 
In thc 191G ,Vind Hi\'eL' ancl1D1ij Monnt Hood-R phllltntions, the 
Dal'1'ington stock was t-a11er t-han the nvcl'agt'; but: the (Ii fI'{'I'(,11re 
was 110t ('1(,fIl'l," significant., hC'rHllse of ilH'ntriat.ion in individual 
heights indi('ait'd by tIl(' stnndal'd <:I'I'Ot\ In the ,l\[ollnt Hood-A 
1D15 nn<ll\lolint Jl()()(l-B 1916 pla11lIngs, thc Dal'l'lIlgton stork wus 
no beth'l' thnll thf' awrnge of nn stocks, It was hnndieappec1 in. the 
httcr plantatioll. hOW('\'l'I', by poor growing ('omlitions, Clearly, the 
Dnl'l'ington s(ock pos:;pss('(linlwJ'ent qunhti('s that cnllsed it to excel 
the growth a \'PI'age of the 13 stockR tcs('(1 ('\'('n where itii ('Ilvironment 
WtlS greatly tlifl'('l'f'n(: fJ'om that of the pal'cnt trecs, 

The st!'ikingly snpcl'iOl.' gL'Owth of tIll' Gmnite Falls and Darring
ton stocl,s is not a, result of testing thc'sf' stoe];:s in climates better 
suited to thl'1ll thnn to otlwr$. On I>pwl':d tc'st arens wlwm both of 
them excellt'cl ot:lll'l.' stocks in growth1 the climate wns no 1110re similar 
to those of the localities Il'oril which tl1PY were derivcd than to the 
l1ative climat('s of the Gatt's, Fortson, Bmwl, or ",Vind Riwl' stocks, 

In extt'('Il1P contrnst: wit'h the good growth of the Granite Fnlls and 
Dnrrington stocks is the "PJ'Y pOOl.' gJ'owth of the Carson stock. As 
table D 8hoWI-;, the height of tIll'- ('al'soll stoC'k (lid not comc wit,hin 12 
percellt of the height of either the Granite Falls or the Darrington 
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stock in any of the plantings. In the Snoqualmie plantation, the 
Carson trees averaged 8 feet shorter than the Granite Falls and 
Darrington trees. As is brought out under altitudinal cffects, the 
climate, may ha.ve been too cold for the Carson strain in all the 
plantation localities except the SillS]UW. 'Whatever the. explanution 
of the poor growth, there is no doubt that this particulur stock, the 
test of which included progeny of 17 trees scattered over a range of 
three-quarters of a mile, wus not desiruble for planting pm'poses. 

The rank of all 13 stocks in height growth, as determined by av(:l'
aging results in seveu test plantings, is shown in figul'e G • 
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SEED - SOURCE LOCALITY 

FIGUllFl G,-Helghts or thl' ]!1 DO\1glas flr stockR t~Hfl'tl, In j plnnllngB (Ihl' :lronnt ITontl-ll 
lOW pinuflllg WIIS ('XChHIl'11 h('ellu~l' Shllll' sloel," In it hn<1 bPI'1I <1P~f'I'OYl'd h,l' flrp),
Elich of I]", height· I'IIlut-s showlI wns (1(>I'IYl-ll II~ follows: (I) 'I'hc 111('1111 Jlt'lgllt or 
CII(']l of tlt(' 1:': stocl,s. In j','et. III It ;:iv(m plu"tllll,," WIIS 1ll'tpl'1IIlncd; (2) the 1:.1 1I11'111lH 
were 1l1't'l'lIg('i1; un the 1111'1111 hcl/-;ht of' elll'h stock WIIS eonl'crtl'd to It pCl'ccntn);,e or thl' 
nYI'm);,!! ohl'ttillcll in step 2; (4) the pcrc<'IItng('s for It glYen stocl( lu the 7 pluuttltiulIS
WCI'C ul'cl'lIged, 

Sl'l'gUIOJU'I'Y OF IN [)JI'I!lUAT, l'ARENTS 

Comparisons of incliviclllUT parents hl tIl(' sume locality as to 
quality of offspring were madc as foJlows: (I) Tho .In('an he.ight of 
thc pi'ogeny 01: eaeh pUl'ent was com]llltecl; (2) the 11IranS '1'01' all 
parents ina given locality wen- avel'llged; and (3) each of the means 
derivecl :in sIp]) 1 was expresspcl as a perel'ntnge of the ('orrespon(ling 
mean dcrived in str)) 2. 

The greatrst: llmnbel' of parent trees in anyone. locality tested in 
this cxpcl'imrnf; was 21, and, wHh I:wo exceptions, the ]rusl: was a 
(table 1). The lwight elata. failed to show that I:he progeny of any 
parent trrc ranked. in a11 plantations either fii/!nificantly above or 
significantly below thr aV<'l;nge for progeny of all trees in the SUllie. 
locality. The. progeny of only 12 of the 120 parrnts rankrc1 signifi
cantly abovc or below frvera~e in three"fourths of thc plantations.
It was cone]uclecl that the thffercnce in transmissibl{~ YlgOI' among 
individual parents on caell ~t't'd-('ollection ul'ea of the expel'il11rnt was 
110t so great but that thoroughly reliable aVl'l'nges re}wl'sentillg 
Jocality stocks eonM be obtuined by using as few as seven parents 

, per secd-collection arca. 
MORTALITY 

Analyses were made to show the eifl'ct on mortality of climatt' 
and se,~el'a1 other :fnctol'S such as age of purent, infection of parent, 
seed-source locality, und dcnsity' of 1)1lJ'ent stand. 
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On rugged, burned-ovcr, uncultivuted forest lund not evcry tree 
in a given pluntution hus un cqual chance to survive the first year, 
owing to non uniformity of planting technique and of surface-soil and 
shude conditions. Unequal mortality in a given plantation during 
the first year might obliterate a relationship bctween source of seed 
and mortality in later yeiu·s. Also, replicative test plantations as 
widely scattered as those in this experiment may di frer widely in 
seedling losses during the first year owing to difl'crences in weather 
before, during, and after planting. Because of these inequalities, in 
this study the data for first-year mortality wcre analyzed separately. 
They showed 110 relation between mortaUty and sonrce of seed. 
Accordingly first-year mortality data were ellminated from the com:
parisons. MortalIty percentages were computed from the number 
of trees alive 1 year after planting llI1cl the number alive in 1923, 
after which year little mortality occurred. Progcny destroyed by 
fire, rodents, wind breakage, snow brcakage, falling trces, and other 
factors clearly not related to theit· inherent vitality were eliminated 
from the mortality compilations. 

The mortality percentages, given in table 10, show no signjficant 
difference in the ability of the various stocks to establish themselves 
and survive on any of the test-plantation areas. Low-altitude stock 
from a coastal climate survived well on the highest-altitucle planta
tion area; and high-altitude stocks lived as well as the other stocks 
in the low and mild-climated plantations. . 

~eAnLE TO.-Morlolili" in tile /cs/· p/f1nlntir}llR, fro III. lite .~cconrl 11C(l1' aflcr 
11l(wti'llf/ to .1!J2.'J, 'incl·ltsivc 

1l"ortllliLy- of trc(ls in given lJlnntlltinns at givell 1l1tittHlu.-;Roureo () f seed 

"'inilllil'cr Rno. l\IOllntlloml-A Mount Ilooll-B 
RillS' (1,100 feet) series ;IUIII. (~,SOO feet) ~"l'itlS (4,f1IKJfeet) series 
Inil' of- lIlio of-- of-

A!lit IIrlo. (2, IDO (2,000
LOI!ulit)' (feci) (eet) 


series (eet)
I 

of 1!)15 I!n" 1!1!1i (~fn?I~1 HI!r. Will 1\115 lHIfi 

-- --"·-lperce71~· ;:;::; Pcrre/~/- Perc(!1It ~ Percellt ~ -;;;;:;:, 
Dnrrington ••••_. _____ •__ . ,,00 5 7 I I la (J \1 a I~ 
]o.orI.80n __ ............... 500 ·1 I I 0 0 I 5 JO 
Hnzel.. ______ ........... 000 4 8 0 0 5 i 2·1 3 
Granito FuIl8........... __ ,100 5 ·1 :I Ii 2 [l 8 1 
I.llkevicll' ••.. _..... _..... 100 5 H 1 ~I 2 11 S 3 
Wind Hiver. __ • ___ ....... 1,:100 5 r. I 7 2 I:! 7 
Hllce'i'rnck.............. 2, UOO a i 10 0 l:l ,I
CllrSOI1___... _. ___ •__ ..... 400 0 I I ·1 a 10 I I 

PnlmeL.•• ___ ••• __ •• _. __ { ff:811g} ·1 2 I I 

:Portlnnd._. aoo:l 10 , 0 0 :1 0 10 
GuLCS.. __ ..........._.... 0.10 oj II ,I ·1 I !J 2 
 7 

SUlltiUlll ....___ ........... { U~~} I I 0 
9Bentoll..... ___ ......... 700 17 \J 1 2 
 '-- .~~·~·5 r~~-~L_~~I·--~·-~-·H·\ i 1 

I .Excillsh·u (If t.hllt cllllsod ill' Ilceidcl1t. 
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Parent-tree factors such as age and infection showed 110 effect on 
survival. 

The plantations differed little as to mortality 1rom physiological 
causes, even thongh there was such a wide rangt' ill the climntt's and 
soils that striking differences occurred in growth. Despite the gl'eat 
difference in environmental conditions between the Siuslaw area and 
the ~fount Hood-B area, for example, the plantatiolls on theS<! two 
a~'eas differed in mortality by only ~ percent. The greatest mortality 
chfl'erence between any two plantatIons was 6 percent. 

DIFFERENCE AMONG STOCKS AS TO DATE OF nUnSTING nUDS 

Observations were made on the 'Vind River plantations in the 
springs of 1933 and 1934 to detel'mine whether the different stocks 
difFered inherently as to date of beginning growth. The plantations 
were examined when about one-third of the trees had burst their buds 
<1n(l it was possible to distinguish three classes of trees-those with 
all their buds open, those WIth some of their bllds open, anel those 
with no buds open. Each t1'('e was carefully inspect-cd and classifie(l. 
"Wiele differences apl)('llr(>(] between some of the stocks, as is shown by 
table 11. When examined in 193B more than (ji) percent of the trees 
frol11 Lakeview, Carson, and Portland !;eed had bmst their buds, so 
that the needles were out and the new shoots were noticeably elon
gated. In contrast, ]lOt llIore than 5 perC'ent of the trees c1C'l'ivC",l frolll 
Darrington, Hazel, Fortson, and BC'ntoll had burst their buds. 

'rAIILEl11.-Strt!les of bud. 11l11"slillfl ill lite Willd Rire}' plaufalion8, .lillie fl, .11133 

Progell~' with

Seed,sourl'O loealit~' 
""cedles out I ITlIl(l~l~~lrst"l All buds tight 

---------------1.---..:[----1---_
! I~crccllt 3 PerCC'llt 3 Pacrlll3 

Oranit.e Fnlls .................................... _... ...... 22 (±J Uj) 29 (±9.0) 49 (±12.0)

Darringt.on............ ............................ .............. 5 (±2.H) 27 (±8.:J) 08 (±8.0) 

Palmer....................................... _...... -........... __ 22 (±7.ll 5a (±O.O) 25 ~±(l.M

J.nkeview......... _. __ .• _.... ..... . ....._............ (in (±11.5 20 (±O.O) 1·1 ±6.7l 

Oates........ __ ...... __ ............ _... ___ ......... __ ...... :l8 (±O.2) 45 (±5.0) 17 ±f>.5)

Snnti/ull ............ __ ...... _._. .. ... ____ . ___ ............ 33 (±IO.O) ·15 (±12.8) 22 (±S.8) 

Fortson........... __ ..• _,,_ ... _".__ ...... ._ ... _........... 5 (±5.0) 13 (±12.li) 82 (±11.9)

Hnw!.. .... __ ........... _ .. _ .. ____ ... _.. ................ 0 23 (±11.2) i7(±11.2) 

Wind Hh-cr.................... _.. .... .. ___ ..•• _.............. 22 (±9.0) 34 (±I:I.O) H (±1O.5)

RnceTrack.... __ ....... _ ...................................... aO(±IJ.:J) a2(±11.2) :l2(±14.4)

Benlon............ _._ ... _....... ... . _..... __ .................... 2 (±2.0) a5 (±7.fil n:1 (±7.3)

Portland __ ...... ___ . __ ... ..... . ... ___ . _____ ............ 87 (±:l.:l) l:l (±:l.:1) () 

Oarson ........................ _......... __ ... _. "............. __ "... il (±8.S) 2:1 (±5.i) Ii (±·I.4) 


-- ----~~- "--! .. _---"-,.- ~~-.. 
A'·erage............. _. __ ..... _.....,....... _...... ____ .;11 I ao I au 


1Needles sproull out on cntire tree, ami new shoots noticeably clollg-ntcci. 
'Buds bursting on Illost but not nil hram'hcs (hurls on luwer hrnnl'llCs usunlly ol,en Inler); needles not 

entirely (ree frOIll the elTects of being compacted wit hin the hud sheaths, so thut on the grelltcr purt of the 
tree they 11111'0 not spread out.in a Illaturc hrushlike arrangement, 

3 'rIle percentage of progeuy in each slage WIIS computed sepllrntely for cllch puren), lind the vnlues for 
dll parents ill [l given locality nveraged. Numbers in parentheses UfO standun! errors. 

To simplify cOInpiu·ison of the different stocks, the percentages 
for each seed-source locality were assigned weights as follows: 
Needles out, a; buds burstillg, 2; all buds tight, 1.. 'When the three 
weighted percentages for eHch stock were added the stocks were 

http:Darringt.on
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found to rank in the following ol'(ler as to time of bud. blll'sting ill 
1!);3a and 10:34, the stmin bursting it;, buds eadiest being placed first: 

1!)S8 lfJJ·i 
l'ol'tianu Wind llil'l'1' ( 'al'soll Wind Hirel' 
(':JI'SOI1 (: I'a nitc I·'alls l'Ol't1an(! Ol'lIlIil(' Wali!; 
L:tl,p\'jcw Henton l-:lIH'\'icw lJa l'I'ing-toll 
(:lItC''; Da I'rillgton Ua t~'s Helltoll 

Hantialll FOl'lson SUlltialll I!'ol'tson 

Ha{'p 'l'l'lIek Hazl'i Haec Tl'Ilel;: Hazel 

1':tlmcl: I 'HIllier 


That, thr. ol'(ler waS 80 nearly icl('ntieal ill the 2 yeal's is especially 
~ignjfi('ant :for the reason that the ~l'owil1g season in thc ",Vind River 
plantations bC'gall :2 \Y('l,ks lah'!' thall IIOI'ma I in 1!l33 and 2 wcel,s 
('arlier than l1ol'mal .in 1!):34·. The ppl'ccntage of trees with open or 
blll'sting buds, for all stocks, averaged (j1 on J ulle H, IV33, and 43 
011 ?\Iay :3. IV34:. 

COllipl(,tl' weathcr data, arc available fol' only (j ()i~ thc 13 locali
ties in wllieh secd was collcet(,c1, but: kllowled~p of "'('athcr cOlldi
tions in loealities sirnilal' to 1I1OSP :for which instl'llmcnt l'l'cOI'(ls are 
laekillg lllakN; po~sible ,'athcr depcndable c:olnparisolls of all seed 
501Il'C'('';.; as to spl'ing tClllpel'attll'cs. 'Vllcn the nn'lolls sloC'ks wcre 
di\'id('<! into thl'cc classcs accordin~ to charaeteristiC's of th(' spring 
clilllatl' at the Heed sOllrcc. a, dose rC'lation was fOllnr1 betwl'{'n that 
elillwt(, alHI the progl'(,ss of bud bUl'sting at ",Vind Hin'I', The first 
cIa;;" i~ j'ol'l1ll'cl (d ,..tock 1'1'0111. (ow-aJtitIHI(, plains and ndlC'ys haying 
n'latiyply wal'l11 sprillg days and ni~ht,,; the s('c'oIHl, of stock JI'OIU 
high altittH[(>s where both dnv:; and lIights :II'C l'old IIntil late in 
th(' season; and thl' thil'd, of'sto('k £1'011' foothill "alleys , ....hcrc :in 
spl'ing thl' day" arc wal'lll hilt owill~ to cold-ail' drainagc the ni~hts 
are ('old. Fol' thesC' thl'l'(' cln~,,('s thC' pr'ollOl'tioll of tlees ill the "rind 
Hin'l' plantatiolls havillg all tlwil' bllds still elosccl Oil June V, 1033, 
i:; as follows: 

P,'r('('I1/n{/cof 
/"CC8 willi tI/£ 

bn(/s tiyilt1. "'HI'l11 RllI'ing day,.: and lIig-hts:
] '01'1 IUlld __________ ,,_______ " ~ o 
(_':II'~(11l ... ·.. _ .... __ 4 _____ .,______ _ __ _ ___ .... _____________ _ (i 

La kf>\'il'\\"__ . ______. __ ---......... ------- .. - ---- .. - ----------------- 14 
2. Cold :-;pl'illg dars :IIHI Ilighl:-;:

Hnlllinlll ___. ___.- .. ___ . _________________ • ____ - -- ... ---- ... -- - ..- .. 
l'alll)('I'_____ .. __..___ ,, __ . -- ------ .. - --- .. - ---------.-------- 25 
Haec 'rl"nd,___ .. _..________. _ .--------- .--.....----------------- 32 
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It is e\'idenl that tlw stocks in group 1 wel.'(' the first to open their 
buds, those ill gl'oup 2 followed, and those in ~roup 3, with one ex
ception. we1'(' last. This stl('('('ssion is shown also by the 19M: data. 

In their natin' lo('alitil's the sto(,ks of gl'oup 1 have been obsel'ved 
to (1(1('11 theil' buds abotlt :3 WPl'ks eadiel', and thos(' of gl.'otlp 2 about 
;) weeks later, thall natin' Douglas fir stock at 'Viml Hivcr. In the 
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localities where the stocks of group 3 are native. Donglas fir opens 
Hs buds at about the sallie time :1:; at ,Viml River, 

To verify thc di1l'ereJl('('s in date of IJud bursting OhHCl'Y<~d at ,VintI 
Hiw't', the Mount Hood plantations W(>I'C examined. in 1033 act'ordinp; 
to the saIne proc:etIul'c. On the .i\[OUllt Hood fireaH the seasOIl of 
growth begins l:1ter, becaus~ of thc hip;hel' e1evatiolls; HO thiB eXalll
ination was made 3 weeks later thall the 'Vind. Hi"el' examination. 
Xone of the trees in the plantings nt 4,GOO feet elentl.ion had Jull,r 
('xposed thc'il' ]lC\\' Jlcedles, alld 87 pcrcent of the trces in tho!"'e plant
illp;s as n, ·\\'hole had not bt'p;un to burst tht'il' buds, Howc,'cl',J1Iore 
than 40 pcrcent of the tr('cs of the Cal'soll 1111<1 rOl'tlnmL stocks wel'(\ 
ill the bud-hlil'sting stage, substantiatillg ,Vjn(L Hi,'cr evidencc as to 
the early bud-llul'stinp; habit of these Rtock8. In the :Mollnt Hood.-A 
plantinp;,.;, at 2.800 fel't ('Jcvation, alJOut 90 pCl'cent of the tl'ce:; had 
fully expoHed th0i I' m'l'd Ips and tltt' l'emain(lcl' were bl1rst iug their.' 
bllds. Herr the li'ol'tson, Hazpl, Dal'l'inp;ton, and Benton !-'loeks "'(>J'O 

the last to opell t1wil' hllds. ::;hol\'ing the salllC tardy re:;pOfl;;e to spring 
('011<1 it ions as t1H'V showed at \\Ti nd l~i yel', 

]n IwitlH'1' pail:' of' .i\lollnt Hood plantations. at thc timc when they 
weI'(' t'xallIim'd. \\'a:-; gl'O\\'th in the I.)('sl: stage oj' ad,'nneel1lent to indi
{'ate ('It'ad~' till' dill't'l'l'l1ct'H lJt't \\'('('1 I sto('ks. ]n the plantations at 
4..GOO 1'l'('t too fl'\\, tn'es had blln-! flIPil' bllds, :Ind. in thC' plantations 
at :UiOO fl'('t too many had. alr'pad" 1'l'lt'aH'!l tlwil' needl('s and cIon
gatp(l thcil' shoots, 1;1 both eas('s till' III I III lit' I' of tr'pes in C':lC'h of the 
thrl'e stages o:t: blld bllrsting wns inHu/lit'ient to pel'mit ('olliplete 
llU 11J('I'i ('a I co III pal'i:-;ons among all stock-, The gl'e:l t intcl'\'al bet \\'cell 
the cal'liest and the latcst Oll('llinp; of bllds was l 1101\'(>\'('10, (lell1on
stl'atl'<1 yel,\, clea J'ly, 

TaJ'(liJl('s:~ in b(,!!rnn ing nn11l1H1 growth d icl not 1(,8;-en a I1tock's chancc 
of makin[! the saine It('ight gl'owthns :L I1tock h:wing all eady start. 
Of the f(llll' sio('ks that' bedlll !II'O\yth In.tt'stin the season. tIll' Dar
rington and Fortson sto('ks\Yl' 1'(" a!Jm'p aVt'I'ap;e height and the Hazt'l 
and Benton stot'ks WCI'C onl)' ;.clip-htly b('lo,," a ,'C'rap;t'. One of tlte 
stocks lHll'sti!1g theil' buds (,fll'l,'" that derived from Cal'S(JI1, mud.£} 
Y('I'Y pOOl' hClght /!f'owth (tabl(' D), 

Thp gl'eat sip;nific.aJ)('e of un inllt'rit('\J t(,lHlen('y fOl' :l.l-;t'oek to h('gill 
growth ypry pal'l,)'.in tllP sem~()n li(ls in tilt' dnnp;l'l' or danwge LJy.latc 
spring frost'. ObS('I.Tal ions hpfol'(' a nel after a la ll' spl'i II)! fl'osi on 
the "rind l{i,'er pla.lllation .. :1I'C:1. yiplded. ('onsid('I'abl(' dnia 1'('I-!'al'(ling 
the rclation of wcathcl' to bud lJul'stinp; anel frost injury in the vari
(HIS stocks, 

An examination on ~Iay 31, 1933, showed thnt the' Cal'soll and 
Portland pl'Ogeny were the only opes the buds of which had opened 
t.o uny great extent; thai; many 01: Ul('se trees lwd begun to elongate 
their shoots. and that others lul(l not bl'ok(,1l tIm bud. sheath. ,.:\. few 
scattercd in'di,·id.uals of other stocks h:1d, bl'gull t.o OPC'Il theil.' buds, 
hut in llca,rly all ease;.; th('se cfll'ly-openinp; trees were less than 1 
percent of t.ll(' total Illlmher. DlIl'ing tht' night. of )Ia,\' :31, 19a:1, the 
('ooperath'e 'Veatltt'1' BU1'Cllli station nt ,rind Hj,'el' rc('ol'(Il'd a,lnini
mum tcmpel'tltill'e of 21)° I,'. Xo [empc'l'Ht:ul'('. h'ss than HGo had pre
yiously been recorded since )Jay 10; aud 1'01' the la!:lt S tbys in Ma.y 
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the. llwan mnXillllllll tCllljJcrntlll.'(l. 'wns :')DO and the .menn minimum 
.~~o: hcn('(' thl'. :W" lilinillllllll Oil ~"ay :H. aHholl!!h it was onl\' :jO 

bel(;,\' il'Pl'%ing-, 'was all alll'lIpt, chang!', 'rhe efl'(:ct of that su(lclcll 
('hange 011 tl1l' l'IlCl'lllt'nt Ill'W shoots 0:1: the Cal'1-ion stodc wus V('l'Y 

lloti('eabll'ill thc aitl'l'noon of ,)1111(1 1, 110t, more than 1.:J. hours, arh.'I' 
the fl'cl'zi llg, The lll',,- shoot s, J)OrllJa Ih' a lig-ht-g-J'I'Pl1 ('ole)\', lwei 
tUI'I1Nl,Y('llo\\', In .another day (hpJ' had 1)('('Ollle I'pddish bro,,"n, 

On June, 1 and ~. s\'s(cmatic notps wcre made on all tl'PCS that had 
been Trostp(!. Mllst (;1' thl' bllds lhat. wcn' only partly open had beell 
injllL'pd. whilt' most. of those that ,,'eL'(\ eithl'L' eiosed 01' cntircly opel1 
h:id es(';"pc(1 inj lll'y, The Cal.'SOIL stoc'le lwd been most susceptible to 
tbe fl'Ost ; 01 a II (11(', Ca I'son tl'('('S wit It IH'W l1ped Ics exposed, 40 percent 
wPl'e jlljlu'('d, ~[o~t of til(' fl'l'shly injured. trees bore (kad, bl'Oml 
tufts of partly d('\'('lojll'c1 1H'('dles, e"idellcc of fL'ost injury in ])1'e
yions ycan;, .A fl'\\' t i'{'l'S 'froz('11 .in ID;)a Hhowed no signs of previous 
injury, and SOIlH' tl'(ll'H IJ('HI'ing till' lllHl'ks of :freellingin fot'111er years 
"'('I'e llot 1'1'0%(,11 j 11 Utl:3, 

The Carson ,S('ed-SOUI'L'P loC':llity ami the 'Wind Ri\'l'1.' plantation lo
cality arc ollly T lllill'H npal't by ail' lim', but CaL'son is TOO f('et hmcl', 
Cal'son lips ill till' COllllllbin Hi \'('1' norg(', ,\'here the pn','niling wcst 
winds lw\'p :hl'(' IHlSS:L!!I'. and Ihl'I'l'fon' Ita;-;fl'w calm nights with cold 
ail' settling I'l'Olll tlll,'hillH aho\'('. The.: ·"'ind. Hin'l' 'arpa, lies ill a 
Jeyel ntlll'j' '\\'ltel'p ('old a il' H('tt1('S from high Sll n'ounding hills on 
('aim ;.;pril1~ Hight..;, Till' 110l:ll1al l1H'an daily minimum tempcrature 
:for )fay is ,:IT''' F, at Cal'soll and a\)O at the "'ind Hi,'('l' plantation 
arpa, An aY('1'H~(, dill'PI'('J)('C' of H" in lllinillllllll t(ll111)(,I'atlll'e is hiO'hly
si~l1ificallt, l'sjweially IH'a1' tlt(' 10Wl'I.' /elllpl'ratUl'e ('xtl'('l11e at ":'\lich 
tl'('('S fllnctioll, Bud;.; of thc !latin' stol'k at Carson burst from 3 to 4 
weekH elll'li{'t' than bll{J:.; of natin' Hiock growing n('ar the "'ind Ri,'er 
plHlItatiolls, Frost;.; following l.llil'sting of tlH' bllds sddolll ocC'ur at 
Carson, ~H lYiJl(1 Hiwl' a SIIOI'( 1)(,I'io<1 of ",a 1'111 \wath('I' appl'oxi
matply eoillc'idillg with the ])('riod of blld bUl'sling Hi Carson pl'obnbly 
is sldiiei('nt to stal'! growth in Ihl' Cal'l-'on :--i.ock, Thl' .first wanll 
period oftl'lI i,.; 'foII O\wd. by ('oldl'l' ,\'('nthl'I', with ll'o:--t;:; at night. 

At Port lund til<' spring elinwtl' iH J1('nrly the ;:;anle uS at Carson, 
and ])ollgla:-; (iI' IHII',,,b ib buds at nbollt till' HllllP tilllC', lIo,,"e\'('I', 
the Portland siock ai ,Yillcl Hi\'('I', in tile Sllllll' stage or gn)\\'tit as the 
Carson sto('k :tlld :-ilililal'l,\' ('xpospd, was not :1'1'0%(,11, 

Oc('asioll:t I tl'PPS fl'(JIlI high-nli it Ildc' HOIII'e('s had C'xpos('(\. their lll~(,
dIeH unci IH'C'n I'I'O%l'n, '1'11(':-;(' tl'('(,"; IHld u('('n injuI'('d hv :frost in pl'C
yiOllH Yl'HI'S. :tI:-;o,'I'lw fpw il1<li"i<lllals of hig-h-nltittidl' l'tocks that 
hnbittlalh' 1J1l1'~t {Iwil' 1)[I(IH l'ad" ill tile ,Vind Ri"PI.' plantation;:;, it 
apllt'al'S, ~II'(' as sus('('ptihll' to fl'o~t aH tile low-altit.udl' Cal'soll Htoek, 

A fc,,, of til(' natin' ,Vind JUn'l' [I'ec'::; ~I,()\\,jng neal' thc plantat iOlls 
had bm'st thl'i l' IHldH and \V,'re i 11 the SaIne stagc of gl'owth as tlHl 
Cal'son stock, but on 110 native trccs wcre signs of (,Ul'l'ent frost 
jnjul'V llotiec'(1. 

'Ob;l'l'nltjons in ID lG 011 1- nnd 2-yeal'-old seedlings of thc experi
mental stock I'Pllwining in tll(> l1111'Sl'I'Y showed that' :f'rolll !)O to 100 
pCl'C'ent of tho>,(' of l"'l'~'Y se('(1 S()~ll'(,l' \\'('1'(' damaged by. se\'ere fall 
frosts that:. OC'('ul'l'pd bdol'C' the \\'ll\tCI' bncls had mailll'('(l. h~ll11)('rR
tnresof2Ho, 2;':i", a1ld :WO l!', beill~l'('e()l'(led on thl'l'C Slicet'HsiYe nights, 
No sign i fiell Ilt di{tcrcnce.in susceptibility to frost was observed among 
different stocks, 
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DEVELOPMENT OF PLANTATIONS 

Aside from the findings as to compurative growth of stocks differ
ing in provenance, this C'xperiment :,;for(ls a basis for studying the 
comparative annual height growth 14 of plantations, identical as to 
origin of stock, on lands differing in site quality, Data on annual 
height growth of til(' plantations al'C' given in tnbl(, 12, 

As was statC'd previously. the site qualities of I hp plantation areas 
are approximately asfollo,vs: Siuslnw, II; Snoqllalmie, II; ",Vind 
River, III; Mount Hood-A, Hr; ~1()nllt Bood-B, V. The nurse)'y 
stock was outplantC'd ill the springs of. 1915 and HJlG as 2-ycal' trans
plants"h17- by 7-fooC spncillg, alld was 111C'asurec1 in the antumns 
of 10 ddfe)'C'nt years, from 1Vl5 to H)!31. 

At the £il'st: 'llwasul'pment, in tIl(> fall of the yeal' in whi('h they 
were outplante(l til(> tJ'Pt'S :tvel':wpd 0.'1· :l'oot inlwi!!ht in ewl'Y planta
tion. LiLtIC' or ~10 llifl\·I'pnc(>. ,\~S fount! alllOllg height uvpi'ngC's for 
different plantation:::: until ni'tel' tlil' third gl'owing s('aSOIl, TI1<'n the 
site II and Rite III plnntings wpI'e a ]itt\l' bllpr than the site V 
plantings. By thC' ('nd of th(' fifth year th(' ~ite II plantingH wel'(' 
:I!out 2 Jeet tnIl, ",hi\(' t11(' siLl' l\~ allll sitp Y plantings ,\"('1'(' only 
flDout 1 Joot tnll. In ~ Y(':lI'S 11\ 0 J'(' Ih(' sih' n plantingH W(,I'p nead,\' 
4 '{'ept tall, whil(' thp sitl' lY and site Y plantillgs \\'('1'(' (111)' half 
us tall. At thC' end of 10 seasolls in flip fil'ld, fhp sile IT plantings 
aY('rag('(l 7 j'ppt in Iwighl and tlip siLl' IV and sitp Y plnntings ,n'n' 
less than half :IS tnll. At t11nt (illl(' thl' silt, ITI pl:mtill!!"S W(,L'(' :2 
i'eet leHs in ]H'ighl: than the sifp II planlings. ' 

At the Just 11l(>:tslIl'pnl('nL in l!);~1. on sitp" II, III, IV, anll V Ow 
heights of the IDl;; s{,I'jps or planting:.; a\'('l'agl'd :n..!:, IG.n, G.I, and 
6,1 feet, l'C'sp('ctivl'ly, find tlw hl'ights of t11l1 1!J1() sl'ri('s, '\\'ith 01H' Ipss 
ypar's growth, aV('l'agl'C1 1S.9. H,;'i. GA, and 4.~ -/'('{'t, respectively. On 
a Icndnnrl nl'('a of sile qllalit~· If, a!'lpl' 17 YP:lI'S in 11)(' fi('ld many 
Il'('es Wl'l'P :3,i 10 ·10 fl'l'l: tall nnd Wl'I'p ;> to G inc'hes in (liameter at a 
h('ight or ·L:i iC'pt abon~ 111(> ground, In plantatiollH of' I hp samp age' 
on the 811'(' V slope at 4,GOO r('('1 aliitndl'. \'pry f(·\\" tl'l'(\S "'erp mor(~ 
than 10 fN't tall and l.;;illl'\tes in diallwtpl'. Trpes on the site II 
HI'pas WPI'(' mol'(' than tlll'C'P tinH's as tall as those on tI1l' S1/:(' Y nl'('a, 
Consi(kl'ing th('s(' 1'('slIlt-:.; from anol:\wr nngh·, II spasons of gl'Owth 
on Rite n ('(1I1:1Ip(1 17 H'asons 011 site V, 1;3 10 1.) on sit(> IY, and 11 
on Rite lIT; allcl 8 ~pas()ns of gl'owth 011 "itp I IT (''Illnl('(1 11 un site 
IV. (HP(\w'('n ~itl' I\r and :;itc' Y not ll1uch gl'owlh cliil'pl.'('ncp 
appeared 11111 il anC'1' til(' (·Ie\'('nth yC'aJ'. Yeady t1atn :for comparisoll 
:11'(' not availnbh· 1'01' anylnll'I' p(,l'io(l.) 

The (lain al"o Rhow tlH' progn'ss of stn11l1 clC'wlopnlC'nt on orclinnl''y 
wild lands in W('~Il'I'n OI'Pg(;1I alld w('stL'I'n "Tashingtoll l'f'fOl't'sh.(1 
by planting. On til(' site n Hl'NlS th(' tI'('PS nttailll·(1 ~lI('h size n 
seasons aft('I' outplanting that the stand wa.:; bpginnillg to ('\081' and 
the branches at a h('ight of fj feC't: abov(> the gl'olllld w('I'e dying. 
A stand in this stngC' of <leve.\oprnent is shown in figlll'(, 'I, Oil tIle 
site III area, whic·h is ('omparable to mlll'h of till' mal'ginal farlll 
lal1(l l10W being abandoned in \\'cstCl'l1 Oregon and \\'('sterll 'Ya"h

11 Durilll' 111(' first' II ~'('Ul"l; of Ihl' Iif" of 111(' pIllllll1liollH, nllhnm:1I (II" plnllllliiolls 
\\'(,11'(' HoL \·J:.ilt('11 e\"(\I'~" yllU.I'. t1n(n 011 HllltllUI hC"ig-ht g'I'owtll -W(~l'\1 obtnltH'd by I'P('\)I'(IiIlJ!. 
Ill: e"('it loi\'11111111 IIICIlHUrl·II1!'lIt. 1101· only 1111.' I ull1l IU'i!,1I1 "I' 111,· tT"":; hll I 11111111,11 ("1'111 i 1111 I 
growth. 
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ington, :t good prot.ective cover of 6-foot trpcs was obtained within 
11 years. The lat'ger trees are now closing up so that they arc shed
din!; their 10'wer branches. Land of site quulities IV and V is pro
duclIlg wood yolulI1e Yel'y slowly. The test plantations on land of 
these site qualities required 17 years to reach a size offering mate
rial pl'otection to watC'l'shecl values. 

1"I!;l'IU; 7,-H("'tlLlII vI' ~llIHIII\\' IJluntuilon In 10::·1, III Yl'arH llrtl'r cstnbIi8hlll('IIi: 

IIIf:ASUllgIlIENTS AND GEHIIIINATION TESTS OF SEED 

"'l)('n till'- H('('<1 j'ol' this l'xpel'illl('nt was collected, in the fall of 
101~, ('xt(ln:;i\'e 1l)('aSUl'(,llll'nts and tests wcre made in onlel' to dis
CO\'('I' nny pOhsibl(' intl'I'I'platioIlS among b'cc' type.. ('UIlt' yil'lcL ('(Jill' 

siz(" s(Icli sizt'o nUlnbl'1' of S('(lel pC'I' ('one, seC'd yinbility. and r-;izl' of 
1- nnd ~-,vl'al'-()Id ...:cP(IIinf!s, TIle l'l'sults have alI'pady b(ll'n \'('IHJI't('d 
in cOllsicierabll' dC'Lail by 'Willis (l"L "Vi II is and HoflllHnll (8), and 
KI'fll'bl'l (.j). so they will nl(~I'('ly be slImrnal'iz('(l very bric·f1y i1(,l'e, 

TIlt' gl'pa{(lst nurnb(lrs of ('ones wel'(, pl'odul'c(1 Oil. t!'t't·;.; JOO to :WO 
yelll's of HI!<" 01' ~ to ;) f(,l't in diamd(ll', on land tlf~()ocl ...;itl' quality. 
HlH'h il'('t·S bon' about 4 bushels of cOlles each. upen-gl'Owll tl'ees 
pl'o<iuc·(·(1 5;') p('rcellt IllOl'e eones each than dt'nsl'-gl'(J\\~n tn·(·s, Th(' 
largest eOIH'S ,\,('1'1.' found on the trees showing til(' grrai(',;t CUI'l't'nt 
gl'owth of bl'aneilt's and shoots, On any giYl'n tn'p, th(' largl'st: ('ont's 
wen~ found Oil th(' lHOst yigorolls branches and the smallest conps 
were found all slow-growing, !-nl PPI'('ssf'd IJI'anchl's. Young tl'(,cs 
yieldl'd lurgl'l' ('OI)(,S than old tl'(~es. Cones from trees 15 yeal'S old 
a ve!'aged '100 P(,I' bw:;i1('·I, a n<1 ('OIH'S from tr('es (iOO y('al's <lid u\'('1'_ 

aged 1,0 Hi 1)('1' bushel. I.-urge ('on(1S u~llHlly contained larg('r s('('ds 
and greatel' nllmbel's oi: :ieeds than small cones. Seed from the 
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largest (,Ol1es averaged 35,000 lX'1' pOll nel, n 11(1 seed from till' smallest 
averaged 57,000 per pOllnd. Germination tests or elelUlcd seed 
showed that the number or viable fil'eds Pl'L' bushel of conc:; was 
nearly the samc for lal'(te as for small eoncs. 

Gel'mination tests of eicaned see(l nw<ie in OllttlOOl' nnrscry beds 
during (j ;;ucccssi\'l' Yl'IU'S in<licatl'Clno consistent efl\lct of provenance 
IIpon viability of seed. Neithel' the :fol'm, age, site quality, ('olHlition 
as to jnrecLion, 11OL' locality or thc tree ShOWNl any appreciable cor
relation with gel'mination of its secd. Similarly, slllall and ltu'gc 
seed did not cliifl'l' as to g('l'l1lination. 

Seedlings :from lurgc sl'cd "I"CI'C slightly taller at the end of the 
first ,.;eason than seedlings :from Sinal!. sl'ed. bllt by tho end of thc 
second season the two lob; w('rC 01' <'qllal height. No othcr Beed
source factOl' was fOlilld to have afrcctc(L thc, hl'ittht trrowth of the 
~-ycar-old seedlings. h I::> 

DISCUSSION AND APPLICATION OF RESULTS 

This experiment, the Iirst of its kim1 made with Douglas fir, oifers 
C'vidC'I1('p of whal llIay bt' C'xpl'dt'!.l whell ~N'd of the Pacific coa~l 
forlll oi: Dougla~ fit, fl'OIlI various localities is lIsed 10 g'('lIl'l'ate a 
:fOl'cst in Wl'stel'lI Ol'egon or 'westel'll 'Vashillgtoll. The results show 
that if good growillg eOllditions arc provided, !:wed f1'01l1 allY one 
of several types of ptu'ent iTCl'S will pl'odllce ii, fast-growillg stalld 
of yOUIlg' tret's. 

S(lpd t I'C(lS of diifercnt ages we!'e foulld to be equally good parents, 
;;() :i'nl' as growth of tht' pl'ogelly was cOIl('erllP!L , III all OVCl'IlIaturc 
stalld of Douglas fir, lIsually tlH'I'C al'e seattel'cd groups of youllg' 
trees that al'e too slIlHll to be cut at a pl'ofit. Such (T('(!S will produ('c 
jUi:it as vigorous seedlings as any othcl's in the shUld. 'fhey should 
be ldt and prolel'lpd as i-iel'(l trees. Sinlilal'iy, all.\' old lIlisshapl'n 
lr('('s that would noi return more than the cost of .loggillg should be 
left, if they al'e sced producers, . 

'Il'ees !!I'owing' Oil pOOl' silpS, if t11l'y al'(~ widely spaced, are oHclI 
cOllvelliefl( SUIII'('eS of s(,l'd :\'01' piHntinl! PllI'p(ISt':-;, III this pXlwrinwnt 
it has bl'ell (it'lIIonslmtecl by marc than 1,000 progeny derived from 
the pOOl' La\.:evi('w sit (' that the quu Ii ty at' the si te \\'11('1'(1 t hl' parent 
WI'\\' did nol ufl'e('t the inlll'r(,llt vigor of t1w progelly. It is 'belil'vl'd 
lilat thl' parenls were from onc of the first fl'W genel'ntions developed 
Oil the Lakeview sih., i'OI'III{'l'ly tlnollfol'est('(i glacial olllwash pIa in; 
possibly Ovel' a. l(JII~PI' peri.oct hcreditary deficiellcies wight develop 
liS a r('suH of poor Sltl' qllallty. 

The difr(,I'PIH'es ill quantity of precipitatioll bpi ween JlIost so-cnlll'tl 
"tlry" and "w('t" loeulail's in w('stern Oregon and Wl'stl'rn "~ashing
ton probably are not great enough to cause the development of 
Douglas fil' strains dentanding (lithel' wpi' or 1l1'Y sites. 11'11(' tesb; 
indicate thai no difrl'rential standards of rnoisi:uJ'e requirements need 
be asslIl1I('(l for DOl1l!lns iii' indivi(lnals growing in (liJi'l'rent localities 
in the C'ollllllel'cial timber zone of westCl'n Oregon ancI western 
'Vashington.

Sl'l'd l..rN's that 1111\'(' growll in "PI'Y l1(,IlSP lInll in V('I'y open stalHls 
pl'o(lll('(', (Iqllall" Vig'OI'OIiS ;proW'II'y. Op(ln-growll II'Pl'::; with wide 
bushy ('rowns p'ro(llll'(' Inrgp qlluntiti('s of (,OlIt'S within easy Reccss and 
III'C oill'n tiJll 1Il0~t COII\'f'rtil'nt. :,,0111'('(' 'for Hl'('d ('olll'dioJl. There is 110 



apparellt reasoll why Reed 101' plalltillg' should not bc" taken 1rom 
isoJatpd OPPI1-g'l'OWIl trl'(\s, Cl'owded tl'('l'S, with their: small CI'owns, 
(10 not produce so llluch }:Pl'cl m; 0pNl-gI'OWI1 t:n't's, FI'Olll tllP 
hel'edity stHndpoillt pit her densely gl'owll 01' open-grown tr'ees Illlly 
be left to restock cui-ovet' land; but gl.'l'at(ll' 11 1II1 lbel'l; of d('llselv 
IP'oWJ\ trees will be, required in ord('r to pl'oduce the same amourit 
of seed. . 

Of \'Pry gl'eat intC'rc'st to i'ol'e}:t('rs is til(' qlll'stion \,,11 eth (>I' it h; 
safe to leuve tr'C'l'S jnfl'C'h'(l with reel ring' rot 1:0 Iwrp('tuate. the shlnd. 
Lumb('I'llIel1 al'e willing to leave suC'it 1I'C'PS, bpcHus(' Ot'tl';l till' wood is 
so perllH'uted by I'ot tllllt the tn'e is wOI-thll'ss 101' 111l11bel', It has 
sOllwti Ill(,s, bt'l'1l cOlltl'ndl'd that tl1l' Pl'Og(,ll,Y of sl1eh tt'l'PS nn~ sickly, 
slow-growlIlg, and 11 II <ipsi I'll bit', On thl' ol:IIPI' hand it has bC'l'11 said 
(I) thai lil(' fllngus wOI'ks only on til(' old, ina<'f:i\'(' tisstlP alld may 
('x(,I'C'isl' no illfltl('IH'e on the h'c'p'l'{ vital i'l1nctiom;, H('l'f·tofol'p no 
signifiellllt tests ha \"(' bl'C'1l made to se'ttle tire. (jupstion wilpther 
ini't'dl'd tl'l'('S should be left: as seed tn'es, In t1w pl'psellt (lXPl'I'illlent, 
tl'(>('S (1('I'in'd from pal'pnls ini'l'ctl'd with rpel rill/! rot ha\'(' gl'own 
just as \\'l'1l as tilose from sound, healthy pal'pnts, Atnbout 20 
),('al's of' age, they sllow no signs of poor Iwitlth 01' d('dilling \'igor, 

It IIla,r 1)(' that slight inhl'I'pnt (lifrc'I'l'nC('s in ehpillical or physi('ltl 
st l'u('l:ltt'e fa\'ol' the· pl'netmtion of i'lIng'lIs hyphae in on(' tl'l'l' mol'l' 
than ill another. This point ('allllot be tl'ste(l on the hel'edit v plan
tatiolls unti I t hl' Iwogl'ny dpveJop hl'a I'l wood, and bra IIt'h-stub 
H\'('nUps of entry to it, Ulld('1' till' damp shade or a ('1'0\\'11 ('anop'y 
where conditions are fa\'ol'able for' dp\'C'Jopnwnt of I'pel I'ing rot. 
In examining old-growth stands Bo,)'('(' V) fOllnd pruetieally no 
red ring 'rot in trC'PS Il'SS than If)O years of :tgl'; alit! in sN'ond
/!I'()\\'th stalHls, Sf'l'iOliS rot J1('t'd not be alltieipaled 1)('1'01'(' tilat agl', 
Fl'ol1l the standpoint of nl:tlHlging a new stand of tinlb(,l" dC'C'ay after 
l.ilO :refll'S dm's not greatly mattl'I'; t!'PC's older than j;iO ~\'('al's lose 
tlwil' rHl'l1ing pO\\,l' 1', and til{' managed i'0l'est8 of the :futlll'e will 
probably bl' ('ut b('fore lhl',\' I't'aeil that age, 

It is obvious that to eliminate fUlIglIS disease spol'el' from the 
o\'el'lllatlll'l'- ion·sts of tilt' Pneific NOl'thwest is quill' impossible, so 
that the Il'Hying of ('onky s('{'(1 tl'l'('S can haye no apPI'pciabll' (1f)'Pel 011 

fOJ'('st hygi('J1(> in the r<'gioll, In yutting opel'atiollS, wlH'n' conky 
trees are PI'PSC'llt and art' lH'Pckd :to I' sl'pd pllrposps they ~i1ollld be 
left sta nd Ill/!, not Cll t and. Il'ft to rot on thc gro11 nd, ' 

Rl'stoeking a rOt'pst by plnntill" usually il1\'olves ('ollC'ctillg seed 
where it is plt'ntiful, ("'en though tl1e- s(·ed-supply locality is at It con
sidPl'able dIstance froll1 tite planting site, Bl'inging seed. froll1 alien 
habitats involves chances of misfits, III a l'egion ·with to])ogmphic 
and climatic variations as great as those. of westC'rn Orcgon and 
western ·\Yashin~ton. trpes derived from the wurlll('st part do not 
thrive in the colclest part, accor(ling to results in the prl'sent experi
ment, in which tests werl' made with some 11,000 trees del'iypri trom 
13 dilrerent, localities. Altitllde 5('r\'e5 as a cOlwenit.'l1t :111(1 ronghly 
accuratc n1t'aSllrc of clillwUc di/l'crellces bl't\YCl'n t\\'o localities for 
whieh aetnal weather' records are not anlilable, bllt is not entirely 
reliable as a. gage of elimate in sC'aC'oast Statl'}: ·whcl'e dimnte at 11. 

given altitude diffel's aceoJ'(ling (0 proximity to the ocean, The 
test plantations sho\\' clearly that it lS llot safe to USe seed from a 
warm coastal Qclt 101' planting in the high-mountnin climate of 



Oregon anl! \Vashinl!ton, and t ha t sOllie Rloek del'i \'l'd fl'om 11 igll 
altitlldeH I!I'OWH poody .at low altitudes, On till' otlll.'l' hand, tl'l~l'S 
<It'I'intl i'('OIIl ('('I,tain lo('ulities at l'elatiYl'ly low al! itutlp:-; hayp. dOlIP 
wpH at hil!h altitudes, These HlOl'e adaptable strains arc vel'y useful 
1'01' planting in years when the seed crop is not l1('a\',Y in alliocalitit's, 
If seed is sought :1'01' planting in 11· lo('ulity "YiWI't' late spring frosb; 

al'e £I'('(lIlent. it is unwi!'it' to collect it from a locality thnt does 110t 

han' lalt· fl'o:-;ts, En'n if the SOIlI'('C of Sl'NI is within .a. J'pw milt's 
of Ihe plant.ing site, ('old-ail' (Jl'ainlll!c lIIar enUSe ent il'ply difl'el'('nt 
('ollditions at tht' two pla('ps l'ltll'illg spring' nights ant! the S('l'd Illay 
('onsecI'IPnll,V lw ill. atiaptpd to the plantation sit(l, Tht' pl'ooll'nl or 
Jl'osl dalila/!<' eannot Lw sol\'l'd l'ntil'ely by II:--ing hil!h-altillldt' ::;tlil'k; 
Ihl' hi/ih-altitude stock, in I'('sponse to the first warm ,,\"cHther of' 
spl'in/i' lIlay Opt'l! its buds too ('al'l~r with till' result that t IH'.\' al'l' 
lall'I' f'l'Ozcn, 

Houl1ti I'u I sP('d l'l'OPS () I' DOlIl!lm; fi I' IISlIa 11.r (J('C'III' only, Olll'P in 
H' \'C'I'aI ."<':11':-;, B..twC(,1l the Ill'a\'y-:-;t'cri-el'O(J 'ypars. wl](,1l satlsfadOl',Y 
1'1Ipplips of sl'l'd :1'1'0111 ';0111(' IO('trlit ip:; al'p not availnbl(,. tlH' plallt!'1' 
i:; likt'lv to l.w It'lIlpll'd, 1'01' ('xaillplp, to IIH' l'oal-ital ::;to('k at Itigh 
altitucl(:s, Ol' hil!h-altitllclt' l-itol'k in tl](' wal'lll t'iinlatc of Iht' S('1H'Oast, 
In gt'm'l'al he (,:Il1llut sufl'l\' 1Il'1' sPl'd IIntil Itt' kllo\\'s it:; ;;0111'('(, and 
tlH' ('Iilllalc at tlwt HOIII'('t'," TltplI Ill' l-ihould match his ~(Il'd-:;(Jur('e 
an'a 10 his plHlltin/!: al'('a 011 titp iJUSiH of ('Iilllatl', lIlllp,;s h!' knows 
1'1'0111 aeillal te,;ts tha! II l'('('lain s(I('d, nlthom!il nati\'1' to a difft'l'('nt 
cliIllHIl', is f'lIit(l(1 nll-iO to that of his plant ill/!: ':1 I'l':I , 

011(' 01' Iltt' 1I10:;! illlpol'funt ('ollsidel'utionsin plnllting a I'OI'('st i:-; 
the possibility of I'eit'dilll! a sll'ain (](' I'aet' of fl'l'pS mOl'p \'igorolls 
than thai nali\'!' to thl' plantinl! I'ilt', '1'\\'0 f'to('k:; aiIIOlI!!' illl' I:~ 
t('l'tt'll in this l'Xlwl'inll'nt ('xhibitt'd ollistalldillg hl'i/!:ht-/il'o\\,th vigor 
('\'('n \\'1ll'1l plantl'd in all alil'n l'llyil'ollnll'nt. TIll'';(, l'xl'l'llt'nt l'll'ains, 
(hol'l' of tilt' tl'(lpS fl'Oll1 witic'h s('l'd was ('oll('cied at (hanitp Falls, 
W·n:;h" and 'i)nl'l'inl!ton. "~a:;h .. ('an be plalilcd with HI('('l'SS at any 
altitudl' in W('l'tl'I'1I OI'('l!on and wpstcm W"'a::;hinp:ton, fl'onl the (,(Justal 
hills to ·UiOO f(,pt abon' ;;('a 1('\'('1. 

O\\'in.u: to till' nal'l'OW limits of tite Hl'paS O\'PI' whiC'it pal'l'l1t trces 
W(,I't' saillplt,(l. t h(' IlOlIIltI:ll'ips of tit(' :t I'pas O('('lIpi('d by tilt' .lil '1H'l'i 01' 
I'il'aills III'!, 1101 kllown, This (lXIWI'iIlI('lIt pl'(wl'd 0111," litat sto('k 
fl'Oll1 ('PI'laill pal'(11l1 1I'(,('s ill :! lo('alili('s \\'a;; ]'('ttl'l' tltall st()('k f1'01l1 
('PI'laill pal'PlI1 II'('PH in 11 otlll'I'lCl('al.itil's, rnfol'lllnatl'ly it waH not 
]lossihl(' to jlI'PSPI'\'P 1111' tf'litprl ll:ll'pnbfol' latt'I' ('x]ll'l'illH'lltul u:-,p; 
nlo:-;t of Illl'lIl had I)('l'n ('lit, and th(' id('(Jtily of the remainder was 
lost. 

If till' PXIH'II:;(' of' plalllilll!is jllstifiP(1. ('PI'taillly till' :;Ill:tll P;dI'H 
('XIWII:;(' I'('qllin,d (0 obtaill s('l'd fl'olll PI'I)('C'ially hil..dHplality SOIlI'('('!i 
i:-; jll"tifil'll. UI'o\\'ing sto('k thaI pJ'odu('Ps ]0 pel'('PIlI more wood 
than dol'S li(()('k 1'1'0111 alloUIt'I' s(l('(1 SOUI'el' lIIay bring l'xll'a I'P! III'n,.. 100 
tillll'S tilt' ('xll'a ('ost of till' I'epd, 

j'lll' llIol'l:dity data takl'1I in tltis ('xpPI.'il1lpnt indil'att l thnt D(JIII!
las fil' ""l'pd fl'OnllilY palt of till' ('OIllIll('I'cial tilllbl'I' ZOIl(' of W('Htpl'lI 
OI'P<rOII alld 1\'('"lt'I'n ,"al'itilll!lolI 11I'Ot!ll\'l'l' tn'ps tltal will lilll'\'in'in 
Hllyrotltl'l' l'('C'tioll of this tpl'('ito"y wilitin thp I'alll!(' of' ('olHlitions 
t('sl{,d. Nol :tll tbt, StOl'i{li will /!:I'O\\' thl'if'til" in alll'lIdl pla('PH; ],lIt 
in spil(' of influ('lIccS in sOllie localities temlil\g to slunl tlt(!il' growth, 
all will ::-lIt'\'ivc, 
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The records of anllunl alld periOllie height growth on fll'enS diJrcl'
ing in site Cilln lity show tlint plant ing 1'01, wood prod lICtiOIl should 
be clolle on the IJci'Rt sites first. If yoillme growth is proportional to 
height growth, 1 year of idh'nl'ss for.' a site IT a(,l'e is n gr.'cater eco
1l00ide lo;;s than 3'ycal'::; of idle>nl'~s Tor a site IV 01' site> V~ael'e, 

On land of "itl' 'cll/ality II ill the PI'Clit'llt zone of lumbering oper
ations west of tllt' Cascades in Oregon un<l 1VHtihington. the Umber 
gl'ow(>r may ('xIWc( a. Cl'Op of ChJ'iHtmas trees in 10 :relu's, ancl in 20 
,\'pal'''; 01' so n t'I'Op of post::; ana mine PI'Oj)S, 

Tn OI'(]Pl' to Il':-{- h('I'p(liwIT t(>J1(]('lIrirs of the Pn('ifi(' ('on:.;t COI'm of 
Douglas fil' (J>8(//(/O/811!/I[ i(u'ifo/ill (Lnml!el'l) Britton). seed was 
('ollect(><1 ill till' filii of 1!lJ:2 ill 1:3 dill'('l'pnl lo('alit i(·..., in w('slpl'll 'Vm;il
ingtoll and Wl':'-!l'rn OI'(',!!OIl, within till' tl'('P'S (,OIlIIIIl'I'('inl l'lIl1ge. 
The h'p(,s II'om which H·('d WIl!-- ('ollC'('tl'd, nlllltl)(:~l'ill!! in aU 1:20, W('I'l~ 
!--o eho:'PIl that in llJ{J:-t of llH' l!3 IOl':t\ilipc; tlll'\' ufl'in'dl'd (,Ollit'a'';{ in 
indiyidllnl ehaJ'He(t'I'isli('s, COllljHu'ablp ('(Jllt·dians \"(>1'(' HIn(J(' fJ'om 
youn!!('t' and oldt'I' tt·p(,s, fJ'ol1l ll't'ps !!I'owin!! on HI'P:lS of !!ood site 
fllmli'ty altd IHIOI' ...,itt' qllnlit,'" fl'ollJ cJpC'n-gl'()\\'I1 alld cl'owclccl t1'(,(,s, 
from fllngll . ...,-illf'('(·ted and Ilnild'p('jl'd (I.'('t's~ llHd 11.'011/ tl'('t'>:i nt high
and low nIl Iludt's, 

COIJ(':> lind ~(,l'd \I'('I'P llll'aSlll'P{l. nll(] H'pc1 was {C'stl'!ll'OI' grl'rninatioll, 
The f;'Pf'd WH:.- :-0\\"11 ill 1l1l1'C;l'I'\, l>t'(]..., in tilp SPI'ill!!::; of W1:3 find HlH, 
The tl'l'l'!,; ~1'ClWll fl'olll it\\'l'l'{; tl':IIl~plnllt('{l within tllC' nlll'H'I'\' at tIl(' 
age of 1 ~\:pat' and \\'('1'(' l1:ip!l ill til(' sp:·il1gs or IH15 and l!HG. at the 
ag'(' of 2 ),('al·s. to p'itaiJli"h ]'('pli('ati\'(' tl':.;t plnntntiolls Nt!'h (.ontain
illf!' PI'0f!'Plly of {,"PI',\' pal'PII! II'(,P, TIlPs(> plalltation;; \I'PI'(, IOl'atp(l on 
blll'j)t'd-o\'('I', lIl}('lIltinltpd fOl·!'~t InlHl, ill rOUl' lo('uliti(>s Hnt! at foul.' 
diil'C'I'C'lIt nILitllt/Ps, All tIll' t('!"I-plantatioll I1I'('n::, likl' tlI(' s{'pd-eol
lecl"ion tll'pa:-:. Wl'l'(l within {ltl' pl'illt'ipal I'nl1!!(, of till' PHC'ifie (,Ollst; 

f01'111 of Dougln;; iiI', The plalltl'tl t1'(,(,:-; "'('I'P 'oh,cl'Yptl and mcasured 
in 10 (lifl'pt'pnt YPH],:', fl'OIll 1!1l:i l'O ]f1:31. In ill(' latlp], \'PHr the SUl'
dying JlI'1)P'(,Il~: II 1111 IIJPl'pd nl)lJllt ~,:i()n Oil 1'11111' lfl];') plu·lllatioll;' nnc1 
nlHJIlI: :2,kOIl 011 filII!' .1O.IG plnntati()lIs, Findings ",('t·t' as follows: 

Th(' ngl' of till' pal'vlII t 1'1'(', til(' qlltllit~, of it..; gl'owing :.-it(l, it~ 
, !!I't",-illg "11:1('1', Ill,d it:.; ('()Il!litioll n:.; to flln!!,lI" iuJ'p('t:ion hall JlO (,f1'('('r, 

.. 'UPOIl thl' hpig!l( gCo\,,!!1 of I II!' [l1'0f,!P11.\', ' . 
OIH' st(wkf rOIll n hl!!'h alUtlldp Illud(' IlltH'h 1[1"" !!'1'()\I'lh 11m]] thp 

n\'Pl'ugP of nil :.;t(wir-. ill th(· ('l]unblC' <'lillllll(l of Ih!; ()I'P,!!Oll ('oa,.lal 
Itill~, but !!I'('W 1l11l!'h lH'ttl.'I· tltall t!If' II\'PI.'i!!!(' at a hi!!h nltitudp in 
dH' Cuscaill' Hnll!!p, Jll ('OIlII':I:.-t. U :';(CH'k ll'olll tlIp OI'P!!()ll t'ou::tnl 
11ills ma(lp 1p:-s g'J'()\\'lh than thl' nn'l'ug!' of nll stock.-; ill til(' high
altitude plaJl!ntioll, btl! gl'{'1\" IJi1Ieh In'ltp[, [hun IIlP :I\'l'/.'U!!l' in tllP 
('oa;;ta1 plantation, 8('\'('I·nl,...,t ()(·k;; ,!!I'PW <'l]ll,a lIy wpl L in comparison 
with thp aYPI'ngp, on <,ac'll of tIl(' !tn' plnnlfltlOn nn'lh, 

l>/'op:Pny frolll two r:('P<l-sOIIl'('l' lcJt'alitit'~ I1ln<l(' ollt:.;tnndin<!!ly gooc] 
height gl'owtil, 911 <'1\I'Pl'Y Illlallt:l,~i(JJl Hl'e:tlthe,V ('x~'l'(ldl'd,thlc height
growth It\'{'I'Hgl' i:01' a . :.;t()(' ,:-" :-;111('(' 110 c' Illl'adt'I'l:iii(' 01' t 1(' pal'('nt 
I /'p('s a~ individuals was fOllnd to pxplain it. t hi:.; olltstnllclin,Q' !!I'owth 
was attt·jbuil'd to inlwl'ilublp \'i!!or dllll'tlC'tPI'i:-;tie of a !--tl'ni'll ()J' r;lC'p 
within til(' VHl'i!'ly, ' 
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Little cliil'crencc was obS('l'vetl between the llverage height growth 
of the progeny of a given tree aml the llVC!'age height growth of the 
pro,,-cny of a11 pnl'('nt tr('('s in the same locality.

~fol'(lllity in the plnlltatloJ1s WlIS not afl'ectcd by SOUl'ce of seed . 
. M:lI;kcd diLrer~n.ces in the d!ltCS at which progeilY fronl seed trees 
111 (hiterent localIties bUl'st tbell' leaf buds ,,'el'e observed in the'Vind 
River und :Mount Hood l)]ant:~tiolls in the springs of 1933 uncl1934. 
In 1934, a yeur when the gl'owmg sen son began about 1 month enrlier 
than in 11)33, the ol'll('l' in whiclt t1}(~ val'iolls stocks burst their buds 
in the 'Yinel River plantations ,\'as ]l('ndy the same as in 1933. 

One of the stocks thnt burst tlwll' buds early in the season on the 

W'ind Rh'er arC'a, was badly fl'o7.C'n in the spj·ing of 1933 during a 

single night whell the t('l1l p('l'a.itll·(, fell to 29° If., ttiter a series of 

l'elativt'ly warlll (lays and lIi!!hts. This :;lo('k had been fro7.en in 

prcvious years, also:' Anoth('I: sto('k on this area, that had openeel its 

buds was 'nol afl'0('(ed by the {ro"t.

Trees on plantation areas of site quality II grew as tall in 9 years 

as trees frOlll th(' snn1l' p(l1'('nts on a plailtation area of site qliality

Y gr('w in 17 years. On a good-qunlity lowland site, aiter 17 yeal:s 

in the HeM many trl'l'S WC'l'C' :15 to 40 feet tall ana were {) to () inches 

in diameter at a.-height of +.5 fr~'t above the ground. In plantations 

of the sume age on a P()01'~ rocky slope at 4,GOO feet altitucle, very few 

trees were morc thun 10 i't't't tall and 1.:1 inches in diameter. 


No parent ehul'adcristics wel'e obsel'vecl to lULl'{\. affected signiH

eantly the yiabilitv of !'lIe seed. The largest cones Hnd seeel were 

-rouncl on the. young tT('eS aml 011 the most'vigol'ollS hranches of any 

given trec. S('edlings -from lar!!e seed were slightly taller during the 

Ihst year than seedlings from smull seed, but during the second year 

the difterence disappeared. 
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