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Abstract : Variation in growth of the cambial age (tree diameter) and tree volume was investigated in eight seed origins of Sitka
spruce (Picea sitchensis (Bong.) Carr.) grown at two sites in Great Britain. The trial seed origins were collected from 58°N to 41°N
latitude, 134°W to 123°W longitude, and O m to 140 m altitude in the natural range of Sitka spruce that extends in a narrow coastal
strip from Alaska to California (Alaska -AL, British Columbia -BC, Queen Charlotte Islands -QCI, North Washington -NW, South
Washington -SW, North Oregon -NO, South Oregon -SO, California -CA). The experimental plantations were raised at Dalby in north-
east England (53°N, 0°W, 183 m) and Rhondda in south Wales (51°N, 3°W, 450 m). Five trees of each seed origin at each site were
sampled at three heights (1, 2 and 3 m above ground level). The influences of tree diameter and tree volume on the growth rate
were analysed within and between tree variations and also between seed origins. The results showed that the trees had less taper
but had a larger diameter in Dalby than in Rhondda and this directly affected tree volume. The faster growing Dalby trees
consequently had higher tree volume than the slower growing Rhondda trees. It was also found that AL grew poorly at both sites,
it may be therefore suggested that this seed origin should be avoided in the future plantations. However, QCI, CA, SW and NO should
be selected for more plantations at both sites as all grow well with a good growth rate. SO in Dalby and SW in Rhondda showed
the fastest growth, and therefore these can be selected for individuals with high volume production.

Key Words: Sitka Spruce, Site-Seed Origin-Provenance, Growth Rate-Tree Volume-Tree Diameter at Breast Height

Biiylik Britanya'da 20 Yasindaki Sitka Ladini (Picea sitchensis (Bong.) Carr.) Orijin
Denemesinde Biiyiimenin Degisimi

Ozet : Belirli bir yasa kadar olan cap bilylimesi ve hacim gelismesi, Blyiik Britanya'da iki farkli deneme alaninda yetistirilmekte olan
Sitka ladini (Picea sitchensis (Bong.) Carr.) turlnin sekiz ayri tohum orijini ¢ercevesinde incelendi. Denemede kullanilan tohum
orijinleri Sitka ladini'nin dogal yetisme kusagi olan 58°-41° Kuzey enlemleri ve 134°-123° Bati boylamlari arasindaki Alaska ile
Kaliforniya arasindaki dar kiy1 bélumuinden 0-140 m yukseltideki sekiz bdlgeden toplandi (Alaska -AL, British Columbia -BC, Queen
Charlotte Islands -QCI, North Washington -NW, South Washington -SW, North Oregon -NO, South Oregon -SO, California -CA). Bu
calismada, Kuzey-Dogu ingiltere'nin Dalby (53°N, 0°W, 183 m) ve Giney Galler'in Rhondda (51°N, 3°W, 450 m) deneme
alanlarindaki tohum orijinlerinden yetistirilmis beser adet aga¢ secilerek bunlarin toprak dizeyinden 1,2 ve 3 m yUksekliklerinden
alinan deney malzemesi Uzerinde 6l¢limler yapildi. Adag capi ile aga¢ hacminin blyime derecesine olan etkileri agaglarin kendileri
icerisinde, birbirleri arasinda ve ayrica tohum orijinleri arasinda analiz edildi. Arastirma sonuglari, aga¢ hacmine dogrudan etki eden
bir faktor olarak Dalby deneme alaninda yetistirilen agaclarin Rhondda’dakilere gore daha dolgun ve daha Kkalin ¢apli oldugunu
gosterdi. Bu nedenle, hizli blylime 6zelligi gésteren Dalby agaglari yavas biyimekte olan Rhondda adaclarina gére daha yiksek
hacim gelismesi sagladi. Arastirma sonuglari ayrica, tohum orijini AL'in her iki deneme alaninda da oldukga yetersiz gelistigini belirledi
ve dolayislyla bu tohum orijininin gelecekteki yetistirme calismalarinda kullanilmamasi 6nerildi. Bunun yaninda, iyi buyime
dereceleriyle yeterli gelisme yaptiklarindan QCI, CA, SW ve NO her iki deneme alaninda da daha fazla yetistirilmek icin segilebilirler.
Dalby’den SO ve Rhondda'dan SW yine hizli biyime &zelligi icerisinde olduklarindan yiiksek hacimde odun hammaddesi Uretimi
amaclyla sadece kendi deneme alanlari i¢in segilebilirler.

Anahtar Sézcikler: Sitka Ladini, Deneme Alani-Tohum Orijini-Yetisme Yeri, Blyime Derecesi-Aga¢ Hacmi-Gogus YUksekligindeki
Adag Capi

Introduction

Sitka spruce (Picea sitchensis (Bong.) Carr.), a species
of the western seaboard of North America from southern
Alaska to northern California, is the best adapted tree for
growing in the wet upland parts of Great Britain (1, 2),

and is the only British softwood of commercial
importance which produces an almost uniformly pale-
coloured wood described as whitewood from southern
Scandinavia (Norway spruce, Picea abies) and parts of
northern and central Europe (3).
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It was mostly planted in the north and west of Britain,
in some areas comprising 90 per cent of all trees planted
(4). Current planting consists of Sitka spruce and it is
likely that it will continue to be planted on a large scale.
There are now over 600,000 hectares of Sitka spruce in
the UK, comprising approximately 27 per cent of the total
area under coniferous forest (4).

Sitka spruce is favoured because it is readily
established, grows on a wide variety of sites, is tolerant
of severe levels of exposure, is generally disease resistant,
has a good stem form and gives a higher yield than most
other species, particularly on less fertile sites (5, 3). Most
British plantation Sitka spruce is fairly fast growing and
British timber is generally regarded as being only
marginally acceptable for construction grade timber. The
timber is light in weight and coarse in texture, has
numerous large knots, and a relatively low density (i.e.,
average density at 12 % moisture content is the region of
390 kgm® but wood density of this species varies
considerably with distance from the pith, with height of
the tree, between trees and with silvicultural
management and site class) (3).

An intensive breeding programme has been carried
out in Sitka spruce for more than 30 years with the aim
of improving the vigour, form and timber quality of the
tree crop (6). Until recently, the main objectives of
breeding were to increase volume growth rates and
timber yields. Wood density is now considered in the
breeding programme as well. Tree improvement is a
combination of silviculture and tree breeding aimed at
producing higher quality products. The tree breeding
contribution consists of producing superior genotypes but
these cannot fulfil their optimal potential unless
appropriate silvicultural treatments are implemented.
Genetic improvement of a species by breeding depends on
the amount of genetic variability which is exhibited across
its natural range and at the individual tree level.

There are three levels of genetic variability which the
tree breeder can utilise, namely: species, provenance*
(seed origin) and individual tree. In any tree breeding
programme these three levels are to be exploited in that
order (7).

The seed origin testing phase has indicated that there
are differences between seed origins in growth rates,
phenology and wood properties and that by selecting the
correct seed origin gains can be achieved. In this work,
therefore, the growth patterns between and within seed
origins were studied at the more favourable trial sites to
identify the most suitable seed origins for British
conditions.

Materials and Methods

The Seed Origins Sampled and Trial Sites: The
study was carried out on 80 twenty-year-old trees from
eight seed origins (Table 1) of Sitka spruce grown at two
experimental sites: Rhondda in south Wales and Dalby in
north-east England. All the trees were growing in a
IUFRO (International Union of Forest Research
Organisation) seed origin trial planted in 1975. Eight
seed origins from throughout the whole distribution of
the species from north to south were chosen for this
study. The two sites represent extremes of the range of
sites on which this species is used in Britain, and were
chosen for this reason. The geographical locations of the
selected seed origins and the general characteristics of the
trial sites are presented in Tables 1 and 2 respectively. A
map of the natural distribution of Sitka spruce is shown
in Figure 1, which also includes a map of Great Britain
with the site locations.

Selection of Sample Trees and Collection of Field
Data: Following an appraisal of the site, five trees of each
of the eight seed origins (a total of 40 trees from each
site) were selected for good butt form, circular cross-
section, uniform crown development, freedom from root
influence extending up the tree, and freedom from sweep
and drought cracks, in anticipation of their yielding
timber of normal growth at breast height. Trees of
average diameter for each seed origin were chosen and
any trees with obvious double leaders, uneven crowns or
other major irregularities in the stem were rejected. The
selected trees were felled in January (Rhondda) and
February (Dalby) of 1995 at 50 cm above ground level
and the lower 9 m of each tree was then cut into 3 m

*According to European Community definitions, provenance is the place in which any stand of trees (whether native or not) is growing, and origin
is the place in which a stand of native trees is growing, or the place from which a non-native stand was originally introduced. In general forestry
use, the term provenance is commonly extended to mean not only the geographical source of the seed, but also the trees raised from it. This is the
meaning in accord with the definition in the standard works on forest terminology [8].



. . . Table 1a.
Latitude  Longitude  Elevation
Region Seed Origin (W) (m)
Alaska Duck Creek, Juneau Area 58° 37 134° 58 30
British Columbia Inverness, Prince Rupert 54° 200 130° 25° 0-30
Queen Charlotte Islands ~ Masset (Commercial Seedlot)  54° 00" 132° 00° 0-15
North Washington Forks, Olympic Rain Forest 48° 07 124°30° 120 - 140
South Washington Raymond, Willapa Bay 46° 68 123°87 15-30
North Oregon Necanicum 45° 82 123° 77 45
South Oregon Brookings, Oregon 42° 25 124° 38 90
California Crescent City, California 41° 67 124° 18 10-15
) Table 1b.
Region MRN IUFRO (no) FC (no)
Alaska 3 3024 70 (7987) 101
British Columbia 20 3044 70 (7112) 103
Queen Charlotte Islands 37 7111 70 (7111) Lot2
North Washington 53 3003 68 (7971) 100
South Washington 59 3009 68 (7972) 102
North Oregon 62 3012 68 (7951) 101
South Oregon 68 3018 68 (7952) 102
California 70 3020 69 (7947) 101
MRN = map reference number used in Figure 1., FC = Forestry Commission seed identification number
IUFRO = International Union of Forest Research Organisation seed identification number.
Characteristic Dalby Rhondda fable 2.
Year of establishment 1975 1975
NGR (National Grid Reference) SE882849 SN940019
elevation (m) 183 450
Rainfall (mm/year) 835 2400
Exposure Severe Severe

lithology (geology)
Sail type

Forest site type (previous use)
Site preparation (cultivation)

Fertilisers
Spacing (planting)
Design
Replication

Plot size

Seed origins

dominant ground vegetation

soft limestone
ironpan

Open moorland
Complete ploughing
375 kg/ha Gafsa
2x2m

Randomised blocks

4

Square plot

3 x3(9) tree - STS
64

rubus spp., Rosa spp.,
Deschampsia flexuosa

Carboniferous sandstone
Molinia/calluna bog
Uncultivated hill pasture land
Single furrow tine ploughing
375 kg/ha Gafsa

2x2m

Randomised blocks

2

Square plot

3 x3(9) tree - STS

34

juncus spp.,

molinia caerulea

¢ The trial sites Dalby and Rhondda are indicated as D and R respectively in Figure 1,
e STS = short thinning section

USTA

Geographical locations of the
experimental seed origins
(arranged north to south along the

natural  distribution of  Sitka
spruce).
|dentification numbers of the

selected seed origins.

General characteristics of trial sites
at Rhondda (Wales) and Dalby
(England).
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lengths and marked to assist in identification. After felling
and prior to conversion, the mean diameter at breast
height (DBH) was measured (according to Philip (9), DBH
is 130 cm above ground level). The stem diameter was
also measured and recorded at the base (50 cm), centre
(200 cm) and top (350 cm) of the trees to enable later
calculation of tree volume. The trees were labelled with
their dimensions.

Statistical Analysis: All statistical analysis was
conducted using the statistical package MINITAB, version

Figure 1. (a) Natural distribution of Sitka
spruce (Picea sitchensis (Bong.)
Carr.) with locations of selected
seed origins, (b) Locations of trial

sites in Great Britain.

10.51 (Minitab Inc. Minitab for Windows, 1995).
Arithmetic calculations and graphical designs were
performed using the spreadsheet program Excel 5.0 for
Windows. The diameter and volume data were tested for
normality using the Ryan-Joiner test (Minitab 10.51).
The normal scores of the data were compared with the
experimental data by correlation analyses. The hypothesis
of normality was rejected if the calculated correlation
coefficient was below a critical value obtained from
tables. Minitab was also used for analysis of variance
(ANOVA) and for regression analyses. Tukey pairwise



comparison tests were performed to identify significant
differences between treatment means. Balanced analysis
of variance (Balanced ANOVA) was also used to examine
the relative importance of the factors influencing the tree
volume with all possible interactions. It was possible to
fully analyse this dataset beyond the calculation of sums
of squares because there were no missing values in
subclasses for three and four way interactions.

Results and Discussion

Individual tree parameters measured immediately
after felling were recorded and are given in Table 2a. All
these data are listed against seed origins similar the
natural distribution of Sitka spruce from north to south
(from Alaska to California). The results are shown as
overall means for each seed origin at both sites.
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Tree diameters at breast height (DBH) varied from
13.2 c¢m with Alaska (AL) to 16.5 cm with Queen
Charlotte Islands (QCI) followed by 16.2 cm with
California (CA). Mean diameters at the base and the top
height on the sampled trees ranged from 13.7 c¢cm to
17.1 cm and 9.2 cm to 13.1 cm, respectively. The seed
origin AL showed the smallest tree volume (TV) with
some 1.72 m> whereas CA showed the largest TV by
2.25 m°, followed by 2.24 m> with QCI. This was
therefore reflected in the middle diameters, which were
the highest in QCI (14.8 m®), followed by CA (14.7 m?),
and the lowest in AL (11.5 m’).

These results can also be examined by site, e.g. Dalby
and Rhondda (Tables 2b and 2c, respectively). The means
shown here comprise to the data from 5 trees per seed
origin and 3 heights per tree in each trial site. The full
results are given in Appendix 1 (for Dalby and Rhondda).

diameters within stem height (cm) mean of the parameters Table 2a.  The overall means of the variables
for both Rhondda and Dalby.
base middle top CAD DBH TV

overall 50 cm 200 cm 350 cm (cm) (cm) (m®)

Alaska 13.7 11.5 9.2 114 13.2 1.72

British Columbia 15.4 13.5 11.6 13.4 15.0 2.01

Queen Charlotte Islands 171 14.8 12.9 14.9 16.5 2.24

North Washington 14.9 131 11.0 13.0 14.7 1.98

South Washington 15.1 13.4 11.9 13.3 14.7 2.06

North Oregon 14.9 12.9 11.1 12.9 14.6 1.93

South Oregon 14.8 13.1 11.6 13.2 14.4 1.98

California 16.5 14.7 13.1 14.8 16.2 2.25

mean 15.3 13.4 11.5 13.4 14.9 2.02

CAD = calculated average diameter, DBH = diameter at breast height (1.3 m above ground level),

TV = tree volume

diameters within stem height (cm) mean of the parameters Table 2b. ND/[elinS of the variables for trial site
alby.
base middle top CAD DBH TV

Dalby 50 cm 200 cm 350 cm (cm) (cm) (m®)

Alaska 12.7 11.5 10.1 11.3 12.7 1.75

British Columbia 15.4 14.2 13.3 14.1 15.4 2.18

Queen Charlotte Islands 17.6 16.5 15.2 16.2 17.6 2.53

North Washington 15.1 13.9 12.3 13.8 15.1 2.12

South Washington 14.6 13.6 12.8 13.3 14.6 2.10

North Oregon 14.0 12.9 11.8 12.6 14.0 1.97

South Oregon 14.8 14.0 12.8 13.7 14.8 2.15

California 16.5 15.6 14.9 15.8 16.5 2.40

mean 15.4 14.3 13.3 14.2 15.4 2.17
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diameters within stem height (cm) mean of the parameters Table 2c. Means of the variables for trial site
Rhondda.

base middle top CAD DBH TV
Rhondda 50 cm 200 cm 350 cm (cm) (cm) (m®)
Alaska 14.7 11.6 8.4 11.5 13.8 1.73
British Columbia 15.4 12.8 10.0 12.7 14.7 1.92
Queen Charlotte Islands 16.6 13.2 10.6 13.6 15.4 1.99
North Washington 14.8 12.3 9.7 12.2 14.4 1.85
South Washington 15.7 13.3 11.0 13.3 14.8 2.01
North Oregon 15.9 13.0 10.5 13.2 15.3 1.96
South Oregon 14.9 12.2 104 12.7 14.0 1.86
California 16.5 13.9 11.3 13.9 15.9 2.10
mean 15.6 12.9 10.5 13.0 14.9 1.96

The tree growth varied significantly among most of
the seed origins at both sites. The diameter (DBH) varied
from 12.7 cm to 17.6 cm in Dalby, and 13.8 cm to 15.9
cm in Rhondda. At both sites, the seed origin Alaska (AL)
had the narrowest tree diameter while the widest was
Queen Charlotte Islands (QCI) followed by California (CA)
in Dalby, and was CA followed by QCI in Rhondda. Mean
diameter (cm) at the base height (50 ¢cm above ground
level) was largest in seed origin QCI followed by CA at
both sites (Dalby: 17.6, 16.5; Rhondda: 16.6, 16.5) with
the greatest growth rate. mean diameter at the top
height (350 cm above ground level) was largest in seed
origin QCI in Dalby (15.2) followed by CA (14.9), which
was the highest one in Rhondda (CA: 11.3) followed by
South Washington (11.0) and QCI (10.6). On the other
hand, the smallest tree diameter at either the base or the
top height of the stem was the seed origin AL at both trial
sites: 12.7 to 10.1 at Dalby and 14.7 to 8.4 at Rhondda.
Mean tree diameter at the middle height (200 ¢cm above

ground level) of the stem directly influenced tree volume
values. The seed origins QCI and CA in Dalby and CA, SW
and QCI in Rhondda, which both had the wider diameter
at that level, also had the greater tree volume (Dalby: QCI
=2.53, CA =2.40, Rhondda: CA =2.10, SW = 2.01, QCI
= 1.99), whereas AL, which had the lowest diameter at
the middle level, also had the lowest tree volume at either
of the trial sites Dalby (1.75) or Rhondda (1.73). The
seed origin North Oregon (NO) in Dalby and North
Washington (NW) in Rhondda both showed overall the
second lowest tree diameter at all levels of the stem and
tree volume (1.97 m® and 1.85 m®, respectively).

Analysis of Variance: Table 3 shows the analysis of
variance for tree volume and tree diameter at breast
height (DBH). There were very highly significant (p <
0.05) effects of the site, seed origin, site x seed origin,
and tree among the tree volumes. All of these were also
significant effects among the DBH whereas there was no
effect of site only.

Table 3. Analysis of variance for tree volume and tree diameter at breast height.

tree volume tree diameter at breast height
Source df MS F p MS F p
Site 1 1.021 78.30 0.000 1.984 2.51 0.119
Seed Origin 7 0.276 21.16 0.000 10.842 13.20 0.000
Site x Seed Origin 7 0.079 6.07 0.000 3.362 4.25 0.001
Tree 4 0.604 46.33 0.000 25.844 32.66 0.000
Error 60 0.013 0.791
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As shown in Table 4, there were significant
differences (p = 0.000) in tree volume between the sites
where Dalby (2.17 m’) was greater than Rhondda (1.96
m?). However, tree diameter at breast height (DBH) was
not different (p = 0.434) between the sites (Dalby: 15.4
cm, Rhondda: 14.9 cm). According to the overall means
of tree volume, the results generally indicate that the
material from California (CA) and Queen Charlotte Islands
(QCI) had the higher tree volume and DBH followed by
South Washington (SW) and British Columbia (BC), while
the rest had the lower amount in both cases. The highest
tree volume (m°®) occurred in CA (2.25), followed by QCI
(2.24), SW (2.06), BC (2.01), NW (1.98), SO (1.98) and
NO (1.93), whereas the lowest volume was found in AL
(1.73). On the other hand, the largest DBH (cm) was in
QCI (16.5), followed by CA (16.2), BC (15.0), SW
(14.7), NW (14.7), NO (14.6), and SO (14.6) whereas AL
(13.2) had the smallest one. It also seemed that although
the differences of either tree volume or DBH between AL
and QCI, AL and CA were statistically significant, there
were no other significant differences between the other
seed origins.

The greatest tree volume (m’) in Dalby was in QCI
(2.53), followed by CA (2.40), whereas it was the lowest
in AL (1.75). the descending order of tree volume for the
others was BC (2.18), SO (2.15), NW (2.12), SW (2.10)
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and NO (1.97). The average tree volume of AL was lower
than all the other seed origins but only the differences
between AL and QCI, and AL and CA were statistically
significant. Furthermore, there was a significant difference
between tree volume in the seed origins QCI and NO.
Although NO and CA may appear to be different to each
other, this difference was not statistically significant. The
highest tree volume (m’) in Rhondda was in CA (2.10)
followed by SW (2.01), QCI (1.99) and NO (1.96),
whereas it was the lowest in AL (1.73). the descending
order of tree volume for the remaining seed origins was
BC (1.92), SO (1.86), and NW (1.85). It appears that
there were no statistically significant differences in tree
volume between the seed origins of Rhondda.

Tree Volume / Site x Seed Origin - Interactions:
Interactions between origins and sites are highlighted by
ranking origins in descending order of tree volume at
each site. As seen in Figure 2, seed origins were
individually higher at one site than another and the
descending order of the volumes varied between the
sites. For instance, the mean volumes of the Dalby trees
of BC, SO and NW were significantly higher than those of
the Rhondda trees, whereas the seed origins of SW and
NO were greater in Rhondda than in Dalby. Furthermore,
both QCI and CA showed higher, and AL lower tree
volume at both sites.

Table 4. Pairwise differences in tree volume
tree volume tree diameter at breast height (m3) and DBH (cm) between seed
origins.
Seed Origin Dalby  Rhondda overall Dalby Rhondda  overall
Alaska 1.75ad 1.73a 1.72a 12.7ad 13.8a 13.2a
British Columbia 2.18ab 1.92a 2.01ab 15.4ab 14.7a 15.0ab
Queen Charlotte Islands 2.53be 1.99a 2.24bc 17.6be 15.4a 16.5bc
North Washington 2.12abc  1.85a 1.98ac 15.1abc 14.4a 14.7ac
South Washington 2.10ab 2.01a 2.06ac 14.6ab 14.8a 14.7ac
North Oregon 1.97cd 1.96a 1.93ac 14.0cd 15.3a 14.6ac
South Oregon 2.15ace  1.86a 1.98ac 14.8ace 14.0a 14.4ac
California 240bc  2.10a  2.25bc 16.5bc 15.92a 16.2bc
e o mean 217 1.96 2.02 15.4 14.9 14.9

e Means that are not significantly different from each other at P<0.05 level have the same
letter in a given column (e.g. tree volume at Dalby, British Columbia 2.18ab is not

significantly different to California 2.40bc)

e o Overall means of each site for tree volume are significantly different from each other at

P<0.05 level,

e o QOverall means of each site for tree diameter at breast height are not significantly different

from each other at P<0.05 level.
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Dalby

Figure 2. Site x Seed Origin interactions for

Rhondda tree volume.

2.53 Queen Charlotte Islands
2.40 California
2.18 British Columbia
2.15 South Oregon
2.12 North Washington
2.10 South Washington
1.97 North Oregon
1.75 Alaska

California 2.10
South Washington 2.01
Queen Charlotte Islands 1.99
North Oregon 1.96
British Columbia 1.92
South Oregon 1.86
North Washington 1.85

Alaska 1.73

Conclusion

Comparison of the two sites suggests that the trees
had less taper but had a larger diameter in Dalby than in
Rhondda and this directly affected tree volume.
Consequently, for comparable parameters, the faster
growing Dalby trees had higher volume than the slower
grown Rhondda trees. Differences in tree volume
between seed origins grown at the same site are also
dependent on the site conditions that control the growth
rate of the seed origins as a result of the properties of the
soil (fertility, depth, moisture retention) and the climate
(temperature, photoperiod, light intensity, rainfall),
which are both significantly affected by altitude (10).
Between the seed origins at trial sites in this study,
significant differences were evident in both tree volume
and tree diameter at breast height, which were greater at
Dalby than at Rhondda as a result of a lower elevation at
Dalby (183 m) than at Rhondda (450 m). Moreover, the
soil type was different in Dalby (Ironpan) and Rhondda
(Molinia/Calluna bog).

As mentioned by Fletcher (7), the results of IUFRO
seed collection experiments in 1969/70 have indicated
that there were differences between seed origins in
growth rates, phenology and wood properties and that by
selecting the correct seed origin gains can be achieved.
The QCI origins were good general purpose sources,
which were reasonably frost hardy, resistant to exposure
and produce acceptable timber. At less exposed, more
favourable sites, especially in south-west England, Wales
and parts of west Scotland, origins from Washington and
at some sites Oregon could be used with increases in
timber production but with the possibility of a slight
decrease in strength properties. In this case, the trees
originating from CA (at both sites) and SO (Dalby) were
found to grow much faster than would be expected from
their latitude of origin, while those from BC (Dalby) were
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much more vigorous than expected (Table 4). Further, as
was initially shown by Lines (4), it was also found in this
study that seed origin AL grew poorly at both sites. It
may be therefore suggested that this seed origin should
be avoided in the future plantations. However, QCI, CA,
SW and NO should be selected for more plantations at
both sites as all grow well with a good growth rate
(Figure 3). On the other hand, the seed origins BC, SO
and NW in Dalby, and SW in Rhondda showed the fastest
growth, and therefore these can selected for individuals
with high volume production.

2.60 —
2.50
2.40
2.30
2.20
2.10
2.00
1.90
1.80
1.70
1.60

= Dalby

o Rhondda

tree volume (m3)

AL BC QCl  NW SwW NO S0 CA

seed origin
Figure 3. The variation of tree volume between seed origins at Dalby

and Rhondda.
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Variation in Growth of 20-Year-Old Provenance Trial of Sitka spruce (Picea sitchensis (Bong.) Carr.) in Great Britain

Appendix 1. Diameters (cm) (in above table) and volumes (m?) (in below table) of the five sampled trees (T1, T2, T3, T4, T5) for each seed origin at

trial sites Dalby and Rhondda.

Dalby Rhondda

Seed Origin Stem Height T1 T2 T3 T4 T5 mean T1 T2 T3 T4 T5 mean
top 9.2 9.7 96 99 125 10.1 8.0 7.0 8.4 9.0 10.0 8.4

Alaska middle 105 102 112 117 140 115 106 104 120 128 126 11.6
base 122 11.8 121 126 149 127 13.0 144 153 155 153 14.7

top 120 11.8 129 141 157 133 9.0 9.0 10.0 10.0 120 10.0

British Columbia middle 127 128 133 152 172 142 116 124 125 127 150 12.8
base 132 14.0 147 172 180 154 14.1 1541 15.0 152 180 15.4

top 143 136 153 160 168 152 9.3 9.4 114 11.0 120 10.6

Queen Charlotte Islands  middle 147 16.0 163 171 188 165 117 118 143 131 151 13.2
base 154 170 181 184 195 17.6 142 146 175 179 189 16.0

top 119 122 126 125 126 123 9.7 9.0 9.1 10.5 10.5 9.7

North Washington middle 13.1 134 138 15.0 144 139 123 11.7 120 125 132 12.3
base 147 148 145 159 16.0 15.1 140 147 150 143 16.0 14.8

top 106 129 125 140 140 1238 100 11.0 112 115 115 11.0

South Washington middle 120 128 14.0 148 147 136 115 119 134 143 155 13.3
base 125 147 146 154 16.0 14.6 134 152 158 164 178 15.7

top 8.2 109 11.7 132 153 118 9.9 9.8 9.7 11.3 120 10.5

North Oregon middle 9.4 120 126 14.0 165 129 128 126 129 127 140 13.0
base 115 125 136 149 175 14.0 154 159 163 16.0 16.0 15.9

top 11.8 114 11.6 145 147 128 8.5 10.0 104 114 121 104

South Oregon middle 127 123 13.0 16.0 164 14.0 105 126 118 13.0 133 12.2
base 134 132 137 167 170 1438 13.1 143 145 162 165 14.9

top 135 138 144 163 165 14.9 9.4 115 123 11.7 120 11.3

California middle 143 150 152 165 170 156 11.1 136 146 145 16.0 13.9
base 15.7 16.0 16.0 169 183 165 128 169 164 174 194 16.5

Dalby Rhondda

Seed Origin T1 T2 T3 T4 T5 mean T1 T2 T3 T4 T5 mean

Alaska 160 157 169 1.76 213 1.75 158 153 177 188 1.89 1.73

British Columbia 195 196 206 233 263 2.18 1.73 183 188 190 225 1.92

Queen Charlotte Islands 2.27 2.41 251 262 286 2.53 1.75 177 215 199 227 1.99

tree volume North Washington 200 205 211 225 219 212 184 175 179 189 1.98 1.85
(m?) South Washington 1.82 200 2.13 227 226 2.10 175 183 202 214 229 201
North Oregon 143 183 193 215 253 1.97 191 189 192 194 212 1.96

South Oregon 195 188 198 244 249 2.15 158 188 180 198 2.04 1.86

California 220 229 234 255 263 240 1.68 206 220 218 238 210

mean 1.90 199 209 229 246 2.15 1.72 181 194 198 2.15 1.92
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