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Summary

The results from a 23 year-old Sitka spruce clonal trial
are presented. Seven clones and a standard provenance
were tested at one site. Significant differences be-
tween clones were found for the following characters at
different ages from setting: height (age 3, 11, 23), diameter
(age 11, 23), volume production (age 23), basic density (age
22), pilodyn (age 22), stem straightness (age 3, 23), form
quotient (age 11) and volume level (age 23).

In order to compare the performance of the different
clones in basic density, this trait was adjusted for dif-
ferences in ring width using the latter as a covariate.
It was shown that it is possible to select clones with both
high basic density values and good growth.

The coefficient of clonal variation varied within a range
from 5 % to 18 % for growth characters and 3 % to 14 %
for quality traits at age 23 years.

Phenotypic correlations were calculated. At age 11,
diameter seems to be a better indicator than height for
volume production at later stages.

Key words: Picea sitchensis, clones, seedlings, basic density,
growth characters, quality characters, clonal varia-
tion, phenotypic correlations.

FDC: 165.441; 232.11; 174.7 (Picea sitchensis).

1. Introduction

Sitka spruce (Picea sitchensis (Boneg.) CARr.) is indigenous
on the Pacific coast in North America, from Alaska down
to northern California. It is an important exotic species in
Ireland and in the United Kingdom. In France, interest
in it has been increasing and in Denmark it is now one
of the most-planted conifers.

In 1970, a breeding programme was started in Denmark
(BranpT, 1970), which included a traditional seed orchard
system with backward selection (i.e. selection among the
clones according to their breeding value, based on progeny
testing) and a system of selection and mass propagation by
cuttings. The earliest Sitka spruce clonal trial in Denmark,
and probably one of the earliest anywhere, was established
in 1969 and 23 years’ results are presented here.

Most expectations of gain from clonal forestry are based
on results from young trials, where some clones may show
high superiority, particularly in height growth. The la-
test results presented here are from an age close to half of
the normal rotation age. Early results from this trial
have been previously presented (RouLunp, 1971, 1974, 1978;
Rourunp and BERGSTEDT, 1982).

2. Material and Methods
2.1. Plant material
The plant material consists of 7 clones and a popula-

tion of seedlings.
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The ortets were selected for height and stem form from
an 8-year-old stand of Sitka spruce, in the “Rude Skov”
forest, compt. 578 (RouLunp, 1978). The provenance of this
stand is “Wedellsborg F.253”, and the origin is presuma-
bly Washington.

The cuttings were set in 1969 at the Horsholm Arboretum,
according to the method described by Rourunp (1971). The
twigs (6 cm to 12 cm long), were taken all over the tree as
shoots of second and third order and, before setting, they
were mixed carefully. The intention was to simulate a prac-
tical situation and to see how much “variation associated
with cloning”, due to topophysis and size of the cuttings,
could be expected in such a situation.

Unfortunately, no seedlings were available from the
“Wedellsborg F. 253” provenance and, as a standard in this
experiment, 2/0 seedlings from the selected stand “Rye
Norskov F. 229" (presumably also Washington origin) were
used. This has been the standard in most Sitka spruce
trials in Denmark, and so it can be used to link these
clonal values to other genetic tests in the breeding pro-
gramme of this species.

2.2, Experimental methods and designs

In the spring 1970, the rooted cuttings were transplanted
to the nursery. The rooting percentage was 82.4 %. They
were planted in a randomized block design, with 4 replica-
tions and 24 plants per plot. The spacing was 50 cm x
50 cm. In the autumn of that year, the same number of
2-year-old seedlings were transplanted to plots, which-
had been left empty within each replication.

In the spring 1973, the experiment was planted in the
“Folehaven” forest in Horsholm State Forest District. The
area slopes moderately towards the northeast and there is
a layer of humus (= 30 cm of thickness) over the moraine
gravel. The experimental design was a randomized block
design with 4 replications and 16 plants per plot, and the
spacing was 2 m x 2 m.

A silvicultural thinning was made in the autumn of
1989, and 8 trees were left per plot.

2.3. The characters studied

The characters studied in this experiment are listed in
table 1. They were measured on each standing tree at
different ages from setting (i.e. from the time, in years, the
cuttings were set and rooted).

Height was measured at the nursery stage at age 3 and
in the field at ages 11 and 23. At the former stage, height
was measured in units of 1 cm and it was defined as the
length of the plant and not the vertical height of the
apical bud (Rourunp, 1978).

Diameter (1.3 m) measurements (over bark) were taken
at ages 11 and 23.

Volume (total stem volume) was calculated for each tree
at age 23, using the Danish standard volume functions for
Sitka spruce (MapsEN, 1987) and a Pascal programme de-
veloped by MapseN (1990). Two regression functions were
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used: one general function based on total height, diameter
1.3 m and stand diameter (before thinning), and a similar
function including also the diameter at 6 m above the
ground.

Volume level is defined as ratio between the volume
estimated from the function using the upper diameter (i.e.
6 m above the ground) and the volume calculated from the
general standard function (MApsgn, 1990). Volume level was
determined at age 23, and it gives a relative measure of the
form factor or volume of the tree in question compared

with a “standard” tree of the same height and diameter
at breast-height.

The absolute form quotient is given by the ratio of the
diameter half-way between 1.3 m and the top of the tree
compared with the diameter at 1.3 m, both measured at
age 11.

Basic density was assessed at age 22 years. Increment
cores were taken through each tree at random, at an in-
ternodal position close to breast-height; 4 and 8 trees
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were randomly selected per plot for clones and seedlings,
respectively.

The increment cores were then divided in segments,
each containing 2 annual rings. Samples having knots,
compression wood and other growth defects were rejected.

Due to the variation in time between trees in reaching
breast-height, the years of formation of given rings also
differ between trees. As reported by Brazier (1970), the
substantial differences between average and maximum
latewood densities in different years within both juvenile
and mature wood of Sitka spruce, demonstrated the need
for comparison of wood laid down in the same calendar
year. Therefore, the samples were made up of the same
ring numbers counted from the bark (i.e. they refer to
comparable climatic periods). This selection procedure
may introduce an error due to a comparison of annual
rings of different age from the pith. However, this source
of error is supposed to be small, as the differences in num-
ber of annual rings at breast-height were not pronounced
within clones and seedlings (i.e. one annual ring in each
of the cases). The calendar years of the ring segments are
listed in table 3.

A variation in ring width may occur within each seg-
ment. This may result in an unequal contribution of each
ring to the average basic density of the corresponding
segment (OLEsEN, 1976, 1982; Harvarp and OvLeseNn, 1987).
Thus, a weighted average ring width of each segment was
calculated, according to the width of each of the composing
rings.

The volume of the green wood samples was determined
using the water displacement method (Ovesen, 1971). The
dry weights were measured after 24 hours of drying at
103 °C in an oven.

At age 22, the pilodyn wood tester (Proceq SA Ziirich,
Switzerland) was used to give also a measure of the wood
density. In general, its mode of operation consists in in-
jecting a springloaded steel pin into the wood, and the
depth of penetration of the pin, which depends on the
wood density, is given by a scale — with 0 mm and 40 mm
as the lower and the upper limits, respectively (Proceq SA
Ziirich, 1985).

Following the same sampling procedure as for basic den-
sity, two pilodyn measurements were taken in opposite
directions at breast-height of each tree.

At the end of the nursery period, stem straightness was
scored visually according to a subjective scale made for
description of plagiotropic growth (RourLunp, 1975). In
this scale, 1 is straight and vertical (i.e. fully orthotropic
growth) and 9 is bent and horizontal (i.e. fully plagiotropic
growth). At age 23, another stem straightness scale was
used. This scale has also values from 1 to 9, but here 9 is
straight and 1 is very crooked. This has to be noted when
both averages and correlations are considered in the com-
parison of characters.

2.4. Statistical methods
2.4.1. Basic density

In Sitka spruce, a negative phenotypic correlation has
been found between wood density and ring width, where
a high proportion of the variation in density can be ac-
counted for by differences in ring width (Brazier, 1970;
Harvarp and OLEseN, 1987; PeErTY et al., 1990). The com-
bined effect nf a decrease in latewood percentage (i.e. an
increase in earlywood width without a corresponding in-
crease in latewood) and a reduction in the average density
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of the earlywood in the annual rings seems to be asso-
ciated with the tendency referred above (Brazier, 1970).

Working with natural White spruce (Picea glauca
(MokencH) Voss) populations, CorrIvEAU et al. (1987) showed
a negative phenotypic correlation between wood density
and the width of the annual rings.

In Norway spruce (Picea abies (L.) KarsT.), a negative
tendency in the interrelation between the 2 variables in
question has also been reported (OLEsEN, 1976, 1977; PeTTY
et al., 1990), and is mainly a result of the decrease in late-
wood percentage with increasing ring width (OLesEn, 1976,
cit. BERNHART, 1964).

These studies suggest the necessity of recognizing the
effects of ring width in order to compare different levels
of a certain factor in basic density, assuming that the
former variable reflects (at least partly) environmental
conditions which affect the latter. Therefore, to remove the
portion of the variation of basic density due to differences
in ring width, the following analyses of covariance models
with separate-slopes were applied:

2.4.1.1. Clones

Yijr = # + A; + B; + C + (AB);; + (AC)y, + (BC)y
+ B RWrji + ey
where
Y;;x = mean basic density of the kth genotype in the jth
replication and ith two-year-period;
u = constant;
A; = fixed effect of the two-year-periodi (i =1...8) of
ring formation;
B; = random effect of the replication j (j = 1... 4);
Cy = random effect of the genotype k (k = 1...7);-
(AB);; = random interactive effect of the period i and the
replication j;
(AC);, = random interactive effect of the period i and the
genotype k;
(BC);x = random interactive effect of the replication j
and the genotype k;
RW’;;x = mean ring width of the kth genotype in the jth
replication and ith two-year-period (the mean of the trans-
formation RW’ = 1/(RW +2.0) was used — see below);

p; = regression coefficient indicating the dependency of
Y5 on RW'y;y for the period i;
ejx — random error associated with the interactive ef-

fect of the period i, the replication j and the genotype k.

The adoption of this model was preceded by the fol-
lowing steps:

(i) Choice of the best covariate for controlling error
variance

In Norway spruce, the interrelation between basic den-
sity and ring width (“Basic density level”’) was described
mathematically by the hyperbolic function (OLEsen, 1976),

b
Basic density = a + —————— = a + b (RW)
(RW + 0
where a, b and c are constants, RW is the ring width and
RW’ is the transformed ring width (so that the theory of
linear regression can be applied). In our case, RW is the
weighted average ring width of each wood segment (i.e.
each 2-year-period), as described in 2.3..

For the purpose in question, the transformed and un-
transformed ring width were compared by using an ana-
lysis of covariance model. Within the former, several val-
ues of the constant c¢ (i.e. 0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0)
were tried. The mean square of the error (MSE) after ad-
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justment for regression and the test of the null hy-
pothesis about the partial regression coefficient, provided
information on the value of the independent variable in
controlling error and in increasing precision. The lowest
MSE was obtained with the transformation RW’' =
1/(RW+2).

(ii) Homogeneity of slopes

The test for homogeneity of regression coefficients was
made separately for genotypes, replications and two-year
periods of ring formation, by adding the interaction ef-
fects “genotype * RW’ ”, “replication * RW’ ” and “two-
year-period * RW’ " (respectively) to the model referred in
step (i). The tests showed that the regression coefficients
were approximately the same for all levels of the genotype
and replication effects (Prob. > 0.05), but not for the two-
year-periods (Prob. < 0.001).

In this experiment, the larger responses in basic den-
sity to changes in ring width were found for the second
(1978 to 1979) and third (1980 to 1981) 2-year-periods, for
both clones and seedlings. A larger basic density/ring
width relationship was also shown by HarvaLp and OLESEN
(1987) in the inner rings of the juvenile wood of Sitka
spruce. Therefore, it seems appropriate to use different
regressions within each of the 2-year-periods (i.e. to use
an analysis of covariance model with separate slopes for
the 2-year-periods).

The F-values and tests of significance are represented in
table 2. They were developed using the Type IV sums of
squares from the SAS® PROC GLM. For the linear sepa-
rate-slopes model applied here, the test of significance
concerning the 2-year-periods effects has meaning given
that ring width is held at its mean value. For replication
and genotype effects, the F-values and tests of signifi-
cance are approximate. Their calculations and the ad-
justed degrees of freedom are based on.the SATTERTHWAITE
(1946) procedure.

The least squares or adjusted means were calculated for
each level of both genotype and 2-year-period effects, and
for the “genotype * 2-year-period” effects.
2.4.1.2 Seedlings

For seedlings, the following linear model was applied:

Yﬁjl =u + Ay + Bj + le + (AB),J + ﬂi RW’-ijl + €51
where Ty, is the random effect of the tree 1 within the
replication j and Yj;; and RW’;;; are the 1th tree observa-
tions on the 2-year-period i and replication j of the depend-
ent variate and concomitant variable, respectively. The
choice of this model was also preceded by the same steps
as those for clones. The transformation RW’ = 1/(RW+2)
appeared also to be the best in controlling error variance.
The tests of the homogeneity of slopes revealed signifi-
cant differences (Prob. < 0.001) for “2-year-period *
RW’ ”,but not for “replication * RW’ " (Prob. > 0.05).

The F-value and test of significance for the replication
effect are approximate and are based on the procedure
referred above. The adjusted means were calculated for
each level of both replication and 2-year-period effects.

2.4.2. Other characters

For each of the other traits, a 2-way analysis of variance
based on plot means was performed, using the following
linear random effects model:

ij=,u+Bj +Ck+e5k
where Yy, is the plot mean 1n replication j for genotype k
and ey is the random error of the plot mean.
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The coefficient of clonal variation was calculated” for

each trait and age from setting:
O¢

CV = - 100

X
where,

CV = coefficient of clonal variation;
o, = square root of the clonal component of variance;
X = overall clone mean.

3. Results and Discussion

3.1. Individual characters
3.1.1. Growth traits

On the average, clones perform better than the standard
for growth characters measured at all ages (Table 1). For
height and diameter, the relative mean difference between
clones and seedlings is still substantial at age 23 (12.9%
and 22.2 %, respectively), resulting in the large clonal
superiority (67.7 %) for volume at this age and site.
However, this difference between cuttings and seedlings
may be misleading because provenance is not properly
controlled in this experiment (the cuttings do not derive
from the same population as the standard). Moreover,
analysis of provenance experiments at age 27 years in-
dicated that the seedlot of the seedling control “Rye
Norskov” performs better for height than “Wedellsborg
F. 253", from where the clones were selected (NIELSEN, 1993).
The following reasons can be pointed out to explain the
possible overestimation of the above mentioned superiority
of the clones compared with the standard.

The mean height of the seedlings was considerably less
than that of the clones at the time of planting in the
field (Rourunp, 1974, 1978). The clone V.3809 and the
seedlings had similar rates of height development and ap-
proximately the same height at the time of planting (Table
1). This may be an indication that height at this stage of
the exp¢ riment may be one of the reasons of the advantage
of the cuttings compared with the seedlot. Besides, in the
following years, frost damages (recorded as the frequency
of broken leaders) had also a negative influence on height
growth especially of the seedlings and the clone V.3809
(RouLunp and BERGSTEDT, 1982).

Competition may have increased the differences in
volume production in later years. A less diameter-de-
pendent estimate of the volume differences can be made
from a Danish yield table for Sitka spruce. Height differ-
ences of one meter correspond approximately to 45 m?
(accumulated total volume production) per ha, assuming
site class one and stand heights between 14 and 21 meters
(HeNrIkSEN, 1958). For a fixed number of trees per ha,
this leads to a superiority of approximately 57 % in vol-
ume production of the clones (18.3 and 16.2 meters being
the overall clone and seedlot height means, respectively)
compared with the seedlings at age 23 years. Therefore,
competition seems not to be important.

On the other hand, the phenotypic selection intensities
of the ortets for height (in the 8-years-old stand of
Sitka spruce) varied from 2.74 to 4.34, corresponding to a
selection differential of 57 % to 135 % for an overall stand
height of 1.36 meters (Rourunp, 1978). The correlations be-
tween these selection intensities and height and volume at
age 23 years were respectively 0.79 and 0.73 (data not
shown), which supports a successfull phenotypic selection.
However, for a proper evaluation of the phenotypic selec-



Table 3. — Basic density, mean ring width and ring numbers from the pith for seedlings and clones of Sitka spruce. For each of the
2-year-periods of ring formation, the basic density mean values are adjusted for ring width. The ring numbers from the pith refer to

the number of annual rings for the majority of the samples taken at breast-height.

Calendar years Clones Seedlings

(years in ring Ring numbers | Basic density Mean ring Ring numbers Basic density Mean ring
segments) from the pith | (kg/m’) width (mm) from the pith (kg/m®) width (mm)
1976 - 77 2-3 396.6 5.30 - - -
1978 - 79 4-5 3712 172 34 430.9 6.22
1980 - 81 6-7 3303 8.36 5-6 388.8 7.34
1982 - 83 8-9 3115 6.35 7-8 3515 525
1984 - 85 10-11 303.2 521 9-10 329.5 424
1986 -87 12-13 2933 472 11-12 3123 3.58
1988 -89 14-15 300.5 377 13-14 326.9 275
1990 - 91 16-17 298.6 4.46 15-16 309.8 2.94

tion efficiency, cuttings from a random sample of the
base population could have been used instead of seed-
lings.

3.1.2. Quality traits
3.1.2.1. Stem straightness

No improvement in stem straightness is achieved by
using this particular set of clones instead of seedlings
(Table 1) at both nursery and field stages (at age 3 and 23,
respectively).

Plagiotropic growth in the ramets is one of the conse-
quences of the ortet maturation (Lissy, 1974; RouLunD,
1981). The plagiotropic growth observed at the nursery
stage in three of the clones studied (Rourunp, 1978), may
have been the result of ageing in cuttings taken from the
8-year-old Sitka spruce ortets.

3.1.2.2. Basic density and pilodyn

The results presented in table 2 show significant dif-
ferences between clones and between the 2-year-periods
of ring formation in basic density, after adjustment for
ring width.

The age trend in mean basic density at breast-height
(Table 3) shows a similar pattern of variation for both
clones and seedlings. The basic density is very high in the
first annual rings near the pith and then decreases until
a minimum is reached at about ring number 12.

The interaction between clones and the 2-year-periods of
ring formation is illustrated in figure 1. It shows also that,
considering the behaviour of the individual clones, the
variation of basic density with age follows the general
pattern referred above.

The variation pattern shown is in agreement with that
of other publications, concerning this character in Sitka
(Harvarp and OLEsEN, 1987) and in Norway spruce (OLESEN,
1977), and it stresses the importance of ring number from

the pith on density in juvenile wood. As reported by
OLESEN (1977), in the innermost rings, the number of
tracheids per unit-area decreases rapidly which will result
in a strong decrease in basic density; however, with in-
creasing ring number from the pith, this effect becomes

450 A

400 A
%

350 1

<Ke=0300 O~0p0

=
—~a.

=--8<
250 ¢ o

T T T T T L} 1
1977 1979 1981 1983 1985 1987 1989 1991
Calendar years

—= V.3803 —+ V.3808 ¥ Vv.3808 -3~ v.3807
=¥ v.3808 —90— Vv.3809 -2 V.3810

Figure 1. — Age trend in basic density in 7 clones of Sitka spruce.
For each combination of clones and 2-year-periods of ring forma-
tion, the mean values of the basic density are adjusted for ring
width. On the X axis, the second of 2 calendar years included
within each period of ring formation is represented. The calendar
years refer to the ring numbers from the pith indicated in table 3.
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less pronounced and climate and latewood percentage be-
come more important in changing the basic density level
In Sitka spruce, it seems that rings 8 to 15 constitute a
transition zone in which both anatomical and climatic
changes have a significant influence on the basic density
level (Harvarp and Oresen, 1987). This is in agreement
with the results presented here.

The phenotypic correlation between basic density and
pilodyn (data not shown) is high (i.e. —0.84). However,
the general ranking between clones is slightly different
for basic density and pilodyn (Table 1). This is particularly
true for the case of the clone V.3805. The pilodyn measure-
ments reflect the basic density of the outermost annual
rings which, for the clone in question, is substantially
reduced compared with its performance at earlier stages
(Figure 1). This correlation between basic density and
pilodyn, indicates a good opportunity for using a fast
method for selecting between clones for the former char-
acter at 22 years. However, to judge the effectiveness
of early selection using pilodyn, a correlation between

the former and the whole basic density measured at
later stages must be known.

3.1.2.3. Form quotient and volume level

The overall mean values for both form quotient and
volume level (Table 1), suggest that the general behaviour
of the clones does not differ from that of the seedlings
but, for both factors, it seems that there are statistical
significant differences between clones (Table 4).

3.2. Clonal variation

Differences between clone means are significant for the
characters presented in table 4.

The high values of the coefficient of clonal variation
for the characters measured at age 3 may reflect
the existence of persistent non-genetic effects confounded
with clonal genetic differences (i.e. “C” effects, following
the terminology adopted by Lissy and Junp, 1962). In-
equalities between propagules — unequal size of the cut-
tings and different rhythms of plagiotropic to orthotropic

Table 4. — Analysis of variance and coefficient of clonal variation for 7 clones of Sitka spruce.
The F-values and the significance of the difference between clone means are indicated for all traits
(with the exception of basic density) at all ages from setting. Basic density was adjusted for ring width.

Character FL e Probability of Coefficient of
F... > Fo.. clonal variation

Height (3 years) 15.09 0.0001 16.8
(dm)

Height (11 years) 4.55 0.0056 7.7
(dm)

Height (23 years) 7.15 0.0005 4.8
(dm)

Diameter (11 years) 5.15 0.0031 11.6
(mm)

Diameter (23 years) 5.70 0.0018 7.1
(mm)

Volume (23 years) 8.99 0.0001 18.2
(dm’/tree)

Basic density (22 years) - - 6.6
(kg/m’)

Pilodyn (22 years) 34.37 0.0001 12.7
(mm)

Stem straightness 21.48 0.0001 24.8
(3 years)

Stem straightness 6.39 0.0001 14.2
(23 years)

Form quotient 3.58 0.0165 33
(11 years)

Volume level 7.26 0.0005 2.7
(23 years)




Table 5. — Phenotypic correlations between several characters measured at different ages for 7 clones of Sitka spruce.
The basic density mean values were adjusted for ring width. The significance levels of the correlations are indicated in parenthesis.

Height Height Height Diameter Diameter  Volume Basic Stem Stem Form
(3 years) (11 years) (23 years) (11 years) (23 years) (23 years) density straightness straight-  quotient
(dm) (dm) (dm) (mm) (mm) (dm’ftree) (22 years) (3 years) ness (11 years)
(kg/m?) (23 years)
Height (3 years)
(dm)
Height (11 years) 0.75
(dm) (0.05)
Height (23 years) 0.64 0.73
(dm) 0.12) (0.06)
Diameter (11 years) 0.48 0.32 0.30
(mm) 0.27) (0.48) (0.51)
Diameter (23 years) 0.34 0.39 0.65 0.79
(mm) (0.45) 0.39) 0.11) (0.03)
Volume (23 years) 0.36 0.46 0.73 0.75 0.99
(dm*/tree) 0.43) (0.30) (0.06) 0.05) (<0.001)
Basic density (22 years) 0.50 0.46 0.27 -0.26 -0.36 -0.30
(kg/m®) 0.25) (0.30) (0.56) (0.58) (0.43) (0.51)
Stem straightness (3 years) -0.27 0.06 -0.28 -0.33 -0.51 -0.40 0.05
(0.56) (0.90) 0.54) (0.46) 0.24) 0.37) (0.91)
Stem straightness (23 years) 0.61 0.79 0.83 -0.05 0.32 0.38 0.40 -0.21
0.15) (0.03) 0.02) (0.91) (0.48) (0.40) 0.37) (0.65)
Form quotient (11 years) -0.42 -0.55 -0.50 -0.90 -0.89 -0.89 0.28 0.22 -0.22
(0.35) (0.20) 0.25) (<0.01) (<001) (<0.01) (0.54) (0.63) (0.63)
Volume level (23 years) -0.20 -0.23 -0.14 0.70 0.48 0.47 -0.54 0.07 -0.61 -0.58
(0.66) 0.62) (0.76) (0.08) 0.27) 0.29) 0.21) (0.89) 0.15) ©.17)

transitions — may have also increased both between- and
within-clonal variance.

In this clonal trial, and in spite of the narrow range of
clones included, there is an important clonal variation
(with a range from 5 % to 18 %) for growth characters at
age 23 years after setting. Useful variation between clo-
nes (with a range from 7% to 14 %) is also found for
basic density and stem straightness at age 22 and 23
years after setting, respectively. These features would
result in gains from reselection on clone means, particu-
larly for volume production and/or basic density at this
stage of the experiment. However, the number of clones is
not sufficient to provide reliable estimates of repeatabili-
ties and gains from selecting between clones.

3.3. Phenotypic correlations

Early selection — which refers to indirect selection on a
juvenile trait based on a correlated response with a
mature trait (Nanson, 1969) — is a physiological require-
ment, when vegetative propagation is practised in a
breeding programme. This is mainly due to the continued
ortet and ramet maturation that occurs during the course
of the clonal tests (LisBY, 1974; RouLunp, 1981; ST. CLAIR et
al., 1985). Besides the knowledge of time trends in clonal
variances, repeatabilities and clonal juvenile-mature cor-
relations must be determined to judge the effectiveness of
early selection in terms of genetic gain per unit of time.
Phenotypic clonal mean correlations are shown in table 5
and they can be estimated only with large errors. Seven
clones are an inadequate basis to calculate genotypic cor-
relations and to use them to make inferences about the
behaviour of a Sitka spruce population. Taking these

aspects in account, the results presented in table 5 can be
discussed as follows:

3.3.1. Nursery period

For height, the early measurements at the end of the
nursery period are well-correlated with this character at
age 11 years. The correlation between height at the nurs-
ery stage and volume production at age 23 is not signi-
ficant and the correlations between the former and height
and diameter at later stages are declining with time.

The height growth of the clones V.3805 and V.3807 during
the course of the experiment (Table 1), suggests that some
clones overlooked at early ages may become outstanding at
later stages. This can be an indication that early selection
for height at the nursery stage may not be so effective
at later stages and, particularly for volume production,
this will probably result in an overestimation of the ge-
netic gain.

The correlation coefficients between plagiotropism at
age 3 and the other traits are not significant. In spite of
the favourable relationship between stem straightness
measured at age 3 and 23, it seems also that the former
assessment is not so effective in predicting the perform-
ance for this character at later stages.

3.3.2. Field period

The correlation between heights at 11 and 23 years is
slightly lower than that for diameters at these ages.
Diameter at age 11 is reasonable, positively correlated
with volume at age 23, and the correlation is much higher
than the relationship between height and volume measured
at these ages. Thus, clonal performance for diameter at
11 years after setting seems to be a good indication of
performance in volume production at later stages.
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Form quotient at age 11 years correlates negatively with
volume .evel at age 23 years. This relationship is the
opposite from what could be expected. High volume level
indicates a high form factor, which should give also a
higher diameter at half the distance between 1.3 m and
total height. The main reason for the unexpected correla-
tion is probably related to the dependence of the absolute
form quotient on tree height (Table 5), whereas volume
level seems to be more independent of tree size and,
therefore, a more reliable measure of tree form.

The variation of basic density due to differences in
ring width was taken into account by using the latter as a
covariate. The negative relationship between basic density
at age 22 years and diameter at 11 years is not significant
and may be due to a random error effect. As useful clonal
variation remains at age 22 years for the former trait,
the results indicate that early selection for growth at age
11 and good performance in basic density at age 22 are
not incompatible. The phenotypic correlation between
basic density and volume was not significant. Table 1
shows that clone V.3810 and, to a less extent, clone V.3803
can have simultaneously good growth and substantial
basic density values.

4. Conclusions

The main strength of this experiment is its long period
of testing, which is close to half the rotation age of Sitka
spruce. However, its main limitation (due to the small
number of clones tested) in providing reliable estimates of
repeatabilities, clonal correlations and gains from re-
selection between clones restricts its application for in-
ferences about the behaviour of a Sitka spruce population.
Besides, this clonal test is established in only one loca-
tion and, therefore, does not provide any information con-
cerning the magnitude of possible genotype-environment
interactions.

Taking in account the above aspects the 23 years’ results
of this Sitka spruce clonal trial show significant
clonal differences, for both growth and quality characters
measured at all ages. At age 3 years, the high values of
the coefficient of clonal variation for height may reflect
the existence of persistent non-genetic “C” effects. As
mentioned by several authors (Lissy and Junp, 1962; Liesy,
1964; BurpoN and SHELBOURNE, 1974), when vegetative pro-
pagation is practised some systematic non-genetic charac-
teristics common to individuals of a given clone will
probably appear and the total genotypic variance will
be biased upwards. If these effects are important, the
potentially great short-term gains made possible by large
clonal variation in growth traits can be misunderstood
(SuELBOURNE and THuLIN, 1974). Nevertheless, in an ex-
periment with 5-year-old Sitka spruce clones, CANNEL et al.
(1988) reported that the contribution of “C” effects (caused
by the environment of the original ortets) to the total
variation in height is small, compared with genetic ef-
fects.

The age trend in mean basic density at breast-height
had a similar pattern of variation for both clones and
seedlings from ring numbers 2-3 to 16-17 counted from
the pith. The variation of basic density with age indi-
cated that some changes in ranking can occur between
clones.

The results show that it seems possible to choose clones
with very favourable combinations of characters. The
phenotypic correlation between basic density (after ad-
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justment for differences in ring width) and volume was
not significant, and it is possible to select clones for both
high volume production and high basic density. Working
with provenances of Sitka spruce, MurrHy and PFrEIFER
(1990) concluded that large increases in vigour do not
necessarily result in a decrease in density of the same
magnitude, and considerable gains in growth rate can be
achieved for a modest drop in wood density. CorrIVEAU et
al. (1987), also reported that in natural White spruce popu-
lations there were some trees and populations in which
high wood density was associated with rapid growth.
Early selection seems to be possible for some of the
traits, which is necessary for commercial cutting pro-
duction before ageing of the ortets. Furthermore, it seems
that there is a persistent growth superiority of the pheno-
typically selected clones compared with the seedling lot.
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Abstract

The possibility of micrografting in vitro shoot meristems
of Picea abies were investigated on a 18 year-old Norway
spruce clone. The rates of success were shown to be greatly
influenced by the grafting technique used and by light,
with a positive effect of a 2 to 3 week darkness period
applied fo the stocks just after they had been grafted.
Average scores of more than 50% of success were obtained.
However, substantial variability in terms of shoot expan-
sion among the grafted plants existed in vitro, as well as
after transfer to ex-vitro conditions.

Key words: micrografting, Picea abies, shoot meristem, technique,
tissue culture, vegetative propagation.
FDC: 165.442; 174.7 Picea abies.

Introduction

There is much interest in favor of micrografting as
broadly reviewed by BurceEr (1984) and Jonarp (1986).
With special regard to coniferous species, most of the work
carried out in this field to date mentions the use of vege-
tative buds or shoot tips as scions (Misson and Giror-Wir-
Gcort, 1985; TranvaN and Davip, 1985; Ewarp et al.,, 1991;
"TranvAN et al., 1991; Huaneg et al., 1992; PurLMaN and TiM-
MIs, 1992), but micrografting of shoot meristems has been
restricted thus far to only a limited number of species
(MonTEUUIs, 1986; DuMas et al., 1989; GoLprars et al., 1993),
despite the obvious benefits of miniaturizing the size of
the grafted scion to the meristem. Meristem micrografting
combines the advantages of grafting (CuampacnaT, 1980),
with those of meristem culture, still problematic in prac-
tice for mature conifers (PuLMANN and Timmis, 1992) to
which it can constitute a helpful substitute. The possibility
of introducing into tissue culture conditions contamina-
tion-free explants through grafted meristems derived from
mature genotypes, while stimulating the potential for
cloning of such introduced selected plant material at the
same time (FrancLer, 1983; Tranvan et al., 1991; Huanc et
al., 1992) must be considered a major argument for this
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technique. In addition, grafting meristematic tissues may
help in reducing compatibility problems between the scion
and the stock (Lacuaup, 1975; MOORE, 1984; JoNARD, 1986).

The prospects of applying this attractive meristem
micrografting technology to Norway spruce (Picea abies
(L.) KarsT.), a major forest species, were analysed and are
reported in this paper.

Material and Method

Obtaining in vitro rootstocks

The in vitro seedlings used as rootstocks were obtained
from Picea abies seeds that were surface-sterilized by im-
mersion in 38 % hydrogen peroxide solution for 20 min,
then rinsed 3 times in sterile distilled water before being
individually inoculated into glass test tubes (25 mm x 200
mm) onto a 20 mm x 30 mm cellulosic “Sorbarod” plug
(Baumgartner Papier SA, Lausanne. Switzerland). These
Sorbarods had previously been saturated with 5 ml of liquid
medium consisting of MarGara (1977) macronutrients,
MurasHIGE and Skooc (1962) micronutrients diluted twice,
20 g/1 sucrose and 10 g/l activated charcoal, before being
autoclaved at 120 °C for 20 min.

The cultures were then maintained under a 16 h photo-
period with photon flux density for 110 gmol m—2 s—1!
provided by “Sylvania Cool White“ fluorescent lamps 36
W, and at 25/22 * 2 °C, light/dark. Under these conditions,
50 % to 70 % of seeds that germinated developed within
2 to 3 months into young seedlings with fully expanded
cotyledons and an elongating epicotyl that corresponded to
the suitable stage to be grafted.

Scion origin

The apical meristems used as scions originated from
vegetative buds produced by shoots of rooted cuttings of
one AFOCEL superior clone of Norway spruce aged 18-
years since seed germination. These 3-year to 4-year-old
rooted cuttings were intensively maintained cultivated
and hedged in large containers in a greenhouse with min-
imum temperature of 10°C and permanent additional
lighting provided by high-pressure sodium lamps.
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