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Seed Crops of Forest Trees in the Pine 
. . Region of California 1.• 

B)' H. A. FQwelb und G. H. Schubert 2 

Fvreslers, Cal(fQrnia Forest and Raug(' Experiment Slation,3 Forest Serrice 

~ro provide a bettcr basis for sih'iculturnl practices in thl' pine 
rC'gioll of California, we are reporting the results of 28 ycars of study 
of s('('(1 crops. The study covered the developmenLoI cOlles,periodie
ity of cone Cl"OpS, types of trees hearing cones, climatic and biotic 
factors afl'ecting COIll' Cl"OpS, llnd the dispersnl of seed. The findings 
reported here should help foresters do I\, better job of pbnning silvi
culluml praclices. 

Thc pine fc,n'sls in the pille region of California (fig. 1) contain 
about 1l.2 million ncres (2)\ of nmunercial forest land on which 
POndcl'osa pint' (Pinus J)onderosa Lnws.), sugar pill(' (P. lambertiana 
Doug!.), 01' tfefl\'e), pille (P. jeffrelJi Ore,'. &; Balf.), singly or in 
('olllbinlttion arC' tile' principal pine species. ~Iixcd commonly with 
the pines m'e whitl' fir (Abies COlicolor (Gord. &; Glend.) Lindl.), 
i n('(~l\sp-('edar (DibocedrllS dec ~u-rens Torr.), Douglas-fir (Pseudotsu{/a
mmzeisii (~Jirb.) li'mnco), and California red fit" (A. magnifica A. 

• 

::\[Ul'r.) . 

GN)~I'It])hieally, the pinc forests occur in thl'ce subregions: (1) The 
'Ycstsid(' Sierrn, whcrp all species nUt)' 1)[' found in mixtures except 
tltn t Douglas-fir is more common in the northern Pfl1:t nnd red fir in 
lhl' highcl' nltitudes; (2) the Eastsid(' Sierra, where ponderosa and 
,Jdfn'Y pines p!"edominlttp and white fir ilnd incellse-cedar arc asso
ciltll's; nnd (8) the Coast RUnge Pine, wheI"u ponderosa pine, sugar 
pin~" while fir, Douglns-fir, und in('('nse'-cedll1" nre found in mixture. 
TII(I region IlIIs suppliNl th(' bulk of ClllifoTnia's timber Imrvest, and 
it is certain to be' il major samet' of timber in thc State as forest 
lnanngcm(>nt becomes morp intensive. 

Aft't'r tl1(' pel'iod of clt'lu' cutting in the eurl~r pnrt of the century, 
mllth of the cu tt ing prndi("(' un til rp('en t YNlrs WilS bilsed on a system 
of individual {H'P sdl'(,tion, utilizing tIll' tn'p einssps described by 
Dunning (C). Subsequently insect risk wus shown in the Eustside 
pint' typl' to i)p nssoeintl'd with recognizabll' vigor classes (24.)' and 
milt'king to rCHl.oyp tIll' l)oorpr risk treps was ndopted ruther generally. 
Bul further ('xperien('(' hns JlOW shown thut individuul tree selection 
ii" not nn appropriate sih·iculturnl method for the in Lolernn t pines, 
pm'ticui:Ii'ly when regclIl'rntion cuts are mnde. Recognizing this 
shortcoming find the npO(I for lllQre positive silvicultll!'ul prl1eticcs in 
till' pine l'l'gion, Dunning and his coworkers cvolYed tire concept of 
Gllit ArNt Control (.!5). Unde!" this 1l1pthod, rpgencrn.tion cuts in pine 
tnk{, lIll' form of group sdpl'tioll, with dc·finitp pl"Oyjsion mfldc to 

I Submitt,'d for puhli(o:ltioll April I:{, 19.5U. 
2 T.ll(' ltllthors Wiiih t0 a('kllo\\'I('d~e the participation in (hi" ;:;tllely of a Hnmber 

of Ill(' pn'sPtlt 01" fOl"IIll'1 nH'lIlb('l"$ of the' statf of tilt' Cnlifomi:l. I~ol"('st alld B:lng(~ 
Expt'rlllu'nt St!lliolt. Kturt('d b\' DlIllt"an DUlllling. formerly Chid of thp Division 
of [?on'st ;.\1:HulgC'lIlcnt IlC'Sl'IU:c:h, the study \\,:is continued undej· his general 
Sli p(lrvision till til his rpti reIHen t. 

3 :'.rMntai(led at Berk('Il'Y, California, by the Forl'st Service. U. S. Department 
of Agril'ultllrc. ill t'oopnalion with thl' Unh'l'l"::;it\· of Clilifornin. 

I Italic: IHlIl1ill'l"s i.n parl'nth,'S!':; r('fl'r to J.. iteratute Citcd, page 47. 
1 
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~i;""l,Z'w WestsIde SIerra Subregion 

Eastside Sierra SubregIon 

..ID1 Goast Range Pine Subregion 

• 
Fw mn: l.-'fhe prillcipal piu(' for(·;;ts of California by snbreU;ion,;. with location 

of the study arcus. 

insure regcneration. "\Yith this added emphasis 011 providing for a 
1I0W crop the forcst IlHlntlger must understand the seed-bearing 
charilctCl'i;;ti('s in order that adequate sccd trees be left. And for 
those older cutover areas not l'egcncrnting satisfactorily, knowledge of 
sCf.'riing hnbit:s proyi{ks dues to l'cmedinl measures needed to encourage 
regenerll tion. 

This report presents til(' lwnlysis of a great mass of dnta concerning 
tlH'seed-heltl'ing Itabi ls of trees, })J'incipnUy sugnr pine, pondcrosa pine, 
lllld whit(, fir, on two study nreilS in thc pinc rcgion. It sllllUlHtriz{'s 
for it 1 (i-ycnr period tht' Illllnber of con{,'s borne on en:ry ponderosa 
pint', sugar pint') nnd ,vhil<.' fir 011 IH.'I1.l'ly 50 acres of plots in the "\Ycst
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SEED CHOPS OP FOR~JS1' 'L'REES 3 

side Sicl'l·a. No infol'Jun tion is nvnilnhle for Douglas-fir which did 
not occur in tht) plot.s. All told, lIetll'ly 1,200 trees borc.,cones and 
wcre· ('xllmined ill OIl(' 01' more yenrs. IlIfcrcnees nbout cone crops 
were drawn from nddiliQ.llnl data for Hnother 12 years. 'I'he report 
also sllllullarizes the seed fall for 8 yenTs ill the SltlllC plots. During 
<1 yenTs about U60 seed traps were e:\l)Osed each year nnd in one yenr 
more· than 1,000 seed tmps were set out Oll these and additionnl 
temporary plots. In the sceond study area in the Eastside Sierra, 
llS many ns 840 seed traps in 1 yen.r Were llsed to IlH.'aSUTC tht;' seed fnll. 

• 

From this large quantity of data, pel'hnps tlw most cOll1prehensiv(' 
study of seed ben.ring to dat(' in th(' United Stales, we cnn suggest t1w 
kind of trees, and how mallY, that, should be reserved for seed trees. 
\fe nn' able to give some of the' many l'CtlS0ns why seed crops fail, alld 
ill some instances, rccoll1mel1ll how th{' losscs may be avoided. And 
finillly we estimate how much seed wiF he produced by certain trees or 
stands nnd how efl'cetive the sced might be in establishing reprodl1ctioll. 

Tlll'se datn, contnin measllrement nnd populntion errors inherent 
in nlL slleil biological dltta. And so the silviculturist or hmd manager 
who follows the. methods and pmctices presented should lIot c:\l)cct to 
obtnin result.s idellticnl to OIll'S even under simila1' conditions. This 
r('porl, howo\,('1', docs provide much silvicnl knowledge essential to 
guiding better siivicultlll'e. 

CONDUCT OF THE STUDY 

Experimental Areas 

Seed crops wore observed chiefly in the vicinity of the Stnnislaus : 

• 

Experimentnl Forest, Stanislaus Nntional Forest, in the 'Westside 
SielT11 SUhT(~gion. The experimcntnl forest is located at J.ntitude 38° 
lO' N., longitude 120°01' ·W., nt nn elevntion of 6,000 tieet. Addi
tional information was obtnined nt the Blacks l..rountnin E)q)erimentnl 
Forest. Lussen Nntional Forest, locnted at latitude 40°42' N., longi
tude 121°10' 'V., nt an clevntion of 5,700 feet, in the Eastside Sierra 
subn'gion. 

CLimalicnlly, the StnnisltHis study nrea is characterized by winters 
of Ilea\')' snow antill, dry season extending usunlly from JUIle to October. 
The annlllli precipitation twerages about 35 inches, a hnge part of 
which rnUs as snow. rfhe SIIOW occnsionally accumulates to 6 or 8 
feet in depth. Slimmer mnximum temperat,IIl'es seldom exceed 95° F., 
and win tel' minimums nuty fnn to -15°. Occasionally suvere frost.s 
occur in ~JlLY 01' enrly ~[une. 

At B1llcks·~.[ouutfiin Experimental Forest, the nverage prccipittttion 
is about 18 inches. The summer dry season may last from June to 
October; with mnximum temperatures in the nineties and low relative 
humidity. Freezing temperntul'es of ton occur in June and early Sep
t<~l1lber. The temperature during the winter may drop as low as 
-25° :F. iI.nd may Hever climb to 32° during some days. SnowfaUis 
relntivel.\' light; nn accumulation of 3 feet is about maximum. 

Soils in til(' Stn nislaus nrea nre derived principally from diorite and 
grnno-diorile nne! are classed principally in the Holland series. The 
ridgetops nre usuall.v cnpped with lava, from which Olympic soils 
hl'.ve developed. At Blacks 1\Jountl~ill the parent material is largely 
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andesit(l n,nel lnvn.-Oow mnterinl, and theiimbel'ed soils fall in the 
Patterson s(\l'ies. Th{'s(' soils, un' common in the forest.s of the 'Westsidl' • 
Si{,lTll, nnd gnstsi(k SiPITn SUhl·('giolls. 

'1'11(' ('OV('1' t,yPl' ill lh(, SlnnisillllR sludy 1).1'(':), iSlISW1ILy ('ltllp([ "mixl'd 
eOl'lif('l'i"il ('ontain!'; pO 11 <I ('l'OSI1 piIH'. sugnrpilH', whit{' fir, nnd iIH'(,IIS<'
(,Nla'J'. 1\1>o\'e u,50\) 1'1'(1( ••h'fr('(,y pilH' nnc! l'l'd fir In'(' fOllnd with tIlt, 
other specil's. Sill' qunlit.y is clnssed (1) as 1 nlthough small pockets 
llUL}T be I'll ted ns A and I:idgetops ilS II or 111 (i n this si lo scnle, A is 
belt!,'l' thnn I and sit<, V is POOl'{'st). 

At BliH:ks ~loulltllin POIHll'rosa !uld JeITn'y pille predominn.t{' 
nlthough on north slopC's ftnd highl'!' el(walions white fir may be fairly 
nl,Ulldtlnt. In(,PII$('-('eda!' is sf'tlHe1'NI throughout the forest. The 
site f1unlity m.nges from III to IV (1). 

Both ('OM crops and s('('(\ dis]>Pl'snl W('I'(' obsC'ryed on the Stanislnus 
forest ill Iwrmnllellt snmpl{' plots illHl in tl'mpol'u1'Y plots on s(wcml 
l'utov('r areas. Five' pNlllnnelll plots varying frolll 5.6 to 10.8 acres 
in siz{', we 1'(' estahlished to slu(V tlll' dTt'et of f'ulting on stand 
dpw[opnH'nt. All hut a cht'ek plot W(\rt' logged during the period 
19n-·29. '1'he iLV('t't1gl' stalllt in tite plots hdort' cutting was about '.
75.000 honrd-fed· Iwr net·(,. Difrt'rt'nt cutting s.vstl'Il1S gave reserve 
stands I'nnging from 11honl 6,800 to 37,000 boal'd-fcct (tab}!,' 1). Cut
ting l'l'duC'cd tIl(' proportion of pillt' in the stand and increased the 
whill' fir. 

SPNl dispt'l'sal \\filS observed at Billeks ~Iountnin on 21 cxperimentul 
hal'nst-cutting plots l'stublislwd in thl' y<.'nrs 1938-41. E:lCh plot 
wns 20 aC't'l'S in siz{'. 'rill' ('ulting system ilnd tite ilvcrng{' r{'sPl've 
YOlUIlH'S lwr aert' f0r til(' seril's of plots ('ut during thcse 4 years were 
ns follows: 

ReUfl'e l1011U''C -per acre 
Clltling mcthod: (bO/ml-jee!)

Hilvic\llt1ll'i11 s('l('ctioll __ .. ______________________________ 14,890 
Hnnitation-snlvnge. _. _, _______ ,_______________________ 15,550 
:\[od('rate partial cut. ______________ ._______________ __ 8,260 
H('avy pnrti:ll cut. ___________________________________ 5,090 
Control (no cultingL . __________ • _____________________ 18.380 

TADl,g l.-Rl;'sl;'rt:(' !'olulIle pu acre by species and cutting -mrthod, Stanislaus 
iValional Porest plols 

IPonderosa' Sugar pin \' White fir Incense-Cuttin!! method !lud plot number Total\ pine i • U • ced"r 

Roard-jut Boarel-feet Ron,lI-jeet Roan/-jeet Board·feet 
Heil\'Y pllrliul cut~5, ~ -............ ~----------- 4.410 4,4iO 2, t130 240 11,75() 

INn.)' IlUrtia\, cut-9 , ....-..... 
~ 

-.... -..._---.--- 1,940 3, iOO 3,650 1,4iO 10, 8m 
EconomJc sclectioll-l0 .•_. _. ___._._____._. 340 2,.270 27,75(1 O,n8O 3i,040 

V('fl' ilCll"r purllnl cut-: 1.. ' ••_•••••.•••_ tiO 400 5,400 7m 6,700 
Contr!>1 (no cllltlngl-12..._••••••• _._. ____ 10,040 24,.480 40,000 2,000 82,580 

COl1e bearing and seed dissemination were observed during a period 
of 28 yeal's 011 thl' Stanislaus forest. The first observations were 
madl' in 192fi but this report, covers mainly the period from 1933 to 
195:1, dut:ing which time cones were counted in 16 years. The proj
('('t l!tpsed during the wnr years fwm 1943 through 1!)47. At Blacks 
~[ountnin bixp0rimentnL Forest seed fall was first sampled ill 1942 
and Il,gn,in in 1945 and 1948. 



SElm CROPS OF FORES'l: rl'm~l~S 

Cone Counts• 
5 

'1'0 ohlain infol'lIlnLiOIl on tilt' 1ll'riodicil.\T of cOile em]>s illid on the 
l',)11CS of lrel's bt:aring COIICS, trN'S in till' Slnnisi:tus plots wore exalll
ined each Stimmel.', uSill111yin .August W.lWll aborted COII('S {'ould be 
distinguished from normal ('on('s. EY('ry (rcp larger than 3.5 incb'.'s 
in diameter Itt brcnst height in thcse plots was Il1lmbcred n.nd described. 
\Vith the nid of 6 x 30 hinoculnrs, thc (,oncs in en,clt it'ee Were counted, 
nlong with cones freshl}' cut by squirrcls and found on the ground. 
The nUmbl'l' counted on til(' L1'('l'S WitS multiplied by 1.5 on the assump
tion that l.wo-thirds of the crown could 1)(' secn from n counting 
10cl\(iol\, uSll!llly from the southern side of the trce for cOllsistenl.'Y. 

Admittc'dly till' counts und the use of til{' fltetor n1'(\ subject to 
el'l'Ol', The error ulldoubtedl}' vnril'd beLween specil's, 'rho very 
ltuge sugnr pill{' ('OllpS nn' en.sy to SPP, nnd the adjusted counts are 

. 

• 

prnhltbl.v dose lo tilt' Hetual IllllnlH'r of coneS 011 til!' tn~('. Ponderostl. 

pine nnd white fir COMS nrp slllitll<'r, and their hnhit of growing in 
elu!;;tl'rs 01' (\l'nscl.\T pn.eked nlo\lg th(' t,,-igs and limbs mnkesit ve!'y 
difllcult· to s('(' nll of tltt'm, pnrli('ulnrly when COIH'S nre nbundnnt. 
But the ('stilllntcs IU'C relntive if not exact. Inccl1s('-cednl' conl'S were 
not countl,d, l)('cttus(\ thl'\' /In' Illuch loo smnH nnd IlUllu!rous to be 
counted with I'easollnblc r;eelll'flcy. COile crops of inccnse-cedttr were 
dl'scrilwd !IS light, medium, or hettvy for tlte ontirc stand. 

Seed Trap Counts 

Seed full pel' ncrc wa.s estimittNl from samples caught in seed Lmps. 
Thl' trn.ps, cOllstrueted of 1- by 4-ineh lumber with }~-inch hardwnre 
('loth Oil tlte top nlHI fl.\- screen on the bottom, were upproximatcly 

• 

2.8 feet squal'l', insi(\p dimension (fig. 2). 'l'hc tops of the traps were 
solidly nniled to the fl'nme and, to remove the seed, the traps were 
inverted nlld shnkcn OV('I' It cnlwas, 'I.'he seeds from ench trnp were 
cOllntl'd by speeles, B('fore 1936 all I.'xtel'll!lUy normnl seeds wem 
cQunted nlld rep01:lNI. Beginning in H)36 nIl sceds werc cut to deter
mine' SlHll1tlness and only sound ones wcre indudcd in the rcport of 
llumbl'r of seeds per nerp. 

'['hp intensit,\' with which seed fnll wns smnplcd vUl'ied (hn:ing the 
p('I'iod of stud.,-. At the outset, ubout 2.5 traps per ncro were placed 
on the Stnnislnus plots. .In 19:)7 the intensity of snmpling in plot,~ 9, 
10, lind 11 (tlthk 1) wus mcrC::Hsed to 20 trnps pel' acre, 2 traps hemg 
rnmlomly 10('itted wiihin eneh chnin-squure unit of the plot. This inten
sity of stunpling continued as long liS ooscl'vntiOlls wcre made 011 these 
plots, through 1941, nnd required n. grent number of tmps, 624 on the 
:3 plots. Seed fall on the other .2 Stnnislnus plots wn.s sltmpled from 
19:n through 1941 Itt the original mt('-2.5 tmps pel' itcre. In a study 
of seed full on Hn pxperimentltll1.l'cn cut ovcr in 1948, seed traps were 
spnced mechani<:nUy at thc rate of 10 traps pel' ncre for estimates of 
seed fall in 1948 and 1952. 

At Blacks ~rountuin the tmps were distTibuted 1 chnin . apart in 
5-chnin lincs. Two lines wcre locttled at mncIom in cueh a-Hcre sub
plot, and thus thern were 40 ll'nps pcr 20-acre plot. Trap locntions 
were fixed on cnch plot so thnt eHeh year the tmps were placed in the 

~. 


i 
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FI(WR 1: 2.~()nC' of th{' seQr! traps Ilsed to sample s('('d rail. 

SUllW positions ns in pr{'\'ious years. 'I'h(' tt"ilPS wen' usuH.II.y exposed 
un l i! till' middlr of NovemlH'r. 

During some or nil y('nrs seed fell after the traps were picked lip. 
A('cordingly, figul"('s Oil seed Jail presented ill this bulletin lue son-,c
whnt less L1l1tn the total fall. 

Becnllsl' of the difl'l'L"CllC"CS in the intellsit.y of sampling, seed fall 
t'stimlttcs for tht' \'ariOliS yrnrs were computed by plots ruther than 
by individllitl traps. 'rhcreforr, th(' fact thnt some plots hud muny 
Illon' traps t\lil,n others did. not; weight tJ1Q estil1.¥nt,e of thQ avcmgQ 
townrds the more hen\"ily stlmplcd plots. 

DEVELOPMENT OF THE CONES 

Flowering and Early Development 
Knowlr,dge of the Lime and Tate of dQvclopmcnt of theflowQrs 

nnd cones cnn help the forester predict cone crops. ,Moreover, such 
illfol"ll1nLion will help him lInderstall(l somQ oCthe reasons why cone 
crops filiI. '1'h(' dtwclopment of cones was studied for severnl years at 
the StnnislnllsExperirncntal FOL"Cst. 'file dntes of flowering and other 
stages of devclopnHm t which nTe reported from Stanislnus npply to 
thnl; nl"Cfi und pl"obably nrc not the same in parts of the pine region 
which difrel" phcnologicnlly. 

'rho cn.rpcllnte strobili of white fir were discernible in early May, 
nucl by middle or lnte }'In.y the cOllelct,s were almost 1 inch long. 
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Pollen shedding oceurrecl during the last hnlf of May. The cones 
were nbout 2 ineh('s long by the first of: July nnd reuched full size in 
em:ly l\.UgUSt. Thl'Y begn.n to brenk npart nnci shed seed in lutc 
Septembcr or early Odober. A few cones, apparently sealed with 
resin, remnin<.'d intnct unLil Detcmber or luteL·. 

In ponderosa pine, the carpellate strobili were eyident in tne first 
purt of June, nppearing ns disLinut swellings at the hnse of theterminul 
bud of the shoot. At this time the staminnle strobili Were fllny 
formed. By the Inst pm:t of JUlle, the conc1et.s were about ono-haif 
inch long (fig. 3) and the pollen had been shed. The timo of pollen 
shedding is in ngreement \\Tith the dates of pollen collection reported 
by Dufl1cld (5). '['he cones wero ulmost 1 inch long by mid-July 
nnd 1!row to lIOt, nuwh more than an inch in tho fnll. They continued 
dlweiopment cn.rly til(' next spring, growing to more thnn 2 inches 
long by the middle of June. The conos rcnehed full size in August nnd 
opt'lled in lull' Sl'ptember 0\· cady Oolober, shedding their seed. 

'I'he stnminalo strobili of sugnT pine wem nppnrent dming the 
middle of Jllne but 110 cal"pellntl' strobili were yisiblo. By the middle 
of J lily the c011elels wert' Itholl t H to 1 inch long, n.nd po11e11 disseminn.
tion was slnrting (fig. 4). The pollen \\'us shed by the first PfU't of 
August, when tilt' eonelols were 1h to 2 inches long. They grew to 2 
to (\ inches at the pnd of the first yenr nud developed mpidl}T the nexL 
yeul', rencbing nHttl\l"e size in lute August. Sugur pine oones shed 
their seed during tht' lnst of September or the first of October. 

According to u [ew observntions on the development of Jelft·cy pine 
cones, they were nbout 1 inch long by the middle of July, by which 
tillle pollen hnd. been dispersed. 'l'hey nLtnined n length of ~tbout l}~ 
inehes in lhe fnll and developed rnpidly the seeond yen1', shedding 
tlwir st'ed by l,hl' last of September or first of October. 

Ripeness, Size, and Number of Seeds 

li'or foresters who wish to collt'et seed, an index of ripeness, OJ" cone 
mntll\"it.y, is vnlunble, During the period of ripening, the cOlles slowly 
lose moisture, nnd ns tl. result some mensure of the weight mity be.used 
to indicate when the seeds nre mntlll"e. The specific gmyity is 0110 

men.S\ll"e thnt hns beell used. Freshly picked cones nrc placed in n 
liq llid, such as kerosenc, diesel fuel, 01· motOl" oil, of known specific 
grlLvit~·. [f til(' conesfionl, their specil1c gmvity is at lcnst ns low ns 
tilt' lest liquid, nlld const'qllently the cones nrc considered ripe. 

Tht' spccific grn,yit.y of ponderosa, pine cones during the p~riod when 
cones were judged to be ripe wns 0.84. A density of 0.84 is in good 
ngreement with the specifie gnwit.\· of 0.86 reported to be the point at 
which poncierosn, pim' cones were ripe in the Northerll Rocky ~'Ioull
tains (18). A solution of half kerosene and hulf linseed oil hns a 
dl~nsity of 0.86, suitnble fOl" this test. 

::)ugnr pille coneS wen' found lo bc ript' when the specific grn,vit.y had 
decl"ensed to nbouL 0.80 (11) or when till' cones floated in kel"Osene. 
Outing tite tillll' the cones Wl'l"C ripening, the specifie grnNity decl"cnscd 
from 0.90 to 0.80 in a period of 1 month. Seed t'xLraded from cones 
pllitcl"cd a(; ~3 dnlcs ill 1 montlt <li/ren'!! grcntLy in vinbility. 'rite seed 
of thl' cones picked lnsl WilS b(\SL. 
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FlOUR!' a.-Early developmcnt of whitc fir, ponderosa pine, and sugar pine cones 
(background grid is in 2-inch squares): A, .Tulle 2, 1938, white fir-1Lpper, car
J)('\la\c, lower, $tarninate strobili. n, ,Tllne 2, 19:38, ponderosa pine, carpellatl' 
strohili bud sW('\ling tit bnse of \'l'get.ativc bud. G, .Tune 2, 19:38, ponderosa 
pine, stnmin:ltc strobili. D, JUIH'20, 19:38, cnrp('\I:lle strobi\i-l~fl, ponderosa 
pitH'. right, whitl' fir. 8, J lily 12. \.0:18, lefl, pondPl'Qsa pint' clLrpe\latc strobili, 
('('11/1'1', Sllg:lr pitl\' stnllliuatt' :;lrohili with cnrpellat\' strohili on either side. 
ii, AW!;l1st I, LO:;8, earpe\latc strobili-Ilit, whilc lir, U1)]Jer right, sugar pille, 
lower right, ponderosa pine. 
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FlO VIU, ·I.-Helath'c SiZl'S of Jeffrcy pin\', pOIl(II'rosa pine, :lnd slIp;aT pine strobili 

on .Tuly 12, 1.9:17. L'ppeT, stalllinnt(' strohili, pollen already shed in Jeffrey 
unci ponderosa pint', Low('r, enrpeUnte strobili. 

~lensuj'('IlH'nts of 100 whil(' fir concs showcd that the spccific 
~l'i\.\'ily wns nbout 0.94 !~nrly in 8pptember,buL no dntn nrc nNnilablc 
as to wlml the specifk gnwity wns in late Beplembel' just beforc thc 
('olles 1>1'0\;:(' npilrL 

• 
('one size' vHricd gl'eatL~y nIllong species und within species. ~Iattu'e 

SLIgHI' pinc ('oneS IWl'I:nged 12,2 inches long.; pondel'Qsll, cones, 4.1 
illches; nnd whilt' fir, 8,8 inehes (lnbll' 2). Occnsiollnlly cones of 
S\lgHr pilH' HI'(' foulld which lIleilSUre 20 to 22 inches; pondcrosll pine, 
nilldh'S; HIle! while fir, 5 inches. The cOlles were collected from seveml 
It'L't'S 01\ 111\\' eolledion dnLe and tht' dnLn Lhus roflect vUI:iubility 
wilhin nnd b('Lwl't'll lrees. 1;'01' illl nddilionnl estimuLe of cone size, 

TABLf) 2.-At·eragt> le/l!!th 0/ matllre CI)1I('S of sligar pine, ponderosa 1)ine, and while 
fir, Cmi/orMa pille region 

:11,2 12.:1 ·1,1 2-t2 
I\II~ :11.2 12.:1 ~-. " , 140 

l'mnh'ro:t11 p!nt.l : j 

Itl:H ........................................................ 1 0.8 • :l.n 1.0 IINl 

1U 10 .••••, ••••••••••••••••••••••,.,.........................1 C! 1.3 2iQ
10.5 I\l'hiIL'tlr. 19·1() .............................................1 9.7 3..8 1..0 H~I 
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cubic volumes of unopened cones w('re measurtl,1 by water displnce- • 
menL ns shown in the following LnbulaLion: 

1'O/"11Ie S/1(1If/arrl 
per calle del'iati01l. Basis 

(cc.) (cc.) (II"miler) 
SPCCiCfl: 

Sugar pine__________________ • ___ -- - --- ----- 871 114 382
Ponderosll pine_______________ • ____________ _ 94 23 279 
"'hile fir______ - ______________ - ___ - ----- --- 127 31 100 

Seeds were extmcted from COjlCS of sugar pinc, whiLe fil', and 
ponderosa pine to obtain fln esti.mate of the number of seeds pel' 
('onc. The cones were picked fl'on severnl trees. The numbers of' 
developed seeds per cone arc shown in the following tabuln.tion: 

Collutioll Swts per 8asls, 1",mber 
Species: vear cone Of Calles 

l:iup,nr pine___________________________ 193<\, 209 100 
SII~lIr pille.. _________________________ 19·n 1 219 185 
POllcl~lI'osa pine,,_____________________ 1934 {i9 100 
PonderOSll pil\(' •• _____________ .. _______ 1940 273 204
Whilt- fir. __ . _______________ .________ 1937 3 185 100 •

1 Stan(ihrd devilltion 46; standard error :IA. 

2 Standard duviation 2:-1; st:\Ildard error L7. 

3 St,Hlldard devilltion 28; standard error 2.8. 


On the basis of the number of scales which n.ppen.red to luwe 
C'itl'ried seed, Fritz (14) estimn.ted thn.t sugn.r pine cones conLained 
2aO seed Itpieec. EIis estimn,te agrees exceedingly well with those 
reported here ill yiew of the different technique used in obtaining 
data. 

For the amount of seed pOI' bushel and the number of seed pel' 
pound, the vYood,\- Plant. Seed .Manual (33) gives the following 
information: 

Seed per
bll..helof Calles per 

crnu btlshel Seed per lJO'II,d 
(oll/lces) (II limber) (1IIunber)Species:Sligar pin('. _______________________ _ 25-32 20 1, 500- 3, 100 

Ponderosa pine______ • _____________ _ 9-32 200-300 6,900-23,000
.Jeffrey pinl'_. _. ___________________ _ a3 3,100- 5,400
White fir_________________________ _ 48-82 8,200-27;200
Inccllse-cednr____ . ________________ _ 32-48 6,400-29,000 

TYPES OF TREES BEARING CONES 

An imporlant fealure of this stud.\T was the detel'luination of the 

chn,mctel'istics of Lrees which could be related to cone production, 

Chnnlcteristies studied were diameter, vigor, Dunning tree class, 

crown width, and crown length. Age was not studied as a separate 

vnriable but is refle<.:ted in the Dunning tree classes. 


Cone Production and Tree Size 

Cone produelion of the species studied yal·ied consielerabl,Y with 

tree size. Pondm'osil pine imd white HI' geneL'fill,\' began bearing 

cones at smnller sizt's thtll1 sugar pine. About 13 percent of the 

ponderosn, pines, Itnd 4 percent of 010 while firs in the 3.6- to 7.5

• 
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inch d. h.h. class hore cones, wherefisllolle of the sugar pines in tllis 
dinmetor dnss }>rodueed cones (fig. 5). These pCl:centnges !\L'e all 
bnscd on COlle production ill the 16-ycar period of record, during 
which each spceics had severnl vel'Y heavy seed years. 13ecausc of 
fn.Yornhle conditi"ons, then, all trees capable of producing cones had 
nn opportunit.y to beal' cones. 

A.ll of the ponderosa pines larger than ~6 inches, and sugar pines 
larger than 30 inches .bore some cones during the observation period. 
This was not true for white fir. One of the main reasons for the 
lack of cone production on the larger fil'S was the prevalence of fir 
American-mistletoe (Phorade·ndl'on pa1wijlol'1.IM Torr.) and western 
dwarfmistletoecA1'ce'ulhobium campylopod'um forma abietin1tm 
(Engelm.) Oill). 

Not only did fewer small trees hoar cones, but they bore fower 
COnes pel' tree per crop than larger trees. In computing the average 
sizc of crop pel' tt;ee, we included only the years in which a tree bore 
cones, Thus the size oetlle crop WfiS separated from thofrequonc,V 
of Cl'OpS. Sugar pinos under 14 inches in diameter averaged fewer 
thttn 8 cones pel' tree per crop during the 16-yeal' period. A.t 22 
inches the number of cones was 10 per tree, Only among .trees 
about 30 inches and larger did COlh' production begin to increase 
significantly (fig. 6). The trend of cone prod:uction suggests that 
sugttr pine Qone crops may continue to increase in size with increase 
in diameter, nn interpretation which is not correct when the trees 
become decadent. 

For trees of the samo di!tmeter, ponderosa pine produced more 
cones thnn sugar pine. Tho n.vemge 16~inch ponderosa pine bore 
tl,bout 50 cones pel' Cl'Op, against 10 for a 16-inch sugar pine. At 38 
inches the aVCl'nge cmp for ponderosa pine was 200 cones, compared 

~ loor-~---r--~-,'_-r-->?--~~---r--~--r-~~-r--~-'I---'tl I I I {' /r-' __ ....L.......... I \ I 

is r-m..... ' 
~ 901-------~----~~;r~-1~~L---1-----~------i-~'-r--t------1 

~ BO }----r---ff/~ -J-r-·-----!I----+---t--~-I----l 
t; I t 

! M ~! I 
.... I FIR"f...,.WHITE' 

; 60~-----r---k·~-+~~----~·------t~1------~----_r----~----~ 
~ !I'. 1/ 'SUGAR PI~E I 
~ 50 ___i_--'!fPO~·-:-SA4._PI-N-E--.-4I------+------+------+-----~L--' 

~ 40 1- ---, r--- I t 

~ 7,1 t 
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~ Ii ,/
l:; 20 ,---1-----+-----1------+-----[------+-------:1 
§ II / ~ lo~--~,~_f----~----_r----~,_----~-----I-----·~----~

I L---'l~)_/.::.:,l..-·_/_.l.-I.-J.._~ 1-7:::---:.I-:!:-_:!::-i-+.:_:!::- I:---!;;;;_..-J..J_.J...-_.&,-I-:! 
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DIAMETER BREAST HIGH (INCHES) 

FIGURE 5.-Proportion of trccs bcnrin~ cOlles by d. b. h. classes during an obser
yntion pedod of 8 to 16 years. 
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DIAMETER BREAST HIGH (INCHES) 

l?laUU~J G,-·A \"('ragl' !lumber of coneS per ll'l'e per crop by diameter classes alid 

species on the Stanislaus National Forest (tree basis). 


with 70 for sugar pine. Above 3S inchcs the spread between the 
two sp('(~ies decreascd because cone production on pondel'osa pine 
declined illld sugar pine l)I"oduced increasingly larger cr-ops. 

SmnJl white fir trees pr-oduced Ial'ger average eone crops thnn the 
pim's. In dinmeters less than IS inches white fir produced more 
COlll'S thnn ponderosa pine, and in diameters less than 36 inches it 
produced more cones than sugar pine. Beyond these diameters, cone 
production in white fir wns mnch lower than in the pines. Cone 
production in whit.e fil' renched!), peak at about 30 inches and t.hml 
grittluull.\' dr-opped oll :with flLl'theL' increase in diameter. 

'I'he maxinuun number of sugar pine cones produced by an indi
vidual tree was S4S on a 4S-inch trce in 1952 (fig. 7). This was 
equivalent to about 170,000 seeds, or about 85 pounds of seed, from a. 
single tree. The second largest number of cones was 802 on .a 5S-inch 
I.ree in the same year. This latter tree, when 56 inches in diameter 
in 1936, bore 694 COWlS. Ponderosa pine bore even greater numbers 
of ('ones, for the llul,ximum estimated was 2,250 on a 40-inch t,ree in 
1926; the equivalent of about 160,000 viable seeds. The second 
highest Humber of cones on a ponderosa pine was 2,010 on a 35..:inch 
tree, also in 1926. Individual white firs also IH'oduced large numbers 
of cones. The mnximum recorded, on a 25-inch tl'ee in 1948, was 
987 cones containing npproximately 190,000 seeds. The second 
highest was 741 cones on a 29-inch tree in 1948. Both of the white 
fir estimntes probably nrc somewhat low because of the difficulty of 
counting all the cones dul'ing heavy CI'OPS, 

As a lllen·SUl'e of the yield of individual t.rees, the total cone pro
duction of single trees COL' 16 ~veal's :was summed, The most productive 
sugar pine was a 55-inch L!'ee which bon.. 2,370 cones in 16 years. A 
30-inch ponderosa hlld :3,635 cones, and an IS-inch white fir had 1,663 
cones in the same period. 
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FH/{./m; 7.-A 48-inch d. b. h. sugur pine bellring an estimated 848 cones ill 1952 

Oll the Stnnislulls National Forest. 

The mnjoe source of pine cones wns trees lnrger than 20 inches in 
dinmeler. NOlle of the pondcrosit pines less liln,n 20 inches had 500 
01: more cones in the LG-yeiu: period, whcrcns 50 to 100 percent of the 
hu·ger oues bom nL leH,st 500 cones (table 3). 8ugtll· pines did not 
bear more than 500 cones unlil the\' werc 28 inches. The sugat· 
pines lnl:ger thnn 28 inches were also ·less productive than ponderosu, 
pine. On the other hand, 5 percent of the white firs in the 11.6-15.5 
inch diameler dass bore 500 or mot·e cones. In no case, however, did 
more tlmu 2:3 percent of the firs in any diameter class produ(~e more 
than 500 cones. In generttl, :1- huger proportion of the pines bore 500 
or more cones than did white fir. ' 

• 
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1'lwse gencl'lil tl'l.'1111s were 111so tnit' for trees beal'ing itt least 1,000 
cones, A greiP,ler proportioH of ponderosa pinc than .,)f sugal' pilw 
or white fir bore lhis Humber of rOIll'S; relatively fe\\' of the IiI'S hnd 
mOI'(' than l,OOO COIlC'S in the I G-yenr obscrvntioil period, All in uIl, 
(he ue's! rOlle produc('rs were lhe larger pines (20 inrhes and InrgOl' 
1'01' pon(ll'rosa pille' tI:nd 30 inches and larger for sugar pincs) and the 
sn~nller fil's (trees front 12 to 36 inchcs), 

'L\\;I,~J 3,-F'roporlion of dom ina'll/. trees that produced 500 or more and 1,000 or 
ml)re CUIII'S in 16 years, b!J sprcies (wd d. b. h. classes, Stallislaus Nal£onal FI)rest
'plots 

rl~rt\(\S thuL prodlH.','d {l~ or Illon~ 'rnll"~ t.hat Jlrotlul'~'d 1,000 or ItlOrco 
('Olll'S l'OUt'S 

D. b.. h. ('hISS (htrhes) 

Poud,"roSa ~ Su!!;ttr Whit.. '" '1:ltllt,ro:::11 Sugnr I While 
pill(- 1'Iiw fir phl<' pill" fir 

___ ~r~_••• ~:._______• ___

-----~----i·-~-..·-··-· 
I 

.-----...-- ...:.----------"-------.....:......--

! Perctlli 1'«C(1I1 I'trcenl. I. Juulll jJercell1 Percellt 
3.lI-7.5 ..................... .1 0 o : lJ o r

I II 0 
7,l.i-1L5 .•••.•••••.•.•.•.••• !1 o 0 0 0 0 0 
11.(i"'l5.5 .... , •••. __ •• o () 5 0 0 0 

.::":-::::.! o 0 11 0 Ii I:;~:~~::: liQ 0 H 0 5 
2:iJ.-27.,5 .. - ..... ... f~ ' iO 0 Iti 40 0 5 
27.fi-:Jl.5 ... _ ~ • ~. ,., • ~ " .. ~ ... 4 100 2:1 i~ () 5 

~3U'''':15.S " ... ~ " '" - ... '" ... ~ .. S!J 25 20 89 0 3
35,r,.aO.5 .. ~ .. '. -. ... ..~~ no W 3: m Ii 0
:19.1.i-·la.5 ... ~ ..... - ... - -< • '"' • " .... ~ 71 50 1- I 57 12 0 
·1~.()-.1'.5 i5 50 ; ! 2,1 12 0 
"".1.i-51.0 ~'"' -~ - ~ .... -.. -~ .. 57 ; S -... -..... -..... ~-- .. 43 0
.51.,,-5.1.5 
Ml.rt""5il.5 ::~:::::::::::.::: ! 

100 1 
I 

HXl I 
lOot 
75 ; 

0 m 
0 llXl 

Hi 

50 
0 
0 

Cone Production and Tree Condition 

Cone' pl'oduction also yar.ied with I'ecogniztlblc tree find crowll classes 
find with foling(' vigor nnd C!'Own d('velopll1ent,. Tl'el's in 3 of the 7 
Dunning II'N' dnsse's (fig. 8 nnd tnbl(' 4) wel'e thc most consistent conc 
beul'el's nnd pl'oduced most of the COlll'S; these wel'e tree c1nsses 1, 3, 
tllHl i5. All clnss a lind clnss 5 pilH's nndnll class 3 white firs borc nt 
least 1 cOile in nt 1c-nst l of the t(j yenrs of !,(~col'll (tnblc 5). Nincty
six percell! of the dnss 5 white fil's produced lor more concs. Among 
dnss 1 trees, 57 p('rcent of the ponderosa pine, 46 percent of thc SUglll' 
pint', find oa P(,!,(,e'llt of the white fir also bOI'(' SOll1e cOlles. 

},Iost of thc ClilSS 4 tl'ees of till 3 species pl'oduced concs, but com
ptu'nti\'ely few of the sample pines were in this duss. Among class 2 
(rel's, which might be l'xpected to be' comptll'Ulively poor producel'S, 
12 to :34 pel'cell t bore concs. SC\Teral class 6 nnd i trees, usually pOOL' 
prod ucel'S, !llso bore cones. But consistency of cone bearing nlolle wns 
1I0t 11 good mel1Slll'e' of productivity. It was necessnry to consider 
the nctunlllllmber of COI1<.'S pCI' tree ns well in order to show the etrec
liYt'lll'ssof cel·ttlin types of tl'(~('S in producin CT seed. 

TIl(' duss I, 3, tint! 5 pines und class 1 firs bore the most COlll'S. 
Twenty-five percent of the cone-benring ponderosa pines, and .22 
pel'cent of the Sllgltl' pint'S, were class :3 trees,. They borc about half 
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FW.U.RE S.-Dullning tr('(' c\aSSt'S, S('il'ctiO.1l stanch;, ponderosa pine (6). 

'L\lIL1-' 4.-Descriptron oj Dunning tree classes I 

I'rn'cf Position Crown length :Crown Width Form of top Vigorrt,,"S i 

• 

Young or [sola ted or doml· .\t I~a~ttl.) perren!. I A n'n1go or Pointed.__ QOO(\. 


thrifty l",nl; rnrel~' co- oC lotnl 1\Olght. wider. 

n"!lure. dominant. 


2 ............. do~_ .... _........ Usunllr codotul .. Ll'$S than ()5 p~r.. .:\ \~~rugt! or .. ____do.. __ .. _ Good or 
lUlU t: n\r~ll\'" iso.. cent or tf')tnl nurrower. moderate. 
hltrd or doml height. 
IUlnt. 

~{uluro_______ [solaled or domi· At lens!. 65 perccnt A nrngo or Round____ lIfoderntc. 
nnnt; rnr~\h~ co.. OL tOlullteighL. Wider. 
dominant. 

4 _____do_________ Usually co,loml· Less lhtlI1 6S ller.. Averugu or ____ .. do .. __.. _ ~f'oder.ltc 

lUUit: r!lr~ly [so.. e,'nl oC totul narrower. or poor. 
luh~d or doml· height. 
Ilnut. 

[sohltl'd or doml· Any slzo__________ ,\ny sizo ____ Flut_______ Poor5 O'·erllluturo ••. 
nUll t~ rnreh· co.. 
domln"nL. 


6 
 Young or [utermediuto or Any size but IISU· Any size Round or lI[o(leruto 
thrifty suppressed. ull~' smull. hUL usu- pOinted. or poor. 
ml\ttlr~. ullysmull. 

_____do_.________________do.._____________ •__do.__.___ muL______ I'oor.
i ~["turoor 

o\·t~rll1nturc~ 

I SOllrt:ll: 1)\1);:;-1);0, 1)U:;-O.\X ••\ TilE.; CL.IS8IFIC.\TIOX FOil TUE SELECTIO); .·ORESTS OF TUE SIERRA 

NEV.ID.I. Jour."\gr. Res. au: i55-nl,lUus. 192$. 

• 
38..\1,,4'-;;n--:1 
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TABLE 5.-'l'rees bea/'ing 1 or more cones 1n 16 years, b!l species ancl DlIlIning tree .• 
classes, Stanislalls National Forest plol.,; 

I '--;':;:~::~i-C-----~~:I:;~lnc ! .W~lte flr 
Dunning tree ctllSS 

_________,__A_Il_I_~"~!~_!-~~~~I~1 Ilcllrhig 

...Vrtm j .lVu.m- Per- 1 ~\·lIm- !I J,''r1r.m- 1- Per.. J.Y.tuu. [' .lVum- Pera 

~I~ ~ ~ 	 ~ ~ ~ ~ ~ 

75 I 43 57 194/1. S911 
46 776 489 0:1 

31 I 10 32 1$2 22 t2 021 214 3·1 
25 t 25 100 39 39 11)0 UG tiG ltlO 

5 ..................... ·0 I! I I~ :~ I~ I l~ I I~ ;~ ~~ ~ 

o 	 HI G 1-I,29S1 2j 1 9:\-1 33 ·1 

3 ! 0 0 ! .q tj 25 II 4 3li 
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of til(' ('On('S (lablt, G). Almost nil of thc remallllllg pondcrosa and •. 
sugRl' pillC COIICS W('1'(' on class 1 nnd 5 trecs. By conln1st, 68 pCl'cellt 
of til(' tOllll conc production of whitt' fir , ....os on class 1 tn't's, which 
mHcjp up 54 pl'l.'c('nt of thc (,cnc-lwflring whitl' firs. About lO perccnt 
of lhp fir COtl('S Wl'l'P on tht, 24 pcr('l'nt of thp white fir ll'ccs in class 2. 
:\[osl of {itl' l'elllnining fir ('011('8 (about 20 perccnt) wcre on c1n,ss 3 
alld 5 t ret'S. 

Bl'('ilUSt' til(' vl),rious tn'l' ein,sscs WCI'C 1I0t: l'quolly l'pprl'sclltcd III 
Ull' study arcn., thl'ir l'('i:lli,"c productioll dQCS not indicote thl' cone
bcaring t'apn.('it.,' of indi,ridunl trc('s. 'Yhcll cone production was 
aVl'l'tlg('(1 for illdividual {rcl's, thc eiass 3 tl'N'S werc found lo be the 
most 'prolifie ('011(' beHrcrs nmong hoth pOl1ckrosn, pillo an(l whill' fir 
(tabl(' 6). For th(' whill' fit, stnnd ns a wholl', thc c1nss 1 trees ]11'0

du('ed mOI'(' (,OIl('S pn.rtiy becnlls(' mon' h'el's cxisted in this class, But 
lllk('n I'tS individi.lIl.ls, thc clnss 3 trccs wcrc morc prolific and the 
dn.ss 1 trN's l'I1.nkecl sccond. Amollg tlll' sugllr pines, c\nss 5 trccs 
W('I'(' b('st, 

Dominant tL'l'(,S wcrc by fnl' thc most prolific of the crown classes, 
P1'Il('licully nil of the concs on ponderosa and sugar pines wcm pro
duced on dominnll t tt'Cl'S, a fact of cxtrcmc sil yiculLuml significancc. c. 
Codomi11HlIls produced ollly 1 lo 1.5 pCl'ccnt of the pine cones; 
intermNlial(' Iwd suppn'ssl'd (,i'Own c1nssl's, only a small fruction of 
IJ)('r(,l'lIt (tohlc 7), Almost 88 pcrcent of the fil' cones wcrc produced 
011 dominont trccs, Illld ahout l2 pet'cellt on codominant.s, As in the 
pitH'S, inLN'medinte nlld suppressed firs contrihutcd prnctically no 
COlles. 

'rhc faet thot lllost of the concs wCl'e found on the dominant kees 
should 1I0t bc interprcted to mellll thn.t all dOlllinant trees were good 
Pl'o(\u(,(,l's. Adunlly, dominant tl'ees WCl'e not alike; they vaL'icd con
siderabl~' in wid lit Ilnd length of <:I'o\\,n and in vigor of foliage, These 
('rileria werc thought lo bc objeclivt' cnough lhnt they could be used in 
selcding good s('('<1 tn'('s. Yigol' was judged chicfly by dcnsity, length, 
and nt'Nlle ('QmpicmCll t of tht' folinge, but tht' judgelllent was also influ
('H('ed by color of ncedlt's, Study trecs WCl'e classified ns to crown 
dt'velopmcnt lwei vigor in 1946, Although some changcs ill condition 
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T,\III..E (i.-Distriblltion of cOile-bearing trees am! 0/ co lies, 1B-year average, by 

DI/Tllling tree clew;, Slallisl.Cllls NatIOnal Porest plots 
,,,,--,.--'-"-"-'- "-"";--. "--~--'-"'------'-'--.-------'--

POIHlerosn plllO Su~ar pine Whltl'fir 

1)1I111l11l~ tr~o cl!\ss 
'l'r~'Cs ,I COIl~S COIl~S 'frecs ICon~, COllt'S'I'rces COllCS ICOIlOS

I,.,r tree I • I)('r Irco' • PH tret'

----------1·--1---- ---1---'---------------- 
flercenl tPc~(cent lVlimber'l?ercenl Paunt ..LVr,,"~er Perreni Perct"t N"nmbu 

,13 I 29.·1 571 51 :!I:l.$ I¥j 5-1 [\i.S 2111 
10 ',o.U i3 13 1.1 21 2,1 O.S i:l 
25 51.4 1,710 '12 m.1I 555 11.3 271) 

1 (ll ao 3 O. -. ai :1 2. II lOS 

'.(0 1~ 'I 18.3 1,017 \I 26.8 712 S S.5 1Btl 
li (ll (\ {I) O.n :'~I-0 (\ 

7 .~.8 .. ~~"' ........... P"' .. ~~ .. _'"' 0 ............. ~.~ .... _.......... 1 (I) i (:I) 0.0 1:-1 

j ; I1- .'- .,.-."._- ----i-"-r-~- --1--

To(('!..... •.......... , 100; IOO.uL.., .. : HlO _IOU _ !llO.Oj........
i 100,0 I........ 
i.\'lLt"~~r: '~:II /II;'''' ."', . 'I :~:/:r;:~;~.;~~:.~;~( :-="";I:~~~~/J~!~~:~:~;\== 

Il(,sls ...........,,' •••• '1 .~LX1~,:O:.' ..~~~.t~~IJ.~:~4,~.t-=···I, ooi \15;,9S,I\__...... 
I 1,I'S.~ UllIn n.1 llo~n"'n~, 


, L.,,,s th\1H 1 p,'IT"1I t, 


'1'A1I1..11 i"-'('OIlC lll'oliliclion by ('1'0/1.'/1. ('/(/,~S and s!>I'cies, IB-year record, Stanislalls 
National b'orcl$l plots 

Sug"r plM WhU~ fir 

'l'ot!11 eOIl~s f COlles, 'I'ot"\ COIlC.~ Con~s '\'otnl co/u\< COIICS1 i Iproduced lPt.'r tn~l\; pro<ilH'l'd J)t-r trc~ l)roducl~(l per tn~t~ 

" .. ,,-_.--'·'--1 ' I • I

V':::I!~,b.~rf Ptrre/~t l;.\"umb~r! S'u m.b~rll'cr.cr.llt 1X/all b) Nil /IIberl ['ercelll N"",/w 
Domlmlnt ~_~ ~._~, _,~~ 8"'109... ! nO~o;\ 1 flOG. -1l,Sab J 9~.·1O 291 13fJ,3:H I Si.lin 221 
('"domt.nan! ,,__ jij7, II. (12 iO , tHO! 1.5t 2,1 18, (\55 1L 81 77 

hlt"f/UNIIIII,' nllli SUP'l I I \. 
11f1'SS," I , 38: O. 05 6 I 1:1 O. 03 oj 995 O. 0:1 27 

'l'otnl ............. ':'I~I~~~i~~' 00 1'~""]:~;-;;;;;I=:I~I-;;~=== 

of lhl' tl'('l'S hnd oC(,IllTccl sillcl' the b('gillning of the study, most changes 
\\'('1'(' smnll. 

As it- simpk indicalor of prodllcti\'ity, tlw bearing of 500 Ol' more 
('Oll(~S by n lr('l' in 16 years WIlS chosen n,s thl' stnndanl. Although this 
is admittedly 1\11 IlrbiLral'Y stnlldunl, it serves to segl'cgate tho bettor 
yielding from till' poorel' yielding tl'ces. 

'rhl' l'xpl'C'te(/ relatiollship bctween siilc und vigor of crown and 
pl'o<illl'li.vity of eOIl(' beul'ill~Lwns IIOt cvident from the record of nIl 
dominnnt tr('l'S (tnbl(' S), vominnnts with smull crowns Ilnd POOl' 
folinge "igor s<"('I11('(/ to prodllet' as w('ll tlS,or bettel' thnn, the lurger, 
mol't' vigorous OI1('S. But when till' IUlalysis wns l't'stddcd to tl'ees 
whkh hnd bol'll(' 500 01' more cones, a rclnt.ionship of cone production 
to erown siil(' nnd vigor wns found. In this rostrictcdgroup, most of 
the ht'ltvy produl'ing trees Wel'l' of modernte or good vigor and posses· 
sl'd a <'1'O\\'n of moderat.e 01' bel!('I' length und width. For example, 89 
1)('I'('ellt of til(' ponderosa pinl's WCI't' of good or lllodcI'all' vigor, 7:j 
pcrecnL hnd It. medilllll 01' wide CI'OWll, nnd 77 pCI'l'cI1L had n medium 
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01' long crown (table 9). Evon 11101'e trees of the othcr two spl'des 
Wel'(' in lhl' lIlotiernL<.' 01' good classes. 

Why' wus the relationship uvldent in this restricted group of dom
infint trecS find not in nil the dominilnt lr('('s'? 'l'he rcason appenrs 
t.o be thnt "un dominfillls" (tahlP S) included It great muny small 
trccs of DUBning tree cluss 1 whieh bore few 01' no c01les. Counting 
til('se smull trees obsC'Ul'ed tlw cfl'eet of ('rown size and vigor on P1'O
dudiyiLy of thos(' whieh did bear cones. "Theil only the b'oeS whi('h 
bon' 500 01' more ('oneS wcre considered (tahle 9)', it was t'lcltrly 
dl'IllOllstrntcd thut the size of thc crown and thc vigoL' of tim foliage 
nfl'ceted ('Olle P1'(lc\ udion. 

'1'.\ HI,I': S.-l\'umber of domhwnl lrees and percent bearill(I 500 or 1I!ore cOIl('sin f(1 
Jle(lr,~, by species (lnd by crown development and vigor. Stallislalls Nlltional Porest 
plots 

Whit,' Ilr 

Crown d('Y~IOIlIII~ut lIull 
\·I~or tllns.•"il!S l)omlulllI t! B,'uriug . I) I ,lIpHrlug

trt\tl.~ rbnOc(olrltle~.:.on'l on\ n~lnt '1500 or mora 
. '" ' ln~s , ('OIll'S 

--------------,------------------- 
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SIZE AND FREQUENCY OF CONE CROPS 
) 

Ev(>n though trees of some diameters und elasses produced a grent 
numb('t' of ('ones, only a few bore coneS regulndy. To demonslml(' 
the frequency of CTOPS, the IG years of cone count data Wel'C supple
mented with cono counts from a single plot for an additi0l1a17 yeal's : 
l1,nd wi th estimaL('s of seed crops inf{':-red from seedling rccords ill the 
stud,\- plots on the Stanislnus fOI'l'~t, These supplementnl data, of 
cours(', l\1'r not nendy IlS relinblr n$ thr main body of the l'ccord, but 
thrir use helps fill in informntion on cOl1r production for several 
,renrs when cones wen' not COUll ted, 

Annual Cone Production Per Acre 

• 
'\'11(' llumber Qf ('Ones produeed eltch Y<;'iU' is OIW way of showing 

the freql!(lncy of cone ('rops, Accordingly, thr averl1.gt' ulUllml cone 
produelion pel' HCl'e WHS determined for 100 pon<ierOS!l pil1("S, 174 
sugHI' pim's, and 907 white firs Oil the 4G.8 nne's of study 1l1'ell on the 
Stnnisln,us i\ntionalli'ol'esl: 

Year: IIDS3 ______________________________ _ 
1\):\,1 
W:\5. 
1.!l:3G. 
wa7... 
!!las. __ 
1!l:{!L 
10-10.. 
1!l·II __ 

ItH2 
o. 

IIHS. 

1!J.l11 

I !hi!L 
l!)i)1 
!!l52.. 
Ul5a •. 

1 So dutll fol' U)·la--1.7. 

Pon([PI'osil pinC' pl'oc\u('ed frolll 0 
~0 ponde['osl\, pine cOn('s occurred 

('(lilt,' flrOi/uceil /Jer "cre -... ---- 
!,'omlero.'l1 

pille 
(JIII/llbrr) 

2:~7 
20:3 

0 
:3;~S 

12 
IS 
5 

-?l. 
1(j0 

7 
105 
13-1. 

7 
0 

2111 
1m) 

to 338 cones 
in 1935 nnd 

SUf}(lf While 

pille fir 


(1111mb,,) ('I1I11,lltr) 

(j5 2,1. i 

\no (j85 
2 5 , 

15S 07 1 
1:1 5-1 
52 as 
0 5 1 
2 2!)(j 


la8 a(j 

I ;{S 

11:3 1,022 
•.1 :3:3 

0 0 

0 4(j0 


2(j7 	 G 

-1 0 


pel' acre pel' year, 
1051. Tho lnl'gest 

number WI1S in 103G, Othel' good seed yeurswc:re 1952,19:33, and 19:34, 
'\'hp b('st suglll' pille CQlll' crop occurred in 1052 wi th 2G7 conos pel' 

Het't', OtlWl' good seed YelUS wcre 19a4, lOaG, 1941, and 1948, Each 
of these good. SUglll' pilip seed years WHS follow2d by vel'ypoor seed 
YeHrS, A heM'Y huildup of lh(' sugHr pine cone beetle (Conophtlwl'ltS 
lambcl'tiallaf Hopk.) in yenl's at' good crops apparently)lrcvel1ted one 
good l'l'OP being followed by ullothel', The beetles must have destroyed 
lite succeeding crop, 

White fir bor(> ft'om 0 to l,G22 COIH.'S pel' acro per yem:, The poorest 
seed ,Vetll' wn·s in 1.950 when 110 cOlles were found on Hlly of the trees, 
The hest seed yenl' for white til' wns 1948 with 1,G22 cones pel' ncrc, 

Sometimes good seed ('I'OpS of nil three species coincided, ftS in 1934 
find HHS, [n s(wCI'IlI other YCIlI'S hel1\',\- seed crops of two of the 
specie1s hllpp(llledtht' snmc yenl', In generlll, good seed yelu's coincided 
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more often for the the two pines thnn fol' either of the pines and white • ' 
fir. Since the pines each require 2 yenrs for cone (J/(welopn1(:lIt, ufler ,. 
the flower buds have been fonned but white fir requires ollly 1 yem', 
some climntic or physiological factors might lend to favor coincidence 
of cone crops of the two pines but, not of the pines !uld fir. 

Sometimes poor seed Cl:OpS of all three species coincided. In 1935, 
no cones occurred on ponderosa pine nnd ollly 2 find 5 cones per nCre 
respec(,ivcly for sugar pine und white fir. In 1939, there were only 5 
ponderosn. pine ('oncs per acre, no sugnr pine cop~s, finei5 white fir 
cones. Other poor seed years for nil three spccles were 1942 nnd 
1950. 

Annual Cone Production by Individual Trees 

'I'h(, n,vel'ngl' number of cones bol'll(' nnnllnlly by Ilominnnt t.rees 
provides nnothel' bnsis by which to compnn' yendy cone production 
(mel 10 show lhe Jreq lIelll'y of vnriolls size' cOile crops. For this C011l
pilt'ison, only 01(' crops of domillnnl tn'es lnrgcr thlln 19.5 inchcs wel'e 
lnllicd. 1Losl of the COIlC productioll for thl' two pines wns included,. 
bUl nn fippL'('cinbl(' number of cones borne 011 the slllllller dominllllL 
whill' firs ILnd nil thl' codomillllnl. fir trees wns omitted. 

The number of cones b01'lH' on dominanl pOlldcl'Osn pines vllried It 

grent. denl {hll·ing tlH' study lH'riod. 'I'hl' I11nXimllm cOile pl'odu<~Lioll 
\vIlS in 1926, with UII n,n~rnge of 299 COlles per dominnnL tl·ce. 'I'h(' 
poorest seed :venr wns in 19~~5 whell 110 pondcrosa pillc cones were 
obsl'I'v('d on til(' plots. This yel1l' of lowest COIlt' production prcccdl'd 
the s('('ond bl'st yenr, 19:36, in whith lh('l'c WIlS nn n,\rcrnge of 228 coneS 
Pl11' dominnnt tree. Only 5 other yellrs hn,\Te fin avcmge of more thfin 
100 concs pCI' domilHlIll trce (fig. 0). 

CQI\(' proc\u('tioll 011 dominnnL Sllgnr pines nlsCl showed considerable 
vnrilllion during the period. On dominnnt s\l~nr pines lin'ger than 
19.5 inches in dinmdel', the highest a.v(!mge yield WIIS 109 concs per 
ll'C(' in [052. The second highesL yicld wns 99 cones pel' trec in 1931. 
None of the sugtll· pitH'S on the plot.s produced. cones in 1939, 1950, 
illHl 1951. 

The highest i1V('rng(~ numbel' of cones pCI' dominnnt white fir WIIS 
254 ('ones pel' tree in 1948. In 1928,19:34,1943, nnd 1951, the a,rernge 
fell betwecn 50 niH: 100 cones per tree Ilnd in all the rcmnining yelll's., 
eX('(lpl, 1940 il wns less thlln 10 cones per tree. 

Frequency by Size of Crop 

'ro sUIllmnrize the frequency of cOile crops in a morc general way, 
fi Cone crop index WIlS de,vised. Based on the avcrage number of 
COlll'S on domillllnt trees lIu'ger tllUn 19.5 inches, which produced the 
bulk of the CQnes, this index contains 5 clllsses of Cl'Ops: 

COli .. per dornillanltrot 
targer thall 19.5 il/chud. b.,h. 

PondtrOAR pillt Sugar pili. or 
('/llrnb,r) whitt fir 


CQIl<'> crop ruling: (II" mber)

.:'\011(,' __________________________ _
Light __________________________ _ o o 

1-20 1-10 
~lcdil1m_.- ___________ • _________ _ 21-80 11.-40Hl'n"y _____ •________________ , __ _ 81-160 -11-80 
Very hea\'y__ --- _________________ 161 or more 81 or more 
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IIlwing a qUflnt,il-alh1"c basis, the index cun SUpplflllt less spceifie. 
clesignl1tiolls sueh ns "good," "POOt'," or rt fwcrnge." In the proposed 'J 

index, the number of pondcrosa pine cones req uired for each class WfiS 
set aL twiec thllL for sugflr pille .or white fir because ponderosa pine 
conl'!> lliwo Olll\' nbout half' ns ml1ny fcrtill'secJI per cone. 

W'hen conI.' 'crops for 1926-53 on the Stanis\l1us Nntional Forest 
study I1ron, wcre classified ftS follows by this indl'x, 2 of the ponderosa 
pinl' I11H1 sugnr pine (:rops fllld 1 of the white fir crops wore rated ns 
"none" : 

Ponclt'ro.'w Sugur While 
l)i/lC 'pille firSizc of eOlle crop: j (nllmber) (/llimber) (lIumb,,)XOII(' , _ .. , ________________________ _ 2 2 1Light .... _._ .• __ .. _____ • ___________ _ 1:3 1·1 II)

;\\(>diIlIlL. __ .. _.... _.. ___________ ... __ ..  5 6 :3 
11('1\\'.\' • _... _ .. __ .. _ ...... ___________ _ ·1 2
Vel'Y hel\\·Y. , ____ •• _. ___ • ___ • _____ _ 2 a " " 

1~)tRl_ .. __ • ___________ • _________ _ 
28 28 28 

1. 13n."is of crop siz,,: nUlllber of coneS pCI' domillRnt tree larger than In.5 inches 
d. b. h. • 
'I'hl' majority of I'he cmps of all 3 speeies-13 pondel~osn pille, 14 sllgnr 
pin(', nlHL til whiL(' fil'-~wc ..e <'lnssificd as "light." "Medium" 01' 

hCfl.yi<,1' ('rops o('C'urred 13 limes for pondel'osn pine, 12 Limes fOl' SUgIH' 
pi I\(" nnel onl,\' S Li ll1es for \Vhi l(' fir. 

B.ow oftl'n mH.,\' WI.' ('xpeet a good seed yelll' for the twopincs and 
while fir? '1'11(' n.nrng(' and rnnge for the St.unisluus plots, 1926-53, 
were us follows: 

'l'ime belweell cone crqp.' 
--~ , ..,.~--.. ---

-'["liu". or /leafY or "frY Very 
hear'ier cmp heary crop "ea!lY cropPondcrosa pille: (vet",,) (Ufar.,) (vwrs)j\vcrnge ........ _______________________ _ 
 2 a 8Hallg" ... , ___________________ .. ____ _ 1-7 1-8 a-lU 

Sligar pin,,: 

2-7~~~~~~~::= ==== === = ===== 
21 

White fir: ====:===== 
Avcrage__________________________:3 5 711:lllgp__ •• _________ .______________ 1-6 a-I) 5-1) 

I Only two very hellvy crops of slIgnr pine cones occurred d\lring the obscrva
tion p"riod. 

On the nvcrng<', medium 01' hca\ricr cone crops occurred evCl'Y 2 
ycnrs for tIlt' Lwo pines nnd evcI'Y 3 yenrs for white fir. VCIT heavy 
Cl'OpS OCCUlTed ('yen less. frequently. DuriQg the 28-ycal' pcriod only 
L;wo vcry hensy sugur pine cone crops occlln·cd. '1'he {u'st wns in 
11l3l and the other in 1952-u, l)criod of 21 'yOfil~S between these two 
('TOpS. ~\ vcry good sngllr pine cone crop was repOl·ted to have 
oeeurred in 1920. If this crop wus the same ns "VCI'Y heayy," we 
might (')o.l)ect n crop of this size to oecUl' evc!'y 16 ,Yonrs. 1-.;Iueh more 
Lime thnn the 28 Y('IIl'S of this study would be required to determine 
reliably the intCI'vnl !JcLwcclI YCIT hctl,vy seed crops for sugar pine. 
'.I'll(' Iwel'ilgc illterw~l bel,wcoll vel'Y heavy COliC crops fol' ponderosa 
pine wasS yeurs find for white fit' 7 ycnrs. In the Qouthwest, Penrson 
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• (20) ropol'ted oxcept.iQllnlly hoavy ponderosa pine seed Cl'OpS occun'ed 
in 1913, 1918, 1927, 193G, 1942, nnd H)45. If tll('s(' COIH' crops wcro 
the SI11110 ns "very heavy/' the n.vcrug(' interval would Itn,Ye been G 
yeays in thll Southwest compnred to the S yellrs [01' the California pine : 

; 

region. 
Incense-cednr cone crops on tho Stnnisitlus National Forest plotis 

also varied grentl,v during the period H)2G-53 ns indicated in the 
following tahulation: 

Yellr'; Estimalet! cOile croJ) Rasl. far .. ,limale 
1026 _____ ~_ 0"on(' to Ii/,(ht .. _____ ~ __ ._ Seedling count.1027____________ do .•. _. ____________ _ Do.
1028._______ __._do. ___ •. __ . ________ ~ Do.1020_. ______ Li~llt _________ ._. ____ _ Do.
10aO. _ _ __ __ _ l'I[('diuIlL .. __ • __ • ____ • ___ _ Do. 
10:~L .... _•• He:n:y_ • _____ ........__ Do. 

10:32. l\\('(\tUIlL.... ___ •.•• __ • __ Do.
1033 ___ .do ., ____ 0 ___ •• Seed il'np count. 
LD:\·l Vel'~' jH.'Il\'y .. __ • __ • ____ .. __ Do.
10:3,5 Light. _ . ___ . ____ • ____ _

• 
Do. 


10:16.. :\Il'rlillll\ ._ •. __ ., ..•. __ Do. 

lo:ri. \'l'ry h('ILI'Y ........ ___ _ Do. 

10:1S Light ..• _... _.... __ ._ Do. 

10:lD l'Iledillm .• ___ •• __ • __ ._ Seedling count. 

10·\0 Li"ht ._ .... _. _______ _ Seed trnp count. 

104 L __ •• _._ ll~t\'y_ .• ___ ._. __ •• ____ _ 
 Do. 

10·\2. Light ____ • ___ ... _____ _ 
 Seedling COllnt. 
LO·I:~. l\\c·diunL .••• __ ..... __ _ Do. 
10·101 II ('II" Y..•... __ • ___ • ____ _ Do. 
10·15. Light .... _~ __ .• ______ _ Do. 
10·16 l\[('(lilll11 ...... __ •. ___ _ Do. 

.1 O,ti' . __ • __ • _ Light. _ _. __ •. __ • _•.• __ . Visllal observation.

11).18 ________ • ___ do . __ ... _....... __ _ 
 Seed trap count.
10·11), ... _ •• _ Hl'1I \" Y_ _ ________ • _____ _ Visunl observation. 
W50. ___ . _. • l,igh t ____ ••• _.. • • __ Do.
L05L.. __ •••• •. _.. do __ • _____ .. _.. ____ _ Do.
1052.____ ___ :\Iediulll... _____ •• ______ _ Seed trap count. 
1!)5;L ._ ...... Light .. __ .. ,. __________ _ Visual observation. 

• 
rrltl' trops of this species wel'l' eslimnlcc\ only qualitatively because 
of th(' difTieulty of counting thl' grout numhers of the small cones. 
l{(llnLivl' nhun(\luH'e of tho inct'l1s(,-f:l'dal' trops was noted when tho 
COIll'S of til(' other speei('s \\'(,1'e counled. 'I.'hese ohs()l'Yalions worl' 
supplemented with seed Lrnp counls during a few ."ears and with 
records of sl'Nlling ineidcnc(I on pl'l'munenl quadrats in other ye!l.L·s. 
In th(l 28 )'('11 rs , (j ."cnl's hud it. heil,\',\' 01' vcr." heavy crop, 8 a medium 
crop, alld 14 a light 01' no crop of incense-cedur. 

Crop Frequency by Diameter Classes 

In gencral, the number of COIl(' crops of onc oi' more cones in 16 
yelirs \\'US strongly correlaled with diumeter up to cel'tuin tree. sizcs. 
For ponderosa pine the limit wus :32 inehes. FOI' trees !tU'gOI' thltn 
32 inches, howeyet, the relationship did not continuc. Trecs in the 
lowol' dinmetcl' e\USSl'S had fcwel' crops than the Itu'gct· trces. Thc 
!1n.'rn~l' for don~innnl lrees Vilri~d, fL'OI!l O~l~ crop for th~' 7.6- to 11.5
HH'lt ('lnSS to 10,0 crop:;; for the 2, .6-to ,~l.a-lI1ellclnss, WIth an avemgc 
or approxin1l1tply 10 erops for nll lrees llirgcr tlum 24 inches (tahle 10), 

Kugnr pine l',xhibilod the same genernl trcll(l; howe\Tcr, the number 
of crops borne was fewer thnn ill ponderosa pine, 'rhe Iwcmge number 

; 

! 

( 

I 

'. 
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'l'AHI.E 	 lO,-·NlIlIlll,lr of conI! CrctpS 1mI'll/! OJ 1"1It1t,-itlUIII dOll/blllll/. p!l/l(lt:ro.~il, pille • J 

Irees, by (Uallli/ier clusses, LO-ycllr 1Jcriot/, .')Ianililalis NaLional Porostplots , 

COliC crops per tn~(· In In yt~urs 
DllIlIl~ter chis!; (Inelll'S) -- 'BIlSls,-- "-..~ f tn'\.IS I 

.\ "('rug'- .\1 1Illlllum • ~ r.,xIIllUIll 
·t-~-~---,......-

I "Yumllt'r .\·il,mber IVumber j'"'umlJer
7.1l-11.~.................._....._.._............"" ..... i 1 I 2 


Il II:~: t:~:~· :::::::::::::::::::::::::::::-:::: :~::::::::::! ;I:~: I 	
8n.n a 

So 2 ) ·1 II II 
0.11 I 5 12 Q 

1(). () S 12 11 
11).0 1:1 (If:~'ly:~i.·::.!i!·..:·i:: ::~!~.:.:..:.:.:.J "' " 
10.0 13 H) 

7 
":.1.t\...·17.5 .. ".. - ... ~ .... ~ •• " ..... ~_" .. · .. .«.H"'~'''~'''''~''''''''''~J n.s 12 .J 
-17. (\"01. f, .~, "'" .. ~ ~ ... " ...... ,. ... '" .. ~ ...... ~ 

_n 

............. ~ ..... " * .. ~ .......... _: ~._.. _~ .. _-. ...... !_"'.. __ ... ~ ...... _......__ .. ____ .. _.. I)
~1.(h~.5............... _... ' •. _••,........ .......... D.5! \) Hl 


2 
3~.(H\1l.5 ......."._••• _.•••.• __ ... , .......... _•. ,.. II),O! 10 III 
,--'-'---i------,-- 

,\11 ..............................................1 

! 

s..; I 1:1 

---~~--------

of COIl(' ('I'OPS 1'01' domillullt. !:lUg-III' piliP Ylll'ied fl'om olle in the lowest 
ditllll(ltel' dnss to 8 ill tliC' higllPst, with all iwcrllge of 7 crops fol' trees 
lHl'gel' tit/til 24 ill('l\es (tablt' 11). 

YOI',\' liLtl(, to 110 l'OITPlttliOIl Wl1S p\'idc'nt bet,ween lIumher of crops 
Ilnd dinllll'tpl.' fol' tlw lru'g(',I' white fir trees; ho\\,('vel', 1'01' LL'ees less 
than 24 ilH'h(,s d.h.h., ('011(,' beal'ing wns eOI'I:(llnLed with tree Si~l'. 
'l'lll' IWN'ngl' numh(l[' of (!I.'OPS for nil (\ominltnt {,L'CCS bearing cOlles 
\\'ns :J.G (In.blll 12). 

T,\II1,I~ 	 ll,~, NUII/b l ,1' of ('0111' croJiS bO/,lle Ii!l 'illliit,iti1wl dOllli'//(/lIt .~II(/(I/, pine tree8, 
by dlllllle/I)/' <'i(lsses,,.I6-!/t'(l1' 1icriot/, SIIl7/1:S11lIls Natiollal POresl1jlol,~ 

I COIl\' l'rO(lS Pl'r Iret' In In years 
Dlulll~t~r ~1l\"S (l1\~lw$) 1l1l$ls, 

t.n~l~" 1! A\'~rngl' 1:\lInlllllllll "lllxlllllllll 

--"-------:--~I~' . i 

7.1\-.11.5............ . ,."........ ................ Nllmb;~o 1 NllmbU I Nllmber
l 

Nnmbe, 

11.11-15.6 ......... '". • 1.5 2 Il 
jli.,t~IO~5 ... " 
19. I\-!la, [, 
:!:1.1;"27.5 • . 
27.1\-:U.5 • 

~.~ - ,~.. ~<. ~ ~ ..... 
. .......... " 

a.:J I 

5. () I 
.~.li I 
7.2 ! I 

5 

7 
12 
II 
III 

25 

211 
III 

al~1l-3!i.. :i ~ ....... ~,~ .. ~ ............ ~ 
:15.1l-30.5......... 
30.(;"1:1.5 ... • .. " • _..... , 

::;:~~;::: .: :"::.: :.."' : ": :~:: ::: :·::1 
51.1\-55,6 ................. "......... "'" "', ••.••1 
0:;.r..50.5, ....... , ..... _..." .......... ,. .•_•.•. , .....J 

; .. 61
i"51' 
1).2 

;:~ I 
7.5 
S.O 

:: 
Ii 
8 

10 
12 
II 

:1: 
8 
R 

II 
II 
Ii 
7 

,,\II •·••• .... •.... •••·•·•••....·-··..···-·-·..-···:·--:·~i---·~T--':;·,---1;;;; 
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TABLE t2.-Nullllwr of crops /lOnIC by indilticlull/ domiTllIlI1 wlt-ile fir trees, iiI/diameter 
c/lI,~seli" 16-1Ieczr period, ShU/is/ell's Ncl(1'olllll FOi'e,~t plots ' 

C!)lle crops per Ir,'ll III 1(\ Yl'nr~ I 
HlL~is.DllIIuctcr class (Inches) trees I 

'-\',\'cruge I:\lInlllllllll I :\lnxllllulIl I , 

NU7l1btr 1 lVUlllOtr NII'IIIber NIII1I(Jer 
1,4 t 1 3 32~: ~1~: ~::::::~::::::::::::::::::::::::::::::::::::::::\ I2.0 1 5 96 

11.6-15.5.............................................-.1 a.l 1 8 129 
15.6-19.5....__.........................................) 4.2 1 10 99 

19.6-23.5............................................... . 5.4 I 2 9 00 

23.6-27.5...............................................! 5.1 1 11 35 


-1.8 1 8 33 

I 
I-I. a I 1 8 30 
I 1a. i 1 i 20 

4,2 '1 8 13t~:§t~:::~~·:):::::::::):::~·::::·:):·:::·:::·:::·:1 4.8 2 8 12 
5.3 j 1 11 7 

.aL. H-55. 5 ... ".... "'~ ........... _............................... _w_ .... "......... ....... .............. l 5.n j 2 7 4 
! 

1 11 5iOi __ ~~I::~~~~===~~~_.~~~.................~L___
3_.U_'"-___-'-___....;..___• 
i 

I Includes ollly tn'es which sUr,lYcd dllrlu!~ the cntire studr. 

Frequency of Cone Bearing by Individual Trees 

No trol'bore conl'S l'yer~Y yeul' timing thl' If} yeurs when all tl-ees 
wore cllrefull.\" observed. In filet eVOIl 1l11101lg dominllnt trees lltl'ger 
LhltH 19.5 illeh('s in diull1('tl'l', fc\\" bore COIlt'S ns oftell as 12 years ill 
Hi, or throe-fourths of th(' tiu1('. Prnelicltlly no suglll'pines or white 
firs bore cones thnt Oftt'H, und only Itbou.t 17 percl~lIt of the pOllderosa 
pines did (fig. 10). Only Ilbout 10 percent of the whiLe firs, 36 percent 

NUMBER OF CROPS PRODucED 

FIOI.1RElO.-FreqIWtH·,y of cone beMing of individual domitlll.lt trees larger 
than IH.5 inches d.b.h., Stanislaus ~lltionl\l Forest. 

• 
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of tilt' Stjgill' pil1(>s, but 84 p~'rc(mt of the ponderosn, pines bOl'e nops 
half the tinl(' dllt'ing this period, Thus one of the kcy problcms in 
securing nntumlregenemtion in this region is that seed crops may be 
too infrequell~ to depend on, 

CAUSES OF LOSS 

Not cnough is knowlI about the C'iluses of the frequency of COI1(, 
('rops to ("rutble us to stat(' definitd,Y wh,', bumper Cl'OpS of cones 
oecltt' in some ,H'ilt'S alld no ('ones at all in other years, Many factors, 
singly and in ('omuination, nffect cone erops, Quite probabl,\c some 
len'tlt'lldos for reguit'U' 01' irregular ('one bearing fl.I'e inherited, eel'
tainl)", ehanging environmentoJ faC'tol's iu'e of import,allce, One 
tlwonr fot' pet'loclicili,v' of fruiting, advaneed long ago b,Y Hat,tig, 
aecorcling 10 BusgPIl and .Munch (1) is thM periodic b(,tlring in forest 
t!'ees, such ItS b('N'h, iSl'ehttecl to the period of time required by 
tl1(l 1·I'(·e to build up t'PSet',re BUlten'lllIs that nre depleted during the 
seNl ,'('nl', tiUdl ('vidollee ns the e(reet or ferLilizers in stillluln.ting 
seed (TOPS of fOt'pst t!'el'S (3) nnt! the ('freet of t'elc'nse of sped trees 
on til(' subsequent CI'OP (3.D suggpsLs thut in('I'('osed null'ition and 
ligh t sLimulall' tl'('t'S to benr sped, Howevpr, npplienl,ion of fertilizers 
hus 1l0L nlways l'('sttiLed ill ill(,l'eased ('one el'Ops (35), 

Weather 

"-l'at,h(·t, obviousl," had important dl'eeLs in tho development of 
CQIl(' (,l'OPS, bu( not nil tlH' relationships were dent', However, the 
study st'l'vl·d 10 ('lnrify eerLitin points, One eHed was that of low 
tempel'ntu,l'cs; developing eonei('!,s of white fir were killed by severe 
[I'OS[.S dUl'lllg laIc ~[n,,\' and eady June, For example, on ~tfay 20, 
19;3(;, when til(' ail' Lempel'U,(urc wus 2;3° F, in the weather instrument 
sheller 5 fept nbove the ground levd, the temperature was 26,5° in 
the crown of the while Hr study trees, 100 feet above the ground, 
Bv June 8 nUlIlY of the eone!ct.s had lurned bl'own and the white fir 
i:;1eed crop was relatively small lhat yenr (fig, 9), Frost damage was 
IIOll'd n.guin in 19:39 aett'!' below-freezing temperatures occurred in 
Inte ~[II," and l'IWl\- .JUII(·, 

Tlwl'l; was SOIll~' additional ('ir('lunstantinJ evidellee that below
freezing tempemtut'es I'('([u('ed the siz(' of the white fir cone crops, 
'L't'lllp(·t'atu!'os i5 10 7 degl'ees below ft'eezing in instrument shelters 
within the timb,'r sLand W('t'l' obsel'ved in lnte ~:[ny every year between 
19;33 ilLHI 1941 ex('ept ill HJ:34 and 1940, In these two years the 
minimum ail' lempemt.Ul'e during .Ma,\r was 30° F, On the basis of 
til(' relatiollship between tempcl'H.t-uL'es in the shelter and in the crowns, 
(10), below-[n'ezing temp(·ratures did not OCCUl' in the crownS of toe 
trees dming ~ln.y ill 19:34 nlld 1940, 'White fir bore more seed ill these 
two years than ill those Y('IUS with low .May temperatures, However, 
the hu'gcst fit, seed crop mntured in 1948 when the minimum tempern
Cut'l' in til('. sheller wos 27° on May 22, and 28° on May 2:3, Agn,in 
in 1951 many fir cones developed after a minimum temperature of 
24° in the middle of May and 28° 011 June 2, 

, tiinc'(' the minimum telllpemture in the crown may be several degrees 
higher t1Utll Itt the bose of the tree, temperature .l1t the level of cones 

•., 

• 
<' 

• 


• 




• 


• 


• 


SEED CROPS OF FQREST 'J,'BEES 27 

might have been only a fe\\" deg,'I'ees below freczing-not 10\\' enough 
to cause 1Utu:h damage, In 1950 and 1952 practically no cones 
matured after tempel'ULures of 24° and 25° F, were reached in the first 
part of June, Thus the direct and indirect evidence gives support 
to the belief that the seed cropE! of white fir are influenced IHLversely 
b)" low tempemtUl'es during the flQwering period. The critical tem
pel'ltlUl'e' associated with frost damage natul'U.lly will Vllr'y with the 
stage of growth of the' conelds und the' duntlion of the fl'eezing 
tempemture. 

rrhel'e is lCI$s evidence fota l'('llltionship between climatic factors 
Ilnd cone pl'oduction of the pine'S and ince'nse-cedlll', although it 
must be ilssumNI that weather hilS some effect. Freezing temperlltUL'es 
probably had l('ss dfect on the pine cOl1es beeause the flol'l1l period 
of the LWO pint'S is Illte in the growing sellson, ·when below-freezing 
tempemtul'('s USUllll.\T do not oeeUL'. Fel'fiiizatioll, howevt'r, does 1I0t 
oc('ur ulltil the spring IlH('r floml development. It is conceivable 
that freezing tempemlures might have harmful eO'eds <hll'ing the 
intel'Vlll betwc('n pollinlltion alld feL'tilization. Schubert (28) reeentl.Y 
hilS obsel'v("d what Ilppenred to be fl'ost killing of yellr-old sugar pill(' 
COlles, aftel' n minimum temp~'l'nture of 20° F. in eltd", June. A 
study ill Coiol'lldo reY~'tlJed no ft'ost dllmllge to pOllderosn pine 
flowel's (28). 

'Yt'ather may have beell a fllctOl' in thc coincidence of COIlC crops 
of tht' two pin~\s. For cxltmple, the best crops of ponderosa pine 
o(,(,UlTNI in 1926, 1933, 1934, 1936, a.lld 1952, lind good crops in 1941, 
1948, 1949, and 1953. The best crops of sugar pinc were in 1931, 
1934, 1936, 1941, 1948, and 1952; n medium Cl'OP developed in 1933 
Illld It potell tinIly heavy crop in 19,19 wns destro.'"ed by COliC beetles . 
.Moreoyer, there was coincidence in years of failures or near fn,ilures. 
By actunl cQunts, both pincs bore pl'llctically no cones in 1935, 1937, 
19:39, 1942, 1950, nnd 1951 and, by' indirect, evidence, in 1930, 1932, 
1943, 1945, and 1947. Some climatic conditions probably are re
lated to thesc coilleicienees of abundant. ('['ops and failures between 
the two pines. Both of the pint'S, of eoul'se, requirc 2 years for cone 
dt'velopmen t. 

EHeet of Pests 

Cone beetles (Conophthor1l8 spp.) at times eause heavy damage 
to the pint' cont's. A qualltitntive Inellsurt' of the extent of the 
damage is available ollly fOl' sugar pille beelluse cOlles of this species 
are large enough to count at the end of their first growing season. 
Of the COlles set on 19 trees in 1940, 56 percent matured in the fnll 
of 1941. ~Juch of the loss \\'as nttributed to sugar pine cone beetles 
(C. lambertia,nae Hopk). Only 38 percent of 2,171 cones counted on 
28 trees in the fnU of 1947 were found as maturc cones in the fall 
of 1948. Again cone beetles damllged many of the cones. NIany 
conciets wcre formed in 1948, but YCl'.y fc\\', if any, matured during 
1949. It WIlS assumed that the beetit's increased in population in the 
1948 erop to such an extent that they almost completely destroyed 
the 1949 erop. Many aborted coneS riddled by the larvae of the 
beetle Wl'I'(,· found 011 the gl'Ound under the. trees, That damage 
caused by the sugHr pine cone beetle mny be widesprend was indicated 



_______________________ _ 

28 'rECHNICAL lJULLE,TlX 1150, U. S. DEPT. OF AGRICULTURE 

by :MilI~I' (19), who r~ported 25 to 75 percent of the sugnr pine cone (. 
crop dest.royed over large areas. 

Although quantitn.t.ive. data al'e not aYililnble to show the extent 
of damage by cone beetles to ponderosa pine ('OMS, it is known that 
the beetles (ConopMhorus pOlltierosae Hopk.) do cause losses (17). 
Occasionally most of the cones on a few trees were aborted, but seldom 
the conc crop in entirl.' stands. Although in the aggregate the damage 
may be fairly sel'ious, it is not as striking in ponderosa pine as in 
sugfil' pine. 

Other insects may destroy the cones-the pine cone moths (Laspey
resia1)iperana Kefil'f., Dioryctria abietella CD. nnd 8.), D. mnfhoenobares 
Dynr, and EuCOSfIla, bob(Ul([' Kenl'£.) and the fir cone moths (Barbara 
('oUaxi(ma vn r. s1,skiyoU(lll(l. Kenr£') (17), 

'rhe amount, of sound seed of ponderosa pine and white fir is often 
reduced by the seed dwleids CJJegastiglll.'ll,~ spp.), These wnsl)S de
posit their eggs within thl' immuture seeds, nnd the developing nrvne 
desll'OY the embryo nnd en<iospel'lll of the seed. :\[uch of the poor 
qunlily of while iiI' seed is nltl'ihuled to infestnlion of these insects, .; 

Forest rodents, pndieulnrly t.he Douglns pine sqllirI'cl 01' chicknl'ee 
(Tamiasdnrlls dO'liglaMii llnekmnn), cut down mnll'y of til(' cOlles before 
tlwy hnd mnlul'eil Ilnd shed lheir seed, us indil;-ated by the following 
proportion of COIlt'S ('ut by squirrels nl the time cones were counted 
Oil the Stullislnus plots: 

('Ollt& Cllt bv .quirrd. 

POflduDsa pille Sligar pillt \I hilt fir 

Y('ar:1033 (ptrrtllil (perrelli) (puCtnl) 


:3. :~ 0, 9 O. :310a·1 _______ . __ . _ _________ _ 12.7 3:3.1 4.210a5. ___ • _ . _ .. __ .. _ . ____ .. __ 10.0 150.0 1:3.81030 _._. _______ .• ____ . ____ _ 1.5 0,0 O. 010;+7_____ ... ____ .. _....... ____ _ 
 11. 8 12.2 1. :310aS __ ._. ________ • ________ _ 
-17. 1 50.5 O. 01930 ____ ._. __ ._ ..• __ . ______ _ 22. S 10.0 12. 1 

10~0 __ • ____ • _______ •. ______ _ 12. 1 16. a O. :31041 ___ ._ .. ________________ _ 27,4 1.6 1.219·12.. ___ . ____ ._. __________ _ 152.,3 14.7 0.11048____ • ________ • _________ _ 
15.3 o ,) 0.11949._ •.. ________ . _____ . ___ _ 10. 5 3.0 O. 0

1950._._ .••••••.••• ________ _ 10.0 10.0 10,01951 _____ ••..• __ •. _________ _ 10.0 10.0 2.01952________ .•• ___________ _ 
:31. 7 1.2 1 1. 1

105a.•.. _•.. __ .. _.• ________ _ 20. 9 11.1 10.0 


1 H('lath-cl)" snlHlI crop of COlll'S. 


i3quirrcls oftell cut nIl but /l, few ('ones on the ll'ees by the time seed 
wns normally dispcrsed. .I!'or example, in 1938, 56.5 pel'cent of the 
suglu' pine CI'OP had beell cut a t the time the coun ts were made. 
By nud-September, when the cones llormnlly would start open
ing, onl,Y 3 were left of the original 547 on the trees in 31,2 ncres of 
plots. Recently Tevis (3m reported 011 the fate of nn cstimated 1,656 
healthy cones borne Oil 20 sugar pines. Of these cones, 54 perccnt 
were cut down by squilTels before the seed was shed. Further evi
dence is given in /l, report of 863 ponderosa pine cones cut f!'Om one 
tree, nn estimnt.ed 93 perccnt of the crop (27), In the northern Rocky 
.:\[ountnin forests, 60 to 89 percent of the crop of individual ponderosa 
pine trees was cut down by squirrels during a 3-yeal' period of obser

• 


http:estimnt.ed


29 

• 


• 


'. 


SEED CHOPS OF FOHEST THEES 

yation (30). Hed squilTels in the Ltlke Slat.es were prohably rc
sponsible to It considemble degree for light cone crops and failures 
(f32, 25). 

Additional duta support the contention thut squiITels in some yeurs 
ure extremely destructive to seed crops. :For example, only 1,:350 
pOI1<\(-rosn. pine seeds per ucro Wel'C trnpped on one plot in 1941, bwt 
earliee n count of 149 cones had indicated n possible seed full of ubout 
10,500 seed pel n('re. On another plot., 5,830 seed fell pel' ncre in 19:34 
nfler 53C>. cones hnd been estimated per ncre, a polcntinl of about 37,500 
s.(.'ed per nCI'e. SqUil'I'('\S well' n,ctively cutting cones in t.hose two 
yen!'s. There can be no doubt but that in some yenrs the seed crops 
nrc almost whollv devoll!'ed by squirrels. 

On the basis of the evidence presented in the tahulation, squllTels 
pref~ll'ed the cones of pondero3a pine. However, this nppm'cnt pref
ercnCe for pondel'OSll cones does not mean thnt the squil'l'e1s do not 
tum to su~nl' pin(' or whilcfir before the ponderosn cones nre ex
hnusletl. \Yo observed In.rge cuches of white fil' cones on the plots lntc 
ill some yeurs, And occnsionnlly, when co lies of Lhe pines or whit.e 
fir Were 1I0t nvnilnbll', we found numbers of illcellse-cednr cones cut. 

In some yenrs, whitl'-hell<led woodpeckel'S (Dendl'ocopos albolanYltus 
[( 'nssin]) compl(·tdy riddle sugnr pine cones (fig. 11). The birds 
tended to coucentrute on cel'tnin trees l'Ilth('1' thun dest,l'ov some coues 
on n11 sugal pine trees. FurthClll1ore, the woodpeckers did not aU,nck 
the cones C\Tery 'yen I' during the observntion pCl'iod, The white-hended 
woodpecker Wl1S observed hy Tevis (81) to '(.nve destroyed 34 percent 
of the 1,6.'56 sugllr pine cones counted on 20 trees near Lake Almnnor 
in 'Plumns CounLy, ('nlif. At no lime did we notice a similar Lype of 
damage on cones of til(' other species. 

Seed depredntion hy birds is not limited to the white-headed wood
peckel'S. Other birds l'1l1 coniferous seeds; however, the qunntities 
I.'nten ilre not known. The Ull1l'k'!' nulcmckcl' CNucifrage colwnbia,na 
[Wilson)) bilS bepn observed to pick seeds flom pnrtly opened cones. 
~ill1ilad.\·, the Ste11er's jays (C'yanocift(L stelleri [Gmelin]) have been 
observed by Tevis (31) to (\xtl'llct seeds from sugnr pine cones nftcr 
the cones began to open on t:he trees. \Vhitc-breusted nuthntches 
(Sitla. carolinensi~<; Ln th.), red-brensted n \Ilhntches (Sitta canariensis 
Linn), und mountuin chickndees (Pa1'l18 gambeti Ridwny) Luwe been 
observed remo\Ting s(leds from cones cut by squirrels nfter the cones 
opened on the ground (81), 

Crown Decadence 

C'lmnges in the cone-bcnring Cl'own of the tl'ce, asa result of mistletoe 
infedion, nttnck by vurious beetles, or mechanical damage, such as 
wind Ilnd ice brenkage, affected the regulnl'ity with which t.hc trees 
bore ('ones nnd the numbel' they bore. 'rhe effect of mistletoe infec
tion, bot.h the fir mistletoe nnd trw dwnrfmistletoc, was very Jloticeable. 
In the study nl'en 94 percent of the fil'S larger thnn 27,5 inches d. b. h, 
w('re infected with one or both of these mistletoes, which in the 
ndvanced stnges of infection nre ehnl'acterized by clumps of mistletoe) 
or witches' brooms, in {he firs (fig. 12). Since fir cones arc borne 
nlmost exclusively in the top of the crown, the effect of the infectio.l 
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FI(JPR~: II.-Sup;nr pint' ('OIWS riddled by whitl'-hended woodpcckers. 

wns lo ['(,(\uce lit(' vigor of thc crown find ull10unt of crown thnt wus 
enpnbk of ('olle bt'l1ring. Approximl1td.,' 19 pcr("cnt of the mistlctoe
inft.'('\cd lr('('s w('n' slug-heudct\ or dCl1d-toppcd. Some tops WCI'C • 
k1\led by lhe mistletoe illfection, others by nHnck by the fir cngm,vcr 
beetles tS'CO!,/ius I'l!ntr«li,~ Lee.). 

SOIllC' of the firs whit'h hnd lost thcir Lops developed new tenuinnls, 
nnd begllll to beHr COiles ngnin, 11.'01: CXllInplc, n fir 52 inches in diulll
dcr bore few conC's prior to 1948; the most cones recol'ded were 21 in 
1934 nnd 2.'1 in 1937. X ew vigorous terminuls developed in the top 
of Lhis o,'cl'lnnturc tl'CC, nnd it, bOI'c 446 concs in 1948 nnd. 134 in 1951. 

In the pincs, .infedion with dWllrfmistletoe or the presence of stng 
or dend tops npPcHred to bc lcss of n fnctor in the number of cones 
bOWL' or the frcqucnc~' of bcnring. .~lislleLoe infcGlion wns not nenriy 
liS pn'"u\cnt .in thc pines us in white fir. ~lot:()ovcr, thc pim's bcat: 
('ones thl"Oughout most of 1Ill' ("I'own inslcud of at the vcry lop, so thnt. 
loss of thc uppermost ptlrt wns of less importance, 

• 




31 SEED CROPS Ol~ }'OREST TBEgS 

• 


}'-242'..'UO, 242282 

(~lGUIU~ 12,-.11, ~r!lturc ancl overmature white firs infested with fir mistletoe. 
B. ~ru(tiple terminals on mature white fir following attack by fir engraver 
be('tles. The lItTected tree also exhibits fir mistletoe und dwarflllistietoe 
lI'ilCh('s' brooms. 

DISSEMINI~TION OF SEED 

• Eslilllnles of seed fnll pel' lH,Te frolll seed tI'llPS, measurements of 
seed flight., ('utlillg test.s of seed, nlld (,OUllts of seed fan at intervals 
during lhe period of disscmillnlion provide information about the 
(~lstributioll and soundness of the seed. 

Number of Seed Per Acre 

Tn 1936, sllglll'pinesced fell on the5 8tnnislilus plotsnt theavemgerate 
of lien rly :35,000 sound secd pel' acre (t,nble 13), or 17.5 pOllnds of sound 
seed Ilssumillg 2,000 sccd perpoulld. The fall of sugar pine sced on 
individunl plots l'!lllged from 1,500 to 134,400 sound secd pet' acre. 
Thc sugnr pinc cone ~'l'Op of 1952 was evell hCIl,viet, than in 1936; 
howevl't', no seed Imps wcrc set ouL on these plots in 1952. Oil a 
IIcnrby FuiL Area Control cuttillg plot, sound seed fell in 1952 at the 
rnL(' of 180,330 pCI' nere, 01' about 90 poulHls. The plot had lUi avemge 
of 5.0 COlic-bearing ll~ces per ncre which bore nn estimated 167 cones 

• 




32 'l'ECH.~ICAL BULLETIN' 1150, U. !:i. DEPT. OF AGlUCUL'l'UHE 

TAnLtl 1:1.-8s/il/llltecl '/lumber oj seeds per acre 0/1 5 Stallislaus plots, by specles. ' 
ami years (lolal seee! 1988-8li, sound seed 1986-41) 

... -'---'.~.~~~-~ -_.._.; Sugilr pille., l)ond.~ro",\ White IIr 1 JnC\'"s:~-I-
1.111515, 

~ ,plll(\' : (.>t'tlnr trnl's 
.-------.,~-.- ~--'-----'--.------~----;:·;,:::-I: 

.iVumbir ! J\r"mbtf Number J.V,ullber 
19:CI ......................... '... .... S, ISO 15,.5liO. ; 4,940 i 11,7iO 
 107 

IIlJl 0,4:10 I 2,330 ' 152, :140 ISt!,210 ! 
 107 
19:15. () i 40 2.lflO IU7 

19:1Il 34,910 i 58,OSO 3,400 II, 7f~l , 107 


10 DiO , 5·1,940 

310 I 
~ -I unO 
19a5 940 , 0 l:!tl; 200 \;1)11 

(1\ , ('1 <11 (1)- ~ I~ OOj 4,470 , 27,82\1 7, ICoO 650 
lUll 21,7SO sao 240 uO,SlO Ho!l 

,: 

p('t' ll'('('. If llH' fl\'('I'fig't' 1I1l111\.>('t' of sl'Nls pet' (,011(' is nssul11l'd to bl' • 
215, til(' potl'lIlinl yi('ld WilS 179,500 p('L' ncl'o which ngl'l't's closely . 
wi tit the seed lL'n p ('S Limn ll' of lSO,3aO. 

Pond(,l'osn, pitH', whit{' fit', lind inc{'tlse-cednl' nlso pl'odu(,NI gL'l'at 
tlulllbpt's of sN'cis P('t' lieI'(' nl tillH's. In Inn IlH)t'(, lhlln 58,000 g'ood 
pond('l'ostl pine sONls 1>('1' n('I'(' fell on the 5 l"tunisll1l1s plot.s. Inclusion 
of dltln. ft'Olll ~1 (eIllIH)L'I1I',V plots l'Ilisod til(' n.v('L'llg{' secd full to 1I10l'e 
thnn 1LO,OOO good POtllJpI'osn. secd pel' UCI'C'. On Qtl(' plot of 12 acres, 
th(l ('it!l'h was eslimntNI to bp ubout 2aO,000 s{'Nls PCI' new. At 
Blnel"s }'Lollnlnin Expel'ill1l'ntul FOt'est, 41,000 sOllnd pon<lel'OSI1 and 
J('frl'{,.\' pitH, st'l'ds IWt· It('t·P fe\l in 1042, and 88,500 fell in 1048. This 
('slimllll' \,'n.8 bused on aso fien'S oJ plots (,Otlluining 760 socd tmps. 
'I'll(' gt'('illpsl nlllllbl't, of sl'eds ('stimulcd On a single plot of 20 aCl.'es 
wns W4,200 IWI' fI('I'e. 

In 1034 thp ('stilllllIt'd sped fnll POt'I1<T{, of whit(, fir WfiS 152,340 find 
of itl('('n::;p-('Nlnt' 186,210. 'rhc' mllximums fot' indhridunl plots dUl'ing' 
thul ,nlll' WNl' 22a,600 white fir seeds nnd 380,100 it1('ellSe-cedul' sl'eds. 
This wus a tA~nl sl'NI COUllt, not just sound sC'{'ds, But c\rcn if on!.,\' 

T.\IlI.~~ I·I.-Slaml(lrc/ errors jor 801//(' 0/ lhe Nti/ll(/les oj seed jflll at Stanislaus (/Ild '.,' 
Blacks .lhJlllllllil/ plots '. ..~.-.-,-.--. -~------I !Sl'l'''+~~~ St"~"tnnt 

PhlCl~ nnt! Yl1ilr Spl'el~~s 'l~rnJ)s J u~'rc vrror or 
, j lUenn ... '---'-'--" "-------~-----·-f"- ..·..-, -. '''__ 
! J 

Stunl!;!all$. 1 ,\'I""~tr NU/IIb" l'cralll 
Illul Whltonr ........... " .••_., 62,1 5.n i311,100IlUali : ~'ugnrphw ~H~ __ ~".~",~._ i2 4,195 ~'Il. I 
LOll ._.dQ ., .,,_ .... _._ ••.••.• , 02·1 S,:!110 h.S 

lUIS ..•do 
 300 21I,mo 4.6 


",. " ..do. mi ISO,:CIO i.1 

1936 ;2 
 1l,8r~1 2'.? {)

macks ~I Olllllnll1: 

1912 " •.•••• _. f • do .................. f 1840 30,200 6.-1 
1915 ............... do ........................../' 1320 -1,200 12.8 

I9IS ..., .. ~,.~ ..... "~_:C~:~t~)._...... ~.::..::~.~.. ~~~~~.~_."'18~1 ISO, ~:... _,_ ~I. a . 
I '1'r'.I\l5 w,'n'sI·t Ollt hq:rllllps of tin' so that tll<I 1IIIIIIIII'r ot Ohsc(Y!lliolls Is olle·llfth the IIl1l11ber of tr!l(l$, : 

"',.
f 
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50 to 60 percent of the seed were sound, enormous amounts of sound 
seed were disseminated, 

'rhe qunslion may well be asked: How nccmate are the estimates 
of seed fnlt'? Of comse, the accmacy depends on the intensity' of the 
samplillg and on the variation of seed dist6bution, As It llleltSUl'e of 
tlH' tH:cuI'n('y of the snmpll.'s, stnndnrd errors were computed for n. 
IHllllb('I' of plots nlld groups of plots,l\nd ns might be expected, thes(' 
C('I'orS varied eOllsiderably, During those yenTs when few Ll'tl.pS wcrl' 
used 01' ",1)('11 thl' seed CI'OP wns light Ilnd pntdl.'·, thl' enol's were some
times 20 percent 01' l\\"el1 100 pel'cent of the menl1, FOl' exnmple, on 
01H' plol. on which only 24 trn.ps wet'l' exposcd, the errol' WIlS lnrgel~ 
thnn the n1('lln, Howlwer, when morc tl'tlpS ',vere used ol'plots wcn' 
grouped, estimnt(·s of seed fnll we['(' much 1110l'e relinble, f)'he stnnd
Ilrd elTOl's fOl' som(' estimHtes of seed fnll \\'el'e onk of the onlm' of 5 
IWl'Cent of lh(' l1l(,nn (tllble 14). The dntn nrl' 'thus vel''y reliable 
('x(,l'pt when fl~W s('ed fell 01' ill those enrly ,wnl'S whcn few trnps WCI'C 
used, 

Distance of Spread 

1I0\\· fill' s('ed I1l1l)' be s('ntll'l'cd f\'Om Il Ll'el' is a question of much 
imporlllll(,l' ill UII' se\(>l'lioll of sced trees fOl' regellCl'ntion, Unfor
lurlnt('1 V 0111 r n. fl'\\' of till' dntn ('ollcl'ted in t.his study vield Illn" 
nnSWl'!.' 'to thiS qt[('slion, Most of the duta werc colleet.e(i ill uncut or 
seledivl'I,\' cut sln.nds with Lhe I'('sult thut there wel'e 110 cutting edges 
from whi('h Lo meI1S\ll'(' seed flight. 

In n. test of till' distribution of sugnl' pine seed (1m, 80 percent fcll 
within 100 feet of thl' secd tl'ces, nlthough some seed wus tl'flpped 200 
f(,(,t u.wn,,r, Tl'ups WCI'(\ not plnced Ilt nny gl'cntet' clistnn('cs und it is 
thus noL possibh' to sn," lhllt 200 feet wus the limit of seed diskibution. 
Howl'vl'l', the ('stimnted sN'd fnll in the 3.2 u('['es snmplcd nround cnch 
tl'et' ne('oulltNI fOl' most of the seed bome on the trees, It. is quill' 
\>l'obnl>l(' thnt vel'.'· little seed wnS cl1lTied fnrthet' thltn 200 fect, even 
though \\rinds ['('llt'hl.'d gnll.' pl'oportions d\ll'ing the period of seed full. 

'I'hl' findings of Siggins (29) giv(' n busis for setting thcoreticnl 
distnnees, Hl' mensut'ecl thl.· mte of fnll of vnl'ious lots of seed of 
sevN'nl species in still nit', Ft'om thes(' mtl's of fnll und nn nssumed 
lrN' height, til(' flight of til(' seed for \rnrious wind velocities call be 
enleulnled, F'oI' exnmple, sugar pine seed fnlls 8,7 feet per second in 
still nil'. Seed fulling 100 fepL with It uniform wind of 10 miles pCI~ 
hout, \\'ould It'fwd, on till' Iwcmge, nbout 168 feeL horizontally (tnble 
15), Undt'r the same ('on<iitiolls ponderosa pine would t.!'avel about 
294 fCllt 11,[1(1 whitt' fir 250 fect, The flight distllncc of incense-cedlll' 
~e('d is nbout the snnll' I1S that of whitl' {iI', nnd that of Jeffrey pine is 
inierllledin\p hetween pondCI'OSit pine nnd sUgHl' pine, 

'rheol'clicnl flight distnnees, nt usslIlllc{l constant, horizol1tnl wind 
,,('Ioeities, do not; account fol' sOllle impoL'lnnt fnctol's in seed dissemi
nnlion, For exu!llpll" mlllly seeds m'e pl'obnbl)· shakcn out by gusts 
o[ winds nnc! Iightel' seeds 11m,\" be calTied considcl'llble distunces or 
dropPNI quickly. [n mOllntninolls telTnin, updl'llfts nnd air Lurbulencl' 
Il)ity lift seeds to consitlPrnbll' heights nnt! scatlel' them much flll-thel' 
lIuw tht, dislnl1ees ('nklllnted fl'OIll nssumed horizontnl nil' mO\Tement. 
rn<iel'ln'Pt'flgp conditions pl'obnbly Yet")" little seed is scnttel'l~d more 
Ih/111 nbolll 300 fed, 
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T.... lIL~; 15.-Seecl jitght dis/allcts I for lhree species. fol' specified het(lhis mul wind 
velocities 

Djstunc(> wilen tw,'rtlg;' wind y('loclly, III mileS 
per hour, is-

Species and 1I"ight (r~et) 

.1 10 15 ~ 
-~'- -,-,_ ..----- .~.~-,-- --~-

! 
Sugnr l>lll~: Fat Fret Fert Fat 

50" 42 8·1 12r, i WS 
1011 . S4 H,~ 25:1 3:l6 
l.'ill t2ti 252 3,U 51)4 
200 It'S 32(1 : 500 0-'),. 

POll!l.'rosn. plu~; 
lill 74 147 : !!":?O 29·' 
1m Ui !!ill , 

HI f [,88 
15!1 ~>:.'tl HI nfll 882 
~\10 294 USI 881 1,1;6,

Whlt~ fir: i 
&1. 64 12$ lila : !!S; 
l(~) t2.'i 2[,n 3851 ~13 
15(\, 

"I 10:1 m'.l, 57S I 770 
:"~l 512 ~ 1,016;;°1 

\ J)"SI'U on orlghml work by ::Ig!!ln~ (?m. 

Proportion of Sound Seed 

Soundness of tht' St'Nt YHri(·d from spc('i('s to species, but, fOI' ench 
spt'(·i!.'s tht' 1)('r('t'lItH~P Q[ sound s!.'t't\ wus high!.'sl in ,Veurs of hcan
('rops. Genel'lllLy 11. high Pl'opol'Uon of sugnt· pillt' secd wns sound"':" 
ill 50f the (i .,'('nrs ill whj('h seed WfiS test!.'d by ('uLting, more thnn 80 
PPI'N'1l t wns sound (tnblp l G). 'l'hp pt'l'cen t of sound ponderosa pine 
seC'd wns also high in sonH' rel1l'S. 'rhe higlwst oc('ul'l'ed in 1936 in 
til(' hefwiest (TOP of pOIHll'l"Osn pine sced snrnpled on the Htnnislnus 
plots. Jemison and Korstiilll (16) t'epoded thnt in loblolly pine the 
b!.'st secd was produced dUI'ing th!.' ~'enrs of nbundnnl seed production 
I1n<l that t11{' most Yinhk seed fell dlll:ing the penk of seed full. 

]DYt'1l d\ll'ing good seed renl'S, a rclh,t~\rd.r smnll proportion of the 
whit!.' fir seed was sound. In 1948, 57 percent of t,he whitie fir seed 
wus sound, til(' hight's! proportion obsel·ved. Incense-cednt· seed, on 
the avcmgl', hnd a higher pl'Oporlion of sound seed thnn did \\'hite fir. 

1'.\RLt: H).~Percellt (if sOllTld seed. by species alld yellrs, in seed trap collections, 
Sia/lls/a /IS Xalio/wl I~orrst plots 

,-""-....-~~--~ ""...,"'"""' -,' .~~",""----.,,,~>~ ..,-",--,-, 
t f I 

\~eur ! Sugtlr 11>onucrosn White "Incl'nsc· BIlSis,
I pine 1 pin,. fir ct'(]nr traps 

"""'I---'-i 
I I "rrelll , Pircelll PerclIIt Pt.rr:t.1Jt ,'''''umber 

19;111 .................................... \ 92 i9 30 ~~ 1!!8 
103; ...... --_ .•...• ' ............... ""j 28 4 9 .f~) ;40 
19;1$ 
1940 

.~ ....... <"', .. - .. ,.. ~ .. ~ •• - .~ ..... ~ •• f 

(ll 
81 3 

32 
4 

2; 
H 
23 

;,10 

7-10 
1941. ' ~5 13 65 8-13 
1948'...................................... <Il 57 (I) .330 
1952'..................................... (II <ll <I) 1i5 

11'00 rew $e~(\ r,'l1 to ~nJll'ly n reltnbh~n\·,'m~~. 


: 03111 ror 19~8 fUlt.! 19S!! llrl' rrOllln ililfl'r~llt. $~rl~s or Illots Ihan IhoSlI or pr~YIQlIs }·cars. 
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At, Ulneks ~JQulllnill Experimenlnl Forest III 1942, 72 1)(!ICent of : 
both pOllderosu pine' unci .Jefl'L·p'y pinc sl'cd foulld in 84.0 traps wus 

!soulld. 111 11)45 ollly 2,7 percellt of thl' pille seed were sound, 011 the 
bltsis of 11 Slull\>le of 320 trn.ps. Agnin in 1948, 72 perC{!lIt of the 
seed WCl'l' SOUIH in 800 seed traps. ~Iuch more seed Celi in 1942 und 
104R thnn ill 1945. 

Time of Seed Fall 

Opelling of COIll'S Jlrohnbl'y depends to 11 cOllsiclel'nhle extent 011 

wcnlhel' t'OIHlitiolls III til(' nuLUlIlll. Howevel', this I'elntiollship wns 
lIot deutly dmnOllstmled execp! in 1941 whell strong, <h'Y willds in 
till' fil'sl plIll of October (,'1)llsed most of the sugnl' pille COIlOS loopell 
und shed their seed. In gl'IH'I:nl, no lendl'ney wns evident Cor the 
seed to fnll in nlly givell period during- the nutulIIlI (tnbh' 17). 

Not nil tilt' seeds were shed during the nutumn mOllths, howe,vct·. 
AllhOlwh the seed lmps wen' gellt'mlly pit-ked up by the elld of Novem
ber bd~re llI(',)' filled with SIlOW, th(',Y wen' left out OVCl' winlel' twice. 
At I3IIl('ks~rOUlllnill, "'hell thl' 160 seed Imps were rechecked in 
August 1.949, lhl' COUllt showed thnt ollly 67 percent of the seed hnd 
fnll('11 nt lht' lim(' til(' trnps wer(' l'Xlll11illeci thl' pnwiolls nutumll. 
III 1952 III the ~tnllisluliS Con'sl, 84 1)('ITCnfl of the sugnl' pille sced 
hud fl\lIt:1I hy l\" oV('IIli)('I' ; tht' l·t'IllHinillg I G percen L hnd fullell by .July 
1\);')3 "iholl tI\(' ll'Hps WCI'P eheeked ngnin. ~rhile fir seed occnsionully 
wus Sl'(,11 ill til(' SIIOW ill midwillter. suggeslillg thuL the cones wen' 
slow to brenk lip 01' thnl the.' seNI und scnll's lodged ill the needll's nnd 
hrnnch('s nnd slowly siftNI down. 

'l'Anr,~: 17.-Pt:rcef/1. oJ all seed and percent of Sail/ill seed callght III seed traps at 
different dales 1 

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

Sugar pille : POndNO$l1 plll~ I Whlt~ fir I II1CCUSI\-C\'dllr 

Date 

IAll ·Soulld ""'II:,SoulIll : All I,SOlllld )l All SOlllld 
~l,,1 sc~d SI'cd I ~cd Sl'l'd: ~t'(1 i SI'I~d Sl'ed 

-1!);-'17-:--·---------li~-}'-'C-/. --;'C: ~:::r--;:: -~C-:' -~::,-t-:;.----;::: 
O('lobcr II .. ............ ........ 58 .1l0 , 32 ......... 34 ~'21' II 3 

Ol'lobl'r2' , .................... 3 JO I 49 .•••••••• 3:1 31i 311 37 


~oycmllcr LL ...."............ 39 0 \ 19 ......... 1 3:1 . 42 i 5:1 j I~J 
lU,IO~ , , I 

OCLober II, ••• ................. ........ •••••••• 34 ' Sli 1 51l I 5.1 i 32 1 54 

Oclobcr29 ........... ,.••••• ;•••••••• '., ••••• .1 LO 7j 3L 35't 341 38 
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• 	 ~h'lob~r 9 ......................\ if> : 79 L.............J. .......i ••••.•.• I........;........ 

OClober 18. , ...................., LS t Ii '........ ;........:........;. .......i........l ... · ..·· 

Octobcr,~'Il ..•••••~~~.~•••-.-... 6[ 41... _ ...·t-·..·.i......."j"......T.......j.······· 


I 'I'lli' catches or S11~d rCPorlNI Ill're lIrc not nc,,~s&3rll)' the lotnl 3111\UI11 production. Some secd lIIll)' Ilc 
retninl'tlOn t:hc- tn'\~s nm.l b~ di~lll'r:-;t'd I~h·r. 

Even .though seed wet'e disseminnted fit iI:re.~ulnr intervnls during 
the.' uutumn, n. Inl'ge Pl1l't of the sound seed 01 tlw pines fell in the 
end.r pH!'t of the Senson (tllhh\ 17). This timing is no doubt reIn ted 
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t 
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to the ,,'oy pi 11(' (,Oll(,fl 01)('11. '.I'ltp cenlral scull's open first lind (hl' 
lip and the bnsnl s('ales lust. ConN'nlly seed in the lip Illld till' 
bllsnt s<:nks .is Jess likelv to be sound tllnn tlte seed in the ('I'll t I'll I 
portion of (hp ('oup. ' 

Relation of Seed Fall to Cone Estimates 

'I'he 11I11llb(,I' of seeds lrnpped P('I' l1<:rp mig-hI' 1H' ('xp!'eted lo he 
(lil'petl,\' IH'OJlOI'(ionnl to th(' eOIl!'S ('oullted, S('vPI.'111 fudol'fl, howl'V(~I', 
tf'11(1 lo pr(~v!'nt slleil it simpl(, l'elnlionship, For OIl(' thing, less of 
til(' sped wns sound ill yeul'S of lig-llt ('0111' ('rops. Alld flll'tllel', l'ode'llls 
dp,t)ll'o)'ed 11 Inrg"{'I' propOl'tiQII of llw ('OIH'$ in th('sp yenl's, Also, Ilot 
nil of til(' sppcl Itnd filllt'll for (.\fNY YCiI.' nl tllp linl(' lilt' tmps Welt' 
('h('('ke<l, 'I'll(' n('l I.'l'Sltit wns thnl f(''''('I'sped 1)('1' !WI'P WQI.'C' indienlrd 
by the' l'('C'0YPI',\' from Imps thnn mig-hI 1)(, l'xpeeled on tllP bnsis of 
th(' ('on(' ('fillllln(('. On the' otht'I' hnlHI, in he!I.\"\' SCQd \H'nl'S till' ('ones 
O('('lll'l('(\ in d(,lls(' hlllleh('s fllid tltp ('stimnll's oi' <:olle <:rops WPI'(' low 
('om pil t('(1 to til!' nC'tuul crops, '!'hus tilt' eslimate bused on s(!cd 
cillighl ill seed lrnps ('xceedpd til(' pl'('(lietion bnsed on thr <:one 
COUlltS. FUl'thrlllHH(', it is quill' pl'Obubl(' thut theft' we!'!' 1Il0l.l' seeds 
pel' cOile ill til<' lIetl,YY sped ,veill'S, For th('sp, IIlld pIObilbly other 
l'PIlSOIlS, lil(' l.'(llntion between th(' sel'd-fnll snmple find thl' COliC' esti
millp WIIS c\ll'\'ililleilr (fig, l:n, lind s('C'd full ('ullllol nhmys hp esti
IIlntpd nl't'Ul'u[(lI,\' hy simply multiplying- ('slilllUles of concs pCI' nero 
by till' nUllIh(,1' of seeds PPI cOile. 

PRODUCTION IN RELATION TO STAND VOLUME 

Reed pl'odudioll wns foulld to \)(, rclnlcd to til(' bonrd-foot volume 
of cl'l'lnill('ornpOIH'lIls of till' limlwr StHlld, bulnol to till' Lotal volume, 
'I'hl' 1'('lnLiollship, lIow('vPI', WilS lIol rendily nppnl'Qllt. '1'11(' numbcl' of 
s('ed 1)('1' !leL'(' for the Bh1l'ks ;\Ioulltnill plots WIIS 1I11111yzed ill rc\IlLioll 
to tll(' l't'S('l'\'P yolulIw, whil'h \'tlried f!'Olll 3,GOO Lo 20,000 botlrd-fect 
!H'riH're. The~' \\'l'l'(~ no! signifienllUy cOLTeinled. The cOl.:rc}nLion 
('ocfli<:ipnts for lh(' 1942 nlld 1.948 dnln were O.OG filld 0.1,9, l'cspec
tiniy, IIQithcr sigllificllnl. Nor ('ould the dnlnlw fittcd·with Il second 
d(,oTl'e ('\ll've to yield u sig-nificnni; l'egrcssioll cocfficicnt, 

1'he volume }H'I' uCI'e in DUlIlling trce closses 1 ond 3 WIlS then relllled 
to seed full pel' nel'e, The CQITclntion coeflicient for the 1942 <tlltn, n.t 
Blneks ::\lountnin wns -0.:37, n nonsilrnificunt vulue. Omitting the 
1I11eut plots did not. .muteriillLy chnnge tile couflicicnt; it. remninednon
signilicnnt with 11 \'111\1(' of -0.39, The cOITc\n(ion coefficicnt fOl' the 
1948 dntn, Ilt Blul'ks ::\\ounlnin wns 0,53, 11 \'nlu(' stlltisLi<:nily signifi
canL "~hen the ulleuL plots were omitted from the nnnlysis of the 
1948 dntn, lIhl' cot'lneiellL of cort'c\nLion betwel)n seed fnil nnd volume 
pCI' ficrC in Dunning Lr(~c ciusses 1. find 3 wns ill(!rcnsed to 0,82, (I'he 
dlltu nl',e well fitted by th(' l'egl'l'ssion linc (fig, ;14). 

PI't'Vlollsly we noted thnt the pondel'Osll pille cluss 5 tl'ees werc 
g-ood <.'011(' pro(\ucers, nlthough no buLtcr thnu the class 3 trces (Luble 
G). I.nnsmuch liS no sll'OlIg l'c\nLiOllship wns shown wirun the Cluss 5 
ll'Ct'S wen' included ill the nbove unnlysis, we cnninfcl,thnt these trces 
orp nol good seed producers on n bonrd-fool bnsis, cirnply put, the 
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NUMBER OF CONES PER ACRE 

FI(lURl~ 13.-1'he relation between number of seed per acre lIlId lIumber of COliC!) per acre for sugar pillC, ponderosa I~illr. lind white c.cfir, Sl;lIuisl:\\IS ,Xtltiontll Forcst plots. -1 
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X-VOLUME PER ACRE IN DUNNING TREE CLASSES 18(3 (ft. b.m.) '.1~IGUln; N.-The relation o<:tw~Gn nlllllOGr of seed pGr ncre nnd the bonrd-foot 
\'Olllille PGr ncre of trees in ])llnllill~ clnsses 1 and 3, ponderosa nnd JGffrey
pille, H)·IS. lllucks MOllntain ExpGri(n(!ntnl Forest. 

class 5 Lree is a good seed tree' when it is considel'cd regardless of size. 
Dutit is not fiS good lIS some othOl' Lt'ec clHsses on a tree volume basis. 

'l'lll' low correlations in light seed years between seed fall and total 
OL' plll'Linl st-nlld possibly ciln bc l'xplained. Dming light seed yellI'S, 
fiS in. 1942, only n few trees in CHell plot bore cones so that volume on 
the plot hnd littk cfl'l'Gt. In the hefi.vy seed yem's, IlS in. 1948, most 
of MIl' vigorous trees oorl' cones so that volume of the stand was 
strongly related lo the Itmount of seed produced, In 1948, stand 
voluml' of tree clnss 1 nnd 3 explnined 65 percent of the variation in 
seed full. 

'. 
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3.9 SEED a~ops 01<' .FOREST 'I'REES 

~[,he relation between stand pel' acre and seed troduction III the 
Stanislnus plots was also poorly defined when tota volume per acre 
was used ns a vlU~inble. Becnuse only 5 plots were available, the seed 
fall Jor ench species was neveraged for the 3 yenrs of highest seed fnll. 
This avemge was used os the measlll'c of seed fall to be related to stand 
pel' acrc. For tree classes 1 and 3, fairly good trends were defined by 
the datn for sugnr pine and ponderosn pine trees in the stnud (fig. 15). 
But the white fir data showed a very poor trend. Volume per acre 
in tree class 1 alone, however, did show a definite trend with seed 
per acre. 

A fnil' rolation existed between seed fnll of incense-cednr and the 
Yolt,me of trees in clnss 1 nnd 3, I1ccording to the following tabulation: 

Folllme per 
acre (board Seed per acre 

feet) (number)Plot:	5. ___________________________________ _ 
l1 ___________________________________ _ 230 14,070 
O_____________________ ______________ _ 260 68,030 

~ 	

1,200 1/l,200
12 (lIlH:llt). __________________ - --------- 1, 230 12, 69010. ________________________________ - __ 

2, 220 237, 270 

70r-------r-------r-------.-------.-------.-------r-----~ 
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2,000 4,000 6.000 8,000 10.000 12P00 14.000 

VOLUME PER ACRE IN DUNNING TREE CLASSES 1&3 (ft. b.rn.! 

.!?IGURg I5.-The rl'lation between .nllll\ber of seed per acre and the board-foot 
\'OhIJllC per Here of trees in Dunning classes 1 and 8, sugar pine, ponderol3:\ pine, 
and white fir. lStanislaus Nationnl Forest plots. 
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And if the data for the uncut plot wet'e omitted, this trend is quite 
pronoulleed, althougb defined by only 4 points. 

The cut"ves in figme 15 should not be interpreted to mean that seed 
production would continue to il1crease at the same rate with st,ill 
heavier stands. At some stand volume per acre, competition will 
cause a leveling off in the amouut of seed produced. Not· should tbe 
curveS be interpreted to mean that only elass 1 and 3 trees beur seed. 
For although the intercepts of the curves would lead to the conclusion 
thnt little, if nny, seed was produced when the voJull1e in class 1 n.nd :3 
trees approaehed ZCl"O, it should be remembered that some plots had 
little volume in tree dusses other than lund 3. :Moreover, when seed 
fuil wus very lwltvy Olueh mOI'e s(wd per aere was produced t,han might 
be pL·edict.ed by these cmvl's. In the year of largest; crop for each 
species (table 18), ut lensL twicl' as many sl'eds per acre we I'e dis
seminated as in the Iwernge of tiLe three best yelU's on thc Stanislaus 
plot,s. 

TABLE] S.-ilJa.l.i'/ll'l/.1It seed fall per acr/). number of trees, and lIo/llllle in class 1 and 

3 trees, by species and year of record 1 


Volul1le inRpecies Yl:nr-- seed--l b~f;~~'g ~~~:~:l\~~~l class L 1Il,,1 
3 trees 

! 
 d. b.ll. 

------------1-----,---1----1--

iVlimber Ilvumber iVnmber Roard·!eel 
58,080 2.3 3.7 1.820~,~~~:~';)~~~~)~"~~:~:: ::~:::::=::~~:::::::::::~::; : ~~:~ 34, UIO 4.9 15.4 :l,73\1While fir ____ ._,, ___ .. _______ ..... _•...•. ___ .• ! 1\13.1 

, 152.3·10 I 10. G 5:l.8 (j,810
Incense-cellar . . _ .... ~ ___ ... _.. _____ .. _____ .. _.. __ ...... ~: 193,1 , ISO,21O 1___________ _ Ii. 5 1,450 

I 
I, Source of tiutu; 5 plots, tOlnling' 41i nen's, on Stanislaus National Forest. 

"I'olnl s'!cli PCI' nerc. Probably only nbout 50 or 60 percent of lhe seed was souud. 


SILVICULTURAL IMPLICATIONS OF THE RESULTS 

The mnny ObSt'l"Vntiolls nnd enumerations of cone and seed crops 
al"e of most vn.lue if they ('nil pl"Ovide guides fOI" silvicultural practices. 
These datu. do have importu.n t silvi('ulLural implications. For ex-,. 
nmpl(', eel"ln.in types of trN'S are best for seed trees, and timber 
('ulting must If-avc enough of them to provide adequate amounts of 
seed. Fmthermon', I:he demonstration that hoav.V seed CI'OPS are 
irregulat· aud ulI('er~aill should cladf)" the need for taking positive 
I"egellerat ion measures, \lot ollly to make the seed crop more effective, 
but also to protect what crop there is. 

Type of Seed Trees to Select 

Tht' st.udv showed ckark l.haL cprt·ain killds of {TN'S are the 1>l'8t, 
('OIl{' prod U('l'rs. AlLhougli till' relative' l1wri t.s of various types OL" 
classes of trpl'S hiwe bN'n poin (.ed ou t Iwfot·c (0), tlH' many observa
t.ions in the long pl'l"iod of this stud.y have provided ovorwhelming 
evidence tllltt dominant LrN'S f11·('. by far tho best seed Lroes. Of Lhe 
Ulnn." thoustlmls of <'ones ('oulltt'd, 99 pt'rcent of Lhe pondoroslt pine, 
98 pen'eltf of thl' SlIgn.l· pin(', !tnd 88 pe\"{~ent of the white fir cones 
were borne 011 domillant trees. Obvjously, theil, most of the COllCS 
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were pl'Oduced by trees of Dunning tree classes 1, 3, and 5, for thest' 
are the dominant trees of the stand. 

Sele(:tion of seed trees within these classes should be governed not 
only by cone-producing ability but also bY' spacing, growth rates, 
investrnent value, nnd the risk of losing the reserved tl'ecs bdorc 
they Gan be IUlI'vested at a later time. For pondel'Osa pine, the class 
3 trees lue pl'obably the best class for seed trees. They produced 
more than 50 percent of the COIlt'S while making up only 13 percent 
in number of trocs of the stand. The dass 5 trees pI'oduced l8 percent 
of UlO cones and constituted 8 per('ent of the stand; class 1 trees 
produced 29 percent of the COlll'S and made up 39 percent of the 
sl,n1\(1. In vicw Qf timber vniues and thl' possible l'isk in reserving 
dnss 5 treos, it is questionllblP whetl1Pr the~- should be l'os{)rYed as 
seed treeS in preference to the elnss 1 and :3 trees unless sahTage of 
oldt'r k('('s is an nssured procedure. A point to \)(' kept, in mind is 
thut til<' only strong relation between board-fool volume and seed 
produ('tion was obtn.ined with the class 1 and ~~ trecs. 

Hnlf t.l1l' ('ones of sugar piu(' o(,l'Ut'I'ed on dn.ss :3 trees, which ac
cotlllted for only 5 percent of the number of trees in the stn1ld. Class 
1 trees made up 26 pen'enL of the stand but produced 0111,\' 21 percent 
of the COlles, wherens clnss 5 twes, only 2 perc\~nt of the stand, pro
d uccd 27 pe['(~ell t of the cones. rrhe higher yicld of cOlles on sugar 
pines grentel' thn.1l 28 inches in diltmeter wns particularly striking 
(fig. 6). '1'l'ees of the smaller dinmcters, such as lllall~? of those in 
class 1, produced relativd.\r few cones. Class 5 t,rc('s bore more cones 
per trec than til(' other classcs Itnd ('crtainl.\r should be considered as 
se('d I:rl'es, together with till' Inrgcr trees in e\asses 1 lI.[\(l :~. 

~'[ost of the white fir cones, 68 pereent, were on the class 1 trees, 
whi('\1 made up 3] per('ent of tlw st.nnd. However, the class 3 trces 
bOl'l' more cones pel' tree than did the others. :Maximum cone pro
duction was on trl't's from about. 22 to 34 inches in diameter. If 
whi te fir seed Ln'es are desired, then clnss 1 and class 3 trees in thif: 
rnnge should b(' sdected, with recognition of the possible mistletoe 
dn.mn,g(~ in the lurger trees. 

LitLll' infol'lnation is Iwailnbh' ('oIleel'l1ing incense-cedar seed trees. 
The relationship betwl'en s('NI production and stand volume in class 1 
and dn.ss ;3 trl't'S i1ldicat.l's, however, thn,t relatively small volumes in 
('utov('r stands, ns litt!(, as 50(l bOltrd-feet, will produce approximately 
lOO,OOO seed per Here. It hns bl'l'!1 observed that full-crowned trees 
in the imnllt!ul'(' ngc' duss beltr tremelldous quantities of seed, 

~pe('ies <.'ontrol, [·0 obt,n,in n· prepondera.nC'e of the pines may be 
a sccondat',v bu!; imporLnnt objective of the regeneration cutting, 
Therdot'(" it mighL be well to consider the beneficial effect of removing 
smn.ll vigol'oUS while fir and inccnse-cedill' trees. These trees may 
be smnllt'l' thn.n tlw usunlly accepted diameter cutting limit, yet they 
tHC often h('av~- sl'NI producers. To fnvor pine reproduction, silvi
l'ulturist.s may ll(,('d to eliminate <"lass 1 and 2 fil's and incense-cedars. 

Number of Seed Trees to LeQve 

A cOl1sitiel'u,liol1 of till' ndequney of seed trol'S probahly shollid be 
pL'e('eded by some definition of nC'l'eptllblc stocking and b~' a. review 
of lwnilnbll' illforrnnlion on till' l'ffcrtin'lless of the seNl ('rop. Al
though tb(' definiLiQII of a('cl'ptnble slockillg is subject to somc dis
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ngreement, 500 estal.)lished seedlillgs per ael'C, \Veil distribut.ed, might 
be assllmed to be acceptable. '1'0 obtain this number of seedlings 
would I'equil"(~ val'ying amounts of seeds, depending on seedbed condi
tions) I"odent control, ftnd othel" factors thnL Ilfi"(,<t~ germination and 
sunrival. Seveml c.!)limaLes of the di"eetiv('n('ss 01 s('('(1 undel' 
difrercnL conditions are aVllilabln. 

A seed-to-seedling mtio of 38 sugul" pine seeds per seedling wus 
found fwm repl"Oduction counts on the Stnnislnlls Expcl·imcnt.1l1 
FOI"t'st nflel~ logging in 19'18. Sugnr pine seed fell ill the fall of 1948 
ilL the mt.c of 29,200 good seeds pCI" l1en.'. '1'1ll' next summer tin tlVer
age of 770 seedlings wns found on tIll' SHme tuea. 'Phe gwund sur
fll("l' hud been searified nnd the I'odents poisoned. On this forcst in 
1952 the seed-seedling mtio wns 345 to 1-180,330 sugnx pine s('eds 
produced 522 set.'dlings. However, thel'c bnd been no fl'esh site 
)I'eptHnlioll und 110 ndditionnl rodent conlro\. I\[nny of the seed
1ings, 408 pel' !len" oeculTcd in rodent ('nclH's (fig. l6), thuL is, It gl"OIlP 
of sel'dlings rl'slllting from burinl of seeds by wdl'nls. Some cuehl's 
contnined ns mUll,}' ns :30 seedlings, but elicit cnell(' wns tnllied ns only 
1 tree in U1(' repl"Oduction counts. A ratio of 70 Lo 1 wns found in •
1941 on plots \'!hich had been scm:ified but hnd no rodent. cOlltrol (0). 

Ponderoslt pille seed wns veLT efi"eclive 011 thc lllilcks I\[ollntaill 
ExperimclI tnl Fon's! in 1948. Aftl:r scnrificlttion and rodent control, 
pOllderosa pine seedlings nppenred Oil hnre nlens nt t.he rnte of 33,000 
per ncre (31). Seed WitS not trnpped 011 the treated l1I'ens, but on 
('oll1l>nrnble plots Il(~nl'by the seed fall IlmOllnted to about 130,000 
goO( seeds pel' nCI'e. Henee, the cfi"eclivclless rntio wns nppnl'cntiy 
ubout 4 seeds to 1 seedlin/f. On qundrals with me.diull1 or heavy covel' 
of vcgetntion, litter, 01' loggillg debris, howcver, thc seed wns not. 
nendy ns efi"edivei the mtio wus nbout40 to 1. 

Estilllntes of seed di"celivell{'ss without seedbed or rodent-control 
llIenSlIl'es are avniln ble frow the reconls of foul' plot.s on the Stanislaus 
Nulionnl ]forest. Dn tn tlVel'llged for a 9-yeltl· period show thnt the 
numbel' of seed per seedling vnried widely among plot.s (table 19). 
'I'he £rl'entcst sprend WIlS found in the mtios fol' pOlldelosa pine. One 
plot IUld no ponderosn pine st'edlinhrs after morc than 6,000 seeds hud 
fullen, unci tit(' rntio, of ('ourse, WitS illdetel·lI1illutl'. On the avcmgc 
only Ol1e seedlillg rcstlltcd frolll scnrnl hlllldn'd seeds . • 

• --478231 

FIG \ In~ 1I.i,-:::iug:LJ' pirll' ';l'l'dlillgS produced frUlIl seed cached by rodellt". 
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• T,uIl,1!l 1!).-NtllJ/b~!r ()J ~wrdli per s('edling, by speril!s, Sianis/al/s plo/s, 1938-;'11 

I~QllClpro~, 111(,(111$(.'
I'lot :, :::1I~"r 11111(' I \\'hll<, lir pitw cl'tiar 

, 

S,m,ber ;,V'L'lIlbrr ",'!I,II/ber i\"'u.,,,bt.r 
5 ••••• ,., ••. ,•• ,.",. ", __",,,,,", .... " 1,7-111 , 2H 4tKl 178 

9, ......... " ..... ,' :1,234 , 48:1 ! IllS ~'O 

10.. .'." ... ' .. . 2(~ 233 . 3i7 110 
{2I 3,13 \81 355 

"\'Q\l11 $\','d (.,11 Ih'r lICri:\ dl\'ld\'" IJr totul s~",lIhI1S founti pcr lIcrc on ellch 11101.. Sc<'<liIn!( counl dltinot 
rll(ln~enl tutul ~crU1I1111llol1 bt'CnUSl' sunH~ $(!l~dlill~S probahly tlh~d h(orortl- the quudrut. exumlnatlon. 

1 Imlctcrminlllc, 

• 
After gNmillulion, plH'l of th" I'csullimt Sl'NllillgS p('('ish f!'Olll VUI'

iow, ~'tHlSl'S, lIt-ne(' lht' numbcr of secds per e::tnblisht'd sl'celling is 
Illuch lurger (hilll the lIumber pCI' scedling nt the limc of gCl'Jllilllltion 
(,OUllts-most likcl.\T 4 to 5 lillws liS 1I11'gc, Hludies of scecllillg in('i
d('II('l' nlld survi\rnl 011 thp Htilllisinus plots (131 showed thnt only 20 
[0 25 pcr('cnt of tit(, s~pdling-s lived for 10 yel1l'S, In the, Blllcks 

• 

~rollntilin study (Si), 3a per('cllt. of the seedlings li\red for 4 yean; on 
bl\l'(' soil. Further mortnlity ('1111 bt' expe('\cd, 

To oi>lnill 500 ('stl1blishNI st'Nllill~s pCI' IlI'1'(', or 2,000 seedlinl:,rs after 
g('I'minnlion, would rl'quir(', ('onsl'I'vnt.h·ol~', nbout fiO,OOO seeds pCI' 
uel'e. 'I'his I'equircmcllt nSSUIlll'S Lhut 1 seed in 30 gerlllilllllcs and 
tilitt SUI'\'i\'ul is 25 pel'('enl. A s('('(1 efl'(,(,ti\'l'u('sS I'ulio of this sb"e
L20 to I-would onlilllu'ik be obtnined onh' if il min('I'nl soil sl'l'!lbcd 
\\'('1'1.' prcplll'NI nllt! rodcnts poisoned, ' 

If thc sced li.'el' requirement is deeluted froll1 the l'clnlion betwccn 
(,Olll' ('rop lind secd fnll pel' l1el'(.' (fig, la)' nl) estimated ('I'OP of 500 to 
600 pOII(\(.'l"Osa pim' cOlles per 11('I'l' will gin (iO,OOO seed pel' ncl'o. 
During 1\\'('l'iIgl' sCl'd .FIlIS 500 lo 600 eones mighL he, bomc 011 5 01' 
6 II'c('s 26 inl'ilt's in diul11ctl'r, or on SOl' 9 [I'CCS 20 illches ill diameter 
(fig. 6), DUl'ing ycnrs of h('avier secd crops about half as mallY 
Ll'('('s would sumce, By the snll1c nppl'oach, 11. crop of 400 to 450 
SligHI' pim' ('on('s pel' :1(,I'p will yield 60,000 seed pcr HCI"C. In IlvCl'nge 
),(,I1I'S 4 trees, 50 indlcs in diullll'\er, would pl'ohnhly be IlcceSSIl1'Y to 
produc(' 450 sugHI' pill(' COlles, but in h<'lwiel' s(~('d yeiti'S 2 [I'pes would 
1)(' suflieient. 

On til(' basis of Lh(' relntion bclw(,pn slllnd volulllC pel' acl'c lind 
s('cd disseminalion during tile hellviesl seed ,1TClIl'S Ill. DIllcks ~[oilntnin 
l~xpl'l'illlel1lnl li'OI'Nlt, (fig, 14), n 1'('sel'V(' volume of nbout. 1,400 bOIll'd
fed pl.'r ncre in LI'N' dilsses 1 nnd :3 of ponde1'osn pille, would pl~odl1<.~e 
60,000 good seed pel' llt.'l't'; It reserve of 3,1.00 bOIl1'd-feet per nCl'e would 
pl'odllej' 100,000 sepd pel' nc1'C, The lower volume might consist of 
:\ 01' ·l Irel's 20 ill<:iH's in diulIIetel' 01' 2 trees 24 to 26 inches in dinmeter 
(8). Fol' the lill'gel' 1'CS('I'VC volumc, 7 01' S trees 20 inches in dinmeter 
Qr 4- t1'N'S 26 indies in dinmctel' would bc nccessllry. 

On the Stnnisillus plots the 1'clUtiOIl between reserve volulIle of 
pondl'rosa pin(' nnd st.'cd fnll (fig, 15) shows thn\, nbout ;),500 bOIl1'(I
feet l'es('1'\'I.' VOIUllll' pel' n('l'l' of pondel'Oslt pinc is required, 01' nbout 
4- tl'l'l'S 26 indll's in tlilllnct!'1'. Th(' IlIIH:h IU1'ger I'CSCI've l'equired on 
til(' StnnisLnus plots is dll(' in pnrt, nl lensl. Lo the difl'eren('t.' in sit.e, 
For th(' snnll' dinllletl'1'. tl1l' Slnnislllus (.1'e(lS conLnin mOl'C volume . 



OtlIC!' radors, su('h fiS illlt('r('ntly high('r s('('d pl'Odudion Or 10wPI' '. 
lossps, mil,Y illso nCt-oullt fOl' t;il(' difr('n'1It'P, 'Pitt' l'('Spn'p VOIIlIll(' 
n'qll il'(,Ill(,11 ( COl' sugar pinp is j1,\)oul 11,000 honrd-fppl Iwr n('r(', eqllul 
1.0 ~ In'l's 50 illCh{'s ill dillllW(pI'. Of CO llI'SP , in lhis llliXNI L,V!){' llll' 

s('('(1 trN' requir('nH'llts should bl' ('onsic\('I'NI 1'01' thC' lwo pilH'S logcthct,

Illlt! Ilot illdl'pl'IHlelltly, 


Although th(' cmphnsis ill lhl' pine ('('giOll hilS been directed illi 

Obtllillltlg I'Pgellel'lltioll of t\w pines, und('r some ('ircu!1Is('lInces and 

on ('pr!nin silps whi\(' fil' 1'(lgelH'l'ltlion mny be sougllt. The relntion 

bNw('{'1l t'OlH' (TOP I1IH\ seed fnll (fig, la) shows lhnt (Ibout 500 tones 

will yidd 60,000 seed pet: n('re, In nv('I'llg(' yellrs this Illllny con(1S 

might be bOl'lle by 8 lo 10 1!'l'l'S 18 illehes ill dil1ll1der, 


How Periodicity of Cone Crops Affects Regeneration Cuts 

EV('l\ thl' best of til(' se('d trl'l'S do not ben I' tones eveL'\" venr, Oil 

thl' IWl'l'figC', onl,v Ilt int('ITllls of nboul:1 or 4: -"el1rs will Llt'l' (:01H' (TOPS

h(' ILPn\'y ('IlOIlj,dt lo ('11111>1<, drl'eli \'{' rl'gPIH'I'n.1 ion ('II Is, ~10reo\,('I', 

('on(, ('rops do not O('('ur III ['('gulnl' int('rvuls, tikI.' ('vel'." third 01' fOlll,th 
 •Y(,IlI.', so sehedll1i1lg' ('uls for nlltul'lll l'l'gc'nl'rHlion in ndvlllH:l' is difTicult.. 
Thl' pn's('1I('f' of d('\'l'lopillg pill(' (,OI)('S gin's 11 yelll"S noti('c of the 
possibility of it ~o()d sl'('d crop, Howl'\'er, Lhis IHhTnllce noLict' gives 
lht' nHIllugl'I' 0111,\- n pn rtinILy Sil tisfndol',\" basis for pin nning l'('gellenL
lion !w('nus(' t'\'l'l1 tht's(' polNllilllly hetwy <:rops do not nlwH,Ys mntuI'(', 
For l'xilmple, in 19-tS immntul'(' SUgHI' pinl' (,Ol1t'S indieu{;ed that n 
l;('('olld h('lwy ('rop ill 1949 would follow tlw hellv,\' ('I'OP of 1948, but 
Ill(' 1949 ('('op fnilt'd l\e('ilUS(' of ['h(' sugHr pillt' cone b('ctlcs, 

\\"hell ('OIl(' ('rops fnil or 11011(' ig in prospect, lht' m!lllllger c!lnnot 
l'l'h" on 1Illtul'HL r(' trl'll(,l'I1tion, HI.' must decide' wh('th(,I' to rl'genCl'Ilte 
Hrlifieinll,\' or to \\;-tit fOl' thl' lll'xl he'fl.\"y eOI\(' (,l'Op.H(' mny hllve to 
wnit, from I to 8 Y('llrs ill P01l(\f'I'OSn. pinl' nnd from 2. to 7 yellrs in 
SUgtH' rim" dlll'ing whidl limt' thl' efl'ects of nny l'Otient-('ontroL or 
sitl'-prt'pill'ilti01l lll('i\SUl'('S pl'Obnhl,\' will have hecn dissipnled, .~[Ol'l~
on'r, ('ontrol of the ground mny b(' lost to the less desimblc tl'e{'s, 
whitt' fir nml inc'('ns('-eednr, or to shL'Ubs, If shrubs gain control of 
lht' IIr('n, tltc' oppol'lunity 1'01' the' pines to becomt' ('stnblis/led in n 
l'l'ilSOllHbl(' lim(' diminishc's <T('('nth-, Conv('l'siOll of till' fOl'est to fir 
or incNlst'-eecll'U' (,(,I,tHilll.'" \~uld "be bl'tter thlln losing the land to 
brush bu t lloneth('\('ss would probubl." red uce' the finn ncilll yield of 
lilt' sill', I.f thc' nim of thc' fO\,(lst(,I' is to gro\\' ns IlIlH:h pinl' liS the 
silt' will product' in th~' shOl'll'sl tin\(', lh(,lI he should plnnt following 
logging wlll'n no s(,NI ('I'Op is in sight. 

Planning Seed Collection 

Thl' sludy findings havl' lin imporlnnt bearing in seed collection 
PI'Ogl'lllllS, 'nlt' bt'st seed is produced ill -"ellI'S of heaviel' seed crops, 
lind eolle('ling costs nI'l.' lower in Lhc'se .renl'S, Good pine seed can be 
stored without, serious loss of viability for pel'iods at I()HsL t~,5 long 
as till' ObS('I'VNI inl('rvuls betwecn good CI'OPS, 7 or 8 ~'Clllj~ nt Lhe 
mnximulll (:26), ('ollpcting nnd storing ('llOUgh s('ed dUTing good 
y~'nrs for usc in inlcrv('lling years of poor crops would be prud(>nt 
mnnngelll('nt. 
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As forost I11nnugemont w,tH'Liel's lwcolll<.' mO\'(r intrllsiv<.', spe('inll,\' 
se10('[('<1 nnt! mnllHged s('('o-protludion firons will h('eon1(' til(' SOur('(' 
or jllt'l't'nsing nIHOlIIILs of (hl' s('('(l lIsed for uI'LifkinJ ('('g(,Ill'rntion, 
;';<'I('clioIl of tlw sl't,d part'lIl oiJviously, for thp I)('('s('nt, will 1)(' Oil the 
l!!lsi::; of dl'Ririlhll' phl'I1olypi(' (·hl\I'udl'L'isti('s. 

It is 11I\l'(lly ('ol\('pi \'1\ hit, LlwJ II'('('S olh('(' lhull vigorous dominilllt.s 
should 1)(' seir<'led for s(~('d produet.ion, But within this group as II 
whol(' tlH'rl' firo thos(' t!'l't'S whieh IU'P mo('(' ('onsistonL nlld mo\'(' 
(>rolifie sped producers. It is sigIlifknnt thut Ilmong the trees wo 
st.uclil'd, nbouL 85 pel't'PIlt of llw dominfint pond(,I'osn. pilll' tl'N's fillli 
a5 [WI'cell! of thl' dOIllillnnl sugn(' pinl's borl' ('ones hnlf tht.~ tinH', It, 
iH also signifil'1l1l1 thnL during yellrs of hl'I1.V,\' sl'l'd c('ops, ~w Lo 70 pel'
t('nt or tilt' domi(Hlnl pOndl'I'OSIL pinl's nnll 15 to 40 pe('cenL of tilt' 
dominant sugnI' pillt's bon' II1or(' lhnn 100 ('OIl(,S eHch, Those nr(' the' 
trl't's whi('h should bl'l:ll'1!:('!l'd 1'01' sN'd production if th~'y meet otlw(' 
ph(,(loL.vpie SIW('ifiellllons,

• How to SeiN:! s(,NI lr('('s wilhout u pI'{'vious tHSt' histor.\' is somcwhnt 
of 11 probleIll. But us hns bt'l'll p\)illted out. (4, 21), 011(' of lhe lwst; 
indienliolls of It good sped produ('er is th(' uccumululiOI, of old cones 
under till' ll'('('s: 1;\ dispositioll towHrd henxy seed productioll ('C(' 

lninly should \)(' It speeifieillion of t('et's selected in st'ed-productioll 
nI't'ns, pI'o\'ided tlllll till' ll'l'PS nlso ('xhibil desirnble Limbel' growth 
('hnrll('krs. 

Protecting Potential Seed Crops 

• 

Bel'Huse good s('('(1 erops Hr(' infrequent, they should be protected, 
OI1l' of tI\(' s('rious en USl'S of loss of (,OI1('S wus shown \,0 be trec squilTcls, 
III SOIl\~' ,Vellrs thl'Sl' rodpIILs prill'lkulLy clest(,o,ved the cone CI'OPS, 
pnrticulnrly of pont!<.'I'oSII pinl'. Although they were most sCI'ious in 
Yl'firs of snllll.l or medium crops, tlH'Y did reduce the crops evcn in 
Yl'iu's of Il\)undnnee, To Sit,,!, It seed crop, control measuI'cs might, 
bl' ('ol\~·'\lered, but. tI\(' cOlltrol pl'OgmIl1 hud best be nttempted in 
('oOpem.tioll with thl' r, R Fish nnd Wildlifp SCI'vice nnd local gnme 
oflje('l's. 'l'I'('l' squirrels IIl'l' lISllillly protected 01' clnssed liS gnme 
Il.nimnls, Ht'nc(' tiley Cl1l1DOt bl' eliminated without dangcr or public 
('Ondl'IlII1utioIl, tl'o exelud(' squil'l'('\s from indi.vidultl isolated trecs, 
shei'[ mctnl. blinds ilround till' tree (3D) 01' bUl'ricrs of hnrdw!lrc cloth 
III right Ilngles to till' tl'ullk IIn,vt' bcon found effective, 

Dnmngt' by (,Olll' iIlSel'lS possibly ('1111 bt, prevt'I1ted by fierinl Spt'Il.,v
ing, III 11 prclimilll1ry l('st 6 to t'('(luc(' the dumnge causcd by the 
suglll' pim' (,Ollt' beet\(" nIl m'Cll of 80 Heres WIlS sprayed hy helicoptel' 
with 2 poullds of DDT ill 2 gnllons of diesel oil PCI' ncre, In the year 
ill which till' l\"('l'S W('L'P SPI'Il,\'ed, 14 pcrcelll of the ('ones uborted OIl 
lht' sprll.yed I["('('S l'Oll\pnrcd Lo 56 PC'l'ccnt 011 tht' ehcck tU'eft., '1'11(' 
following yen! 8 Pl'1'('('1l t wore destloyod on tile sprayed IlI'Cn nnd 77 
per('ell t 011 til(' clll'clt, 'I'hes(' l't'sults ur(' iIlsuflicicIl t to be regluded 
i1S t'OIH;lusi"l' ('\'idl'IH.'I'. hllt~hey Hrc cncoul'ugillg, 

In a brond sellse, l)lolcc(l\Ig the seed ml'tlIlS, for llntul'l1Lrcpl'odllC
lion, HUlking it most crl'celi'-l',Whcn the l'stnbiisilmellt of nntul'l1L 
l'('production is ns difli('ull ItS it is ill the pinc region of Ualifol'llin, 

s 11.\1,[" R.\I,1'1f C" and BCIIUIH1H't" (:lI,IJI';H'r H, ,\'IIE CONTI!OI, OF 'I'IIE SUGAR 
I'INE (,ONE IH1~l'~W-1 "IlUOU!l1l AI';IUAI, ,\I'PI.I{'ATION OF [)O'r. ~rallllscrjpt report, 
('nUf For('i't Mel HlLI1~(, Exp, Sla • Herk('i('Y, Calif. ,)anllaiT 4, [!l55, 

• 
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prot~\ction of $('('<1 ('I'OpS is cspeciflll.,'· importflnt. ~r('t1SUI'PS which will
nssist in pl'Olel'ling sced ('I'OPS include pl'('\'('nlioll of s('('d IOSSl'S thal 
nl'e ('iIUSec! by lI'N' squil'l'pls, ('011(' illseets, nlld olh(,1' $('('d dl'slI'OY(,l's 
nlld il\lpl'O\~elll(.'l1t of s('edbeds by distll1'bllIH.'l' 01' s('nrifi('iltiOI1 of lhl' 
soil SUI fll("(" 

SUMMARY 
('OI\(l ('I'OpS fll1d s('cd disp('rsn! W{'I'C ohsPI'\'('(1 for fl pPI'iod of flhout 

28 yenls ill lhc pillt' rcgiOIl of ('nlifol'lIin. '('hl' spcch,s studied maillly 
W('I'P pOIlII(,I'osn pill(" SUgfll' piliP, IIlld whil(' fil', 

Dt'fillitl' eOIll'-i>l'nrilli chnl'l1e('l;islies WPI'(' ObSl'lTNI nmong thp 
s('\'(' 1'1\ I sp('("i{'s, Nellt'l,\' n\l (,OIl('S WPI'P procim'l.'d Oil domillnnl tl'ees; 
l1'l'('S of oth<.'1' Cl'own elnss<.'sbol'l' so few ('011('8 thnl thl',\" ('nil ()(' igllol'cd 
us secd tl'('('S, \rithin 11\(\ dOlllinlllll ('I'own ('Inss, ('011(' pl'Ociueliol1 
ollpol1d('I'OSIl. pilll' in(,I'l'HsNI with dillll1l't('r up to nbouL :38 inches 
nnt! t(H'1l 1('vPled 011' 01' <I('('IiIl('<I. Bul ill sugnl' pilH', ('011<.' pl'Oduclioll 
('ontinllNI to I'is(' with iU(,I'Pllsed diun1('tel', '('Ill' Itll'ger while fil' lrees 
bol'(' f('wPI' COlll'S lhllll the illt('I'mecliale siZt's be('ausc of lIIislletoc 
infl.'<'liOI1 lIud insl'('( 01' l1le('hnni(,l1l illjlll.',\· ill lhe (,I'OW1IS, Tl'cp clnsses 
l'p{'ollllllPnded liS sN'<I ll'('('S nl'p; POlldel'osn pim', Dunning clllsses 1 
illld :3; SUgHI' pim', dnssl's :3 lind 5; nlld whilp 111', <:lusses 1 1111£1 a, 

('QII(' (,I'OPS O('('UITNI lit il'l't'gulHI' illlplTUls, On the bnsis of a PI'O
pos('(l ('onl'-('I'OP illd(,x, pOlldl'I'OSn piliP pl'odu{'ed heilx.\' und vel'y 
IINt\·,\' ('I'OPS ollly 8 lilIlPs nml suglll' pillp (:i Limes during till' 28 ."ellI'S 
fOl' which dnlu. u l'l' tl\"!liln bl(', 'I'lrp inlpITll1 betweell heavy Cl'OpS of 
pondlll'OStl pilll' vnl'ied bpt\n'('n t and 8 .rent's, Ilnd of suglll' piliP 
b('I.\'·(,(,1I 2 nlld 7 ,"('lII'S, 'Vhilp fir produced Ill'u,Vily aL intervnls of 
8 to !) yeul's, 1\011(' of lIH' tl'('('S on tilt' plols bol'(' cones evelT ,\'('111', 

bUI 85 p<.'I'('(,1I1 of Llll' pondt'I'OSIl pint's, 35 pcrcellt of tbc SUg-IlI' pill<.'s, 
IIl1d !) IWl'el'1I1 of till' whilp firs larger than 1.9,5 inches ill diameter 
bon' ('OIl('S hulf of the' limC', 

TI'P!' squil'l'l'Is, birds, Ilnd s(,\re1'l11 ('one insecls reduced cone crops, 
In SOIll(, ,\'l'nrs nllllost 110 <:OIl(,S matured bpcnusc of damnge by Qlle 
or 1Il0n' or tl1('::';(> IIgt'lItS, 

rn good sped ,\'<'l\ I'S st't'll rnll per 1l('l'e wus vel'y high: As mall,)' us 
180,000 soulld suglll' pilll' speds, l64,000 sound ponderosa pine spNls, 
22;{,000 \\'hitl' fir sl'Nls, und ;389,000 illcellse-{'edlll' sceds, 'rile Pl'O
pOl'lion of soulld s('ed or til(' pill(,s WIIS usunlly high ill good seed yenl's, 
t'tllIgillg fl'OIll tlbout 70 P(tl'('cnt upwtlrds, The proportion of sound 
whil~' fir lind in('('IISe-ec<illr sl'pd wns lowcr but WIIS also highest in good 
sl'('d \~('III'S, 

A 'Sll'OlIg relnliollship wns found on cutoyer lueus bcLweell the 
volume PPl' aCI'l' in Dunnillg II Cp clusscs 1. ancl 3 and nlllount of pinc 
s('('d produced pel' acre, At. m!lcl~s ~rountnin Expel'imentul FOI'pst 
in hl.'!lY,\' sced ycnl sa pOnd('I'OSil piliP rl'SCITp stand of 1,400 bounl-feet 
pCI' 11('1'(' ill ll,(,(' clnsses I I1l1d 3 produced udpquale seed. 1'01' regenera
lion, '('hl ('ri tel'ion of ndeq lIney wns 2,000 seedlings pel' ncrc at' 
p:ermil1l1lio!l, 01' 500 ('slnblished secdlings nftel' cady morlnliLy, About 
3,500 bonl'd-fect or pondt'I'oSIl pille 011 th(' SLanislnus 1\a! ionn! Forest 
pI'odu(,l'd ('llough s('('(1. 'l'lll' lIc(,pSSl1l'Y rpscrve volumc of sugar ,Pinc 
was llIu('h largCI', about 11,000 bon ed-fcc t, bC(,II,use of thc l'claLtvely 
fcw ('oncs IH'odu('cd 011 SIlIllll. trees, 

III l<'L'lIIS of numbcl' I1nd kind of trees pCI' n(,l:o, 3 01' 4, pondcl'osu. 
pint'S 20 to 26 in('IH's in dinmCl('I' ill trce cluss 1 01' :3 should prodll(,c 

r(,lIough s('('(1 fol' ndequille reproduction if rodellt cOl1l1'ol Illld gl:ound .• ; 

' 

, 
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prt'pnmtioll lIlLY!' pl'('pnl't'(\ thc way for t'PgcllCl'II lioll , Fot, ndeqllulc 
sugo!: pill{' I'cgcllcl'ntioll, 2 c1nss 301' 5 trecs uboul50 inches ill dinmc\.er 
would sufliet' Ot' s{'Yel'lll more smnllet' trees, with a minimum seed 
tl'N' size of ao illches, 

Becnllsc good seed crops nrc illfl'equent, stl'PS should he lnkcn to 
pl'Otccl them find to mnkc the mosl of them in seed collection pl'O
grunts nnd in plnlllling fol' nnt.umll'cpl'oduclion, 
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