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Abstract:

Seed was collected from ten lodgepole pine trees in each of five stands located in Utah, Montana,
Idaho, Washington, and British Columbia. Seed was planted and seedlings grown in four daylength
regimes--14, 15-1/2, 16-1/2, and 22 hours—in each of two temperature regimes—warm and cool.
Other seedlings were grown at three levels of moisture stress--0, 3, and 5 bars. Mass, height, and dates
of budset and budburst were recorded. Significance of variations among and within stands was
determined by analysis of variance.

Stands tended to be uniform in their mass values and dates of budset and budburst. There was
significant variation in height, with tallest seedlings coming from parent stands with the longest
growing season. There were no significant differences which were latitudinally correlated in the way
stands reacted to daylength, however, seedlings from high-elevation sources appeared to be favored in
cool temperatures and short daylengths. Seedlings from parent trees in summer drought areas resisted
moisture stress somewhat better than other seedlings.

Within-stand variation was of two types: (a) that among parent trees and (b) that among progeny from a
single parent tree. With the exception of the Montana source, stands formed a north-south dine of
decreasing type (b) and increasing type (a) variation.
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ABSTRACT -

Seed was collected from ten lodgepole plne trees in each of flve B
stands located in Utah Montana, Idaho, Washington; and British
Columbia. Seed was planted and seedllngs grown in four daylength.
regimes—--14, 15-1/2, 16=1/2, and 22- hours--in each of two temperature :
reglmes—-warm and cool,  Other seedllngs were grown at three levéls of -
moisture stress--0, 3, and 5 bars. - Mass, helght and dates of .budset )
and budburst were recorded. Slgnlflcance of varlatlons among and w1th1n.
stands was determlned by analy51s of - varlance. -

Stands tended to be unlform 1n thelr ‘mass values and dates of
budset and budburst. There was slgnlflcant varlatlon in helght w1th
tallest seedllngs coming from parent stands with the longest grow1ng s
season. There were no significant dlfferences wvhich were latltudlnally ¢
correlated in the way stands. reacted td daylength, however, seedlings
from hlgh—elevatlon sources - appeared to be favored'in cool temperatures

"_and short daylengths. Seedlings from. parent trees in summer ‘dirought .

areas resisted m01sture stress somewhat better than other seedllngs.'

, Wlthln—stand‘varlatlon was of two types- (a) that among parent

trees and (b) that among progeny from a single parent tree.- With the
exception of -the Montans - ‘source, ‘stands . formed. a. north-south cline of
decreasing type (v): &nd 1ncreas1ng type (a) varlatlon. _




© INTRODUCTION

Pinus contorta, lodgepole pine,’is one -of fhe nost*widespreed of

North American oines. Its geographic range extends from the d1v1de
between the Klondlke ‘and McQuesten Rivers at about 6h° N. latltude to
: the Sierra San Pedro Martin in Baja California at about 31° N latltude,. ”
.and from the Pacific coast to the Black Hills (Tackle, 1959) |
Along the Pacific coast lodgepole pine 1s a small tree, (.to.9.
meters.in height which is often characterlzed by a contorted bole and

. dense, 1rregular crown. In contrast the inland form 1s a. medium—51zed

.tree with a clear, eylindrical bole and:smell crowri (Harlow and Harrer,~‘;'.

S

1958). Some taxonomists distinguish two‘varieiies~of lodéepole'pine,

Pinus contorta var. contorta, the coastal form, and. Pinus contorta var.

- latifolia, the inland form (Tackle, 1959)
In an extenSive study ‘of morphological characteristics, britch-
'field-(l957) suggested that the speoies‘be:divided into four subspeCies,-
contorta (ooastal'region), bolanderi (Mendocino'white:pleins),'iatifolia .
:-;(Rocky Mountains), and'murrazanq'(sierra,Ne#éda);"éiinchfield also
noted that witnin the,inland‘suosbeoies id& and high.eievation popula;
tions formed éroups with distinct morphological characteristics.»

The env1ronmental conditions under whlch the various regionel
forms of lodgepole-pine‘grow vary widely The Sierre Nevada‘and coasnal

populations grow in zones of hlgh precipitation while in the Rocky




: . fé;f“
Mountains and‘other areas.in which'ssphAlatigglié_is iioundl summers may ;
be dry and 1nclude a period in which 5011 m01sture becomes def1c1ent
-Coastal areas have’a very narrow seasonal temperature ranée while 1n-.”
land it is generally quite w1de. At high elevations frost may occur.at
© any time (Tackle, 1959) |

. It is generally agreed that 1n the Rocky Mountains fire has
played a large role in the development of ecosystems.- The-serotinoush_";'
cone of lodgepole pine which remains closed at maturity and is. opened
by temperatures of oo C. or greater (Clements, l9lO) represents-an ;
adaptation to fire and promotes the recolonization of burns by this.
: species. Once established the high degree of shade 1ntolerance in :ﬁ:.
lodgepole seedlings very often prevents the stand from perpetuating
1tself and, 1n the absence of. fire, other species; usualLy Douglas fir l
'at low elevations and subalpine fir and Englemann spruce at high eleva;;t3~
tions take over the 51te as ‘the original lodgepole stand ages and dies._

Although the principal niche of lodgepole pine in the Rocky

Mountains is ag a major component of the fire sere, in some areas 1t

may form: stands which pers1st in the absence of fire. In Colorado

Moir (1969) fouhd’ that deep soils between 2500 and 2850 meters

.":

1 . . . .
The area in which the Rocky Mountain form of lodgepole pine 1s .

found includes .not only the Rocky Mountains but the’ intermountain region,>

_ the Washington Cascades, and the Blue Mountains of Oregon (Critchfield

- 1957). : oo S -
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elevation migﬁt have_60 to le—&éarAéldzlodgepole stands with.no
advanced reﬁroduction'of other conifers. He felated'this fo'high gummer
soil surface temperatures and summer drought. In Yélloﬁstone Park, on
sites with combination of iOW'rainfaii_andfnutrieﬁt—pdor éoils, lodge-
pole pine forms puée stgnds whichlgppear to persisf bVef ioﬁg pe;iods;_'
Despain (1973) related this to‘the inabiiifylof.sprucé éﬁd fif‘tp becomef
established on thesé sites. Similafly, in:tﬁe-horthwé§£.0régpn Caséades
lodgepole pine forms.que; relatively stable stgnds on very droughty and
nutrient-poor soils (Steﬁhens, 1966). | |

There aré few physiological limitatiéﬁs tq.ioqéepole pine's
abilit& tg occﬁpy various habitat tyées. In colonizing burns it eﬁcoun;
ters a wide yariety of edaphic, topographic, elevational, and moisture.

[ :

conditions (Tackle; 1959). Its role sééms‘to be that of a pioneer tree
taxon on sites where other species, either tempora;ily or permanéntly,
seem unéble to become initially established. If by its ﬁféSence; con-
ditions are ameliorated sufficientxf for other trées to qstaﬁliéh;ﬁ'
iodgepole piné gpparéﬁtly cannot competg with them and is ulﬁimﬁtely
replaced., If conditions remain too.stringent‘for others, it maintéiﬁs
occupancy of the site. |

Although morphological varistions in lodgepole pine have:been
well studied and siich factors as rates of photosynthesis ané growth havel_
been compared between pépulations (Bweet ﬁpd Waréing, 1963a; Buchgrt,

1971), little is known about the degree. to which' populations of lodge-




e
pole pine have adapted to specific.feciere‘of the eeiirohmeﬁﬁw There
are many confllctlng reports of the condltlons under which it grows,_:
and Edwards_(l95h) states that 1t is a most adaptable species, reactlng
in mény different weys to the factors of the.localrty whereilt grows.
Does the species have a'high degree ef pheﬂetypic plasticity, or.ie
itlcharacterizedlby‘a great'number'of ecotypes? E@qarde'(lésﬁ)‘reviews
provenance studiés that have been'eoqduetedfih Euroﬁe;2_ These exper;_
ments demonstrated growth differences ambné provenaecee;:as_ﬁeil‘es a
tendeﬁcy‘for.individuals to‘perform;better'ip cliﬁatee.similar to.theni
place or their oriéin than.they ao in other climates;_ ﬁe édﬁciudéé
that lodgepole pine isldifferentiate@_ipto eboiypes_rniéﬁ_ferm-an'
ecocline "ranging from the coastalfshore'piné toltﬂe most, continentai
form of lodgepole grow1ng east of the Rocky Mountalns, :and, dlstrlbuted
between 64° and 36° N. latltudes. Edwards. c1tes ‘other researchers,.;-
however (Whitford end Craig, 1918; ‘Davidson and Abercrombie, l927),‘whe
maintain that the varieties wi£hin the species are ”environmeﬁtal-forms?"
presumably implying that- differences are due to ﬁhenetrpic plastieify

. rather than genetic differentiatieﬁ.

A 2Provehance is. defined by HenéonffiQ62)'aé "the place of origin.
of seeds- or other .propagules.'" The term provenance study is used by .
Toresters to describe studies which compare the performance of: trees of

the same species but different geographlc origln when tested under
common conditions.
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This‘péper compares growth and phenolggy amdng %ngeéélezpihe
séedlings from five provenances, wﬁenigubjgctedlté éondigibné é?*béryiﬁg‘
daylength, teﬁperature; and moisturéfét#éss, The objéctiﬁeé of the
research are to deﬁermihe (a) if.thefe afeNSignifiéant differénces in
seedling ?esponse aﬁong samples of the various #révenénces‘and (b)‘wheh
ther such differences, if they exist, afe dependent on thé environmentél

factors tested.
THE CONCEPT OF THE ECOTYPE

Although this paper is solely an anelysis of phenotypiéai dif-

ferences among various populations df,Pinus contorta,:"io&gebdre pine,"

and does not'purport to determine genotypical variéﬁion, the role which
the genotype undodbtédly pleys in ecotypic yariétion wérragts”a ﬁrief
examination of the.génetic factors‘which coﬁtributé'to the ngture.of
variation in a specieé.

Barly studies of infrespecific vafiation relating to habitat
variation were of European forest trees. Langleﬁ'é (1971).historic€l-
review mentions wﬁrk by Duhamel du Monceau (circa 1T45), de Vilmorin
(circa 1820), Kienitz (1879), Cieslar (1887-1907), and Engler (1905-
1913). These investigations were in the nature éf“what forésters know
today as provenance. studies, Seédfwas célle;ted from trees of contrast-
ing locales and planted in oﬁe or several éommén'éardéns (See Heslop- '

Harrison, 1964, for a digcussion of‘the-iimitétions of the.common;garden
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method.) The observation that.differenceslin'plant groﬁth‘and other .
characteriStics often were related to;habitat7yariation were. and main-. ‘_5'
tained 1n a common env1ronment led to the concept that dlfrerent hab1— '
tats are occupied by dlfferent genotypes of a spec1es, each genotype :
tending to. "flt best" the set of environmental factors characterlstlc{"
. of its partlcular habltat | ;j

Although thls 1dea ex1sted as early as- the mld-elghteenth century,
it was not effectlvely artlculated untll Turreson publlshed "The geno—
typlcal response of the plant’ spec1es to the habltat" in 1922 Turreson ‘
‘ transplanted individuals of several European herbaceous spec1es from -
varled habitats to a common garden. As a result of h1s observatlons ‘he..
proposed a termlnology to deal w1th varrous levels of genotype envdrone"
'ment 1nteractlon. In fact this was more than a.termlnology, it was a~_;-
definlng of new modes of thought concernlng the genotyplcal organlzatlon
of living systems. Among the terms proposed was ecotype, Whlch Turreson
defined-as the genotyplcal'response.to a partlcu;ar hab1tat.3 'In 1923

Turreson introduceduthe term “genecology?.for the study of .ecotypic

3Other terms proposed by Turreson were :

Coenospecies': . the total set of genetlc comblnatlons poss1ble to
- ' . the gene pool of. the Mendellan spec1es. -

Ecospecies: = the set of genotypes w1th1n the coenospecies whlch
: have been elicited" by ervironmental requirements,

i.e., those ‘found in nature (roughly equlvalent 0
, , - . the Mendelian ‘species):.
Ecophene: . the set of noén-genetic modlflcatlons of a" partlcu— ;f
. o lar ecotype.: "
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variation in plants. 1Heslop-HerriSOn (196M)ASnnmeriies'the'basic‘propo-'
‘sitions of genecology as follows:

(1) wide ranging plant spec1es show spatlal fariation in
morphological and physmologlcal characterlstlcs,.(2) much of
this infraspecific variation can be: correlated with habitat
differences; (3) to the extent that ecologlcally—correlated .

" yariation is not simply -due ‘to plastlc response -to the env1ron-
ment, it is. attklbutable to the action -of natural selectlon in
moulding locally adapteéd populatlons fom the pool of genetlcal‘

© variation- avallhble to the spec1es as a. whole.

A controversy soon developed and contlnues today (Spurr and-

Barnes, '1973) over the validity. of ‘the ecotype concept ,The school
. which developed in opposition malntalned that, s1nce most env1ronmental
factors very in a contlnuous fashlon, genotypes would also tend to vany
contlnuously. This 'cllnal' v1eWp01nt was’ stressed in the studies of
Gregor (1936 11938, 1939, 1950, 1961)_ Langlet (1959), and Callaham
(1962)' among others. Expres51ng the opp031ng v1ewp01nt Clausen et al
(l9h0 19&5, l9h8 l9h8a) reported that populatlon changes were rather
- abrupt 1n the spec1es studled by them -
The idea of contlnulty is a dlfflcult one to deal with., Modern
. physics has.demonstrated to the satrsfaction_of mostfpﬁgple that,:with:.-'
the ‘possible exception.of time, there is no-such thing as a continuous .
phenomenon.in nature. Our perception of:continnity is a function”of the
level at which we choose to look and the‘sensitivity‘oflour neasnring
devices. The closeness with which some tralt ("T")fis able to vary vith

some env1ronmental factor ("F") is. dependent on the relatlve sizes of

minimum Al and minimum AF. Although 1t is theoretlcally pos51ble for a’
-

£




p;s;.:
nucleic‘acid nolecﬁle to respond fo'énéfgy'changséJstttﬁé.qﬁantumflévéi;'
the 1nstab111t1es that this would 1ntroduce 1nto the genome would |
probably prohoblt maintenance.of an organized system. Thus, ;t'seems,f
reasonable that a s1ngle gene'lsfactlve over 8 range-of environmental
values, and that genomes do not vary contlnuously in thelr response-to
the environment. Mather (19k43) 1nd1rectly made thls p01nt when he
observed that the flnest detectable level of varlatlon would occurvln.
those tralts controlled by several genes, and hypothes1zed that, s1nce
much genetic varlatlon appears to be contlnuous, tralts whlch show eco- fi"
typic varlatlon are polygenlcally controlled .

It seems llkely that because of ‘the’ llmltation on the number of
:genetlc comblnatlons avallable, dlscontlnuons varlatlon in. env1ronmental
response does 'exist. Whether thls‘varlat;on'appears as ecotyplcal or ¥;f s

‘ecoclinal depends perhaps on nan&‘factors;nChief‘among;them'the size ofi

hClausen and Helsey (l958a) estlmated that & ‘minimum of 100 loc1
controlled 19 characters in Potentills,: glandulosa. - In contrast to
Mather, they hypothe512ed that-a high number of" lOCl involved in a tralt
would increase the chance of llnkage between gehes 1nvolved in several -
traits, thus credting trait’ complexes and 1ncreas1ng the chance of
discontinuous variation. Yo

Lahgridge (1963) states. that adaptatlons of the phy51olog1cal
trigger type are probably based on simple genetlc systems. He cites.
research which has shown photoperiodism to be under the control of one

gene in tobacco (Allard, .1914), maize (Slngleton, 1950), and rice {Chah-~' ...

draratna, 1955); and cold requlrement for flowerlng under 51ngle gene ;
control in sugar beet (Abegg, 1936) and Hyoscyamus (Lafig, 1948). ‘
Langridge goes on, however, to express mild despair about the .ability. to
analyze the genetlc basis of climatic adaptatlon because "g major part
of the genome is concerned in any adaptave process that is’ a reasonably
general feature of the organism." :
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the d1scont1nu1ty compared to the degree of homeosta51s of 1nle1duals
(Lev1ns, 1963), the heterogeneousness of the habltat (Lev1ns, 1963) and '
the degree of gene flow w1th1n the. populatlon (Heslop-Harrlson l96h)
Where a given trait is: dlstrlbuted in space normally around 1ts adaptlve
norm, as would be expected if gene exchange is random and selectlve |
forces nondlsruptlve, mean response to“a glven‘env1ronmental factor'may :
well appear to be contlnuous. Ir gene exchange is restrlcted to’ selec-i'
tion dlsruptlve, homogeneous ecotyplc subsets may develop w1th1n a popu- .
latlon_.5 ) ’ . _ i I‘ |

Table 1 (Heslop-Harrison, 1964) shows ‘the relationship between
the nature of gene recombination inva species and marious other features.' )
fForest trees, it would seém, fit in the category of'free-gene recombina;
tion and cllnal variation. However, the euidence for thisuls_contra—
dictory and inconClusive; |

Pollen dlstrlbution by pine is probably not extens1ve although
reports in the llterature vary w1dely.' Colwell (1951) found that B&nug

coulteri pollen is generally transported onLy lO to 30 feet downw1nd

and very,llttle goes over 150 feet At the normal den31ty of forest

. 5Thoday and Gibson (1962), in a set of classic experiments with
. Drosophila melanogester, demonstrated that - dlsruptlve seléction would
produce racial divergence despite a hlgh level of intercrossing. They
cited this experiment as evidence that distinct populations could be
formed by an intermingling of hebitat types, despite a high degree of
intimacy between the populations. .




210-
“rable 1 (from Heslop-Harrison% 1964 )

’ Relatlonshlp between Sonie Components of the" Genetlc System
and Longev1ty, Community" Type, Physiological . Features and
Varlatlon Pattern

T T L L P P MR M ey '\".l'u'ﬁhﬁ‘)’:‘m\\ . ;-:-n_\-n-m-uwv-m BN U RSt T AN S

Free gene. recomblnatlon resultlng .,Restrlcted gene recomblnatlon

~ (a)

from a high recomblnatlon 1ndex . ‘resulting from-a low recomblnatlonu’
and outbreedlng. - _‘@ - .1ndex or 1nbreed1ng.. ool
Associated w1th‘ "']7' _ if. - lAssoclated:thh:,'

Protracted llfespan of 1nd1— B .(aj:ShortFlife span'of‘iadividdals -
 viduals reachlng maturlty R S ‘
(b)‘ngh ‘and’ selective seedling - (b ) Low seedllng mortallty durlng R

mortality; dlspersal capac1ty o colonlzatlon of suitable. ‘habi-. .

moderate . to poor . o -I -tats, efflclent seed dlspersal L

(c) Membership of. closed climax - fr(c)'Membership Of 1mpermanent”

communities in stable or but L -'communltles in ephenieral, oo

slowly changing hab;tats o _“fluctuatlng or’ shlftlng habltats‘
(d) High Yange of ph&51olog1cai if;(d).Av01dance of adverse condltlons

tolerance in the adult, fre- ' ' in the seed” state with or w1th—
quently dependent upon pre01se— © * out &an associated capa01ty for

ly adjusted developmental ' -_,~adapt1ve plastlc response to-'

rhythms but not necessarily. R env1ronmental stress._--'

asgsociated w1th phenotyplc :

- plastlclty.

I(e)

Continuous;:clinal.Variation':f (e) Discontinuous variation

D B T B T Y L A e L T N PR L AP
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stands an effective breeding radlns of 30-to-SO_feet would result in
considerable genetic drift (Wright, 19&3).5_ Rehfeldt and Lester. (1969)
felt that forest tree populatlons may subd1v1de themselves 1nto d1st1nct
breedlng unlts as one general method of obtalnlng .8 fltness flex1blllty-
compromise, and cited research by Sdulllace and Blngham (1958)A~Habeck
Cl958) Muller (l952), and Benson et al (1967) as ev1dence. Heslop- ;-“
harrison (l96h) concluded that ”.'.'. in a. contlnuously dlspersed P
W1nd-polllnated spec1es the average aresa w1th1n whlch there is &n
appreciable chance of two 1nd1v1duals matlng w1ll normally be ‘quite ‘
small in‘relation to the total range. Koski (1967), on the other .
hand, in a study conducted in the pine stands of northern Flnland
found alpnlflcant pollen exchange over relatlvely long dlstances. He
concluded that gene exchange between stands located tens of k1lometers -
apart was efflclent and that breedlng w1th1n stands approached pan- .
m1x1s. Although th1s resulted he sa1d, 1n a great deal of genetlc :
varlatlon between 1nd1viduals, the formatlon of local races was

serlously hampered by the gene flow.

The effectlveness of pollen dlstrlbuted long dlstances from 1ts o

6In lodgepole pine - stands, where the majority of seed follow1ng
fire will come from those trees which are serotinous, drlft in 1nd1v1-'
duals of the parent stand might conceivably result in a patchwork. of
progenies from single trees, each patch being falrly homogeneous but
varying from.other patches in a random fashion. This would be most -
evident for stands in which the precedlng generatlon had a low propor= .
tion of serotlnous trees. ‘ . : -
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parent tree w1ll eventually be negated by dlfferences in phenology T
: However pathways for gene mlgratlon do exlst throughout any area over °
Whlch the spec1es is relatlvely contlnuous, i. e., no‘dlscontlnultles

larger than can be bridged by pollen (Heslop—Harrlson, l96h) i A-parti-

cularly approprlate example of gene mlgratlon is the probable 1ntrogres— h

" sion of jack pine (Plnus bankslana lamb.) genes 1nto lodgepole plne pop— O

'ulations. Although closely related and freely 1nterbreed1ng, the ter—:'°

.pene compos1t10n of the res1n 1n these two plnes is very dlfferent R

(erov, l96l) Lv1dence of terpenes commonly found in Jack p1ne in

: 1odgepole plne turpentlne has been" found 1n Montana (Lotan and-Joye,zi e

1970),'British Columbla (Zavarln et‘al.; l969)“ and’ Colorado (Mirov;'x"

1956).. Siérra Nevada trees sampled by Zavarln et al dld not ‘show-

’8‘.

notable shifts toward jack plne re51n composltlon.

' Regardless of gene flow, extremes of selection will result in

7I‘lowerlng tlmes may overlap over falrly large areas, ‘however.
Koski (1970) reported overlap in the flowering of’ Scots plne in northern
and southern: F:Lnland four out of ten years. “

Turpentlne comp051tlon of lodgepole plne at varlous p01nts glves

a measure .of how far awsey from the. p01nt of contact of the two species

. (central Alberta) Jack pine genes have moved and therefore, if the
perlod in which they have been in ‘contact is known,.ah ‘estimate of the-
range of effective pollen transfer. -If one accepts the estlmates of
Yeatman (1967) and Schoenlke '(1962) . that the two species have been in-
contact only since the lateée post glac1al, gene spread t0. Colorado durlng
‘this period would requlre an effective rate of. pollen: spread of roughly’
1000 feet per year. However,. Argus. (1966)- and Zavarin et al. (1969)
feel thHat the two plnes have been in contact for a much longer perlod..

“he
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divergent‘populatione}khevine, 1963;!Heelob-Harrieon,.i96ﬂ). .An‘unan—;'
swered question.ie the degree of environmental difference.reqnired to
negate the effects of gene flow. Local ecotypic variation in forest
trees has been reported for northern white cedar between well—drained
and swampy areas (Habeck 1958), western white pine between dry and
moist sites (oquillace and Blngham, 1958), and Douglas fir between north.

and south slopes (Hermann and Lavender, 1968) ' The question is con~_

founded con51derably by the high degree of random variation which 1s

apparently found in most forest stands.” Rather than being merely
adaptive n01se," however, the degree and nature of random variatlon
may present a queStion-equal to or-surpaseing in interest that concern;

ing environmentally correlated local.variation,_sinoe it is probebly the

source of much ecotypic differentiation (Stebbins, 1950); and repreSents‘

a buffering oapacity within the -population aéainst'temporal enwiron—,

mental changes (Rehfeldt and Lester,‘l969y.




CHAPTER 2 *

HYPOTHESES *

Hypothesis I

There is significant variation. among stands in. the response of

' lodgepole pine seedlings.to different (a) temﬁefétﬁfes, (b)'déyiépgths;;- } .”j¢K“

and (c) moisture stress regimes.

HypotheseS'II.-
'There is no significant yaria@i@ﬁﬂwithih.étaﬁ@éfiﬁ the fesponse‘”
of lodgepole pine'seédliﬁgs'to‘différént,(é) tempéréfﬁréé, (b) day-

lengths, and (c) moistuﬁe stress'reéimes,n




CHAPTER 3 B
PROCEDURE

Seed Collection

Seed wés collected from five open-cone and five ciésed}cone trees
in each of foﬁr standsllocated in phe Uintq rahge éf Utah and Wyoming;"
the Gallatin rangequ southwestern Monﬁaﬁa;‘the Nez Perce National
Forest of central Idaho; and t£e Colviilé Natiopél'Fofest of'norfﬁeast%--
ern Washington."Seéd from ten'cioséd—éone trees locéted in centfai.
British Columbia waé provided by the British Cblﬁmbié Forest Sefvice. \A
small amount of seed was éollected from four trees in an gxceptionally
low-elevation stand on the Colville National Forest. Location, eleva-
tion, and habitat type of each‘stahd.are listed in Table 2, along with
site inde#, which is the average height in feét of dominant trees at 100
years of age, and is considered to be one measure of site quality (Davis,
195L). Parent tree data are given in Appendix I.' |

Stands were selected so as'fé represent,gs far as possible uni-
form habitat factors. This was difficﬁlt to do‘on:a fagtor—by—factor .-
baéis because of the myriad possibilitieé for factor.interaction'and the
many weys -in which thef could vary over‘£he range of seed collection.

In order to approximate as closely as possible the desired uniformity,

stands were chosen from the Abies lasiocarpa/Pachistima myrsinites
habitat type, or its ecological equivalent where that habitat tyﬁe was

not represented (Daubenmire and Daubenmire, 1968).




Table 2

Locations, Eievations, Habitat Types, and Site Indexes

of Stands Sampled

Site Index

. : Elevation (Alexander,
Stand E . Location - © (Meters) Habitat Type 1966)
Washington‘#l Sherman Pass, Colville © 1,600 Abies lasiocarpa/ 90
N.F., Lat. 48° 36' N. Pachistima myrsinites
Washington #2 Colville N.F., : 750 Abies lasiocarpa/ 100
Lat. 48° 36' N ' Pachistima myrsinites
Montana. - Butte Meadows, Gallatin - '-2;200 - Abies lasiocarpa/ 60 b
. N.F., Lat., 45° 26’ N. . : Pachistima myrsinites® A
Utah . Gilbert Creek, Wasatch } 2,500—- Abies lasiocarpa/ . ks
- N.F., Lat. ho° 5Lt N . . 33500 ° - Pachistima myrsinites® .
Idaho ' Little Slate Creek, Nez - - 1,550 . Abies grandis/ 90
Perce N.F.,Lat. hS?hO'N Xerophyllum tenax
- British . Cariboo Land District 700  Unknown, but probably 100 -
Columbia, Lat. 53° 25' N : ' Abies lasiocarpa/

Clintonia uniflora

&These habitat types did not fit well into any of those proposed by Daubenmire.
-There was no Pachistima myrsinites present. However, Galium triflorum was present,
indicating that they would fit better irnto the Abies lasiocarpa/Pachistima myr31n1tes

than in the Abies la81ocagpa/Vacc1n1um scoparium habltat type.
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‘Seed was'éollectéd from.dominéntlo¥ céaominaﬁt trées,locétéd a
minimum of 60 m. dpart;‘ In most c%éeénall'parént trees wefe taﬁen frém
an area no greater then five to ten ha. in extent, wiﬁh-no éppreciable‘
change in eievatioh of'sevére aspect diffgrences. In the Uintas stana,
however, 1ow_frequeﬁcy of serotinous trees requiréd seed collectiqn over
a considerable altiﬁudinal.rangé. |

Seed was collected from both currehtﬁyear cones and:congs"up to
four years old where both were available, however all te;ts were dqne |
with one- to four-year-old seed from-éloséd—éohé trees and'current—iear
seed from open-cohe trees. The exception was the British Columbi; séeé, .
the age of which was not known. |

Serotinous cones were opened by immersion in:a water bath at 60° _L
C. (Lotan, 1972). Extracted seed was dewinged and étored at 1° C.

The term "family" is used through this paper 0 designate the

progeny from one wind-pollinated parent tree,

Temperature and Photoperiod Tests

Seedlings were grown in a greénhouse under four daylengths in

.each of two temperature regimes.

In all tésfs seedlings were exposed ﬁo_the_same period of natural
daylength, generally eight hours per day. Dufing the balance. of the 24-
hour period each_treéﬁﬁent was covered by a black plastic hood and its

photoperiod extended to the desired length by two gro-lux fluorescent
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bulbs. Each hood was?fitted over the_tapibf the fiuoreSQent light
fixture and dreped down over'its’treatnent bench in the-manner‘éf a tent.
It was loose fitting enough around the base of the'treatment}bencn_tq-:
ensure'adequate ventilation, and yet effebtivel& excluded all external,
light. Temperatures under the’ hood varled llttle from those outsade
the hood, but humldlty was 'maintained at a hlgher level. |

Daylengths used were (World Almanac , 1969);

lh hours - the mid-June photoperlod at 30° N latltude, the
southern limlt of the spec1es. .

15-17/2 hours - the mid-June photoperlod at h5° N latltude.

16-1/2 hours - the mld—Junethotoperlod at SO° N latitude.

22 hours - the mid-June photoperiod at 65° N latitude, the
northern limit of the species.

Daylengths‘were chosen to include a ranée of photoperiods common
to the seed collection zone as'weli‘as a range similar to that experi-
enced by the species as & whole., The mid—June figurepwas picked as a
convenient one uithin the’period of'maximum growth activity. |

Each set of daylength treatments was grown under one of two
temperature regimes. Generally these temperature ‘regines have been
classified as warm anq:cool. Precise temperature control in the green; :
house, however, was’not always possible. Cooling in the greenhouse wing
selected for the cool temperature treéatment turned out to be less

efficient than in the warm temperature wing, with the result that day-
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time temperatures in June, July, and Auggst'bften.peaked higher on fhé-
cool side than 6n the warm side.

The duration of high tgmperqtureé apring phe da& was alﬁays‘coﬁ-»
siderably less'on the céol”th;n on the wérm side, However,.apd night;
time temperatures ;ere consistently Sé tb 105 lowér; _The pattern of.
temperature variation for the two tréatméﬂts is briefly sﬁmmafized in
Tables 3 and L. |

Temperatures in the greenhouse, esﬁéeiall& dufing the coole;
months, tended to vary with changes'in ﬁhé outéide temperatures, and .
thus'changes from day to night were ﬁsﬁaliy-smoqth aﬁdnéoﬁewhat é;éduél”
rather than abrupt. |

Seed was stratified by soaking in 961& watér:for 24 hours, then’
storing moist in plastic bags at 1° C. for.two weeks (Lotan, 1972). In
" each treatment, seed from each parent treé was planted in rows, each row
containing approximately 15 seeds spaced 1.5.t0_2 cﬁ. apart. Each
parent tree was replicéted three times per7trea£ment, making a total of
150 rows per treatment. These 150 rows weré:in turn arranged into four
rows, so one entire. treatment was cdntained.fn 8 sﬁéce 1.2 x:l.5 metefs.
Assignment of repi;cations to planting spaces was done by random selec-
tion of repiicgtion.numbers from a hat. |

Seedlings were grown in a mixture of ?0% sand, 40% peat, and L40%
vermiculite. 1In the first féy weeks nutriénts were.appiied by W&tefiﬁg

once & day with full strength Shive's solution (Shive and Robbins, 1938)
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Table, 3

'Approximate:Temperature-Rang¢3per Treatment (°C)

Treatment

Dec. through May

Juﬁe through  August

August through Nov. .

Warm

Cool

30° day - 20° night

' 20° day - 5° night|

309-day'e 20° night

30° day - 12° night

/30° .day. - 20° right -

'20° day ~ 5° night

' Tdbié'h-u

Average Hours per- Week in Which the Tempersture Exceeded 27°C . .

and 32°C and .in Which

the’ Temperature was

15°C and 10°C

Lower Than

Trestment . |. 27°| 32°|" 27°| 320

" Dec.- May - .Sept.- Dec.- June- Sept.-
April Aug, Nov. May Aug. . Nov.
Hours " Hours Hours Hours | Hours | Hqufs
Above Above Above Below Below Below

Warm

Cool

bl p 16| b1 | 11

112027 )11

w2l oo || o

107019 |I'1

bo 15 1 99 | u7
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diluted h4:1. This regime résulted in a;salt,bnildnp and increased §H_:
'and 80 was changed_totan application of  two ddarts Shive's solution once'
per'week to each‘treatnent Seedllngs.were watered wlth tan water when-
ever the soil began‘to dry, generally tw1ce a day 1n the summer and -
once & day in w1nter,:spr1ng,.and fall.
| Seedlings. in both the warm_and cool treatment;were planted,ln
mid-January. In February cool—side'seedlings beéan-to‘show.swmptoms of'
‘what was thought to be a damplng-off fungus, and w1th1n two weeks their .
condition was such that 1t was decided to dlg them up and replant in -
fumigated soil. Thus cool-side and warm-side3seedlings were.seven‘weeksl i
.out of sequence'with each other, and‘a soil difference between treat-
ments was 1ntroduced . Iin order to evaluate the eTfect of runigatdon on
seedling performance; a small test was set up in which apprOX1mate1y
50 seedlings from the Washlngton, Montana, and Utah stands were grown
in soil from the cool treatment, and the same number of seedllngs from
the same parent trees were grown in s01l from the warm treatment.
Temperature and daylength were the same for_both,sets of seedllngsr
Each soil type wasnreplicated three tines.

Before describing the phenoloéical measurements.which were made,
it would perhaps be useful to descrlbe the development of pine seedllngs.
Following germlnatlon, the first follage to appear conszsts of a whorl
of cotyledons. Development of the stem soon, results in the appearance'

of Juvenile leaves, whlch are splrally arranged, linear, and 31ngle.
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“(i.e., not'in groups defined'by a single'fascicle) (Harloﬁ and Harrar,‘

1958).. Juvenlle leaves ‘are followed by ac1cular faSCICled adult leaves__'

ot

which develop in the axils of the juvenlle leaves (Harlow and Harrar, ‘\_,igL

11958). The t1m1ng of the appearance of adult leaves is not clear.‘

" Harlow ‘and Harrar (l958) state that dependlng on the specles,vlt mayli i
be one to several-seasons. erov (l967), on the other hand, says that
adult needles may appear durlng the flrst season., Under certaln condl—.
tlons many plneSuundergo a perlod of dormancyrln mldsummer which is"l
broken in late summer or early fall (erov, l967), and observatlons‘of
lodgepole'plne (Morsby, 1972) 1nd1cate that thls secondary flush of '
growth may result 1n the productlon of adult needles,‘ In the present

'study appearance of adult needles 1n relatlon to termlnal bud act1v1ty
varied w1th temperature. In the warm treatment adult needles were.cf
never produced before a; termlnal bud was set and thelr appearance ln '
the axlls of juvenlle leaves 1nvar1ably s1gnaled resumptlon of. termlnal
growth In contrast, cool treatment seedllngs produced adult needles
well before appearance of a termlnal bud

Cessatlon of’ subaplcal merlstem actlvity;'and consequentlv shbot
elongation, 1s usually marked in pines by the appearance.of a termlnal
bud, which is an unextended portion of stem cbntalnlng the aplcal
meristem and prlmordlal leaves and thelr 1nternodes, and whlch is covered

:by prlmordlal leaves (Romberger, 1963) '-Because 1t 1s an obv1ous and'

ea51ly recognlzed feature the termlnal bud 1s often taken ag 8 51gn of "




dormanc# in'the'plent, but this is net neeessarily en:aecurate intef;'
pretation. Activity of the various plant meristeﬁs-AafiCa;, subapicai,
cambial and root-~is very seldom simultaneous, and ofher reéions of the
plant may be actlvely growing, or at 1east produ01ng prlmordla, at the :
same time that. the terminal bud has 81gnaled cessatlon of subaplcal
meristematic act1v1ty (Romberger, 1963, Mirov, 1967) Nevertheless, the
.termlnal bud does have value as an 1nd1cator of dormancy in at least
one part of the plant._ It is qulckly and ea31ly seen and prov1des a.
. reliable common basis for comparing developmental act1v1ty between
seedlings. TFor these reasons it has been used'es a measure of compara-
tive phenology in fhis stﬁdy. |

With these comments as background, it is now apﬁrepriate to
describe the phenelogical.measurements maae in ﬁhie stu@y. At two-week
intervals for a period of 18 weeks the number 5: seedlings.with fermihal
buds and the number with adult-needles‘were recorded. In both tempera—
ture regimes fhe appearance of a terminal bud was taken to indicate the
beginniﬂg of one phase'of dormancy, an@ in this paper the length of'time .
from planting to appearance of the tefminal bud is defined as the grew-
ing period. The growing period of & given family has been'takenles the
number of weeks from piantihg till 50% of i%é seediings have terminal
buds.

In the warﬁ temperature trea£ment_appearance of.adult.needles,

either from the apical meristem or axillary bude, was taken to indicatel
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cessation of subaplcal merlstem dormancy. ,The:use.of aiillary,bud
break to indicate subapical meristem activity was'considered valid.'
because the author's observatlons cons1stently revealed that, 1n these
seedlings, appearance of new needles from axillary buds very closely
preceded terminal bud burst (they aia" not of necessity precede it, how-
ever)' The number of weeks from budset to appearance of adult needles
is defined here as.the dormant period and the dormant period of a
family is taken.as the ‘number of weeks from 507 of seedlings w1th ter—-ﬂ
minal buds to. 50% of seedlings w1th adult needles. In some daylength
treatments, espec1ally 22 hours, trees tended to set: and break buds 1n;
very rapid sequence, one tree produc1ng as-many as three to four ter-
minal buds 1n the course of the experiment . Data given here, however,
is concerned only with appearance of the initial terminal bud and 1ts~
subsequent burst. . o , 1 o RN

In the cool'tenperature treatnent‘adult_needles appeared.before
budset and-thereforé_uere not appropriate as a,measure‘of cessation off ;.
dormancy.. In fact, oncé.buds wereHSet in'theseAtemperatures,‘thei
_showed'no signs-of'bursting during.the.duration of the_experiment,
approxinately three months after the time,of,bud set.

lt should be stressed that the,terns,‘"growing.period"‘and
"dormant period," as used here refer‘only to subapical“meristem activity
The total phys1olog1cal state of the plant cannot be safely extrapolated‘

from Just this 1nforma.tion°
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Seed;ings fere lifbed'from‘the Sedé by hana._‘Esééntiaily the
method was one of running fhe handé dowh uﬁderneath each row,aﬁd; with
gentle movements of the fiﬁgers, loosening the 50il medium from around
the roots until the seediings could Be fregd without fqrciﬁg. 'Roqts_
were considgrably'intefﬁwinéd apd{ des@ite éll precautions, soﬁe'of‘£he

fine roots were torn and lost. It is difficult to 'estimate the amount

of root lost in this manner but, 'in terms of m&sé, it was probably qﬁite5:'

small.

Before lifting, fhe height of‘each s;edling from ground leveivto
terminal bud tip or gréwing tip was recdf@ed ta fhe.nearest ﬁillimetef.
Aftef lifting, roots were washed and seedlings dried for 2l hours at “
100° C. to 105° C. Total and toﬁ mass for each row (one.replication of
the seedlings from one parent tree) were meaéured to the ﬁearest 0L

grams.

Moisture Stress Tests

Seed from four pérent trees in each of the stands used in the

daylength~temperature tests, as well as four parent trees from the low- .

elevation Washington stand (herein called Washihgton #2), were used
in the moisture stress tests. Polyethylene gl&col'6000 was mixed with .
distilled water and nutrients to give solutions with osmotic pressures

of 5.2, 3.2, and .2 bars. Amounts of polyethylene glycol 6000 necessary

to give 5 and 3 bars pressure were 215 grams per liter and 160 gfams
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per literlrespectiveiy (Cox,end Boessma, 1967); 6ne-Quarter stiengthj
Shive's nutrient solution was estlmated (Mllls, 197h) to have the same
osmotlc pressure as one-quarter strength Hoaglands Solutlon, whlch is
approximately .2 bars (Cox and Boesema, 1967)._ Thus” the‘control_soluf
tion had an osmoticlpressure of .é bers; - .

Each m01sture stress level was repllcated tw1ce. :6ue feplica;l.
tion of.one level conS}eted of an elumlnum‘baklng pan (U S Army 1ssue)
-with dimensions jﬁ cm:- x 40 em. x h'cm;;'iutq which 4 liters of ‘the
proper solufion ueslplaced. Seeds were plautedAin plastic;coated paper -
cups 12 cm. in height, 8 em. in dlameter at the top, and 6 em. in
dlametep at the base.. Planting medlum was vermiculite. Four trlangular
openings were punched in the bottom of each cupptp'alicu moisture to’
enter.

Approuimately'lo geeds’ of one‘pereut'tree wefe plented pep_cup;
After germlnatlon these were reduced to three seedllngs per cup Eacﬁ
cup was 1nit1ally placed in dlstllled water and nutrient solutlon until
it contalned 85% by volume m01sture. Thereafter, once each week, cups
were placed ;n thelpreper stress solutiou and allowed to imbibe solution’
for approximately 30'mihutes. They,were then,removeu'from sblution‘
until the time of thé next dunking,.one-week iepef.. Weighing of selected
cups showed that in the lo—minute.imﬁefsiou pericd cups:uere‘able‘to
return to_epprcXimately 85% by volume moisture.:' |

Eveporation at the time of year.cf thé‘testf(January-March) was
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low, aﬁd auring the'sevén days that:cups.weré'oﬁt,of solﬁtion their
moisture content pef‘cup declinéd to about 30% by volume. Howgvei;v"
moisture conﬁent in tﬂe 1owervportiqn of fhé cup—éﬁhé foot'zbﬁe—-staygd‘
éonsiéteﬁtly high, and after élﬁéek_iﬁ was litﬁievif any-lbwer thén]thé'
.originael moisfure percéntage! Assuming thﬁt'vermicﬁiite Bgﬁaveé ;iké
'gand in its ‘water retention prqurties-(Fergﬁsoh,11973); 36% watef.coﬁ- .
tent by volume would result in a_ééil'suctionﬁdue to drying of approxi-
mately .1 bars,.gnd'ét:ho% water content soil sﬁcﬁion wouldlﬁe_zero
(Gardnér; 1960). .qu these réasoﬁé,iﬁ is aésuméd'tﬁat little or no
extra moisture stréss'was introduced'byv;llowing ﬁﬁ;.vermipulitefto'd;&

- for a week. | |

_PH of the stress solution Waé'adjusﬁed to 4.0 in order to reduce
microbiological activity. After one dun#iﬁg of seedlings it increasea
to approximately 7.5, so the solution was chénged after each placement
of seedling cups in it, i.e., once a week. This prodedﬁre not only kept
pH const;nt, but eliminated the prqblém of incfgasing,polyethylené
glycol concentration:in the stress solution dPe to evaporatién.

During the first two weeks of.the tgst procedures were slightly .
different than des;:‘;'ibed ibove. If order to avoid physiolqgical'éhoék
in,the-seedlingé by.éudden exposuré ﬁp.high étreé;;conditions sﬁall'
amounts (L0 grams per liter) of ﬁolyethjiehe.gkycol-wére gdded at three--
day intervalé and the cups iﬁmeréed with each:addiiion;'uﬁfil the ﬁroper‘

osmotic pressure levels were attained.
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Tests were conducted in-a greenhouse. Illumlnationlwas by two
gro~lux fluorescent bulbs. Daylength was 18 hours,’and temperature a
falrly constant 15° to 20° c.

Seed was planted January‘5 and seedllngs were taken up Aprll 1.
As in the daylength-temperature tests the helght of each seedling was
measured to the nearest mm.; and the t0p and total mass of groups of
three seedlings (one repllcatlon of one famlly) was taken to the nearest

01l g.

Analzsis :

AnaLyses were done on an analy51s—of-var1ance program prov1ded by

' the Montana State Un1vers1ty Statlstlcal Laboratory. In the case of -
height and - mass, varlatlon in the natural logarlthm of the dependent
variable was tested.' Although the value of the dependent varlable is

given in tables within the test all s1gn1flcances reported are based

on tests of logarlthmsr' The varlance of growth and dormsncy perlod data

was not distributed in a way that lent itself to transformetion (there

was no dependénce of variance on mean in ‘the dormant period data, and

growth period variance plotted against mean looked-like,the tdp-half of |

a sine curve) SO analyses were done on the untransformed varlables.
In all cgses slgnlficant varlatlon has been considered as 5% or .

less probablllty that means are drawn from the ‘ same populatlon. Where

not mentioned exp11c1tly 1npthe text?'thejterm s1gn1ficance 1mp11es this

criterion.
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Two criteria of variation withinkpdpulations have been used-~the
number of factors for which a given dependent variable has a significant-
ly high F-value, and the error mean square of a given variable--both
derived from the analysis of variance within stands. The F-value indi-
cates the significance of variastion among families and in the way in
which they perform under different daylength and temperature regimes,
while the error mean square is an indication of the degree of variation
within each family. The usefulness of the error mean square is limited,
but when coupled with the degree of significant variation among families,
it may give useful insight into the pattern of variation within a popu-
lation. For example, a low error mean square coupled with a high degree
of significant variation among families suggests that within family
variation may be small compared to that among families, while a large
error mean square coupled with low significant variation among families

may indicate just the opposite. These may thus suggest the most

productive avenues upon which to plan management procedures.




CHAPTER 4
RESULTS -

Temperature and Daylength Treatments’

Mﬂiﬁ? :' .

Table 5 summarizes the signlficance of . varlations in mess for
the factors of stand temperature, daylength and their 1nteractions.:s
- Flgures 1-4 show graphically variation between treatments for each-f
stand'separately' | | -

Variation among temperature and davlength treatments., Table 6

gives the relatlve magnitude and Signlflcance of the various measures”
of mass for each temperature—daylength treatment For .all stands takenlf
together varlations 1n total, top, root mass, and top mass/root mass,
among temperature and daylength treatments were signiflcant.loy Day- v
length response varled with temperature treatment ‘and th1s also wes T“
'significant In both warm and cool temperatures highest total mass

was achieved under the 22-hour photoperiod and lowest under the 15 1/2 |

hour photoperiod. However, in the warm treatment 1h hours gave the :

second hlghest total mass, while in the cool treatment the second

9Append1x Il glves mass helght and phenologlcal data for indl-
vidual stands in each test.

lOUnless otherwise stated, through the paper probablllty of 5% or"
less that means are drawyn ‘from the same population will be considered
significant variation.




Table 5

Significance of Variations in Loge Mass, Loge Height,
Growing Period and Dormant Period Among Stands,
Temperature, and Daylength Treatments

Stand X
Stand X Stand S Temp. X Temp. X
Stands Temperatures Daylengths Temp. Daylength Daylength Daylength
Total Msss ¥ * » -4 x I )
Top Mass * * * = = % o
Root Mass - - = . - . -
Top Mass/

Root Mass * * * * 5 E | %
Height % E S B # % #
Growing Period * * o - * * *
Dormant Period * No MSR * No MSR - No MSR No MSR

* jndicates significance at the 5% level of probability.
- indicates not significant at the 5% level of probability.

No MSR means No Measure

—IE_




FIGURE |. AVERAGE TOTAL MASS OF SEEDLINGS, BY STANDS, AS A FUNCTION OF

MASS (10”2 GRAMS)

TEMPERATURE AND DAYLENGTH.
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FIGURE 2. AVERAGE TOP MASS OF SEEDLINGS, BY STANDS, AS A FUNCTION OF
TEMPERATURE AND DAYLENGTH.
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FIGURE 3. AVERAGE ROOT MASS OF SEEDLINGS, BY STANDS, AS A FUNCTION OF
TEMPERATURE AND DAYLENGTH.
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FIGURE 4. AVERAGE TOP MASS/ROOT MASS, BY STAND, AS A FUNCTION OF

£ o0
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Ta.ble 6 o

Relative Magnitude and Slgnlficance of the Varlous Measurements

of Mess, Height,.Growing Period, and.Dorment Period
for Each Temperature-Daylength Treatment® .

' Top Mass/ Growing Dorment

" Total Mess Top Mass Root Mass Root Mass Height Period‘ Period

AL

24" 2k 2l iv 1k 22 - 13
by SU 23 b 11 21 11

11 11 ] 12} 21 23] 12
23 13 1l 28 1ef ohf  1h
13 23] 2 3| - 13 1%]

12 12| .13 22 23 7 13

1| 2 12 21 21 . 12

22 22. 22 .23 22 11

Brreatments ‘are listed in order of decrea51hg magnitude of. tﬁe
dependent variable. '(Treatments included in the same bracket are not
significantly different at the 5% level of probablllty )

b

First digit identifies the temperature treatment:
1l = Warm -
2 = Cool

Second digit identifies the phbtoberiod:

= 14 hours -
= 15-1/2 hours
= 16-1/2 hours
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highest was in the 16-1/2 hour photoperiod‘ Top‘and root mass followed )
by the same pattern of variation with respect to photoperiod as total
mass, with the exception of root mass in the warm treatment which was
higher in the lhi-houtr photoperiod than 1n,the‘22—hour.i

Except for the 22-hour photoperiod, total mass was'less in*the
cool treatment than in the warm. This was true also forhtop masS' hut“
not for the root, which was not significantly affected by cooler tem—
peratures. Consequently the distribution of mess between top and root'
was quite different améng temperature tréatments. Among all treatments
top mass/root mass was’ lovest for the lh 15—1/2 and 16—1/2 hour photo-
periods in the cool treatment, and only the 15—1/2 hour warm wes lower
then 22-hour cool treatment. | |

'In summary, for both temperature treatments,.greatest-total mass
was attained under the longest photoperiod——2é hours--and smallest total
mass’ wes in #n intermediate daylength-~15-1/2 hours._.The relative
magnitude of total mass between the 14 and 16-1/2 hour phot0periods-was
dependent on temperature. - Total growth increased w1th cool temperatures
at the longest photoperiod, but decreased in the three shorter day-
lengths. Root mass: wasn't affected by temperature and top mass/root '
mass was considerably.lower in the,éool than in'the wvarm treatment.

Variation Among Stands. There is significant variation'among

stands in all varisbles except root mass. Analysis without thé British

Columbia seedlings included, however, gives no significant differences




T

between populations.ll :Table T gives mass values.and their.signifi-.
cance for each stand, The pattern.of variation among stands_is the
same for total and top mass ‘and for top.mass/root mass. Because of
the uniformity in_root mass,'totalimaSS'differences‘are Iargelv
eiplainable by tou‘mass variation;l Despite differences-in‘tot“mass:
' among stands, top mass/root mass remains surprisingly uniform, only‘
the British Columbia source being 81gn1ficantly different

There were no- 51gniflcant differences among the various stands
in the manner in which their mass values varied with daylength. o
Similarly, stands behaved the same with respect to ‘their total and top
mess between temperature treatments, with values for the warm treat-
ment s1gnificantly larger for each stand. British Columbia seedlings
were the only ones for which there were s1gn1f1cant differences in root ”E
mass between the two temperature treatments, their roots being con~-
siderably smaller in the warm treatment than in the'ccola This effect
was of such magnitude that 3ritish Columbia seedlings went'from;first
in magnitude of root mess under the ool treatment to fifth inztheiwarm
treatment. | | | | -

There are high correlations among.total top, and root-masses

" for all stands combined. The correlation between ‘top mass/root mass

llThe term population is used interchangeably with the term stand
throughout the paper.: .




Average Mass Values Per Seedling by otands

Tmue7"

WASS (1o ).f

Total

S iTop

uffﬁogtn;t"”

- Tép Mass/
. Root 'Mass .

British Colimbis

Washington'
Montana ’
Idaho

Utah

o6.200
: ahﬂsk '

25,15
2h.03

22,20

: 1"7".89

17.391
17.31]

15,78 .

6
675} .
6.67
PR

3002
| ——
~2.70],
vt
265

2,54

*Mass values included in the same bracket are not significantxy
different at the 5% level of probability.
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and other mass veriatles wes relatively low, however (Table 8);

vIn summary, there were significant differenees'emopg stands in
all variables except’root mess. Stands reeetea iﬁ the same vey to dif-
ferent daylengths, and top mass.varled in the same way among stands
with respect to temperature treatments, being uniformly greater under
warm temperatures.- Root mass did not change significantly between -
' temperature treatments'except in the British'Coiupbia stand. All slg-"
nlficant varlationlln mass variables, in fact, ras due to the Brltish '

Columbia source. "

Varistion Within Stands. Tablé 9 gives the.significance of

varletions in mass ‘with respect to treatment factors for each stand.
All sources except British Columbla had 31gn1f1cant varlatlon between
families in total, top, 'and root mass. Among Brltlsh'Columbla famllleS'
only root mass and top mass/root mess varied sighificent}y. in the
Washington end Utsh stands, also, families varied significantly in tep
mass/root mass.. |

Within stand variation in family @nteractien with temperature and
daylength varied among stands: Montana seedlings héd no significant
variations with respect to these.factors, and.British Columbia seedlings
only in top mass/root mass. Total and top mass veried_significant;y
.within the Ideho stand for the femily-temperatﬁre, family-daylesgth, eﬂd
family-temperature;daylength interactionst 'qu mess/root mass ﬁas not

affected. In the Washington stand vsrietion of top mass'was'significant
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Table 8

Correlation Among Mass'Variables
for All Stands Combined

*  Total Mass Top Mass Root Mass Top Mass/Root Mass

Total Mass 1.000%

Top Mass ° S .983 1.000 -
Root Mass L . 850 .7kl 1.000.
Top Mess/Root Mass - .153. ~  .2T4 . -.229 1,000

‘ 3correlation coefficient (r2)




~ Table 9.

Significance of Variation in log_ Mass with Respect
to Treatment Factors for Each Stand

Loge Total Mass

_ LogehTop'Méss-:dege Rbdt'Mass'~

Log

Top Mass/Root Mass

F FxT FxD FxTxD .

F.FxT FxD FxTxD F FxT FxD FxIxD .

. Washington .

Monféna'_
Utah "

Idaho :

British:Colqdbia3; )

%% % N

RN

K2 1nd1cates s1gn1f1cance at the 57 level of “robablllty.a

'_— 1nd1cates not 51gn1f1cant at the 5% 1evel of” probablllty

F=

famlly,‘

_tempe;ature,

daylength.:'
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for the family-daylength and family-temperature interactions, while root
mass reacted the same way among families to temperature and daylength
variations. The top mass/root mass ratio also varied significantly for
both family-temperature and family-daylength interactions.

Mean square error values (Table 10) show a somewhat different
pattern of within-family variation for the various stands than between-
family variation. The Washington and Idaho stands, with a relatively
large amount of inter-family variation, also had a great deal of within- -
family variation. The Utah stand, however, with the largest amount of
variation between families, had the lowest amount within families, and
the British Columbia source, reacting in just the opposite way, had a
comparatively high degree of variation within families, but very little
between. The Montans stand seemed to be overall the most uniform.

In summary, compared to the other stands, British Columbia was
remarkably uniform with respect to inter-family variation, having
significant variation only in root mass, but within-family variation
was comparatively high. The Montana stand was also quite uniform.
There was significant variation between families in nearly every cate-
gory, but all families reacted to temperature and daylength in the same
way. Within-family variation was low. The Utah, Washington, and Idaho
stands had a great deal of variation, not only between families, but in
the way families reacted to daylength and temperature differences. In

the Washington and Idaho stands, this was coupled with a high degree of
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Table. 10

Error Mean Squares for Dependent Vafiables, by Stands
- (From Ahalysis of Within-Stand Variance)

Error Mean Squaré‘Wiﬁhih.Stand‘of
Logg, Loge Loge - Loge - . o
Total Top. Root Top Mass/ "Logg. Growth  Dormant
Stand Mass Mass Mass Root Mass Height Period Period -

Washington . .16 .18 .17 .09 .09k .9 8.2
Montane .10 .12 .1k .06 .08 4.1 6.4
Utah .09 .10 .12 .08 073 - ko . 6.1
Idaho © .13 .1k .16 .07 .090 b, 3.4
British - Ak 1y . J06 . .087 3.5 - 7.6

Columbia
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variation w1th1n familles, but intra-family varlatlon in the Utah source

was low.

Height

- Variatioh among temperature and daylength treatments (Table‘s):

Heights in the warm treatment were generally greater than in the cool ,
although under the 22-hour photoperlod.and cool temperatures seedllngs
were taller than those in elther the 15-1/2 or 16—1/2 hour. photoperiod
in the warm treatment.. The pattern of height variation with respect |

to photoperlod in the cool treatment was the same as that of mass, wlth'
22 hours greatest followed by 16-1/2 lh and 15—1/2 hours. .In_the
warm treatment 22 hours had the greatest heights and 1L hours the

second greatest, as was true in mess, but the heights of trees'ln the
15-1/2 hour photoperiod were greater then in the'l6f172 hour, although .h
thelr mass was less: | o

Variation emong stands (Tables 5 and 11; F:Lgure 5). In all

photoperiod—daylength'combinatlons except two, Brltish Columbla seed—
llngs were 51gn1f1cantly taller than those from all other stands._'
| Washlngton seedllngs were sllghtly but not s1gn1f1cantly taller 1n the
22« hour warm temperature treatment and in the 15-1/2 hour cool treat-
ment British Columbla and Utah seedllngs were not 51gn1ficantly dlffer-
ent. '

In all warm-temperature treatments andfin”the_éz—hourlcool treat-

ment. stands behaved much the same way with respect to helght; with




Table 11

Average Heights in mm. of Seedlings by Stands, Photoperiod, and Temperature#®

WARM TREATMENT  COOL TREATMENT
Photoperiod (hours) Photopériod (hours)

22 16-1/2  15-1/2 . 1k 22 16-1/2  15-1/2  1b

British Columbia 63* b7 50 62 55 b 24® 29

: Wa’.shingto.n.,_ - 63*  ho® 452 512 w*P g3¥ 22°% . 26

‘Iasho T en L m®P P st gt g & o

Utah a 550 39° 3% ur® as® L 33® 0 e3P o5
Montana - 55 39® P 5 k2 3% 2™ o7?

~on=

i’-‘Helgh‘ts w1th1n a column w1th the same superscrlpt are not 51gn1f1cant1y dlfferent
(5% level of probablllty) :




FIGURE 5. AVERAGE HEIGHT GROWTH OF SEEDLINGS, BY STANDS, WITH RESPECT TO
DAYLENGTH AND TEMPERATURE.
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British Columbia seedlings the tallest (With the exception pOinted out

in the previous paragraph), Utah and Montana the shortest and very

similar to each other and Washington and Idaho forming an intermediatefn_,;'

group not Significantly different from each, - B '

. In the three'shorter daylensths of the cool treatment Montanauzuh
and Utah seedlings wére relatively much taller, and this effect had an .
interesting dependence on daylength, In the 16-1/2 hour photoperiod
Utah seedlings were second tallest and Montana seedlings shortest~.with )
the difference between them significant} In the lh-hour photoperiod
this effect was reversed with Montana seedlings second greatest in

height and significantly taller than Utah seedlings, which vere shortest.

" In the 15-1/2 hour photoperiod Utah and Montana seedlings were second

and third, respectively, in height and were not Significantly different
from each other. In each of these three treatments, there were noASig-'
nificant differences between Washington and Idaho seedling heights.

Unlike mass, analys1s of variance With the British Columbia data
removed did not affectythe significance of height differences among-
stands. | | . |

Variation Within Stands (Table 12) Height was extremely varis

able among seedlings from the different parent trees within each stand.
Families were not only different with respect to: their heights, they .
reacted differently to daylength and temperature. This was true regard;y

less of whether heights or log, heights were\ahaljzed.' None of this




Table 12

“Significance of V.Iithin_Stand_Vari‘_atii?n in Logg Height with Respect

~ to Families and Their Interactions. with Temperature

and Daylength Treatments

. -Stand_

Family x

F_‘aiﬁily Family x Température Family x Daylength Temperature. x Daylength

* Wéshington
Montana
Uteh

) '.Brii:i;h‘ Columbia

% .

- %

EEE

%

3%

o - e &

%. . L s

"# indicates significant Variation at. the 5% level of probability. --

. aéﬁ-:..
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variation was explained by differences in'closed-CQne and open-cone

. trees.

Phenological Dévelopment’

Variation Among Temperatnre end Daylength Treatment (Tabiee S'end
13). There were significant differences in the growing peribd of.seed; '
lings among temperature end daylength treetments,'and in the pattern of
daylength response at the two temperatures.’ Budset was considerably
slower at cool temperatures, ranglng from three weeks behlnd the warm .
.treatment in the 22-hour photoperlod to elght weeks behlnd in the
15-17/2 hour photoperlod. .

| Growing-period with respect to da&iength was almost‘exactly.tne

" opposite in the two tenperature greatments; Inﬂthe warm-temperatures,
growth was longest at 22- and 16-1/2 hour daylengths, and shortest at
15-1/2 and 14 hours. In the cool treatment, growing perlods were again
not significantly different between the 22- and 16-1/2 hour photoperiods,
but in this case tbe former two photoperiods had gréwtn perioés sig-
nificantlyvshorter than the 15-1/2 hour and lh-honr photeperieds. For
reasons that will be dlscussed in the Dlscussion sectlon, dlfferences in
grow1ng period between temperature treetments should be 1nterpreted ver&
cautiously. |

" The length of the dormant perlod teken here as the number of

weeks from 50% budset to 50% of seedllngs w1th adult needles (See the
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Table 13

Temperature and Daylength Dependence of Grow1ng '
and Dormant Perlods*

Growing Period (Weeks) . . Dormant Period (Weeks)

Deylength ' ‘ ] ' )
(Hours) . T ,. : ‘

Warm Treatment Cool Treatment : Warm Treatment
1k 18.6 E 25,2 . 10468
15-1/2 19.4 . - 27.5 o T.T
16-1/2 1909 ez 11.0%
& ' '

22 . . 19.9% 22.9% 5.3

¥Weeks w1th the same superscrlpt are not - 51gn1flcantly dlfferent
-at the 5% level of probability. ' :
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Méthods section); varied significaptly betveénsdﬁylengfhs in the warm
treatment. Né,measuré was made in the cool treatmént..:The pattern of -
variation in thé dormant period ﬁetween da&;éngths'was somewhat ﬁn;sual,
with the 22~ ;na 15-1/2 hour photoperiod seedlings ha&ihg significantly
shorter periods,of'dormancy than Fhose inAthe-lh— and.l6;l/2 houy déy-
lengths. Dormant périods between fhé former tﬁO'dayléngthé weré'aléo
significantly differgnt than each.other, with 22-hours'éiving the

shortest, while in the latter two, differences wére not significant.

Veriation émongﬁstaﬁds'(Table 5: Figur§,6); Stands veried sig-
’nificantly among themselves in both growtb and QO}mapcy period. There
were ‘significant differences in the way stands reacted to the vafious_
daylengths, but ‘not in their responses to témperature.

| In the Montana, Ideho, and Utah stgnds; thére were no‘gisnifiQ
cant differences petwéen growth periods at é2, 1641/2,.and'15-i/2:h6ur'

. photoperiods, while growing time %as,significanﬁly sﬁoftef iﬁ the‘Lh—
hour daylengtﬁ. ?hé Washington sfaﬁd was somewhaf-similar excépt that
the growing period in.tﬁe 15-1/2 hourldgylenéthnﬁas significantiy

"shorter than in tﬁé 2é.and l6-1/2lhouf-pﬁotoperiods.. The.British
Columbia stand was qﬁi#e different in its reactioﬁ to éhotoperiod, with
the period.of growth not sighific;ntly differehf at 16-1/2, 15-1/2, and
lh-hour photoperiodé, but siénificantly shorfér ;t‘thé 22-hour dAyléngthﬁ

In the lh- and 16—1/2 hour daylengths the pattern of variation in

- growing tlme between stands wes qulte similar, with Brltlsh Columbla,




FIGURE 6. AVERAGE GROWING PERIOD OF SEEDLINGS, BY STANDS, WITH RESPECT TO

GROWING PERIOD (WEEKS)

DAYLENGTH AND TEMPERATURE.
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FIGURE 7. AVERAGE DORMANT PERIOD OF SEEDLINGS,

DORMANT PERIOD (WEEKS)

BY STAND, WITH RESPECT TO DAYLENGTH
(WARM TEMPERATURE).
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Weshington, and Idaho forming a group with a relatively long grow1ng
period, and Montana and Utah with shorter growth perlods.. At 15 l/2
hours the pattern was somewhat the same, however, here the growth period
of the Washington stand was shortened considerably. .It had, in fact,
the shortest growing period of the group at_the;ls-l/z hour daylength.
In the 22-hour photoperiod the British Columbia source was affected in.
- the same way that trees from Washington had heeh at 15-1/2 hours, the‘
growing period.being shortened.drastioally. This behavior on the part
of British Columbia seedlings wes very different from that of the other
stands, which tended to 1ncrease their growth period at 22 hours com-
pared to the other daylengths.

Stands varied significantly among themselves in the length of"
their dormant periods, but there wes ho veriation in the wey they reacted‘
'to daylength, British Columbia and Washington sources had the shortest
dormancy periods, Montans and Utah the longest, and ‘the Ideho stand was

intermedisate.

Variation within stands (Teble 14). Variation in growth period
among seedlings from different parent trees wasﬁsignificant in all
stands except Washington. Conversely, no stand except Washington had
significant differences in the way seedlings from different parent trees
reacted in their growth‘period to‘daylength or temperature.

Dormant period was considerably more.uniform vithin stands than

growth period. Only two stands, Montans and Utah, had significant'dif;
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Table 1h ' - co "-. _ 'eyfl‘

Slgnlflcance of’ Wlthln-Stand Varlation 1n Perlods o
. of Growth and Dormancy ' ‘ '

S Growmg Period ) ", Dormant Period
_ Stand PR L S . _ e

A T F FxD FXT FxTxD - F .FxD

i Washington - ® -; .*".; __”,ﬁ* - :i'; - L=
I . Montana o "* B .H‘ - .;T' . :'% S
Utah - | - * - : T -".:. - . :‘.*.f :“ -

British Columbig T I ST S

* 1mp11es 51gn1flcance at the 57 level of probablllty.

F= Pamlly, Daylength F Temperature

- 1ndlcates not signlflcant at the 57 level of probablllty.
| . ”
;
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differences ajiong families, and families reacted differently to day-
length only in the Montana source.

Varlatlon 1n Growth of Seedllngs in Fumigated and Non-Fumigated

Soil (Table 15) : Seedllngs grown in fumlgated 5011 (cool treatment) had

.

s1gn1f1cantly greater top and total mass than those grown in non- o
“fumigated soil«(warm treatment) Root mass, top mass/root mass, and |

height were not dlfferent between the two s01l types.

Moisture Stress Tests

There were sighificant differences between-moisture stress levels
:in“all mass variables, but not in helght,' There-were:also significantl
differences in the manner in whichuthe varions stands:reacted to mois;
ture stress, but these dlfferences were restrlcted to root mass, top
mass/root mass, and helght. Stands varled in the same way.ln top and
"total mass (Table 16).-

For all stands except Utah and’ Brltlsh Columbla, the decrease din
top mass of seedllngs with.water stress was very close to linear. Among.
Utah and Brltlsh Columbla seedlings the decrease in top’ mass was appre-‘
'clably more between the 0. 2 bar and 3.2 bar. treatments than between the.
3.2 bar and 5. 2 bar treatments (Flgure 9)

" With the - exceptlon of the low elevation Washlngton stand root

nass was sharply 1ower in the 3. 2 bar as compared to the 0 2. bar treat--'--f

ment while in the 5 2 bar treatment, 1t was only sllghtLy lower or, in
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Tabié'ls S 'i_ R

Mass in lO' grams “ahd Height in, mm. per Seedling by Fumigated and
‘Non~-Fumigated Soil ‘Along -with Probabilities for. the .
Significance of F-values from Analysis of Variance

' Between Soil Types PR

R RSN

S N - YTop Mass/
.Total Mess Top. Mass 'Root Mass “Root -Mess' Height

Non-fumigated soil .. ~.053 ~ .. .036- - 018" .. 250 . 33" .

Funigeted soil . .. ' .095 Lop8i .02 mith 37

significance of F . - I S T
betweeh soil types* ©.039 .0 ,026 - .650. . (.227 0 .. .637 Y
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Table 16

Significance of Variation in Loge Mass‘and Log -Héight
Among Stands and Moisture Stress Treatmen%s'

8 R M S8S§xR S§xM MxR 8«

fotal Mass | oo F ' - -
Top Mass ¥ - ¥ - - -
Root Mass # o % - I
Top Mass/Root Mass ' - - % - % -
Height . R - w s

¥ indicates significance variation at the 5% level,
- indicates not significant at the 5% level.

B = standsy ‘R = replication; M = moisture stress:




MASS (10 2 GRAMS)

o

32F

nN
@
H

n
H

n
O

6\

=60

FIGURE 8. AVERAGE TOTAL MASS, BY STANDS,

AS A FUNCTION OF MOISTURE STRESS LEVEL.
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FIGURE 9. AVERAGE TOP MASS, BY STANDS,
AS A FUNCTION OF MOISTURE STRESS LEVEL.
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the case of the high elevatlon Washlngton and Idaho seedlings, hlgher 1n.:
" ‘the 3,2 bar treatment. The behav1or of the low elevatlon Washlngton i
seedlings was the opposlte of the others, wlth the greatest reductlon ;n;

' root mass between'the 3.2 bar and 5.2 bar'treatments (Flgure lO)

| This different behav1or of top and root masses in response to
moisture stress resulted in con31derable dlfferences in the top mass/
' root mass among treatments. Again w1th the exceptlon of the low eleva-..
“tion Washlngton seedlings, top mass/root mass was sharply hlgher 1n the'
3.2 bar treatment as compared to. the 0 2 bar and then lower agaln in. -
the 5 2 bar treatment Top mass/root mass at 5 2 bars compared to- 0 2 Tii'
bars varied among stands. In the hlgh elevatlon Washlngton and Idaho
seedllngs ‘the ratlo wes _very’ close to the same at the two levels, while -
among Montana, Utah,_and Britlsh Columbla seedllngs top mass/root mess
at 5.2 bars remalned appreclably hlgher than at 0. 2 bars. In the Utah
’ seedllngs, the ratlo at 5 2 bars was llttle changed from that at'é 2 ;
bars. In the low elevatlon Washlngton stand top mass/root mass: wes . thea
same at 0.2 and 3 2 bars, and sharply higher at 2 bars (Flgure ll)

Helghts were not slgniflcantly affected by moisture stress except .

among Brltish Columbia”seedllngs.: In seedllngs of that stand helghts .'

at 3. 2 and 5 2 bars were signiflcantly lower than at 0. 2 bars."

wonot
X
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FIGURE 10. AVERAGE ROOT MASS, BY STAND,
AS A FUNCTION OF MOISTURE STRESS LEVEL
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FIGURE Il. AVERAGE TOP MASS/ROOT MASS, BY STANDS,
AS A FUNCTION OF MOISTURE STRESS LEVEL
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Seedling mortality%g averaged 27% at 3.2 bars and h3% at 5.2 bars

(Table 17). At 3.2 bars mortality rate varled llttle among stands,
ranglng from 20% in the low elevation Washlngton and Montana stands to

357 in the hlgh elevatlon Washlngton stand. At 5.2 bars mortallty in

the Montana, Idaho, and Britlsh Columbla starids was less than lOﬁ

greater than in the 3. 2 bar treatment while in the two Washlngton
stands mortallty was cons1derably hlgher at 5 2 bars than at 3 2 bars.
The Utah stand behaved in & manner 1ntermed1ate to these two groups.
With the exceptlon of the lon elevatlon Washlngton stand, each o
populatlon had families whlch suffered less than 207 mortallty at 5 2
bars, and at 3.2 bars every stand had families .that suffered less than
20% mortality (Table 4). This relative resistance was most evident in
the British Columbia, Montana, and Idaho stands: However, in the
analysis of variance of mass and height.changes within stands with
respect to m01sture stress only the Utah stand showed s1gniflcant
differences in the behavior of famllles with respect to m01sture treat- ‘

ment, and this was only in height (Table 18)

12Mortallty flgures include seedlings dead as well as those

living but in such poor condltlon that their survival was not Judged
probable.




Table 17

Seedling Mortality by Stand and Moisture Stress Level

0.2 Bars 3.2.Bars 5.2 Bars

Stand = - - : fof - . " - %of
| S P Femilies With = - :  Families With-
L% R Greater. Than 4 Greater Than |
Mortality. - Mortality 20% Mortality ~ Mortality ~ 20% Mortality

1. o 35 50 63 - 67

2 T e s 0 6k - 100

799

oow
o

B ces e e g

o\

6 . o0l s S - R

Average all Stamds’ = - 27 .- U -




'Table 18

Slgnlflcance of Wlthln-Stand Varlatlon ‘in Log Mass and Log Helght
) With Respect to- Mblsture Stress o

~Total Mass-- -+ Top. Mass

Root Mass

Top Mass/
Root Mass

) Height

.. Stama . .o ool

"F M -FxM:  F M FxM

F-

M-

F

- M FxM

- Veashington #1 . - & - _ - ¥ _

Washington #2- . No -? ‘No - No & No

" MSR- © MSR . MSR. < MSR |
T L
» 55;fn%aﬁsu~:5: - Tf;;;:f :e;>i_ii Tf_ig “;;

_ British .. .. No. % No  .No - * WNe '
" Columbia °~ ~~MSR. MSR  MSR . MSR -

No.

MSR -

. No
MSR - -

No .
'MSB .

No ~

USR

. No
MSR

. No.
‘MSK_

- No - No.
©MSR - MSR ...

- -

- No - “No
"MSR:-. MSR.,

MSR

T Nos'_ ‘
“MSR™

e 1nd1cates s1gn1f1cant varlatlon at the 5% level

‘f,gthe 57 level. o _
E ! = family; M= m01sture stress.

No MSR means no measure. In the Washlngton #2 ‘and Brltlsh Columbla stands progemy'

4from'only two parent trees survived- at all moisture stress levels.
_;number was: 1nadequate to compare within stand varlatlon o

It was: felt‘;hat this -

.~ indicates not significant at - -

Lo
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Summarynof Resulfs =

Variatlon Between Treatments

At a glven daylength seedllngs were con51stentLy taller under

' 'warm‘temperatures than in cool.. The variation in mass wlth temperature

was photoperlod dependent with long photoperlods tendlng to glve largerf_'fl,?‘ﬁ:

messes in cool temperatures than in warm, and short photoperiods the
'opp931te. Top mass/rgot mess was-always greater-ln the warm treatment
than ln‘the cool | | | o |

Wlthln each temnerature treatment greatest érowth.was always at
22~hour daylengths and least at 15—1/2 hour daylengths. In warm tem—
peratures, growth at lh hours was. better than at 16-1/2 hours. .Indcool.
temperatures thls was reversed

There WBS llttle obv1ous correlatlon between e1ther grow1ng
.'period or dormant perlod and s:Lze.~ In. the cool treatment, grow1ng .
perlod in the varlous daylengths was 1nversely related to size of seed—
llngs._ In the warm treatment length of grow1ng perlod was d1rectly
related to daylength whlle the second greatest seedling size Wwas.in

the shortest photoperlod

: Varlatlon Among Stands
Mass values tended to be unlform among stands.' The. Brltlsh
Columbla stand was 51gn1flcantly hlgher than the others’ 1n top mass .

.and Utah s1gn1f;cantly lower,_but there were no‘dlfferences in_root
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mass. Height was more variable. British Columbia seedlings were con-
sistently taller, with Washington aﬁd Idaho forming & middle and Utah
and Montana a lower group, except at the twe shorter phetoperiods under
cool temperatures, where i5-1/2 hours favored tﬁe-Utaﬂzefand and ih'
hours t%elMontana.. .

There were.ne differences iﬁ the wey the meeses of thelvarious
stands reacted to deylength, and in the,stend-tempereture intefacpion,
only root mass and top_mass/reot mass geve_significant differences,
primarily due to tﬁe effect of warm temperatures on root mass of British
Columbia seedlings. ©Stands behaved somewhat differenﬁxy in their =
heighis with respect to daylength and temperature, wifh.l6—l/2 hour
daylengths and cool temperatures favoring Utah seedlings and lh-hour
daylengths with cool temperatures favoring Montana eeedlings relative
to those frem other stands. |

With respect to growing period, there were eignificeﬁt‘dif-
fereﬁces in the mannep:in which staﬁdslfeaeted to:daylength; but none
in their reaction to temperature.. biffefencee in'de&iength—stand
interaction were primerily due to British Columbia eeedlings whieh, ih
contrast to the other stands, had their shortest gfowing period in
the éZ-hour photoperiod. At all other daylengths, British Columbia -
seedlings had the lonéest growth period, Montana apd Utah seedlings the'
shortest, with Ideho and Washington seedlings-intermediate,in-thei;‘ |

growth period.’
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Mass was affected by moisturé'st¥e§s—bﬁt nbélheight.t'Stanas
reacted the same in their top mass to moisture stress treatments, but
not in their root mass or height. Root mass was consistently iower in
stress treatments than in thé control, however two stands--Idaho and
Washington #l--had higher root masses at 5.é bars'ﬁafér stress than at
3.2 bars, whi;e er the other stands it was ;bwer. Mortality:differ "
ences among staﬁds were small at 3.2 bars,.but a£'5.2 bars the two:f
Washipgﬁon stands suffered considerably-higﬂeﬁ'éeedling ioss than'thé

others.

Variation Within Stands

British Columbisa seedlings ﬁad greater variétion.within femilies
than betﬁeen, while in Utah seedlings the .opposite was true. Washihgtbn'
and Idaho seedlings seemed to vary considerably both ﬁiﬁhin and between
families, while those from Mbntana'weré'relativély uniférm both within

and between.




CHAPTER 5
DISCUSSION AND CONCLUSIONS

Climatic Differences Between Parent Stand Locales.

‘As Wrightl(;973) has pointed out, in testing'various populations
of tree species one‘finds many differences which are difficult to ex-
plain "in terms'of'adaptation to modern‘cliﬁétic and site conditionsc”;
"Purely staﬁisticalﬁdéta on noninfefpretable inoeracﬁions," Wright con—
cludes, "are of littleloractical value." Certainly .on a'mecfoscale,:.
ie., interpopulation.differences;'the inclusion of'ooservetions.into
a useful model requires that we deal only with fhose'effects so which
some cause may be reasonably (although perhaps qot conclusively)
assigned. As pointed out in the introduction to this paper, however,
within-population variaiion, even though it has a large random component,
is of interest because it is the stuff of evolutlonary change.

Thus; I take two approaches 1n dlscusslng the data of thls study.
Plrst, and prlmarily, I will be concerned with the reactlons of’ seed-
llngs to the various experlmental condltlons, and the 51m11ar1t1es and
dlffefences of these ;eectlons among_the dlfferent seed sources. Where '
differences'between.sources occuf? I Wili discoss‘these7io reiet;on to
factors of the native habitat, such as phofoperiod, tempecature regiﬁe,

and moisture cohditions. Secondly, I will look at variation between

seedlings in & stand and compare this intrapopulation varietion among

stands.
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Table 19 éives climatic data for the Qarious stgnd‘lopatiénsm
Becausé of the iﬁteraction of elevation, latitude, and:macroclimaticl
factors,‘the nost northeriy prdvénances are not the cqolest. The Mén;
tana and Utah stands occupy the_most,sevére sites in terms of tempera-
ture, with extreme}y shart froét;free.périods ;nd‘tempefa£urés thét
commonly dip close.to freezing in the warmest pa;t of the summer. The:
Washington, Idahé, and British Columbia stands afé very'similgr in eli-
mate, the. more northerly location of the.Canadianlsource being:couﬁtef-
acted by its lower elevation (the low elevation Washington éﬁand——
Washington #2~-was not included in the daylength-temperature tests, and
therefore will not be included in the discussion of these effects).

Daylength is a function only of latitude, and photoperiod during
the height of.the growing season increasés with lafitude. Itldoes not
foilow from this,vhowéver, that pheﬂoldéical effecté such as budset
should be keyed'to longer daylengths in the more northerly'proveﬁances,
if indeed they are keyed at all to ﬁhotoperiod. The more severe cli-
‘matic conditions of the southern sources suégest that the& may cease’
érowth earlier in the fall than seediings from the north,‘ané thus.the
relative photoperiod dependence one would expect among stends is con-
founded.

Precipitation during the growing perioa'is,relatively high in the
British Columbia, Montana, and Utah staqu} low in Idaho and the loﬁ-

elevation Washington stand; and intermediate in the'high-elevatioﬁ Wash-




Table 19

Weather Data for Stand Locations (United States data from Baker, 19kk;
British Columbia data from Canada Department of Mines and Technical Surveys, 1957)

Growing Scale _ _
(Average Average Mean Mean Average | Inches Precip.
Consecutive [Consecutive {July DailylJduly Daily} Yearly | - in
Days With T°|Days With T°|Low Temp. [High Temp.|Precip. A
Above 5.5° C)} Above 0% C.| (°c.) (°c.) (Inches)} June July Aug. :
. ] - ﬁ 2'(//_.1—4/;1 '
Washington #1 |~ 150 60 5 22 b5 }2.8}1.7]1.5 Y
Washington #2 210 135 10 28 25 1.6{1.0{0.8 —
, : . . ~ . ' .- g o 1 (.
Montana : 130° 15. i 22 22 3.5{2.0 }1.k4 dcﬁ
. _ o : , [
Utah®* . 138° 35 2 21- .} 29 l2.1}2.5 2.4 7.0
_Idsho¥# ' 165 T _ 6 .27 37 j2.2f1.1f1.1 PR
British Columbia 160 © 60 - . |{(Mean July Temp.--13) 20 - f(Mean Préqip. 7
g . . > o ' June-July--.8)
i\«Af;f . _

_ #Baker could find no weather data for the Uinta Mountains. He speculated that
climate there was very similar to that in his.Western Colorado and Western Wyoming zones.
The data given here is an average of those two. .

##The Idaho stand sampled in this study is located on the border of Baker's North-
ern and Central Idaho regions. The author felt that the area was not typical of either
region, and yet somewhat like both. Consequently, data given here is an average of the
two. ' : ’ : . . o R
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ington stand. Variability of precipitation is app;okimately'equal in
all United States stdnds, with:about one year out of five havihé less
than one-half the average rainfall (Baker, 194k}, Notsimilar estimate

is available for the locale df the Canadian source.

Veristion Among Treatments

Photoperiodisﬁ, thermoperiodism, and their i;£eraction in pines
is & compléx phenoméﬁoﬁ. For excellént reviews of thé subject see
Mirov (1967), Downs (1962), and Hellmers (l§62). In seven species of
pines tested by Downs (1962), both height .and mass iﬁcreased monotoni-
cally with increasing photoperiod,‘up to 16 houfs_of light. Downs and
. Piringer (1958) found that the height growth of ponderosa pineland hoth
height and weight of loblolly pine were decreased by continuoﬁs-light.
Vaartaja (1959), testing seed from British Columbia, found a ratio o}
height at 18 hours photoperiod to height at 12 hours photoperiod of 2.1
in lodgepole pine. Giertych and Farrar (1962) found a ratio of dry .
weight at 17 hqurs photoperiod to dfy weight at 10 hours photoperiod of
approximétely 1.4 in lo&gepole seedlings from an Alberta sourcé-at 50°N.-
latitude. In this.exﬁeriment the ratiéé of ﬁass énd height at two'day;
1engths were'dependen£ on tempefatufe and.thé daylengths ﬁsed.‘.The
lack of a significént-difference between total mass at 1b and 22 hours
daylength iﬁ the wérm treatment indicates that extra light of'itself.was

probably not the sole cause of size variation between tredtments, and
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therefore some photoperiodic depen&ence is indicated by ﬁreétment~diff
ferences.

Greatest height and top mass growth.in these ﬁe;ts wé;é ciearkf
"at the longest photoperiod, but the effec? of the ﬁhree shorter déy—
lengths shows no clear rglation between‘growth énd photbperiod.',Reéuits
in the 16~1/2 hour warh temperatﬁre treatment were éonféundeq by de-
presséd growth of seedlings in the iﬁner part ofifhe'ﬁlﬁﬁtiné bed. This -
effect has been.nétéd:by Voight (1962) as not‘uncémmoﬁ'in nursery beds
and greenhouse cultﬁres. Ité cause is unknown, althoﬁgh';f can usually-u
be cured by aération. The phenoménon wés not‘seen iﬁ'any other test
bed, and the resulting depression of average growths in the 16-1/2 hour
warm treatment relative to the lh-hour warm suggests that .the cool |
treatment may give a more accurate measure 6f.peiative growph.at the
two photoperiods. Depression in growth at tﬂe‘ls-llz hour daylength
w;s experiencéd.gt'bpth tempefatures; Waé not loéalizéd to any one area
of the bed, and has no clear explahation. The effect seemed to be '~
associatgd with a much more severe reaction to the conditions of high..!
soil salts éxpe?ienéed early in th; experiment (see the Methods.sgction).
Expérimentatioh on the interaction betwéen'phofopériod and nutrient up-
take is suggested..

Despite theffact that a soil &iffereﬁce,wastintroduced between
temperature.treatménﬁs ihen thq cool tréatment soil‘was-fumigated,'valié

conclusions can be drawn concerning temperature effects.' The_fact thét
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cool treatment}soil nroduced seedlings,with significantly laréer’top__-
masses than that from the warm treatment when'grown underfthe same tem-
peratures serves to underscore the siénifdcance of.smaller_top:masses
produced under cool temperatures. -Root masses, Whichfwere not.signifi—h
cantly affected by 3011 dlfferences, were not dlfferent in the two tem—;'
perature treatments, 1nd1cat1ng that tops and roots respond to different
temperature stlmull in their growth patterns. Kruéman and Stone"(l9665,l
found that root mass of ponderosa plne was not. affected by cold nlght
temperatures, whlle top mass and helght were greater under cold nlghts
(6°c .) and warmadays, A daylength component of the differential root—‘_ft-
top reaction seen dn this experlment is -also ;ndlcated, with root.growth
greater at the shortest daylength than at the 1ongest in the warm tem-
perature treatment; .

The suggestion that lodgepole-nine root growth is.favored ower
top growth at cool temperatures or, in warm temperatures, at short day:_ o
lengths, is supported by observations in thefiiterature. These have |
been many reports‘of root growth.in the spring, faii,_and.winter, wlien
aerial:ﬁortions of¢theftree are annarentxy dormant'(see Romberger,-l§63;:
for'a review) .- Kaufmann-(l9h5) reported'thatlJackﬁpine‘fn.Minnesota
began root growth in the.spring when the.temperature in the .upper six
inches of soil réached 50 c. 'Preston (l§h2) found that lodgepoie'pine:
roots grew contlnuousLy "from the tlme the frost leaves the ground in "

the sprlng until 1t freezes again in the fall ". He excavated lodgepole
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roots.that were actively growing on November é, with a feot of snow:on.y-
the ground. These facts indicate that the smaller top mass/root mass :
ratios in the short daylength warm temperstures and in tne cool treat-'
ments were in part a result of the relatiyely shorter total growing
times of aerial portions in these treatments, while root érowth weas eon;
tinuous. (Recall that while growth period as defined for purposes -of
.'this paper--weeks to first budsetf;uas shorter.in the warm'treatment-u
than in the cool, buds were broken and érewth resumed in'the warm treat-
ment, while in.the cool treatment, enEe set, nuds-were‘net,again brpken).
Sweet "and Wareing'(l968a) found a eleSe associatien betneen.top mass/
root mass and length of time required to set a terminal bud in.lodéepole
plne. |

It might be logically inferred from the above dlscussion thet
differences in top mass between treatments were primarily due to dif-
ferences in growth period of the seedlingsr The'effect of grouth
period on differences in height and mass among populatlons will be dis—_
cussed later in the paper, hOWever, subJective eyaluation of.seedling |
size at varlous stages of development gave the very clear 1mpresslon
'that cool temperature seedllngs were generally smaller and less vigor-
- ous than warm temperature seedllngs of the same age._ Undoubtedly growth
perlod plays a role 1n temperature-dependent size’ dlfferences, but rate
of growth is slowed at low'temperatures and elongatlon mey cease-alto-h

gether below 5.5° C. (Kienholz, 1934). ' This undoubtedxy contributed to
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to dlfferencss.ih top mass and helght between temperature treatments: f
Apparently the enzymatic machinery responsible for root growth 1s lessp‘n
,susceptible to: low temperatures than that of top5.;‘rfﬁ= PR C.

The effect of temperature on phenological sequence in lodgepoleyfp.f

‘pine is striking., The tendency to set buds in mid—summer and then re-‘; S L

sume growth 1n the fall is not uncommon 1n tree species (Romberger,'.;'
1963) In. lodgepole plne, it occurs in at least some nurseries, al;;}::”“"
though among trees in the wild 1t is apparently not normal (Dahlgren,

1973). "A p0551ble implication. of the delay in first budset under cool.*n
temperatures is that trees did not undergo this period of mid-summer

dormancy. Bonner-and Hellmers (clted in Hellmers, 1962) found that high-
night temperatures causedlboth an. increased tendency to form terminal
buds. and an increased tendency to’ break them. Vegis (l956) suggested
" that high temperatures promoted bud formation in trees, and that this

was caused by oxygen deficiency in buds.u Pollack (1953)-also felt that

oxygen became limiting 1n buds during high temperatures, resulting in'.

<the accumulatlon of & growth inhibitor." Another 1nterpretation 1s pos—,ﬁ._'k;

51ble, however., The production of adult needles by cool temperature
seedlings well in advance of budset suggests that they experienced a’
physiological change which in the warm treatment, was associated with; :
.termination of the first dormant period This, coupled with the some-fx”t“
vhat anomalouS'(VaartaJa, 1959). fact that buds were set first in the

longest daylengths of the cool treatment, suggest that cool treatment
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seedlings méy have undergone a period of dormancy without sétting a
terminal bud. Such a case has not been'égported before to the author's
knowledge, but it remains a possibiiity}

Temperature ééems to also alter the_relatiqnlbetween growing“'x
period and daylength. As a rule, growing period incrééses witﬁ incréas;_
ing daylength (Downs and Borthwick, 1956; Nitsch, l§57;:Vaér§gqa; 1957;_
Wareing, 1950), as it éenerally d;d in the wafﬁ tempefafu;é,tfeétmeﬁts
of this test. Cool temperatures,'however, seeﬁ-to negate_fhe efféct%'
of long days on‘growth period of-lodgepole pine. This effect has been:
noted in other species (Downs, 196?); Among indi%idual stends tﬁe re-
létionship of growth period at 22 hours photoperiod to that ét 16-1/2.
hours in the cool treatment is the mirror ;mage of the same relation
in the warm treatment, with those stands which had longer growth perioés
in the 22-hour treatment at warm tempergtures haviqg shorter growth. |
périods under 22 houfslin the coél-tréafment, and. vice vefsa. fhere
seems to be nolreddy explanation qu this, but'it.servés to illustrate
the extent of dayiepgth—temperaturé{iqteractiop in fhe'pﬁgnolégy of

' lodgepole pine.

Variation’AﬁoQgAStands”

Critchfield (1957) observed that time of year seeméd to have no
effect on the growth period of greenhouse-grown lodgepolé pine seedlings;

In his tests seed from locales with severe climaﬁés produced seedlings
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which had a shorter growth periéd:than those froﬁ milder climatic-areas,
but no daylength dependence was seen. similafly, in tﬁis study seed-
lings whose parent stands had the'mildeét clinmates also had'£he longest
growing perioﬁs but, in contrast to Critéhfield;s findings, there were
small but signifiéént.differgnces in gréwth periods émong the_vafiéus'ﬁ
deylengths. »

The pattern of-vériation in growing period of'individual S£ands
with respect to'phdtopériod seems to bear no relation to théllatitudé-of
the parent stand. ‘The two stands from the same latitude--Montans and
{daho--behaved the same- way , with;their.shoftest growth per;od atl the
shortest daylength. However, the.béhavior of seédiings'from the other’
stands appears to have no ordefly relation to latitude. It is concluded '
that no meaningful interaction eiiéts between stand lécgtibns And d&i—
length wi£h respect tb groﬁth period; This is'supﬁorted by observatioﬁé
at the U.S. Forest Service Lucky Péak Nursery in soﬁthein Idaho, ﬁhefe ‘
lodgepole pine f;om‘all sources start and stop éréﬁth at the sgme time -
of year (Morsby, 1972). o

The uniformity.of stands in their mass values and in the manner
in which their masses reacted to dmyieﬁgth and teﬁperature is remafkablé.
The significant differences that do_exist'among foﬁ masses of stands-~
British Columbia'high and ﬁtéh low—~may correlate positively with grow-
ing period at the stand sife,‘as sﬁudieé’ih‘pther'pineS'héNe shown‘

(Squillace and Silen, 1960; Langlet, 1959; Giertych and Farrar, 1962). .
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However, the equality in mass beﬁween Montana seedlings (fpom the .
‘severest habitat) and those from Washiqgton and Idaho cast doubt on this
relation. Height éréwth under warm temperatures seemed to presenﬁ a
clearer correlationlwith climatic factors of £he place éf-éééd origin,
the seed from low elevations producing taller segdiingé. ‘ﬁarnes (1967)
noted this same elevational effect on height growtﬁ in Wesfgrn_ﬁhitél‘.
.pine, as did Callsham and Lidocoét_(l96l) in ponderosa and Jeffy pines..
Wright et al. (1969), hoﬁever, did not seélany predi;fablé differences
between low and high élevation squfcéé of pohderésa pine. | |

Sweet and'Wﬁreiﬁg (19688), in a study of growth rates in four
provenances of lodgepole pine, obtained results very similar to those of
this work, with heigﬁt differences.émong provenances related to the
time period of height growth (time from germination to’ terminal budset),
but no similar correlation existiﬁg with respect to differencésiin'ﬁaSs}
They attributed this to the ability.of.lngepoie pine to cqntinue dry
matter accumulation long after height growth h;s'ceaéed (Swéét aqd
Wareing, 1968b).

Height in cool temperatures gave the-clearést example:seen in the
experiment of eco£jpic variation thch could be related to climatic
conditions at thé place of origin, ﬁith heigﬁt.growth in seedlings frém_
the more éoutherly,'high-elevation stands favored.iﬁ cool temperatures
and short daylengths. Iréens-Moller (1957) noted a similar temperaéufe-

daylength interaction in Douglas fir, in which ecotypfc;photopefiodic.-
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respohses of high elevation trees weré magﬁifiedlby‘cbol témperafures?'a
and disappeared altogether with wérﬁ temperatures.

Stands reacted differently in their ;oot ﬁés; with fespe¢t to
temperature, but this was solely due to the British Célumbiavgeedliﬁgs.
and their smailer root mass in warm‘températures. Appafenﬁly the Qisf ;
tribution of photosynthate between roof and péb i;‘affected:by témpefé;f
ture'in.the British Columbis seedlihés‘to a greatgr'degree than is‘tfu;
in the other stands tested.

The abové observations leaé'fo the conclusion that small bpt sig;-
‘nificent éeoéraphic variation in growth and phenolég# of lodgepole
pine exists, but only in height is there ecotypic varietion with respect
to temperature and daylength, snd this is in reéponse #9 élevational
gfadients rather than latitudina.l.‘ Perry and Lotan (197k) have des—
cribed variation inlthe germinafion pe£ CEnt of these same éeed souﬁcgs.
Seed from Idaho, Montana, and Washington (high elevation) formed a high
germinating group, while that from Utah, British Colugbia, and Washing;'
ton (low elevaﬁidn) had poof germination per cgnfé. Tempérafure did not
appreciably affect thege relation. :Sfratifiéatién réquiremeﬁts weré-
greatly differént gm?ﬁg stands, with Utah.seed‘feqﬁiringjlong periods of

‘-stratifica‘t';ion and British Columbié seed affected aqveréely by even |
Aéhért periods (fwo'weeks) of straﬁifiéation. Rafp.(iélS)3VHaasié éndj{i '
Thrupp (1931), and Critchfield (1957).aiso‘demonétféted'germination dif;

ferences between various populations of lodgepole pine. . Swéet ahd-“
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Wareihg (1968s) showed significant difference in durafion.éf-height
growth, and consequently height, among fogr provenaﬁces of lodéepole
pine, but found no significant differences in relatife growth rate.
It is impossible under the conditions of this experiment to determine
_ whether mass differences wére due to differences in ratg,of'dry matter
;ccumulation or period of dry matter accumulation.

The lack of latitudinally-porrelated.photoperibdic eco£ype; in
lodgepole pine seems to.be unique amoné pinés (and perhaps aﬁong all
tree species that have been studied).. Ecdtypic_variatiph.in phéﬁof
periodic response has been shown to exiét in at ieast.six other épecies'_’
of pines (Vaartaja, 1959; Downs and‘Piringér, 1958; Giértych aﬁd
Parrar, 1962; Wassink and Wiersma, 1955; Weils, l96ﬁa, 1946b; Wright,
1973) based on iatitudinal correlations. Karschon (i9h9) suggested that
photoperiodic ecotypes of Scots.pine existed along elevational gradients.
Support for the observations of this study comes from Crifchfiela (1959)
however, who found variation in morphological chargcﬁefs"bf_lodgepole
pine well corre;ated with élevation; butlpborly correlaﬁed wifh iatiﬁude.
This latitudinal uniformity lends gredéndg fé the afgumépﬁ;of Bates
(l9l7)vthat lddgepole-pine spread fﬁféugh§ut its presént“rahge.in fairly
. recent times and.quité rapidl&. Rickleffg (1973) hag pointed put'théﬁ,
if a populatiop is relaﬁive;y flexible genetically, its.uniformit& épuld
be due fo the rapid spreaa of & small, uniform‘populatioh.

The varigsble response of root mass in response tc moisture stress
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_seems to have some relation to habltat of the parent stend with
seedllngs from the area of summer‘drought (Washlngton and Idaho) maln—lf"
- talnlng their root mass at the hlgh molsture stress levels better than
.those seedllngs from other areas (w1th the exceptlon of the low—eleva— L
'tlon Washlngton seedllngs whose parent trees.were érow1ng adjacent to afj::"
stream) | Although the analy51s of varlence shoms 10 signlflcant varla-ifxip

tlon in the root mass of Brltlsh Columbla seedllngs w1th m01sture !

stress, Flgure lO seems to ergue dlfferently.Q It 1s felt that a low

, sample slze 1n the Brltlsh Columbia seedllngs, due to poor germlnatlon,_;;x‘ .

gave undependable results 1n the analys1s of varlance.

' Veristion Within Stands,

Two factors.whlch would seem to bear on the nature of divers1ty _;f'
w1th1n a glven populatlon sre the stablllty of the local env1ronment and
the length of tlme whlch a populatlon has had to adapt to this local
env1ronment- Planka (1966) says that stable 1ocal cllmates allow the

evolutlon of more spec1a11zed adaptedness. Carson (1959) has suggestedh{

: that chromosome polymorphlsm, end thus adaptive flexibillty, R greater'&f"‘

in the center of a spec1es range, whlle perlpheral populations

are a more prollflc fleld of genetlc experimentatlon (Dobzhansky,
1970). Thus, .at. the llmlts of‘a spec1es range one would expect to ".‘“
see a great deal of dlver51ty among familles in'a given population,:

as is seen in the seedllngs of the Utah stand whlle near the




center of the range, the increased heterozjéosity whicﬁ Carson postu-
lates sﬁould produce increased variation within femiliee, but if the .
climate is stable, different families may vary little emong themselves.
This latter situation is what is seen in the British Columbia seedlings.
If one draws a gradient of increasing ihter—familial'vafiaﬁion eea de=
creasing intra-familiel variatien:frem.north to south, the_Weshingiqn

" and Idaho stands fit quite well,'e“?urther'ind;caﬁion thet the spread of
lodgepole pine has been from nortﬁ £o'seuth.} The ﬁigh degfee of varia—
‘tion among famllles in response to daylength and temperature in the
Washlngton Idaho, and Utah stands ralses the 1ntr1guing p0551b111ty
that these stands are in en ective and,. because of small dlfferences
between them, early stage of adaptation to the local conditions. The
Montana stand doeen't fit‘into this scheme, having the leest total
veriation in all (in perhaps the least stable habitax)..'However, by
changing elevation with lafitudinal progression, populations could mi-
grate down the backbone of the Rocky Mounteins'with very little change
in env1ronmental iactors other than daylength and thus mlght retaln a{“
relatively high degree of unlformlty{among famllles._ Why, if this 1s
true, the amount of intra—femllial varlatlon (and thus heterozyg051ty)
should be less in the Montana stand than in the Brltlsh Columbla ‘stand
‘15 not clear. Perhaps; for some reason; a hlgh -degree of" heterozyg051ty'

is of negative adaptive value in severe habitats.
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Summary of Concluéiohs

1. Except fof the 22-hour photoperiod, pop,mééé'andihgight._"
growth of lodgepole pine are reduced significahtiy in“c;o1Tﬁémpera£ur¢é;:'
‘while root growth is not affected: | | |

2. Phenological sequence o? lbdgepole pine is £¢m§ératu¥e-_'
dependent, with c?ol témperatures~éeléyiﬁg budééﬁj. |

3. Phétoperiddic depéndencé_in thé_growth 6f_loﬁgépoie éihe ié
temperature~dependent, growth increasing witﬁ inéreasing d&Yiengths]iﬁ
cool temperatures, but the same relation not necéééarily holding in wérml
temper#tures. | |

L, Thefe are significant aifferencés‘among sféhds in.héight
growth and these differences seemvto correiaté_wifh length of growing“
séason'at the pléce of origin. Aiphpggh there afe some diffefgnées'in__
mass and ﬁhenoiogy, stands tend té Be,mbre uniform inqthese facfors'
“than in height,'and the differencé?fﬁhét'exiétlafe néﬁ correlated ﬁith .‘
growing season at the place of'or?éiﬁ.

5. British Columbia seedlihgs afe éeneraily,gupériér to thqse .
from the United States in height and'ﬁasé growth.

6. There are no photoperiédic'eépt&pes-wifh resﬁecﬁ to mass or.
phenology. There are elevational ecotypes with reépéct to-seedliﬁé'
height, however, there has been no significant.différentiatiéh in lgdgé-

pole pine along a latitudinal gradient. Hypotheéis;i(a), that there
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~is significant difference amohg staﬁds in the respphsgnbf.lodgepole pihe .
seedlings to differeng temperaéures, is'aécepted énd I(b),‘phét ﬁhere is- ”
significant variation among stands in tﬁe fespthe of'lédgebble pine
seedlings -to differepﬁ,daylengths, is fejeéted. |

T. Stands féact‘differently in ﬁheir heiéht and.goot'mass to
moisture stress, but ﬁot in their tép m;ss. Seedlingé from‘érgas'of.'
sunmer drought withstand stréss better tﬂén those from area;”of high
summer moisture. Hypothesis I(c), that there ig signifieént“§ariation
among stands in the response of lodgepole pine seediings to.diffefent
moisture stress regimes, ié'accepted.

8. A north-south cline exists in the degree and nature of vafié—
tion within stands (excepting the:Montana stand). Lodgepole pine
probably'originated in Canada and.hés épreéd rapidiy soﬁfﬁ, Ssme staﬁdé
in the United States are in a staté;of gctivé adap#atioﬁ to local cbn;
ditions. Hyéothésis II(a) and II(ﬁ), t£é£ tﬁefe is_no'significant v&fi--
ation‘within stands in‘the response.of lodégpole-pine seedlings tS @if;'
ferent temperatures and daylengths, are‘acbeptéd fbr the.Byitish Coium;  -
. bia and Montana sfénds, and.rejected for. all éthers. Hypbthesis Ii(ec), -
thet there is no significant variation within stands in the response of
lodgepole ﬁine seedlings to different moisture stress régimes,.is

accepted for all 'stands.
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APPENDIX I
Table 20

Parent Tree Data

Length of

. ) Diameter
- : Tree . Age Height . (Breast Hgt.) 'Live Crown - Elevation
 Stand .- © No.  (yrs.) (meters) "~ (em.) (meters) = (Meters) Aspect
Washington 101 6k 21.0 .22,k 6.3 1590 N
(High 102 6L 22.8 23.1 7.8 1590  NW
" elev.) 103 - 6T 21.9 22.9 9.0 1590 NW
10k 67 20.4 23.1 6.6 1590 NE
©105° . 66 20.7 - "19.8 9.0 1590 .- N
106 ‘67 21.9. 24,1 9.9 1590 - N
- 107 68 23.7 .- 22.9- . 12.0 1590 © . N .
108 65 22.8. 26.4 S 12.9 " 1590 |
. 109 68 7.4 20.1 11.7 _ 1590 N
110 . 67. 23.7 27.7- 10.4 1590 N
- Weshington .” - 201 .. 35 20:h - 20.6 7.2 735 - Flat
(Low elev.) . "20k. 36 16.5. - - 1k.7 6.9 . 735 Flat
- a2 206 36 15.6 - 19.6 9.0 7135  Flat .
- 207 38 15.9° - 18,3 8.7 T35 Flat .-
" 'Montens 301 138 22.5° I37.6 - 15.0. - 2160 . Flat.
K - 302 176 - 23.7 26.7 8.1 2190 . N
303 198 22.5 27.7 - 9.3 2160 Flat .
304 7T 17.7 21.6. . 8.7 © 2160 Flat
.- 305 159 21.3 . 29.0 11,7 2160 - Flat
. .306- . 111 - 2004 - - 28.4 17.3 2160. Flat
S 307 - 85 - 22.2 o 27.2 . - 12.3 . 2160 . Filat
oo ‘ ' ‘ : : ' (Con

‘ ﬂﬁaé.

tinued) . ..




Table 20 (Cont.)

Diameter Length of
Tree . Age Height (Breast Hgt.) Iive Crown Elevation
Stand No. (yrs.) (meters) (cm.) (meters) (Meters) Aspect
Montana 308 96 . 17.1 20.3 ‘8.1 2160 Flat
(Cont.) 309 122 19.8 22.1 13.1 2160 Flat
310 97 k.7 18.3 9.6 2160 Flat
Utah , Lol 178 13.5 23.6 7.2 2500 NW
ko2 103 15.9 25.4 8.1 2560 Flat
403 103 ~15.3 16.5 . T.2 2560 W
Lol 88 11.1 21.8 6.9 - 2790 Flat
Los5 88 .12.9 19.8 7.8 2790 E
406 - 116 - 1k.6 19.0 6.3 2500 NW
Lot 107 15.9 18.5 6.9 2580 Flat
408 87 C11.7 18.8 6.6 2790 Flat
ko9 165 18.0 23.6 8.4 2745 NW
k10 86 1L 4 19.0 6.9 2700 - NW
Idaho . 501 T 96 29.7 36.3 13.8 1530 E
502 10k 20.1 21.1 10.8 1530 E
503 104 29.4 36.1 16.8 1530 E
504 60 19.8 20.8 11.7 1530 SE
505 111 2h.3 21.1- 8.4 1530 Flat
506 93 25.2 29.5 9.0 1530 W
507 117 28.2 31.2 14,1 1530 W
508. Th. 24.0 29.2 14,1 1530 E
509 120 28.2 25.1 9.9 1530 E
510 . T - 25.2 28.4 33.6 1530 E.-

(Continued)
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Table 20 {Cont.)

.Diameter

Lengtﬁ of

: Tree Age Height = (Breast Hgt.) Live Crown ©Elevation
Stand- No. (yrs.) (meters) “(em. ) (meters)  (Meters)  Aspect
"British 601 - 106 ——23.T7" 30.5 = ... 690 Flat.
Columbia 602 .72 ... 2h.6 - 32.5 - - 690 Flat
' 603 - 70 . 22.2 30.0 — 690 Flat
60k 69 23.1 36.3 -_— 690 Flat
605 79 26:.k4 36.8. —_— 690 Flat
606 .56 24,6 36.8 — 690 Flat.
607 86 27.3 3k.0 —_ 690 - Flat
608 50 ©  21.6 22.9 — - 690 -Flat
609 .- 86-. . 25.5 42,9 ° —_ <690  Flat
610 22.1 — © 690

- 21.0

Flat




APPENDIX II

‘Table 21

Mass, Héight, and Phenological Measurements by Stands

_ washington (High Elevation)

and Treatments*

Top Mass/

Growing Dormant .

Total ‘Top Root
Day- # OBS for Mass Mass - Mass Root Mass Period Period # OBS Height
Temp. Length Mass and i for
(hours) Phenology ) Height
Mean S.D. Mean S5.D. Meann 35.D. Mean S.D. Mean 3.D. Mean S.D. - Mean S.D.
Warn o1k 28 . '29.8 10.6  22.7° 8:3 7.1 2:7. 3.3 0.9 18.8 2.6 -9.9..3.3 202 . 51. 16
5% 28 - '19.3 10.2 .17 7.9 k6. 2.6 .34 1.0 181 1.1 7.7 1.9 223 AT
- 16% 28 22.6- 8.4 16.6° 6.5 -7 6.0 ‘2.3 2.8 0.7 19.9 2.1 10.b 3.4 . 206 . ho- 15
2;' 26 - 3.0 15.0 28.8 -12.8- 7.2 2.8 Ll 1.1 20.2 3.9 4,2° 1.9 188 . 63 18
Cool . 1k 27 6.5 5.3 10.3 3.5 6.3 2.1 1.7 0.6 5.4 2.8 - - 143 26 6
Cisk - 26 - 5.2 1.4 3.4 1.1 1.8 0.5 1.9 -0.6 27.3 1.2 - - 119 27" 66
"16% 25 21.1  6:6 . 12.7 4.2 8.h 2.6 1.5 0.2 23.7 3.2 -=  -= 146 3 9
22 . 25 45,8 29.3  34.0 245 11,8 5.4 2.8 1.0 227 2.9 .= - 9% .4k - 15
;All masé v;l&es given in 10-2 grams. Height in mm.; growidg'and dormgnt periods iﬁ weeks. .
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APPSRDIL II. (Cont.)
Table 22

Mass, Height-:,- and Phe.nologica; Measurements by Stands and Treatments*

Montana

'A:]_l masﬁ_ values-given in '10-2- grams.. Height in mm,; .gxfoviing_ 4hd dormant periods in weeks.

R . - Total - Top Root-. . _’I‘ép Mass/ Growing Dormanc . )
.. . Day- # OBS for Mass . Mass * Mass " Root Mass Period Period # OBS - Height ',
Temp. Length  Mass and S - . for- . _ = s
(hours) Phenology Height
" Mean S.D. Mean S.D. Mean 3.D. Mean 35.D. Mean S.D. Mean 5.D. Mean §.D.
Warm 14 30 30.3 9.4 23.3 7.6 7.0 2.3 3.4 0.8 17.3 2.0 11.9 3.7 243 -45 13
A5 .30 18.7 9.9 1h2 7.8 k5 23 3.2 0.7 191 1.6 8.3 17 275 211
e o0 2209 9. 16.8 6.7 8.1 2.6 C 2,87 0,5 19.5 1.9 11.5 ..2.9  2i8 39 - b
e ' : - - : . o : : W
22 . T30 }4.7 12.2  27.6 _ 9.7 7.1 2.9, S T 1.00 19.7 - 5.7 3.1 250 55 -16 i
*.Cool. 14 30 16.3 5.9 9.6 3.3 6.7 2.7 .1.5 0.2 25.0 2.8 = -- 234 27 7.
T 15m 29 5.3 .1.6 35 1.1 1B 0. 20 0.7 2.5 L7 - --° 13 -2 6
Coaemc 29 22.8 7.7 13.1° k3 . 9.6 43 1.5 0.5 2L.5 28 o= .- . 208 33 . k2
22 23007 k2.2 12,3 311 9.3,_.11.1.: 3;9,_ 2.9 . 0.8 21.3 2.7 - i - 163 42 ”13




APPENDIX II (Cont.)
Table 23

Mass, Height, and Phenological Measurements by Stands and Treatments*

Utah
_ Total Top Root Top Mass/  Growing  Dormant
. Day- #0BS for Mass Mass . Mass - Root Mass Period Period # OBS Height
Temp. Length Mass and ) : for
(Hours) Phenology Height
Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Warm 14 30 27.5 8.7 21.0 6.9 6.5 2.3 3.4 1.0 18.3 1.7 1.1 2.5 277 Lo 13
15% 30 19.3 12.9 142 9.5 5.1 3.6 2.9 0.8 19.4 1.6 8.2 2.9" 334 L3 11
16%'. o 29 22.0 8.4 15.3 6.3 6.7- 2.8 2.4 0.7 -19.0 1.9 1.9 2.9 286 39 13
22 ] 30 30.0 12.0 23.3 10.0 6.7 2.9 3.7- 1.2 20.1 2.4 6.3 2.8 260 55 16
" Cool 14 29 13.0 4.2 81 2.8 49 1.7 1.9 11 259 2.4 - - 205 25 7
' 15% 28 5.8 1.5 3.8 1.0 2.0 0.8 2.0 0.6 27.7 1.0 - - 157 23 . 6
.16% 28 21.0 7.1 12.3 4,5 8.6 - 3.0 1.4 0.3 22.8 3.2 - - 220 337 ’ 8
22 28 38.9 17.9 28.1 13.8 10.8 - 4.6 2.6 0.5 21.6 2.8 —-— = 156 45 . 56

AL mass:values given in 10_2 grams. Height in mm.} growing and dormant ‘periods in weeks.
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APPENDIX II (Cont.)
Table 24

Mass, Height, and Phenological Measurements by Stands and Treatments*

Idaho-
. Total Top Root - Top Mass/ Growing Dormant
Day-  # 0BS for Mass Mass Mass Root Mass Period Period # OBS Beight
Temp. Length Mass and : for
(hours) Phenology ) Height
Mean S.D.. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Warm 14 30 31.8 17.2 2hk.4t 13.6 7.3 3.8 3.3 0.6 18.7 1.1 10.83 1.5 2k9 52 16
156 . 29 - 16k 7.3 123 5.8 4.1 1.7 3.00 0.7 19.9 1.2 7.4 1.5 299 - il 13
6% 3. 21k 8.9 150 5.8 6.4 4O 2.6 0.7 203 1.9 1.3 2.4 256 kb 19
2 36 © 35.8 17.0 28.3 13.7 7.5 3.8 - ho0. ‘1.2 20.3 2.h4 5.7 2.0 218 60 19
Cool L - 30 ©17.6 6.1  10.9 4.1 6.7 2.2 1f6' 0.3 240 2.9 -— —- 26 .7
15)% 29 5.7 2.2 3.8 1.7 1.9 0.7 2.1 - 0.7 27.1 1.8 - - 140 21 &
16%" 30 - 20.8 6.0 12.8 4.5 8.0 1.8 1.6 0.4 23.2 2.2 - - 216 - 3L 10
22 27 - . k2.7 20.2 31.3 1k.3 11.5 6.8 2.9 0.8. 2k.o0 3.2 - - 140 47 15

*All mass values givén in 10—2 grams. Height in mm.; growing and dormant periods in weeks.
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APPENDIX II (Cont.)
Table 25

Mass, Height, and Phenological Measurements by Stands and Treatments*

British Columbia

Total Top Root Top Mass/ - Growing Dormant

Day- # OBS for Mass Mass Mass Root Mass " Period Period # OBS Height
Temp. Length  Mass and - for -
(hours) Phenology Height
Mean S.D. Mean §S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Warm 14 30 30.5 14.7 27.5 12.4 7.6 2.9 3.7 1.0 19.6 1.3 9.1 2.8 226 62 20
15% 29 20.1 11.7 16.1 10.% 3.9 2.0 k5 Lo 20.4 ) 1.8 6.9 2.7 266 "50 15
: : . ’ t
16% 30 . -22.1 9.2 16.5 7.3 5.5 2.1 3.0 0.7 20.7 1.2 10.1 2.1 246 47 18 :S{
) . T
22 29 " 32.4 10.5 26.1 8.9 6.4 2.4 k3 1.3 19.0 2.8 4.8 3.1 238 63 18-
Cool 14 29 A 17.6° 5.8 11.2 3.5 6.5 2.6 1.8 0.4- 25.7 2.5 - - 224 29 8
5% : 30 . 6.0 1.8 41 1.2 2.0 0.8 2.2 0.7 .27.9 0.5 - - 162 24 6
165 ' 29 - .26.7 6.8 16.2 4.7 10.5 3.0 1.6 0.4 24,6 2.2 - - 199 L33 12
22 27 49.7 145 36.9 11.3 12.8 3.8 2.9 0.6 250 2.2 -- -- 112 55 17

_;All mass values given in 10-2 grams. Height in mm.; growing and dormant periods in weeks.
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