Conclusions

In most cases, geographically isolated regions could be
differentiated on their growth response. Localities in the
main range of ssp. globulus on the east coast of Tasmania
were relatively variable compared with the main group of
Victorian and Bass Strait island localities, and could be
separated into four major groups. On the basis of simi-
larities in growth response in five Tasmanian trials and
geographic consistency, 12 geographic races of ssp globulus
were identified (Table 4).
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Effects of Sexual Reproduction at Different Latitudes on Performance
of the Progeny of Picea abies
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Abstract

Controlled crosses of the same combinations were per-
formed in a Norway spruce seed orchard in northern Fin-
land and in 1 of 2 orchards in southern Finland. Seedlings
from 11 family pairs were cultivated and cold acclimated
in a phytotron together with control provenances and were
frozen in artificial freezing tests at different temperatures.
The seedlings from the crosses at the northern location
were generally more frost hardy than their full-sibs from
the southern crosses and were also taller. The controlled

1) The Norwegian Forest Research Institute, 1432 As, Norway

?) The Finnish Forest Research Institute, Punkaharju Research
Station, 58450 Punkaharju, Finland

%) The Finnish Forest Research Institute, Kolari Research Station,
95900 Kolari, Finland
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cross seedlings were less frost hardy than natural stand
seedlings originating from the same latitude as their
parents. A close relationship was found between the hardi-
ness of the control provenances and their latitude. The
results indicate that adaptive properties of Norway spruce
seedlings to some extent depend on the climatic conditions
at the site where the reproduction is performed.

Key words: full-sib families, frost hardiness, height growth, en-

vironmental preconditioning, adaptation.
FDC: 165.52; 165.53; 181.5; 232.11; 232.12; 174.7 Picea abies; (480).

Introduction

Recent results have shown that seedlings from seeds
produced after controlled crosses in Norway spruce (Picea
abies (L.) KarsT.) seed orchards or clonal archives may not

Silvae Genetica 43, 5/6 (1994)



always retain the adaptational properties of their parents.
Such effects are observed when the parental clones have
been transferred from a northern to a southern latitude or
from high to low altitudes or from outdoor climate to
elevated temperature inside a greenhouse (Jounsen, 1989a
and b; JounseENn and QsTRENG, 1994; JounseN et al., 1994;
SkrerrA, 1994). A more frequent and abundant flowering
and better seed ripening under more favourable climatic
conditions are in most cases the reasons for such transfers.
This has been an important strategy in the breeding of
spruce. The effects observed on the seedlings have been
an extended growth season, a later bud-set and reduced
frost hardiness in comparison with related seedlings from
seeds produced in a northern environment. The observed
differences seem similar to provenance differences in adap-
tive traits between provenances from different latitudes or
altitudes. The effects may have practical consequences
both for the cultivation of seedlings in the nurseries and
later in plantations. If true genetic differences are ex-
pressed, then this may also be an important factor in the
evolution of the species.

The former studies were incomplete in that only open
pollinated families were available from the northern en-
vironment, thus the paternal contribution was not under
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Figure 1. — Map of Finland showing the crossing locations and
origins of the provenances (standard stands) and plus trees.

Table 1. — Cross combinations and families included in the ex-
periment. The latitude of origin is given of each clone. The family
numbers of 1 to 11 are those referred to in tables 2, 3 and 4
and figures 2 and 3.

3 P 689 P 1218 P 679 P 684 P 677 E 137 E 10

? 65°39' 64°44° 64°43 64°49' 64°37' 61°05' 60°45'
P 391 66°12°' 1 2
P 275 67°44' 3
P 532 67°44°' 4 5
P 670 64°44° 6
P 679 64°43° 7
P 684 64°49° 8
P 683 64°49" 9
P 689 65°39°' 10 11

control. In order to investigate these effects further iden-
tical full-sib families were generated both at a southern
and a northern crossing location in Finland. The present
paper reports the results from experiments with 1-year-
old seedlings from these families.

Materials and Methods

Experimental materials

Identical controlled crosses were performed in 1 Norway
spruce seed orchard in northern Finland (Tervola, lat.
66°08°N), and 1 of 2 seed orchards in southern Finland
(Joutsa, lat. 61°39'N and Korpilahti, 62°13’N) (Fig. 1). The
crosses were performed in different years in the period
1987 to 1991, using pollen from the same year and loca-
tion in some of them and stored pollen in others. A de-
scription of the 11 pairs of full-sib families included in the
experiment and their crossing history is given in tfables 1
and 2. Nine of the families are from crosses between
northern parents (N x N families: # 1 to 9) and two from
crosses between a northern clone used as female and a
southern pollen parent (N x S families: # 10 to 11). The
monthly mean temperatures at a southern and a northern
site during pollen production, pollination and embryo and
seed development are presented in fable 3.

In addition to the 11 pairs of full-sib families, seedlots
from 4 natural stands (provenances) were included as
controls (Juva, lat. 61°55°N; Suomussalmi lat. 64°51'N;
Rovaniemi, lat. 66°24'N and Kolari, lat. 67°17’N) (Fig. 1).
The Juva seedlot was from 1973, while the 3 others were
from 1986.

The weight of each seedlot was determined before ger-
mination.

Plant cultivation

The seeds were germinated and seedlings were grown in
multipot containers in a phytotron. Each seedlot was grown
in family plots in 2 replicates in each of 2 phytotron
rooms. In each replicate the 2 members of each of the 11
family pairs (S and N) were grown in plots adjacent to
each other. The provenance lots were likewise grown
adjacent to each other, in the same replicates as the
families. Cold acclimation was induced by short day
and low temperatures during night according to the
methods described by Jounsen (1989c) (Exp. 3).

The germination rate of the different seedlots varied
considerably, and notes were taken of seedlots that ger-
minated late. However, germination rates were not re-
corded of each individual seedlot.
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Table 2. — Year and dates of crosses and year of pollen collection of the 11 full-sib fam-
ilies included in this experiment. S: southern location; N: northern location.

Full-sib Year of cross Date of Year of pollen Location of
family pollination collection pollen
+ collection
S N S N S N in N cross
1 1987 1989 31.5 25.5 1987 1987 N
2 1987 1989 31.5 25.5 1987 1984 S
3 1989 1988 15-16.5 5.6 1989 1987 s
4 1989 1991 15-16.5 10-11.6 1989 1989 S
5 1989 1989 15-16.5 25.5 1989 1987 S
6 1987 1989 31.5 26.5 1987 1983 ]
7 1987 1989 31.5 25.5 1987 1984 s
8 1989 1989 15-16.5 26.5 1989 1983 S
9 1987 1989 31.5 26.5 1987 1983 s
10 1987 1989 31.5 25.5 1987 1983 s
11 1987 1991 31.5 10-11.6 1987 1989 s
Table 3. — Monthly mean temperatures (0C) at a southern Statistical methods

(Jyviskyld) and a northern (Kemi) meteorological station. Infor-
mation from the Finnish Meteorological Institute.

Station/
year March April May June July August September
Jyvéskyld
1983 - 4.3 3.6 10.6
1984 - 6.5 3.5 12.3
1987 - 7.6 1.2 7.0 12.7 14.2 10.5 7.2
1989 - 0.2 3.6 9.9 15.6 15.8 13.4 9.8
Kemi
1987 - 1.2 5.8 11.6 13.6 10.6 7.3
1988 - 1.5 6.8 14.6 18.4 13.0 9.7
1989 2.5 7.2 13.3  14.8 13.8 9.1
1991 0.8 4.7 11.1 15.7 14.8 6.7

Freezing tests

When the night length was 10 hours in the phytotron
and 16 weeks after the seeds were sown, seedlings were
collected for freezing tests. All seedlings had then stopped
growing and most had set terminal buds. The first free-
zing test was performed at temperatures —8°C, —9.5°C,
—11°C, —125°C, and —14°C, and a second test 6 days
later at —9.5°C and —11°C. The freezing tests were per-
formed as reported by Jounsen et al. (1994).

Two chambers were used per test temperature. In each
chamber the entries were replicated 4 times in plots con-
taining 2 seedlings. These 4 replicates were arranged cor-
responding to the 4 replications (room, replication within
room) during plant cultivation in the phytoiron rooms.
Two seedlings from each member of the family pairs that
had grown in adjacent plots during cultivation, were there-
fore placed in adjacent plots also during the freezing
tests.

When the freezing tests were finished, the seedlings
were placed in a greenhouse at 22 °C under humid condi-
tions and continuous light. After 3 weeks the damage on
needles of each individual seedling was classified according
to the following scale (JounsgN, 1989c):

0 = no visible damage, needles green;
1 to 10 = brown or discoloured needles in 10 % classes;
11 = all needles completely brown, seedling dead.
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Statistical analyses of damage scores were performed
only for the temperatures —9.5 °C, —11 °C and —12.5°C at
the first freezing occasion, with mean damage scores 4.8,
5.9, and 8.3, respectively. This selection was due to either
very low or high damage levels, making the data-less
suitable for statistical analyses, or few seedlings were
left of many families at the second freezing occasion. All
means presented are based on the average results from
these 3 temperatures.

Before performing statistical analyses the mean damage
score of the 2 seedlings of each plot was transformed by
the transformation y=arcsine(x/11)/? (Jounsen, 1989c).

The transformed damage scores and heights (plot means)
of seedlings of the provenances were analysed in analyses
of variance by the procedure GLM in Statistical Analysis
System (SAS) (SAS Institute, 1987), by a model with the
following effects included: provenance, temperature,
provenance x temperature, freezing chamber(temperature),
phytotron room and replicate(room). Provenance and tem-
perature were considered as fixed effects.

In the 2 sets of families (N x N and N x S) the differ-
ences in transformed damage scores and seedling heights
between seedlings from the southern and northern cros-
sing location were tested by individual 2-sided t-tests
within each family pair. Within each replicate the dif-
ference between the means of the 2 members of each ad-
jacent family plot was calculated. As these seedlings had
shared the same common environment during the phyto-
tron cultivation and also in the freezing chambers, all com-
mon environmental factors vanished in these differences.
A common error for the t-tests was calculated on the basis
of the within-family differences in each freezing chamber
and then pooled across chambers, temperatures and fam-
ilies.

Correlation coefficients were calculated between fam-
ily means of damage scores at the northern and southern
crossing location, between height measurements and seeds
weights, and between these traits and the mean latitude
of origin of the parents.
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Frost damage

The differences between the provenances were highly
significant in the analysis of variance (p<0.0001), as is
also shown in figure 2. The southern provenance Juva
was substantially more damaged than both the other prov-
enances and the full-sib families.

In the set of N x N families, the southern seedlings in
8 out of the 9 families were more damaged than their full-
sibs from crosses at the northern locality (Fig. 2). The
differences within family pairs were significant by in-

T'able 4. — Results of 2-sided t-tests (p-values) within family
pairs to test difference in performance between crossing loca-
tions. Families are numbered as in fable 1. The first 9 families are
of type N x N, the last 2 N x S.

Family Transformed Seedling
# frost damage height
1 < 0.0001 0.014
2 0.0001 < 0.0001
3 0.55 0.72
4 0.006 0.092
5 0.048 0.01.
6 0.006 0.0001
7 0.32 0.018
8 0.011 0.84
9 0.75 0.45

10 0.078 0.58

11 0.43 0.10

dividual two-sided t-tests in 6 of the 9 pairs (Table 4),
one of these being the aberrant family 6.

For the N x S families, the seedlings from the northern
crosses had more damage than their full-sibs from the
southern localities (Fig. 2, #10 to 11). However, these dif-
ferences are not significant (Table 4).

A considerable variation was observed among the N x N
families. The most hardy family had the same low level
of damage as the seedlings from the northernmost stand.
On average, the seedlings from the crosses were more
severely damaged than the seedlings from natural stands
from the same latitudes (Fig. 2).

Height growth

The northernmost control provenance (Kolari, lat.
67°17’N) had the tallest seedlings, while the southern
control (Juva, lat. 61°55’N) had the lowest mean height.
Within the full-sib family pairs the heights of the north-
ern seedlings were significantly taller than their southern
full-sibs in 5 of the 9 families (Fig. 3, Table 3). Smaller
and nonsignificant differences were present in the set of
N x S families.

Seed weight

The mean weight of 1000 seeds from the southern crosses
was 5.8 g, compared to 6.7 g for the northern ones. Within
3 family pairs the weight difference were as large as 2.7 g,
the northern seedlots being the heaviest. The differences in
seed weights between the provenance seed lots were neg-
ligible.

Relationships between traits

A strong relationship was present between provenance
mean damage score and the latitude of origin of the
parents. In a linear regression analysis the latitude ac-

counted for 96% of the variation (r=—0.98, p<0.001) in
mean damage score. A similar relationship was also pre-
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Figure 3. — Mean seedling heights of the 11 pairs of full-sib families and contro}
provenances.

sent between the height and latitude, but with a positive
correlation coefficient (r=0.98, p<<0.001).

For the full-sib families, significant correlations between
the mean latitude of the 2 parents and damage were found
only when the N x S families were included and at the
northern (r=—~0.74, p=0.01), but not at:the southern loca-
tion (r=—0.47, p=0.15). For height growth these correla-
tion coefficients were r=—~0.66 (p=0.03) and r=—~0.80 (p=
0.003), respectively.

Likewise, the correlation between the difference in frost
damage within family pairs and the mean latitude of the
parents was significant only when the 2 N x S families
were included (r=0.62, p=0.04). The correlation coeffi-
cient between mean damage of each full-sib family at the 2
crossing locations in the N x N crosses was r=0.84 (p=
0.005). This indicates a low location by family interaction.
For heights the correlation was r=0.46 (p=0.21).

No relationships were found between damage scores
and heights at any of the crossing locations.

No relationships were present between seed weights and
damage scores, nor between seed weights and height
growth. Neither could the differences within family pairs
be related to differences in seed weights within each
pair.

No correlation coefficients could be calculated between
germination rates and seedling traits. However, both short
and tall families and low and high levels of damage were
found among the few slowly germinating families. The
seeds of the southern provenance, Juva, harvested in 1973,
were among the slowest to germinate.

Discussion
Frost hardiness

The presented results show that the performance of
seedlings of full-sib families of Norway spruce is not in-
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dependent of the location where the crosses are performed.
Seedlings from crosses performed at the northern site
were generally more frost hardy than their full-sibs from
seeds produced at a southern site. Similar results have
been demonstrated for the same species by BJ@RNSTAD
(1981), Jounsen (1989a and b) and JoHNSEN and DSTRENG
(1994). Differences in hardiness between identical crosses
performed in a greenhouse and in a nearby seed orchard
have also been found (Jounsen et al., 1994). In Pinus syl-
vestris, DorMLING and Jounsen (1992) found that 1 year
old seedlings from crosses at a northern site were more
frost hardy than seedlings from the same cross at 2
southern sites, and LiNpGrREN and WEeI (1994) have shown
that the same northern families have better survival and
are shorter in 2 field trials than their “southern” full-
sibs. JounseEn (1988) and Skrerra (1994) have demonstrated
that similar effects may be present on seedlings after cros-
ses at low altitudes between clones that are transferred
from high altitudes. The effects persist after a clonal pro-
pagation by rooted cuttings (Jounsgn, 1989b) and have been
observed to last at least 10 years (Skreorpra, 1994).

The reproductive process in Picea-species follows a
2-year cycle which can be subdivided into several stages
(Owens and BLAKE, 1985). After a dormant period, meiosis
and pollen development take place in late winter and early
spring, the mature seed cone is pollinated and fertilization
takes place after a few weeks. Embryo and seed develop-
ment are rapid and seeds are mature in early autumn.
During these stages there are several opportunities for
processes to take place that may have genetic implications,
either as selective events or as rapid genomic changes or
epigenetic effects, see SkrerrA and JouNsEN (1994) for more
thorough discussions. Temperature and photoperiod are the
most likely triggering factors.

The full-sib families tested in this experiment are from
crosses performed in different years, some with fresh and



some with stored pollen. In the 2 southern seed orchards,
7 of the 11 crosses were performed in 1987, while 8 were
made in 1989 at the northern site. The climatic conditions
were very different in those 2 years (Table 3). In 1987, the
spring was late and both spring and summer temperatures
were low. Two years later, in 1989, the spring was rather
early, and the temperatures were high both in southern
and northern Finland. Based on the monthly mean tem-
peratures, the whole reproductive process took place in
1989 in the northern seed orchard in a warmer climate
than it did in the 2 southern orchards in 1987. Five of the
N x N full-sib family pairs (families 1, 2, 6, 7 and 9) were
produced under these conditions. In the 4 other family
pairs the crosses were made in 1989 in southern Finland
under higher temperatures than in the 3 crossing years in
northern Finland (1988, 1989 and 1991). Therefore no direct
relationship can be found between the frost hardiness dif-
ferences and the temperature conditions during pollination,
fertilization and embryo and seed development. A compli-
cating factor is that pollen for the northern crosses were
produced in different years.

The photoperiod is the only climatic factor which dif-
fers systematically between the northern and southern
crossing locations in all years. In mid-May the night is
approximately 2 hours longer at lat. 62° than at lat. 66°.
The night length differences will be larger when the north-
ern crosses are performed at later dates. It is therefore
most likely that the observed differences in frost hardiness
between the northern and southern crosses are related to
differences in the photoperiod at some point during the
reproductive process, with the possibility of interactions
with the temperature. The mechanisms involved, however,
are not known.

The northern clone P 677 was used as the paternal par-
ent in 3 full-sib families. All the 3 maternal parents orig-
inate from the same latitude and within 1 degree of
longitude. The 3 crosses in the northern seed orchard
were all performed in 1989, with pollen collected in a
southern seed orchard in 1983, and have similar damage
scores (7.3, 7.9, 7.9). At the southern site, 2 of the crosses
(families 6 and 9) were performed in 1987 on the last day
of May, whilst the third (family 8) was performed on May
15 to 16 in 1989. All pollen was at this site collected shortly
before pollination. The seedlings of the cross from 1989
were substantially more damaged (mean score 9.2) than
those of the crosses from 1987 (scores 6.8 and 7.4). This
may indicate effects of the climatic conditions of the dates
or the year the reproduction took place. Such differences
are demonstrated by KonMan~ and Jounsen (1994), who
found large differences in photoperiodic responses be-
tween seedlings from seed collected in the same 2 years,
1987 and 1989, in a Norwegian seed orchard.

However, it may also express genetic differences in frost
hardiness among the parental clones, which were found
in another freezing test based on seeds harvested in the
same seed orchard and the same year (NIKKANEN and
PULKKINEN, unpublished).

Seed weight

Eight of the 11 northern crosses were from 1989, while 7
of the southern were from 1987. The higher seed weights
of the northern families are most likely due to the more
favorable temperature during seed maturation in northern
Finland during the summer of 1989 (Table 3). Within the
full-sib family pairs there are many combinations of tem-
peratures during seed maturation, which may have caused

differences in seed weights. These differences, however,
can not account for the variability in frost damage and
height growth.

Height growth

The southern provenance Juva produced the shortest
seedlings which is contradictory to earlier results (MikoLa,
1980; PuLkkINEN, 1993). This result can be explained by the
slow germination of this seedlot, which had been stored
for 13 years longer than the seed of other provenances.
The unexpectedly small size of the seedlings of this
southern provenance does not seem to have any rela-
tionships to its frost hardiness, as the ranking in frost
damage between the provenances are according to expec-
tations based on their latitudes of origin.

In the families no indications were found for relation-
ships between germination rate and seedling heights.
Within each family pair the seedlings from the northern
locations were generally taller than their “southern” full-
sibs. This may have been caused by interactions between
germination rate, seed weight and the growth conditions in
the phytotron, even if no significant correlations could be
shown between these traits and height growth, as have
been found by other authors, e. g. Mixora (1980). Alter-
natively, it may be due to yet not explainable effects of
the very different temperature conditions of the two years
1987 and 1989. However, these factors seem not to be re-
lated to the observed differences in frost hardiness. It has
also been shown by CHrIsTERsON (1975) that plant height in
itself has no influence on frost hardiness development.

Concluding remarks

The growth cessation and autumn frost hardiness of
families of 1-year-old Norway spruce seedlings seem under
northern conditioris to some extent to depend on the en-
vironmental conditions where the sexual reproduction is
performed. The presented results indicate that the photo-
period is an important influencing factor.

The possible effects of the crossing environment on
seedlings performance are being investigated further.
Pollen have been produced under controlled conditions in
factorial combinations of long and short days and high
and low temperatures. These pollen lots have been used in
controlled crosses in seed orchards. Seedlings from these
crosses are now being tested. Other crosses have been made
at different dates and under indoor and outdoor conditions.
An understanding of the environmental influence during
sexual reproduction on the performance of the progenies
is considered to be of utmost importance, both for the
production of seed in orchards and for a better under-
standing of the evolutionary process of our conifer species.
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Summary

Changes of genetic parameters for tree height with stand
development were examined on 21-year performance data
from 4 open-pollinated progeny tests of Abies sachalinen-
sis in Hokkaido, Japan. Differences in iree height among
families were significant on each site, while aniong regions
were unclear. Large genotype-environment (GE) interac-
tion was observed. Heritability was highest at the youngest
age, and showed a tendency to decrease with stand devel-
opment. Genetic juvenile-mature correlation was almost
always higher than phenotypic correlation. Expected ge-
netic gain in height by early selection was comparable to
that by selection at 21 years.
Key words: Heritability, juvenile-mature correlation, stand devel-

opment, genetic gain, early selection.

FDC: 165.3; 165.5; 232.11; 174.7 Abies sachalinensis.

Introduction

Information on genetic parameters and time trends in
them with stand development are important for decisions
about breeding strategy and optimal selection age. Herit-
ability and juvenile-mature correlations affect genetic
gains and selection efficiency. These parameters have been
estimated by many authors, and the possibility of early
selection was discussed by them (Topa, 1972; GIERTYCH,
1974; SquirLacE and GANssEL, 1974; NamkooNG and CONKLE,
1976; FRANKLIN, 1979; LAMBETH, 1980; FosTER, 1986; JIANG,
1987; CorteriLL and DEaN, 1988; REnrFELDT, 1992; ERIKsSON et
al., 1993). Genetic parameters at various ages are available
for index selection based on assessment data at different
ages (BurpoN, 1989).

In progeny tests of Abies sachalinensis in Hokkaido,
Japan, differences among progenies are obvious at an
early stage for some traits. For example, susceptibility to
Rhacodium-snow blight and winter desiccation damage
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were observed on seedlings aged 2 and 7 years from seeds
respectively (HATAakEvyama, 1981). However, it remains un-
clear whether early selection in this species is possible for
growth traits. In this paper, time trends of heritability
and juvenile-mature correlation of tree height are in-
vestigated and the possibility of early selection, or of an
effective way of selection is discussed.

Materials and Methods

Progeny test data

Plus trees of Abies sachalinensis have been selected from
natural stands and plantations all over Hokkaido about
1958. Open pollinated seeds were collected from these in-

Fig. 1. — Locations of progeny test sites of Abies sachalinensis in
Hokkaido. Four seed zones (a to d) of YaNacIsawa (1965) are also
indicated.
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