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Introduction

Norway spruce, Picea abies (L.) Karsr., has a wide na-
tural range, and is o economic importance both within
this range and as an exotic. Consequently interest in it
from the genecological and tree improvement viewpoints,
has been strong. The main patterns o variation, and their
association with climatic variables were established early
by Ciesrar (e.g. 1899) and EncLer (€. g. 1908). LancLer (1960)
has been particularly interested in Norway spruce, and has
periodically reviewed past work (1962, 1967). Study o the
species is still very active, as is indicated by the large
number o reports published on it every year (e. g. DieTRICH-
soN 1973) and by the continued establishment d prove-
nance tests (seeVins, 1967). The present study is concerned
with variation in phenology and wood properties in the
Deering, New Hampshire, U.SA. plantation d the 1938
IUFRO provenance test.

Materials

This plantation has been evaluated at various ages by
BaLowin (1949a and b, 1967) and by Baiowin €t al. (1973).
The results from the numerous European and north Ameri-
can plantations o the same material were summarized by
Lines (1974). There were two replications (blocks) at Deer-
ing, but sufficient funds only to adequately weed and main-
tain the first o these. Thus provenance measurements in
this study were all made on Block | and are mainly on
IUFRO provenances, but also on some non-lUFRO prove-
nances. A few provenances were represented by two
15 X 13 tree plots in Block | (see BaLowin et al. 1973 page
99). Analysis d data from these provenances showed no
differences between plot meansin any d the traits studied;
it was therefore considered not entirely inappropriate to
assume there was no significant between blocks variance.
Consequently the error term used in the analyses below is
"within provenance", and is arguably a) too small, and b)
less efficient an estimate d error variance than would be
that from pooling with the block variance. Perhaps, there-
fore, the results indicate more between provenance varia-
tion than is actually present.

Further estimates d variation and genetic control o
various traits were made by studying a plantation of clones
o Norway spruce established by rooting d cuttings by
Farrar®) in 1943, and growing in Petawawa, Ontario. There
was one plot per clone, and the plantation is on a uniform
site.

M ethods

Detailed descriptions o the methods used for measuring
height and diameter growth, and wood properties have
been described elsewhere (WorraLL 1970, 1973). The meas-
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urements on which the various calculations are based are

as follows:

a) height increment, rate d height growth, and dates d
initiation and cessation d height growth for 75 trees
d 15 provenances in 1966;

b) the same asin afor 312 trees d 18 provenances in 1967,
plus the height increment d 1966. Thirty five trees were
common to a and b;

¢) the same asin b for & trees in seven clones;

d) radial increment, rate of radial growth, dates o initia-
tion and cessation d radial growth and date o initia-
tion o latewood for 212 trees o 18 provenances in 1967.
All trees were also measured asin b;

e) whole ring, earlywood and latewood specific gravities,
and latewood percentage in the 1966 and 1967 increments
o trees measured in d.

In addition, total height and diametex o all trees was

measured. Growth rate was defined as grand period growth
rate. Dates o initiation and cessation o growth were de-
fined as the dates of completion d 5% and 95% o growth
respectively. The length d the growing season was thc
difference between these two dates. Since damage to the
leaders was heavy, particularly in 1966, the correlation
coefficients and variance components given in Table 1 are
often based on a lower number d observations than in-
dicated above.

In both the provenance and clonal material the model
for theanalyses d variance for between group differences,
and calculation o variance componentswasy;=u +a; T
where y; is the value d an observation in the ith group,
w« is the overall mean, a; the deviation from this for group
i, and e is the normally distributed random component:
i takes the values 1 to 7 for the clones, 1 to 15 for the
provenances in 1966, 1 to 18 in 1967. Since there was an
unequal number o observations per group, f;, the group
variance components were computed from the between
group variance minus the error variance divided by
Ot —32/28)/ (i—1), i.e by f reduced by a simulated
variance V(f) as described by Buiss (1966, page 258).

Since some measurements d the same character were
repeated on each genotype, either in time, i. €. on the same
tree in 1966 and 1967, or in space, i. e on different ramets
o the same clone, some estimates d heritability, and re-
peatability could be derived. Following FaLconer (1960), the
environmental variance consistsd VEg, and VE,, which are
the within individual variance due to temporary or lo-
calised circumstances, and the general environmental
variance arising from permanent or non-localised circum-
stances (e.g. Lisey’s "C" effects, 1964). If V, is the genetic
variance, and V, the phenotypic variance, then r, the cor-
relation between repeated measurements is (V, + VE,)/V,,
the repeatability. This defines the upper limit o herit-
ability and varies not only with particular characteristics,
but with environmental conditions and the genetic prop-
erties o the population. Thisis well illustrated by the data
o Burpon and Harris (1973). From the clonal material, the
between clones variance divided by the between plus with-
in clone variance is, according to some authors, an estimate
of heritability (h?), or may more correctly be called clonal
repeatability.



Table 1. — Variance components and repeatabilities for various

traits.
Clones Provenances
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height growth init. 1966 T4.9%*8 g7esd
height growth init. 1967 .19+ 56.5%*¢ )
height growth cess. 1966 39.9*%2 sgasd
height growth cess. 1967 59%* 41,1%%¢ ’
length g.s. 1966 18.7% * 55eeh
length g.s. 1967 3% 13.1%%¢ .
growth rate 1966 73 ® Gaad
growth rate 1967 T3 8.7%c '
height growth 1966 el gass 19 = S
height growth 1967 T2 ) 6.2% © )
height growth 1967/1966 .58** 27,2¢%b
height growth 1966 + 1967 JT2%* 27 b
total height to 1967 5T 34.0%*¢
cambial growth init. 1967 6.1x d
cambial growth cess. 1967 8.2* d
date init. latewood 1967 17.1*% 4
length g.s. 1967 7.1%*d
ring width 1966 37 a7 28.5%+d BpHea
ring width 1967 .62%* : 22,1#*d i
ring width 1967/1966 .68** 17.1+%4
ring width 1966 + 1967 A1 22.7*xd
total diameter to 1967 .69+ 12,1%#*¢
ring s.g. 1966 S1re gane 6.8+xd o
ring s.g. 1967 T0%* . 9.0%*d :
earlywood s.g. 1966 63+ gan+ 14.2%#d gorea
earlywood s.g. 1967 .86+ : 15.7%*d '
earlywood width 1966 .28%* e+ 22 ¢ Bowsd
earlywood width 1967 51%+ : 15 4 :
latewood width 1966 .46 a7ve 7.4* 4 G5*ed
latewood width 1967 51%* : 9.7**d )
latewood %o 1966 AT o 12.4%*d sokad
latewood %o 1967 33+ : 14.3%#4 ’

* Statistically significant at the 5% level of probability.

** Statistically significant at the 1% level of probability by F test
For the clones, the base number of observations (or pairs of
observations) was 64, in 7 clones, reduced to 61 for some height
variables due to weevil damage. For the provenances the
numbers were a 75, b 35, ¢ 312 and d 212, again occasionally
slightly reduced.

Results

The results are summarized in Table 1, and may be
compared with those for forest trees given by HATTEMER
(1963), ZoseL (1964) and Namkoon: et al. (1966). Not all of
the data are commented on below.

Phenology of leader growth

Many European workers have shown provenance varia-
tion in the date of bud burst, e. g. LaANGLET op. cit., and have
established broad high latitude and altitude to low latitude
and altitude trends, the former flushing first. The trait is
strongly heritable (Lanconer and Stern 1964) and important
in relation to potential damage by late spring frosts. Breed-
ing for late flushing date, coupled with fast growth has
been suggested by Roumeper (1952). In addition to the broad
geographic trends there are provenances adapted to local
climate, for instance the very late flushing north German
lowlands source described by KieLLaNDER (1956). Presumably
early flushing trees either respond more quickly to the
same temperature than do late flushers, or more likely have
a lower threshold temperature above which metabolism oc-
curs.

In the present study the same trend is evident, with
latitude (corrected for altitude) being associated with 53%
of the variation in 1966 (38 trees) and 47% in 1967 (283
trees). In similar test material assessed by WorraLL and
MEercen (1967), using cuttings in the greenhouse, 97% of the
variation was associated with latitude. Compared to results
from European tests, the range in flushing date between
provenances was quite small, about eleven days. OksBIERG
(1954) showed that the range between early and late forms
was reduced in warm springs, the heat sum required for
flushing being obtained in a shorter time by both types.
This may explain the present results, since New Hampshire
has a relatively continental climate with a rapid mean
temperature rise in May and June. Within provenance
variation was about seven days.

Comparison of flushing dates in 1966 and 1967 gave a
correlation coefficient of .87, indicating the trait may be
strongly heritable. However, the clonal value for broad-
sense heritability was only .19. This is perhaps because the
clones were from trees that had survived the climate of
Petawawa and have therefore been selected for late flush-
ing and frost resistance. The flushing date of these clones
is late, and varies little between clones. Within clone varia-
tion was small compared to within provenance variation
(but in a different location), suggesting that there is more
genetic control than indicated by h? = .19. WorraLL and
MEerGeN op. cit., using different clonal material, reported
higher heritability.

Cessation of height growth is difficult to measure (or
even define) in older trees, and has usually been described
in terms of bud set in seedlings. Except where lammas
growth occurs, date of cessation of height growth is not
critical for frost resistance. More important are the sub-
sequent physiological processes associated with hardening
off and cessation of cambial activity (DieTricuson, 1964).
Bouvarer (1961) however suggested an adaptive advantage
of early height growth cessation, since provenances from
dry areas set buds early, before soil moisture became de-
pleted. Provenances of many species differ in sensitivity
to altered photoperiods in terms of bud set (e. g. VaarTaja
1959), but daylength in the field almost certainly has noth-
ing to do with date of height growth cessation in deter-
minate species like Norway spruce, particularly in older
trees.

Table 1 shows that provenances differ in the date of
cessation of height growth in both 1966 and 1967, and also
there are marked clonal differences. Northern provenances
cease height growth early (100 X Rz = 21% in 1966; 17%
in 1967). Within provenance (and clone) variation is high
compared to that in date of bud burst. However repeat-
ability of the trait is quite high (r = .53) and the herit-
ability from the clones was .59. Date of cessation of growth
seems to be strongly genetically controlled; this fact was
used elsewhere (WorrarL 1970) to explain the between-
provenance variation in the width of a false ring that oc-
curred in the wood of the 1964 increment.

Interestingly, the length of the growing season is not
very variable: this is because dates of initiation and ces-
sation of height growth are correlated — early initiation
is followed by early cessation. Or it may be argued that
early cessation is followed by early initiation next season.
This may be so for Norway spruce (DorMmLING et al. 1963)
but not for sugar maple (OrmsteD, 1951).

The height growth and growth rate variance components’
due to provenance are small or not significant, but larger
for the clones. Despite large differences in 30 year total



height, following the general pattern described for other
plantations of the 1938 test, differences in 1966, 1967 and
(1966 + 1967) height growth were minor and not correlated
with total height, either within or between provenances.
This is also true of the clones, and of the radial increment
in provenances and clones. Evidently there are strong
genotype X year (environment) interactions masking ex-
pected correlations. Otherwise the ratio of 1967 to 1966
height growth would be a constant. In fact this ratio de-
pends strongly on provenance (but is not related to lati-
tude) and clone. The interactions are illustrated in Fig. 1,
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Fig 1. — Growth of five clones, showing the interaction between

genotype and year.

for both height and radial increment in five clones. Two
other explanations for the apparent anomaly (also noted
by Hanover in 1963 in ponderosa pine), are possible prove-
nance (and clone) differences in the shape of the sigmoid
curve of total height on age. Rapid initial height growth
may not be sustained, whereas a provenance with slow
initial growth may later grow rapidly. Secondly, damage
by the white pine weevil (Pissodes strobi Peck) has been
occasionally severe — e. g. about 50% of trees in the prove-
nance test in 1966, and only 1% in 1967. Damage seems to
depend on genotype. For instance in 1967, three trees in the
clonal plantation were attacked, and these were all in the
same clone. Thus in a year of heavy infestation, growth of
susceptible genotypes will be zero or even negative, where-
as in a weevil free year, growth will be normal. This is
how a year X genotype interaction could occur, and obscure
current height — total height correlations.

Phenology of radial growth

Reports of variation within species are few, emphasis
having been on the effects of species, sites, climates, years
and silvicultural treatments. DirtricHsoN (e.g. 1964) has
been concerned with activity of Norway spruce and Scots
pine with particular reference to frost damage. DAUBENMIRE
(1950) and Dobce (1963) have shown provenance variation
in camblal phenology of ponderosa pine, and Kiem (1957)
showed southern provenances of Norway spruce ceased
growth later than northern ones.

Table 1 shows that differences in date of initiation of
radial increment, and of latewood formation, and date of
cessation (but not growth rate or amount) are associated
with provenance to a minor degree. The first varies con-
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siderably less, both within and between provenances than
do the other two. All three are weakly correlated to latitude
(r = .14, .20 and .14 for 212 trees) with northern provenances
starting and ceasing growth early, and initiating latewood
early. Considering the patterns of height growth and the
dependance of cambial activity on crown activity, the
growth and latewood initiation relationship with latitude
is expected. Early cessation of radial increment in northern
provenances suggests the possible role of daylength.

Wood properties

Provenance variation in wood specific gravity is not
large in Norway spruce, and within provenance variation
is great enough to cause between provenance differences
to be of minor importance, and make within provenance
selection for specific gravity more profitable than prove-
nance selection. Relationships with latitude similarly are
very weak or absent.

Knupsen (1956) showed no provenance variation in wood
specific gravity. Parror (1960) found differences unrelated
to latitude, as did Mercen?), in some of the material also
used in the present study. Kicm (1957) found that German
provenances had denser wood than Norwegian ones, when
grown in Norway and Sweden. Ericson (1960) showed
specific gravity decreased with increasing latitude and alti-
tude.

In the present study there were differences in specific
gravity and latewood percent between provenances in both
1966 and 1967, the relationship with latitude being barely
significant in 1967 only, northern sources being less dense.
This significance was largely due to the fact that seed
source IUFRO No. 23, from Finland, had very low density
associated with a very narrow latewood band which in
turn resulted from very early cessation of radial increment.
Kiem (1957) also used this reasoning to explain the lower
density of northern provenances. Specific gravity of the
earlywood was quite variable (.21—.28), and differed be-
tween provenances, but not in a way related to latitude.
Latewood specific gravity was quite uniform (.58—.61) and
did not differ between provenances. The correlations be-
tween the various traits in 1966 and 1967 indicate some
degree of genetic control.

Heritabilities for the various wood properties in the
clonal material were quite high, but less than those of
Kieinscumitt and Knicge (1967) measured in the same way,
and those of Kennepy (1966). The latter author used some
of the same clones as used here, and studied the 1961 ring.
The rather large discrepancy may be due to heritability
changes with age (see NicuoLts, 1967) or with environment,
or Kennepy may have chosen a very uniform sample within
each clone. KenNepy also included heritabilities for me-
chanical traits and specific gravities at various distances
across the growth ring.

Summary

Differences among provenances in the Deering, U.S.A.
plantation of the 1938 IUFRO test, and among clones in a
Petawawa, Ontario plantation where demonstrated for many
growth and wood properties of Norway spruce. These dif-
ferences were usually slight when expressed as among
provenance variance components. Large within provenance
variation, and fairly high repeatability or heritability val-
ues suggest that for many traits, selection of individual
might be more profitable than selection of provenances.

Dates of initiation and cessation of height growth were
fairly strongly correlated with latitude of the provenance
origin, northern provenances starting and finishing early.



Specific gravity and percentage of latewood decreased
slightly with increasing latitude in one of the two incre-
ments studied, and dates of initiation of radial measure-
ment and latewood formation, and cessation of radial in-
crement all were slightly earlier as latitude increased.

There were no current height growth and current dia-
meter growth correlations with total height and total dia-
meter at age 30 in the provenance material, or in the young-
er clonal material. This was attributed partly to strong
year X genotype interactions.

Key words: repeatability, heritability, height increment, radial in-
crement, specific gravity.

Zusammenfassung

Im IUFRO-Fichten-Provenienzversuch Deering, New
Hampshire, U.S.A., von 1938 (Picea abies (L.) KaRsT.) sowie
bei Fichtenklonen in einer Plantage in Petawawa, Ontario,
Kanada, haben sich beziiglich des Wachstums und der
Holzeigenschaften Unterschiede herausgestellt. Diese sind
weniger grofl von Provenienz zu Provenienz als innerhalb
der einzelnen Provenienzen. Daraus wird der Schluf3 ge-
zogen, dal3 die Selektion von Individuen als Ausgangsma-
terial fir ziichterische Zwecke erfolgversprechender ist als
die Selektion von Provenienzen.

Beginn und Ende des Hoéhenwachstums sind ziemlich
streng korreliert mit der geographischen Breite des Ur-
sprungsortes der jeweiligen Provenienz. Nordlichere Pro-
venienzen beginnen mit dem Hohenwachstum frither und
beenden dieses auch frither. Zwischen dem laufenden Ho-
henzuwachs und der im Alter 30 erreichten absoluten Ho-
he bzw. dem Durchmesser sind im Jahresgang des Hohen-
wachstums keine Beziehungen zu erkennen, auch nicht bei
juingerem Klonmaterial. Solche Beziehungen waren teilwei-
se auf Jahr X Genotyp — Interaktionen zuriickzufiihren.
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