
Glen B. Dunsworthr

and

Bruce P. Dancik

Department of Forest Science
Uoiversiry of Alberta
Edmonton, Canada T6G 2G6

,l;f!'llf 
**"' rVoodlands Division, MacMiltan Bloedel limited, 6i Front Street, Nanaimo, B.C.

fr$r 
nal,". ir based in pan upon an M.Sc. thesis submined by the senior author to the University of

Seedling Variation among Alberta populations of
White Spruce (Picea glauca (Moench) Voss) in
Controlled Environments,

Abstract

l*jl."l,"l jl :-.ull* of wbire spruce r pic,a. stazca , Mornch., voss r w.ere used ro invesrisate thenarure and amounr or  Seneoc varrab, t , ry of  whrre spruce in Alberra.  Seedl ings were grown in con_
:il:l^r.,lj l:l.c1l*lng 

seasons. in.a facro.riat design. rnder rwo <onuolle.i- envirorimenr regimesrrmuraong nonhern aod soufhern Alberra forest fondirions. of 12 characrers measwed. oalv"total
:11 ,-?1, *l?!ll: dry matrer and number of branches were found ," h";; .;g;;i;;;;";;-'r";;
varraoon. Nor(hern Albefta sources hld signiticanrly hiAher rotal and top reJarive dry manlr thanall other sources tesced in both environme'nts. S"".;"; ?;; ;;,;i-;nJi"iiil**."r Atberra hadsignificantly more branches thao all other sources tested.
, Relarive,dry m?(rer increased continuously wirh latirude and elevarion of rhe source. Number oforancn(5,exn'brred a.groupfd panern of  var ia( ion.  l t  is  lossib le that  the gaaeros of  var iabi l i rv
llT::1,1 il 

th$ sructy could iave devetoxd from the retrear and reestabtishment of whire sprucirn centrar and north-cenrrat Atbena dur;ng the late posr-glacial I)eriod.

Inlroductioh

lfhite spruce (Picea glaaca (Moench ) Voss), one of the most widely distributed coni-
fers in North America, grows naturally on a variety of sites rhroughout the boreal forest
of Caoada and the northern United States (Nienstaedt 1957, Nienitaedt and.feich 1972,
Nieostaedt 1968). Rangewide srudies have suggested clinal patterns of genetic variation
in several characers (Miksche 1968, Wilkinson et al. 1971, Khalil 1974). While rhele
have been studies of genetic variation and differentiation in British Columbia ( Roche
1969) and Ontario (Teich and Holst 19j4, Teich e, at.7975), there have been no
similar srudies in Alberm.

_ 
The objectives of this study were o determine ( 1) the amount of variability of

selected seedling 
_ 
charac.ers amoog populations ol p. glaaca in Albena, and, (2) ary

patterns of variability with respe€t to environmental parametets.

Melhods and Materials
C-ontrolled eovironment chamlss5 s,st. employed to simulate natural environments.
Twenty-seven soutces of white spruce seed, selected fiom the Albena Foresr Service
seed bank to provide altitudinal and latirudinal gradients (Fig. la), were planted io
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Figure 1. Source maps displaying the 27 white spruce populatioos uscd in this study (1a) and
Duncan s Multiple Range Test results for total relative dry mattet io the (1b) top tela-
tive dry matter (1c) and number of branches (1d) irr the southern environment (dark
squares are significant (P<0.05) differeot from dark circles).

a factorial design in each of rwo growth chambers and grown for two simulated grow-
iog seasons. The factorial design of this experimenr consisted of two environments with
ahree replicares per environment, and six seedings per population in each replicate.
Analyses were caried out using replicate means for a given chafacter. Missing values
wele accountd for in the analysis of variance usiog a weighted average approach.
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The twenty-seven sources were grown in Spencei Lemaire (Ferdinand) containers
throughout the study period. The initial soil medium was Pure Peat. Regula! watering,

approximately twice a week, began four weeks afte! seeding. The seedlings were fer-

tilized biweekly with nuffieot solution (apploximately 1 litle Per uay of 112 pp.m

N, 69 p.p.m. P, 156 p.p.m. K). Six weeks before the end of each growing season, regular

waterings were reduced to once a week ot whatever was just sufficient to ke€P the

seedtings from wilting. At this time, a hardening-off solution of 12.a7 g of 1O-)2-10
(N-P-K) in 40 litres of water was used biweekty in place of the regular nutrient solu-

rioo unril rhe end of the growiog season.

The two growing seasons usd as test treatmeots simulated the photoperiod, day-

night temperarure, and relative humidity of northero aod southern Alberta growing
seasons. Simulatioos were based on data flom Ft. Smith, N.\7.T., and Pincher Creek,
Alberta, meteorological stations (List 1966, Anonymous 1968, Anonymous 1971).

Conditions were altered every two weeks to simulate the progression of growing seasons
(Dunsworth 1977 ) .

During both growing seasons, individual height measurements were carlid out
biweekly. Between growing seasons the seedlings in each envitonment were subjected to
10 weeks of 4'C day-night temperatules (with some supplemeotary lighting) as a
deatment to break dormancy ( Nienstaedt 1966, 1967 ) . At the eod of the second g!ow-
ing season, fioal height, diameter at first internode, and number of branches were
takeo, The seedlings then wele destructively sampled .o determine total fresh weight,
total dry weight, top fresh weighr, rop dry weigh., fresh weight root-to-shoot ratio, dry
weight root-to-shoot ratio, top dry weight to top fresh weight ratio (top relative dry
marter), and total dry weight to total fresh weight ratio ( total relative dry matter). The
latter two me,lsures are estimators of succulence or the degree to s/hich the Plant has
withdrawn water from its tissues duriog the hardening process. Langlet (1919, 1967 )
has indicated that dry matter percentage (relative dry matter) is well corlelarcd with
length of growiog season and latitude of the proveoance for Scots pine in Swedeo. Rela-
rive dry matter indicates the plants' adapmtioo to temperature and day length of the
native habitat of the provenance.

The analyses of the data wele calried out io !s'o secdons:

1. First season tesults:

a) analysis of variance (ANOVA) of {ioal first season heights;

b) correlation analyses of first season heights on environmental parametefs
(latitude, longirude, elevation, and latitudes adj'-rsted for elevation ( !fiiersma
1961) ) .

2. Fioal resulrs:

a) ANOVA of second season height growth and all final measurements;

b) correlation analysis of measurements showing statistical sigoificance (P4

.05) among soulces within treatments using enviroomental parameters as in-
dependent variables;

c) Duncan's Multiple Range Test of measurements showing ANOVA statistical
significance (P .05) among sources within treatments;

d) principal components analysis using all final measurements.
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First Season Results
Analysis of variaoce of seedling heights at the end of the first growing season indicated

a significant (P-=0.001) difference between tteatments (simulated northerA aod
southern enviroomeots). However, no significant differences could be detected amoog

sources within treatments. There were no significant correlations of first season final

heights on latitude, longitude, elevation, and converted latitudes in either growth regime.

Analysis of growth at biweekly intervals (expressed as a Pelceotage of first season
final height) using analysis of variance indicated that significant (P<0.001) differ-

ences existed among biweekly growth Periods in both environments. Howevef, oo
signilicant differences were evident among soulces within either eflvironment.

Second Season Results
Analysis of variance of all final measurements indicated that there were significant
(P20.05) differences among soulces with respect to thlee measures: total relative dry
matrer or the ratio of total dry weight to total fresh weight, top relative dry matter ol
the ratio of top dry weight to top fresh weight, and number of branches per individual
(Dunsworth 1977). Correlation analysis of the above characters with respect to en-
vironmental parameters indicated that these wefe also the only variables with any
significant (P<0.10) corelations (Table 1; Dunsworth 1977).

T-{RLE 1 Summary lable ol colrelalions oi lotal and tot} relalive drt maiier and number ol branches
versus laiiiude, eleviiion, and converied laiiltrde ot ihe soulce( 2? sources ol whiie sDruce

sr'own in simulated norihern and souihern Alberia environmenis).
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, 0 . 5 0 *  * *
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*  P < 0 . 1 0

Analysis of all linal measurements indicated that three principal components accounted
for a significant (eigenvalues 4 1.0; Isenbrands and Crow 1975) proportion of the
variation among sources within either environment. In the northern and xruthern en-
vironments, ordering of principal components was the same. The first principal com-
poneot was essentially an overall size component, the second a roor-to-shoot ratio com-
ponent, and the thild a relative dry matter (hardiness) component. \iflithin the northern
and southern eovironments, the first two principal components accouotd for 84.) and
86.4 petcem, respectively, of the inter-source variation.

The 27 white spruce sources tested have coefficients of variation (C.V.) for total
and rcp relative dry mater ranging from 5.8-8.0 percent (Dunsworth 1977 ). The gteat-
est amouot of variability existed in total relative dry matter. The poor performing
high elwation sources (10H, llH, 16M, 16H) tended to have larget thao average
coefficients of variarion (ranging from 4-18 percent).
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With respect to nurnbet of branches, rhe 27 white sPruce g)urces had coefficients

of variation of 20.4 and 23.8 perceot, respectively, io the oorthetn and southeln eoviron-

ment. Thus, numbers of branches appear to have greater standard deviatiqns relative

to their means than do total and top relative dry matter. Although these differeot var-

iables rvere measured in different ways, it appears that greater variability exists among

the white spruce sources for number of branches than for total or top relative dry matter.

The correlative trends between environmental parameters arrd total aod top relative
dry matter differed only slightly between environments. Both tended to decrease with

increasing elevation and increase with increasiog latitude of the solrrce (Figs.2, ),4,
5). These consistent relationshiDs s,ere not evident wirh number of braoches (Table 1).
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Figure 2. Relationship of total relative dry rnatter and lntitudc of 27 whitc spruce soutces grown
in a s imulated soudrcrn Albcr ta environment ( r :0.517,  y=0.074{0.0017 x) .

Anatysis by Duncan's Multiple Range Test of total and top relative dty matter, as
well as number oI branches, showed grme significant (P=0.05) groupings of soutces
in both environmeots ( Figr:res 1b, lc, id).

Total and Too Relative Drv Matter
In general, relative dry matter measure (hardiness) tended to increase in both environ-
ments as latitude of the source iocreased. The relationships io the southern-type environ-
menr were more significant than the same relationships in the northern-cype environ-
ment.

Relative dry matter of all sources tended to decrease with increasing elevation. The
plants in the sourheln environmeot tended to have more significant relationships with
elevatioo than those in the oothern environment. This elevational relationship appears
to contradict the latitr.rdinal relationship prwiously discussed. One would logically assume
that higher elevation sites would be climatically similar to higher latitr.rde sites. Thus,
the trends with respect to latitude and elevatioo would be expected to parallel each
other. One possible explanation for the apparent anomaly reported herein is that the
photoperiodic change caused by displacement in latitude may be more influential than
displacements in elevation *,hen consideriog relative dty orattcr ( hardiness). This
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Figure 5. Relationship of top relative dry matter and clevation of 27 white spruce sources grown
in a simulated southern Albena environmerit (r = 0618, y - 0.396 + 0.000035 x).

conjecrure, together with the fact that there is a very strong ioverse relationship between
latitude and elevation of .he soulces used in this study (r-F -0.871, P<0.001),
would lead one to believe that the elevation trends probably confirm the strong influence
of latiude of the source on relative dry maner. (Also see Figs. 1b, 1c).

In all bur one case (toral relarive dry matter in the northern environment ), northern
sources have significantly higher total and top relative dry matter than do southern
sources. In the exceptional case, total relative dry matter in the oortherA eovironment,
a number of oortheastern sources and two extleme southero sources have significantly
higher relative dry matter thao any of the other sources.

Io general, coosidering only total relative dry marter rankings, those soulces with
high rankiogs in the simulated northern environment tended to have much lower rank-
iogs when grown in the simulated southern environment. Only three sources ( numbers
8, 21, and 22) of the rop 10 in the simulated nolthern eovironment remained in the
top 10 in the southero enviroomeot. Of these, only one (source 8) remained in the
group with the significantly highest total relative dry matter values. !7ith respect to
rop relative dry matter, those sources which performed best in the oofthern environment
teoded to perform poorly in the southern environment. However, this change in per-
fotmance was not neady as evidenr as it q'as in the rotal felative dry matter measures.
Five of the top 10 sources ( numbers 8, 22,24, 25, and 27 ) from the northeln environ-
ment remained io the top 10 in the southern environment. Of these, fout sources (num-
bers 8, 24, 25, and 27 ) remained in the group with the significantly highest top relative
dry matrer.

The poorest performers with respect to both total and top relative dry matter in
both environments were high elevation sources ( numbers 10H, llH, 16M, and 16H).
Tltese sources remained in the bottom 10 in all cases and tended to have sreater than
average variability.

32
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Numbet of Branches
Among-population differences in number of branches tended not to be as sigoificant
as total or top relative dry mattet, nor was the pattern of variability as well defined.
Specifically, when coosidering all sources, number of branches showed a significant
(P 4 .Or) correlarion only in the southelo enviroment with respect to coovertd
latitudes. Number of branches for the northwestern sources were significantly (P4

.05) correlated with latitude of the soutce, but only in the southern environment. In

both environments the number of braoches oo the ea$eln soulces was significantly
(P4.O5) correlated with latitude of the source. These results indicate that a weak
but noticeable trend exists for number of branches to decrease as latitude of the source
increases, particulady under simulated southern Alberta conditions.

The patrern oI variability with respect to number of braoches and latitude cao be
further illustrated by the results of Duncan's Multiple Range Test. Source maps of
significantly different groups of sources from either environment indicated that a group
in the central and north-central region of the province tended to have sigoificantly
higher numbers of branches than souces to the north or south of this area (Fig. 1d).

In rcrms of rankings it generally appears that soulces which perform well under
northern €nvironmental condirions (i.e., those with high numbers of bmnches ) perform
as vrell or better under southelo enviroomental conditioos. Six of the toP 10 sources
uader aorthem enviroomental conditions ( sources 1, 2,3, 5, I6L, and 19) remained
in the top 10 in rhe southern environment. However, ooly two sources (sources 1 and
15) remained in the group with a significaotly greater (P4.05) number of brarches.
Both northern and southern soulces (i.e., sources 8, 10M, 13L, and 21) wete consistently
poor performers io both environments.

Although there appears ro be a weak tendency for number of branches to decrease
as one moves from the ceotral portion of the province northward, the more significant
relationship appeals to be the greater oumber of branches exhibited by sources in the
ceotral and oorh-central region of rhe province relative to all others tested. This group
of "high braoch numt€l soulces" appears to be similar to the zone found by Hellum
(1971) fot seed weight of a number of Alberta sources of white spruce. Hellum's
"ceoffal zone" extended from 53" to 51" N latirude. In rhe present study rhe "ceotlal

zone" extends from about 53'-58'N latitude.

Conclusions

If oae can assume, as Langlet (1967) has, that autumnal relative dry matter essentially
reflects winter hardiness, it appears that the oorthern Albetta sources of white spruce
teqd m be more hardy rhan any of rhe other sources restd. The hardiness of northern
sources may well be explained by the stroog relationship between relative dry matter
and latitude of the source. Changes io latitude correspond to changes in photoperiod.
Lavee (L973) hypothesized that phoropedod is the most importanr environmental trigger
involved in the initiation of dormancy. The initiation of dormancy and the subsequent
increase in dry matter are two of a number of processes involved in a plaot's preparatioo
for wioter. If pbotoperiod is a major trigger in these processes, northern sources (adapted
m the longer days of the northern growing seasoo ) when grown io a southertr eoviron-
ment should receive their rigger to hardeo off eadier than southern sources. Thus, by
autumo, northern sources should have greater relative dry matter and more hardiness
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thaq the southero sources. Conversely, southern sources in a northero environment will
receive their short photoperiod trigger laer than nofthern sources. Consequently, northero
sources would again tend to be hardy earlier than southern soulc€s.

The lovr and considerably variable relative dry matter of the high elevatioo, east-
slope sources may be explained by a uoique set of selective forces at work at these
high elwations. These sites teod to have a greater seasonal variability in environmental
conditions. Severe drought conditions during the growing season, stress due rc exposulg
poody developed soils, and occurrence of warm temperatures for short periods duriog
winter prwail on these higher elevation sites. Ir is feasible that these factors, as selective
forces, have had a greater influence on rhe survival of white spruce at higher eleva-
tions rhan has winter hardiness. The reduction in selective importance of winter hardi-
ness may have led to lower aod more variable autumn dry mafter than for spruce from
lower elevations.

The pattern of variation in number of branches is not similar to that of total or
top relative dry matter and does not show similar, significanr relationships with any
enyironmenral parafireters. Howwer, the preponderance of sources with more bmnches
in the cenual and north-central region of the province appars similar to the pattern
of variation in seed weight which Hellum (1971) illustrated. Possibly, the selective
Iorces which have acted ro shape the pattern of variation for seed weight may be
similar to those which shaped the pattern of variation for number of branches.

Grassland likely expanded into the area formerly occupied by forests of ceatral
Alberta during Hypsithermal Interval, approximarely 5000 to 8000 years agq when
the climate became warmer and drier (Hansen 1949, 1952l' Moss 1952, 19t5). Duting
this period, boreal species may have been eliminared from central Alberta and only
persisted in the cooler aod moister east-slope and qorthero legions of the province
(Raup 1934, 1935; Moss 1912; Deevey and Flint 1967; Lichti-Federovich 1970; Ritchie
1976). Separation of these rwo boreal zones may have contioued for 2000-3000 years.
Such isolatioq may have permitted genedc differentiation, yielding two genetically
distiact groups of white spruce near the end of the Hypsithermal. As the climate be-
came cooler and moister, rhe boreal species became reestablished on the exteoded grass-
land region, which may have beeo a zone of genetic mixing between the two previously
isolated groups of white spruce.

Selective forces acting on white spruce during the pericd of reestablishmeat
would tend to favor different characteristics tbao those favored uoder the more
oormal late-successional situation. Lighter spruce seed would probably have a competi-
tive advantage in this reestablishment, since they would expectedly disperse farther,
and could become established more quickly at grearer distances than would heavy
seed. Relatively open sites, which would likely have been prevaleot in the region o{
reestablishment during the post-Hn)sithermal period, would likely have favored in-
dividuals vrith more branches and fuller crowos! since they would probably be more
photosynthetically efficient.

Total and top relative dry matter, on the other hand, exhibit continuous variatio,n
with no noticeable discontinuities in the oorthcentral tegion. It may be lnssible that
duriog the sepamtion of the boreal zones, selection for plants able to become frost
hardy (i.e., high relative dry matter) eady in the growing season continud in the two
groups. It is also feasible that during and since the post-Hypsithemal period this same
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selective force has persisted. If this hypothesis is correct, thefl the ourcome n'ould likely
have been a continuous pattern of variation in autumn dry matter relative to latitude.
Thus, it may have been possible for a variety of selective fotces, acting on a number of
characters, to shape the differing parterns of variation illusrated in this study.

Acknowledgmenls
Support for this stLrdy by the Alberta Forest Development Research Trust and the Natural
Sciences and Engineering Research Council Canada is gratefully acknowledged. Jan
Schilf, Tom Niemann, and Dave !flagner provided reliable assistance.

Lileralure Cited
Anonymous. 1968. Cl imer ic normals.  1911- i960.  Volumc l \ ' .  Humidi ty.  Canada Dept.  Trans. ,

N{ctcor. Brch.: 4.1-t I.
-  1971. Canadian normals.  1941-1970. Volumc l .  Temperature.  [nvi r .  Can.,  Atmos. Environ. :

O..u.V,-f. S., Jr-, and R. F- Ftiot. 1967. Postglacial hypithermal ioterval. Sci. 125: 182-184.
Dunswonh, B. G. 197r. Genetic variability of white spruce (Picea glatca (Mocnch) Voss) in

Alberta. x{.Sc. thcsis, Univ. of Alberta.
Hanscn, H. P. 1941). Posrglacial forests in *'c'st central Alberta, Canada. Bull. Torrey Bot. Club 16:

2t8,289.
-. 19t2. Postglacial forests in the Grande Prairie-Lesser Slave Lake region of Alberta,

Canada. Icol .  l l :  l1 ' . i0 .
Hellum, A. K. 1971. A simple distribution pattern for seed weight in white spruce ftom Albena.

Proce 12th NItg. Comm. For. Tree Breed. Can.: f.il'lt0.
fsebrands, J. R., anJ T. R. CroN. 1c)-5. Introduction to uses aocl interpretation of Principal com-

ponent anrLysis in h,rest  broJogy.  U.S.D.A. For.  Scrv.  Gcn. Tcchn. Rep. NC-17.
Khalil, M. A. K. 1914. Fifteen ycars growth of Great Lakes-St. l,awrence Region white spruce

provenanccs in Newfoundland. Newfld. For. Res. Ccnt. In{. Rep. N-x-120.
txnslr r ,  O.  19t9.  A.Loe or  nor r  (L inc-a quest ion of  Scots p ine.  Si lvae Genet ica 8:  1 l -22.

.  l . )o- .  Rcgionr l  int ra-spet i f r .  v t r f iousncss.  Proc.  XM.U.F.R.O. Conf. ,  Munich:  435'458.
Lavcc, S. l9ll .Dormancy and bud break in warm climates: considcration of growth tegulator in'

volvcment.  Acta.  Hort ic .  )4:225 2)1.
Lichti'Federovich, S. 1970. The polLen stratigraphy of a dated section o{ late Plcistoccne lakc sedi-

ment from central Alberta. Cao. J. Earth Sci. 1. 9)8-915.
List, R l. 1966. Smithsonian meterological tablcs. Smithsonian Institution o{ !trashin$oo, Smith-

sonian Inst i tut jon Press,  Washingron:  509- i  10.
Miksche, l. P. 1968. Quaotitative srudy of intraspecilic variation o{ DNR pcr ce1l ln Piea el.ulcd

ant Pittr: banhsidna. Can. J. cenet. Cyto]. 10; 590 600.
Nloss, E. H. 19t2. Grassland of the Peacc Rivcr resion vestern Canada. Can. I Bot 10 93'124

.  I , ) < 5  T l  r  r u g e r l i o n  n f  A l b e r r "  B o t  R e r .  ' l :  4 o { - s 6 -
Nienstacdt ,  H.  19j l -  Si lv icul tural  character is t ics of  whi te spruce USDA FoT. Scrv-  Lake States

For. Erpt. Sta. Stat. Pap. ii-
-. 1966. Dormancy and dormaocy rclcasc in *'hite spruce. For. S.i. 12: Ii'i-1811
- 196,1. Chilling requircrncnts in seven Pl..r spccics Srlvae G.netica 16: 6i-68
-. 1968 white Spruie source l'ariat;on and :,Jairation ro 1r ptanting sires in the northwest-

crn United Srates and Canada. Proc. 1lth Mtg. Comm. For. Tree Brccd. Cao: 181'19'1
-, and A. H Teich. 1912. Genetics of white spruce. U.S.D.A. Ior. Serv. Res Pap WO-li.
Raup, H. N(. 1934. Phytogographic studies in the Peacc and upper Liard River regions, Canada Arn

Arb.  Contra.  6:  1-210.
-  191t .  Boranical  invest igar ions in the Wood Buffa lo ParL.  Nat Mus.  Can, Bul l .  r4,  Bio l

S e r v . 2 0 :  1 - 1 1 4 .
Ritchic, J. C. 1916. The late-Quatcrnar-r' vegetational histor,r of the $9cstern Inrerior of Canada Can-

l .  B o t .  t . 1 :  1 l 9 l - 1 8 1 8 .
Rochc, i. 1969. A scnecological study of the genus Picea in British Cnlumbia Ncn'Phvtol 68:

50i-t i. 'r.
Teich,  A.  H. ,  and N{.  J.  Holsr .  19 ' -4.  Whire Spruce l imestone ecoq pes For '  Chron j0:  11Dl11
-, D A. Skeates, and E. K. Morgensrern. 197f. Performancc of v/llite sprucc prulcnanLrt in

Ontario. Ont. Min. Nat. Res. and Envir. Can. SPccial Joint P3per 1.
Vicrsna, I. H. 196.1. A ne* method of dealing with results of provenance tests. Silvae Genetica

1 2 :  2 0 0 - 2 0 1 .
W;lk inson,  R.  C. ,  I .  \V Hanovc. ,  J  W Vr ight ,  and R. H.  Flake l9r l  Gcnet ic vt r r ixr i ' rn in montcr

pene composition of $hite sPruce. For. Sci ll: 83-90.

Receiled Apil 7, 1981
Accelted lot lublication Jare 24. 1982

Seedling Variation emotg Picea glazra ( Moench ) Voss 83


