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Abstract

Deployment of improved black spruce (Picea mariana
(Mill.) B.S.P.) seedlots in New Brunswick (NB) is a stan-
dard silvicultural practice. Most plantations have been
established using elite-stand seedlots in the 1980s, first-
generation seedling seed orchard seedlots in the 1990s
and thereafter second-generation clonal seed orchard
seedlots. A large-plot realized gain test was established
at six sites in NB to provide estimates of actual gains
from planting these improved seedlots. The test com-
pared four improved seedlots, representing seedlots col-
lecting from an elite stand, a first-generation seed
orchard, two second-generation orchards and a mix of
eight elite full-sib families identified in second-genera-
tion testing populations, with one unimproved checklot.
This paper presents height measurements taken on
trees at age 5. Results indicate that realized genetic
gains from two-cycle selection and breeding are reason-
ably high and, in general, the more improved the seed-
lot, the higher the gain. Planting the elite-stand or the
first-generation orchard seedlot would produce a gain of
about 10% (relative to the checklot) in 5-yr height and
an additional 5.8% gain could be obtained from planting
the second-generation orchard seedlot. Even higher gain
could be obtained via the deployment of the elite full-sib
families, which was estimated to be about 8.6% more
than the deployment of the second-generation orchard
seedlot. While the realized gain varied with site, the
ranking of gain achieved for the different seedlots was
similar between sites. The above information was fur-
ther used to optimize testing efforts for realized gain
tests. To detect a typical gain of 5 to 10% at a signifi-
cance level of 0.05 with a predetermined power of 0.80,
each test should include 5 to 10 blocks per site (the
number of sites is fixed at 4) or 4 to 6 sites (the number
of blocks per site is fixed at 6) paired with planting 36 to
49 trees per plot. These approximate numbers of sites
and blocks per site should be modified, depending on the
interactions of seedlot with site and with block within
site.

Key words: tree improvement, realized gain test, power analy-
sis, seedlot deployment.

Introduction

Tree improvement activities for black spruce (Picea
mariana (Mill.) B.S.P.) in New Brunswick (NB), Canada,
started in the early 1970s. The program started with
identifying elite-stand seedlots (EliteStand), which pro-
vided an interim seed supply for reforestation in the
1980s. Following that, a strategy, following selection for

recurrent general combining ability (FOWLER, 1986), was
applied. In its first-generation program, plus-tree selec-
tions were made in wild stands, followed by the estab-
lishment of first-generation seedling seed orchards
(SO1st) and family tests. A total of 39 ha SO1st was estab-
lished in the early 1980s and the orchards provided all
seed for reforestation in the 1990s. Selection of trees for
the second-generation program started in 1989 and a
total of 12 ha second-generation clonal seed orchards
(SO2nd) was established. The SO2nd have been starting to
provide most (>80%) seed for reforestation since 2004.
Height growth was the primary target in all selections.

Whereas theoretical gains from planting these
improved seedlots have been predicted based on genetic
tests using small plot sizes, information regarding actu-
al gains when they are planted in operational planta-
tions, called realized gain, is still very limited. Demon-
stration of realized gains requires the establishment of
large-plot genetic tests, called realized gain tests, so
that improved and unimproved commercial seedlots are
compared in paired environments small enough to mini-
mize environmental effects yet large enough to reflect
stand dynamics (WENG et al., 2008). Only a few studies
have utilized large-plot design to explore realized gains
and available information can be found in radiata pine
(P. radiata D. Don) (ELDRIDGE, 1982; CARSON et al.,
1999), slash pine (P. elliottii Englem var. elliottii) (VER-
GARA et al., 2004), coastal Douglas-fir (Pseudotsuga men-
ziesii) (ST. CLAIR et al., 2004; STOEHR et al., 2010; YE et
al., 2010), jack pine (P. banksianna Lamb.) (WENG et al.,
2008), white spruce (Picea glauca [Moench] Voss) and
black spruce (WENG et al., 2010). These studies provide
the evidence of efficiency in improving tree growth
through one-cycle selection. To our knowledge, realized
gains for seedlots collected from more advanced genera-
tions have not been reported so far, even if many pro-
grams have reached their third and more advanced gen-
erations. Demonstration of realized gains from tree
improvement activities is important for planning sus-
tainable forest management plans and for continued
funding of breeding programs.

In NB, a typical realized gain test usually includes 4
sites, 6 blocks per site and 64 trees per plot, but only the
36 interior trees are measured. This allocation of testing
effort is based more on breeders’ experience than on sci-
entific basis. Confusing results were reported in tests
with such an allocation: gains of improved seedlots rela-
tive to the unimproved checklot were substantial but
statistically non-significant (WENG et al., 2008; 2010),
very likely a result of a low power level. Thus, a sensi-
tivity analysis on how testing effort allocation, i.e., num-
bers of sites (n_site), blocks per site (n_block), and trees
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per plot (n_tree), affects the power for a comparison
between improved and unimproved seedlots is impor-
tant and helpful in guiding establishment of future real-
ized gain tests. ST. CLAIR et al. (2004) did a power analy-
sis to investigate the required replicate number for a
gain test using the pre-determined desired power (=0.8),
treatment differences of interest (gains), magnitude of
random error and allowable � level. In their power cal-
culation, other random effects, i.e., G�E interaction,
were not considered. Furthermore, they did not investi-
gate how to allocate the numbers of replicates into
n_site and n_block. In tree improvement, mixed linear
models are often used in data analysis and perhaps
should be applied to this issue. 

The New Brunswick Tree Improvement Council
(NBTIC) initiated a realized gain test of black spruce in
2003 with the long-term objective to test productivity
difference between improved and unimproved seedlots
at rotation age. The objectives of this study were to pro-
vide some insight into the mean and variability of early
realized gains from two-cycle selection and breeding,
which were then used to determine approximate testing
effort distribution for future realized gain tests using
the power analysis. 

Materials and Methods

Realized gain test 

A realized gain test was established in 2003 to demon-
strate realized gains in growth through tree improve-
ment activities. Four improved seedlots and a checklot
were included: 
– EliteStand represents a superior stand seedlot, con-

sisting of a bulk seed harvest from the Westmuzrolle
(46°10’N, 65°09’W) stand. This seedlot was identified as
one of the best seedlots in height growth in early stand
tests and was recommended for reforestation in NB
(NBTIC, 1977). 
– SO1st was a mixed cone collection in 1994 from a

first-generation seedling seed orchard located at Betts-
burg, NB (46°26’N, 66°15W). The orchard was estab-
lished in 1980 using seed collected from phenotypically-
selected plus trees across NB and was genetically
rogued in 1990 based on their parental breeding values
of height predicted from the first-generation family tests
with 52% of the original families removed (110 families
remained after rogueing).
– SO2nd originated from cones collected in 2000 from

second-generation clonal orchards planted at both
Kingsclear (45°57’N, 66°48’W) and Parkindale (45°52’N,
65°3’W). The orchards were established using the best
trees identified in the first-generation family tests based
on their height growth and stem straightness. Both
orchards included more than 40 clones and were estab-
lished in 1990. 
– EliteFam2nd represents a mixed seed collection of

eight elite full-sib families. Controlled pollinations were
made on trees which were selected from the first-gener-
ation family tests and their offspring were tested in
progeny tests. These families were identified in the
progeny tests for their good height growth. This seedlot

essentially belongs to the same generation as the SO2nd
in terms of tree improvement. 
– Checklot represents an average-performing stand

seedlot, consisting of a bulk seed harvest from Taylor
Brook (47°20’N, 66°05’W), NB. This seedlot showed an
average performance in height growth in early stand
tests (NBTIC, 1977) and has been consistently used as
the checklot in all NBTIC black spruce genetic tests.

The seedlings of all the seedlots were grown in the
Kingsclear tree improvement greenhouse (45°57’N,
66°48’W). The seed was sown in Feb. 2003 in Can-Am #
3 containers. The greenhouse was maintained at 21°C
during the day and 15°C at night. A soluble liquid fertil-
izer schedule was applied to the 3:1 peat: vermiculite
growing medium once per week. When the seedlings
were 18-weeks old, they were moved out to a shaded
area. The realized gain test was then planted in July
when the seedlings were 6-months old.
The realized gain test was planted at six sites: FRA1,

FRA2, JDI1, JDI2, UPM1, and UPM2 (Table 1). These
sites occur in four ecological zones (Zelanzy 2007), which
represent the main reforestation regions for black
spruce in NB. A complete randomized block (RCB)
design of six blocks and large square plots was used at
each site. Each plot consisted of 64 trees of a seedlot
planted in an 8 row�8 column at a spacing of 2�2 m.
As no border trees were planted around the plots, only
the inside 36 trees (6 row�6 column) were measured to
reduce competition between seedlots. Available data in
this study included survival and individual tree height
at age 5, referred to in this study as Surv5 and HT5,
respectively. 

Data analysis

The validity of the data was first inspected using the
SAS univariate/plot procedure (SAS Institute Inc. 1990).
Less than 0.2% (11 observations) of the data were
detected as outliers (those located outside three
interquartile ranges) and removed from further analy-
ses. Statistical analysis on Surv5 was performed using
SAS PROC GLIMMIX (LITTELL et al., 2006) using the
following model:

�ijk = µ + Ti + Bj(i) + Sk + TSik + �ijk [1]

where �ijk is the ratio of the number of living trees over
the total number of trees of the kth seedlot observed in
the jth block within the ith site, µ is the overall mean,
Ti is the effect of the i

th site, Bj(i) is the effect of the j
th

block within the ith site, Sk is the effect of the k
th seedlot,

TSik is the interaction effect between the i
th site and kth

seedlot and �ijk is the random error. The pseudo-likeli-
hood method (LITTELL et al., 2006), which is based on
restricted maximum likelihood (REML) estimation in
linear models, and the logit link function were used to
calculate Surv5. Analysis of variance on HT5 was per-
formed using the REML option of the SAS PROC Mixed
procedure (LITTELL et al., 2006) using the following
model:

Yijkl = µ + Ti + Bj(i) + Sk + TSik + BSjk(i) + �ijkl [2]

where Yijkl is HT5 of the lth tree of the kth seedlot planted
in the jth block within the ith site, BSjk(i) represents the
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interaction effect between the jth block and the kth seed-
lot within the ith site, and remaining terms are defined
as in the model [1]. All terms in both models were treat-
ed as random except the overall mean and seedlot factor
(Sk). The least square means (LSM) for seedlots and
their significance in the difference between seedlots
were predicted using the ESTIMATE option. Realized
gain in HT5 was estimated as the LSM difference
between the Checklot and the improved seedlot and was
subsequently expressed as a percentage of the Checklot
mean. Note that here and elsewhere in the text, except
where otherwise indicated, the term significant refers to
the 5% significance level (Pr<0.05).

Due to the fact that the site-to-site variation was sub-
stantial and the TS interaction was non-significant
(Pr=0.35), a further analysis was done to take these
issues into account. First, data was analyzed by fitting
the actual residual variance for each site to model [2]
using ASReml (GILMOUR et al., 2002). The estimated
variance components were very similar to those found
without adjusting site heterogeneity. Second, the non-
significant TS interaction was removed from the model;
it improved the denominator degree of freedom for test-
ing seedlot effect (from 20 to 135) and then increased
the statistical power, but also did not change variance
component estimates. Thus, to simplify the presentation
of results and to evaluate the effects of TS interaction on
testing effort allocation (see below), only the results of
the analysis without adjusting site-to-site variation and
pooling are presented.

Power calculation is useful in planning realized gain
tests. Statistical power is defined as the probability of
rejecting the null hypothesis (H0: no significant differ-
ence in growth between treatments). If H0 is true then
the associated F statistic has a central F distribution
with two parameters, the numerator and denominator
degrees of freedom. When H0 is false, the associated F
statistic has a noncentral F distribution that depends
upon the numerator and denominator degrees of free-
dom. In this case, the noncentrality parameter may

reflect the magnitude of the treatment effect (KONONOFF

and HANFORD, 2006). Thus, power for mixed models can
be specified as a function of the probability of the Type I
error, sample size (n_site, n_block, and n_tree), numera-
tor and denominator degrees of freedom, treatment dif-
ferences, and variance component estimates (LITTELL et
al., 2006). A SAS program (available from the author)
was developed to calculate power for mixed models fol-
lowing the procedure outlined in STROUP (1999) and in
KONONOFF and HANFORD (2006). The procedure includes
four steps: (1) create a data set with the structure of the
design to be assessed (i.e., setting H0); (2) run PROC
Mixed with the variance and covariance components set
at the anticipated values; (3) generalize F-statistics; and
(4) use SAS function statements for the F distribution to
compute power. As tree breeders are interested in the
progress between generations, the H0 in this study were
deliberately selected: no significant difference in growth
between the SO1st and Checklot and between SO2nd and
SO1st. The variance component estimates for HT5
obtained in this study were used as the baseline sce-
nario. The sensitivity of n_site, n_block, and n_tree on
power was investigated by varying one number at a
time while keeping the other two constant. 

Results and Discussion

Five-year survival (Surv5)

The average Surv5 pooled over sites and seedlots was
92%. Surv5 varied significantly from site to site
(Pr<0.01), was relatively low at two sites (<88%) within
the Central Uplands, but high (>91%) and comparable
among the other sites. The severe competition with
weeds may partly explain the low Surv5 at the FRA
sites. There was no significant difference among seed-
lots in site-combined Surv5, with a range of 91 to 93%
(Table 2). The differences in Surv5 among seedlots were
significant in four of the six sites, but no seedlots
showed consistently low or high Surv5 in all sites (Table
2). Overall, these Surv5 were high and comparable in

Table 1. – Site information for the 2003 black spruce realized gain test in New
Brunswick.

a May to September rainfall (mm).
b Annual growing degree days above 5°C.
c ER, Ecological Region: NU, Northern Uplands; CU, Central Uplands; VL, Valley Low-
lands; and EL, Eastern Lowlands. 
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value to those observed in a previous realized gain test
(WENG et al., 2010) and NBTIC family tests of black
spruce. 

The testing sites cover four ecological zones and a
wide range of test environments in NB (Table 1). The
observed Surv5 suggest that all the seedlot seedlings
have the ability to establish themselves well in these
environments. Of particular interesting, the non-signifi-
cant difference between improved seedlots and the
Checklot provide the evidence that tree selection and
breeding does not significantly reduce survival rate.
Actually, for some species, seedlots collected from seed
orchards might have high genetic diversity, resulting in
higher survival than unimproved stand seedlots (WENG

et al., 2008). 

Five-year height growth (HT5) and realized gains

Table 3 presents the results of the site-combined
analysis of variance on HT5. The average HT5 pooled
over sites and seedlots was 127 cm. The site effects were
significant; trees were tallest at JDI2 (147 cm) and

shortest at UPM2 (95 cm). Differences in soil fertility,
precipitation and annual degree days (Table 1) may
explain some of these growth differences. The slow
growth for the UPM2 was also due to the severe compe-
tition with weeds. The block effects were significant,
suggesting that blocking is effective for this test. The
interaction of seedlot was significant with block within
site (BS) but non-significant with test site (TS). Since
the BS interaction effect was used to test the signifi-
cance of the TS interaction effect (Table 3); the strong
BS effect might mask the effect of the TS interaction.
Overall the relative importance of random factors
observed in this study was very typical in NB: random
error and site were the most important sources of phe-
notypic variation for early height growth (WENG et al.,
2008; 2010). 

Differences in HT5 among seedlots were statistically
significant (Table 3). The LSM for seedlot, paired-com-
parison between seedlots and realized gains in HT5 are
listed in Table 4. The differences in site-pooled LSM
between seedlots were significant except that between

Table 2. – Least square means for seedlots and significance between seedlots for 5-yr
survival (in %) by site and across sites.

Note: Means in a row not followed by a common letter differ at the Pr<0.05 level.

Table 3. – Results of the analysis of variance on height at age 5. Seedlot was treated
as fixed and error, site, block with site, and their interactions with seedlot were treat-
ed as random. Variance components (VC) for the random factors are also listed.

a Degrees of freedom in numerator and denominator for F test.
b Not available.
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the EliteStand and SO1st. The across-site realized gains
were high and were ranked as: EliteFam2nd>SO2nd>
EliteStand �SO1st. Planting the EliteStand or SO1st
would produce about 10% gain, and an additional of
5.8% gain could be obtained by planting the SO2nd. The
largest gain was observed for the EliteFam2nd, which
was 8.6% taller than the SO2nd. Detecting significant
differences between seedlots at a single site was more
difficult. Among the six sites, none of them showed sig-
nificant difference between the EliteStand and SO1st and
between the SO2nd and SO1st, whereas three sites had
significant difference between the SO1st and Checklot.
Correspondingly, realized gain varied from site to site
but no consistent site-related pattern stood out. Mixed
results have been reported in the literature; some stud-
ies have found gain to be either independent of or nega-
tively related to site condition (ELDRIDGE, 1982; ANDERS-
SON et al., 2003; VERGARA et al., 2004), whereas others
have reported an increasing trend with better sites
(DHAKAL et al., 1996; CARSON et al., 1999; MATZIRIS,
2000; WENG et al., 2008). Despite substantial site-to-site
variation in gain, the more improved seedlots in general
had higher gain at each site. 

Deploying the EliteStand obtained moderate gain in
HT5. This seedlot (also known as CAN101) was tested
in a previous black spruce realized gain test which was
established in 1991 also in NB (abbreviated as 1991
RGT). The observed gain for the EliteStand in the 1991
RGT was 9.1% in height at age 5, very similar to this
study, but reduced with age to 4.9% in 15-yr height
(WENG et al., 2010). 

Currently, seed orchards are the main delivery system
for black spruce in NB. Thus, the gains observed in the
orchard seedlots have particular interest for tree breed-
ers. The gain from the SO1st in this study was moderate
but could be further improved via a second genetic rogu-
ing of the seedling seed orchard (i.e., further reducing
the 110 remaining families after the first rogueing to 40
families). However, in the 1991 RGT, a seedlot collected
from another NBTIC first-generation seedling seed
orchard (genetically rogued once) was only 1.8% taller
than the Checklot at age 5, but the corresponding value
increased to 3.5% at age 15 (WENG et al., 2010). Despite
the high variation in gain, overall results from these two

realized gain tests suggest that a seedling seed orchard
procedure with genetic rogueing can be effective for
improving tree growth. The high variation in gain is not
unexpected; realized gain usually varies from orchard to
orchard for the same generation and from year to year
for an orchard. This is because realized gains of an
orchard seedlot are not only determined by genetic
selection but also depend on how well assumptions
related to the orchard are met (i.e. no foreign pollen con-
tamination, no inbreeding, and synchronized flowering).
Encouraging results for first-generation seed orchards
in improving growth have also been reported for other
tree species, i.e., radiata pine (CARSON et al., 1999),
slash pine (VERGARA et al., 2004), jack pine (WENG et al.,
2008), and white spruce (WENG et al., 2010). This study
provided the first gain estimate of the second-generation
clonal seed orchard seedlot. The additional gain (5.8%
over the SO1st) suggests the efficiency of further improv-
ing height growth by establishing advanced generation
seed orchards. 

One alternative to the seed orchard method is to prac-
tice family forestry, i.e., deployment of small numbers of
elite half-sib or full-sib families. In the 1991 RGT, WENG

et al. (2010) reported that deployment of one elite half-
sib family could obtain 25% more gain in 15-yr volume
per hectare than the first-generation orchard seedlot.
Similarly, results in this study suggest that deployment
of elite full-sib families could continue to be more effec-
tive at delivering gain than the orchard method, a result
of the utilization of dominance and more additive genet-
ic variance as well as the avoidance of the orchard-relat-
ed assumptions. In a study of coastal Douglas-fir in Ore-
gon, ST. CLAIR et al. (2004) reported that deployment of
10 elite families resulted in 6% taller and 28% more
stem volume at age 5 than the unimproved seedlot. The
primary limitation for deploying small numbers of fami-
lies is the level of economic risk due to limited diversity
(MCKEAND et al., 2006). The EliteFam2nd consisted of 8
unrelated full-sib families, which corresponds to a sta-
tus number of 17. Tree breeders in NB believe that a
status number of 10 is sufficient to minimize the risk
due to unpredicted biotic and environmental stresses.
Thus, the superiority of the EliteFam2nd over SO2nd
could be treated as real with a low level of risk. Produc-

Table 4. – Least square means for 5-yr height (cm), significance between seedlots
and realized genetic gain (%) by site and across sites.

Note: Means in a row not followed by a common letter differ at the Pr<0.05 level.
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tivity of family forestry varies with the configuration of
deployed families in plantations, i.e., planting as pure-
or mixed-family blocks, which will result in various com-
petition dynamics after crown closure. Experiences in
other species have confirmed that certain families per-
form better in mixtures than in pure blocks and vice
versa (STAUDHAMMER et al., 2009). Overall, as tree breed-
ers learn more about the tradeoffs between risk and
gain, it is expected that the deployment of elite families
would become more attractive for black spruce. Since
2000, over 94 million full-sib family seedlings of loblolly
pine and slash pine have been planted in the southern
US (MCKEAND et al., 2007). 

The observed gains in the present study indicate that
progress from the two-cycle selection and breeding is
readily achievable for black spruce. However, the real-
ized gains reported here were only five years old, far too
early compared with a rotation age of 50 years. The test
will be maintained and measured in the future.
Although the realized gain tends to decline with age
when it is expressed as a percentage, the absolute
increase in growth of improved seedlots over checklots
has been shown to increase with age (TALBERT, 1981;
MCKEAND et al., 2006; WENG et al., 2008, 2010). Fur-
thermore, the fast height growth at early stages has bio-
logical significance as it helps to establish early advan-
tage in competition over weeds in operational planta-
tions. 

Implications for experimental designs of large plot

Effects of testing effort allocation on the power for
comparing the SO1st and Checklot (gain=10%) and com-
paring the SO2nd and SO1st (gain=5%) can be found in
Figure 1. For a test of 4 sites and 6 blocks per site, the
power increased with increasing the n_tree, but the
impact after 36 trees (when gain=10%) or after 49
(when gain=5%) was largely negligible (Figure 1a). It
can also be seen from Figure 1a that, to obtain a prede-
termined power (set throughout this article as 0.80), the
required n_tree was less than 25 when the gain was
10%, but became unrealistically large when the gain
was 5%. Overall, power was quite insensitive to the
n_tree, and a n_tree of 36 to 49 seemed to be appropri-
ate for a gain of 5 to 10%. Power improved greatly with
increasing the n_block or n_site (Figures 1b and 1c). To
obtain the predetermined power (0.8), five blocks per
site (n_site is fixed at 4) or 4 sites (n_block is fixed at 6)
were required when the difference between seedlots was
about 10%, but the corresponding numbers increased to
10 and 7, respectively, when the seedlot difference
was 5%. For a given number of replicates (i.e.,
n_site*n_block=24), planting more sites and fewer
blocks per site would be more effective than the vise
versa (the power was 0.58 for the combination of
n_site*n_block=4*6, compared to 0.61 for the combina-
tion of 6*4). Overall results suggest that a large num-
bers of replicates (20~42) are required to detect signifi-
cant differences of 5 to 10% in height between improved
and unimproved seedlots with the predetermined power
of 0.8. If practical restrictions are removed, allocating
more replicates to the n_site than to the n_block is rec-
ommended. 

Note that, the above testing effort distribution was
obtained using the information from this specific test.
Increasing the number of tested seedlots may improve
the power as it increases the denominator degree of free-
dom for comparison. However, such an impact might not
be substantial; doubling the number of tested seedlots in
this study (=5), the power for comparing SO2nd to SO1st
increased from 0.58 to 0.61 only. A realized gain test typ-
ical includes 3 to 6 seedlots, very unlikely to include
more than 10. Furthermore, the variance component
estimates for HT5 (Table 3) are similar to those of other
NBTIC gain tests (WENG et al., 2008; 2010). Thus, these

Figure 1. – Effects of the numbers of (a) trees per plot (n_tree),
(b) blocks per site (n_block) and (c) sites (n_site) on power for
comparing the SO1st with the Checklot (gain=10%) and com-
paring the SO2nd with SO1st (gain=5%). The analysis was done
based on the variance component estimates for HT5 (Table 3).
Note that a power of 0.8 means that the probability of observ-
ing a significant seedlot effect is approximately 0.8.
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findings should provide a good guideline for establishing
future NBTIC realized gain tests. 

Calculating the power for planning a realized gain
test requires tree breeders to know what to use for
treatment differences (gains) and for variances. Finding
typical gains for tree improvement programs is relative-
ly easy; similar to this study, a gain from 5 to 10% in
growth per generation is always assumed (ST. CLAIR et
al., 2004). Finding typical variance component esti-
mates, however, are difficult. Quite often, published
variance component estimates are inconsistent, varying
from test to test or species to species, and can only be
applied to the specific tests/species. A power analysis of
how to optimize testing efforts under various variance
component estimates is essential. This was done by
using the variance component estimates for HT5 (see
Table 3) as the baseline scenario and varying one vari-
ance at a time. Whereas varying the site or block within
site variance had none or little effects (data not shown),
the BS and TS interaction variances showed substantial
effects on the distribution of testing efforts. For a given
power, a smaller BS interaction variance required small-

er n_site or n_block (Figure 2). For example, to detect a
significant (�=0.05) difference between the SO2nd and
SO1st (gain=5%) with the predetermined power of 0.8, 3
blocks per site (n_site was fixed at 4) or 3 sites (n_block
was fixed at 6) was required when the BS interaction
variance was non-existent, compared with 10 blocks or 7
sites in the baseline scenario (the BS interaction vari-
ance was 6.7% of the total variation). When TS interac-
tion was strong, the realistic way to improve power was
to increase n_site (Figure 3). Over 15 sites were required
to be planted for a test when the TS interaction account-
ed for 2.5% of the total variation if the objective was to
obtain the predetermined power (0.8) for comparing the
SO2nd and SO1st. These results suggest that much larger
numbers of replicates are required if the interactions, in
particular the TS interaction, are stronger. A significant
and large TS interaction, however, would indicate breed-
ing zones were poorly defined. 

By setting a power of 0.80 and �=0.05, ST. CLAIR et al.
(2004) reported that 20 to 50 replicates are required to

Figure 2. – Effects of seedlot and block (BS) interaction on
power for comparing the SO2nd with SO1st (gain=5%) under
various testing effort distributions by varying the numbers of
(a) blocks (n_block) and (b) sites (n_site). The variance compo-
nents for HT5 (Table 3) was used as the baseline scenario
where the BS interaction accounted for 6.7% of the total varia-
tion. The other scenarios were created by changing the interac-
tion and error variances of the baseline so that the interaction
accounted for 0.0% and 2.5% of the total variation.

Figure 3. – Effects of seedlot and site (TS) interaction on power
for comparing the SO2nd with SO1st (gain=5%) under various
testing effort distributions by varying the numbers of (a) blocks
(n_block) and (b) sites (n_site). The variance components for
HT5 (Table 3) was used as the baseline where the TS interac-
tion accounted for 0.0% of the total variation. The other sce-
narios were created by changing the interaction and error vari-
ances of the baseline so that the interaction accounted for 2.5%
and 5.0% of the total variation. 
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detect statistically significant differences in height
between improved and unimproved populations given
genetic gains of expected in a typical tree improvement
program (from 5% to 10%). How to further distribute
the 20 to 50 replicates into the n_site and n_block was
not investigated in their study. In this study, the
required n_site, n_block and n_tree were calculated for
the mixed model with multiple sources of variation,
including interaction effects. Application of the results
in this study seems straightforward, but practical
restrictions due to the number and size of available sites
are likely. 

Conclusions

Two-cycle selection and breeding have produced sub-
stantial improvement in early height growth for black
spruce in NB. Compared with the unimproved checklot,
planting the improved seedlots would produce about
10% gain in HT5 for those collected from the first-gener-
ation seed orchards and 5% more for those collected
from the second-generation orchards. Deployment of
some elite full-sib families would be much more effective
in improving growth than via seed orchard seed. To
establish a realized gain test so that typical gains (5 to
10%) can be statistically detected with a predetermined
power of 0.80, 5 to 10 blocks per site (n_site was fixed at
4) or 4 to 6 sites (n_block was fixed at 6) paired with
planting 36 to 49 trees per plot are required in NBTIC
programs. Application of these approximate numbers of
sites and blocks per site in other programs should be
considered, depending on the relative size of the interac-
tions between seedlot and site and seedlot and block
within a site.
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Abstract

Provenances originating from French and German
sessile oak seed sources were analysed 23 years after
planting at nine different locations in Northwest Ger-
many. In general, German provenances are better
adapted to the prevailing conditions of the test sites
showing a better survival. Differences between the
provenances in measured growth characters (“DBH”,
“height”) were less pronounced than in observed quality
parameters (“form”, “crown”). Five of the German prove-
nances showed a better stem form; only three French
provenances exceeded the overall mean. Variation in
phenotypic stability between provenances could be
observed as well as rank changes of provenances mea-
sured at different ages. Observed variation in stability
was mainly attributable to single provenances, however,
no pattern of variation could be detected. Besides the
German seed sources “Bundesgebiet”, “Spessart” and
“Göhrde” some French provenances (“Reno Valdieu”,
“Bertranges”, “Darney” and “Der”) can be recommended
as substitute in low crop years. 

Key words: Q. petraea, provenance, test, adaptation, stability.

Introduction

In Germany about 3306 seed stands of sessile oak are
registered for harvesting, which cover an area of nearly
32.000 ha (FEDERAL OFFICE FOR AGRICULTURE AND FOOD

2008, available at www.ble.de). There is an average
amount of harvested acorns of about 233 tons per year

over a ten-year period (FEDERAL OFFICE FOR AGRICULTURE

AND FOOD 2010, available at www.ble.de). However, seed
stands in Germany fructificate irregularly. Further-
more, the acorns cannot be stored for a sufficiently long
time to bridge the gap between subsequent harvests. In
order to provide sufficient seed and seedlings, research
on optimal storage conditions of acorns (HOFFMANN,
1990; GUTHKE and SPETHMANN, 1993; LIESEBACH and
ZASPEL, 2004) or mass propagation of superior seedlings
(JÖRGENSEN, 1994) has been done. 

Oak stands of excellent quality grow in France and
due to favourable climatic conditions, these stands often
show a prolific seed production whereas in Germany
only rare harvests are possible. In order to overcome
local bottlenecks and to provide practical forestry with
sufficient seedlings it would be interesting to know if
French oaks were suitable for cultivation in Northern
German. 

Unfortunately, only little information was available
about the performance of French provenances under
German conditions. With the intention of getting more
information associated with French provenances the for-
mer Lower Saxony Forest Research Institute estab-
lished a provenance trial with provenances from French
Quercus petraea stands. It was intended to compare
French and German provenances under near practice
conditions, so cultural treatments were comparable to
the recommendations valid for practical forestry at the
time of trial establishment

Materials and Methods

Seedlings from eleven French stands were obtained by
the private German nursery Rahte, and as a basis of
comparison, six German provenances and one progeny

Comparison of French and German sessile oak 
(Quercus petraea (Matt.) Liebl.) provenances
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