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Abstract

Fulin M., Novotny P, Podrdzsky V., Beran F., Dostal J., Jehli¢ka J. (2017): Evaluation of the provenance plot
“Hrubd Skala” (Northern Bohemia) with grand fir at the age of 36 years. J. For. Sci., 63: 75-87.

The article aims to evaluate the research provenance plot established in 1980 in locality No. 214 — Hrub4 Skala (in
the north of the Czech Republic), where nine provenances of grand fir (Abies grandis (Douglas ex D. Don) Lindley)
provided in the framework of the International Union of Forest Research Organizations project, and one provenance
of grand fir, Norway spruce, silver fir and Douglas-fir from a standard commercial source are tested. We present the
results of tree height, stem DBH, stem volume production and health status after 36 years. The results correspond
with similar experiments in the Czech Republic and abroad and suggest that grand fir provenances from Vancouver
Island (British Columbia, Canada) and the Washington (USA) State coastal region show the best production features,
while the Oregon Cascades, Idaho and Montana provenances grow more slowly. Comparison with other tree species
indicates that the production of grand fir at the investigated age exceeds the production of both Norway spruce and
silver fir, and equalizes or gently exceeds even Douglas-fir.
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Grand fir (Abies grandis (Douglas ex D. Don)
Lindley) is characterized by fast growth on suitable
sites, by high production of considerable timber,
and is appreciated for its landscaping and garden-
ing value. The production of ornamental brush and
Christmas trees is also relatively important. Its fast-
est growth comes between 20 and 30 years of age
(FoiLEs 1965) and in its homeland, the height of the

species can reach up to 100 m. It has low demands
on soil quality but shows the best growth on fresh to
nutrient-rich, water-surplus sites. Grand fir tolerates
shade (HoFMAN 1963; Sixa 1983). The first grand
firs were imported to Bohemia in 1831. The intro-
duction of the species was studied more extensively
in the past in the Czech Republic (HoFmMAN 1963;
VANCGURA 1981; S1ka 1983) due to the decline of na-
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tive silver fir (Abies alba Miller) in Central Europe.
In European conditions, the introduction of exotic
species not only helps foresters meet their produc-
tion targets, but also aims to stabilize and improve
forest sites (PODRAZSKY 2003; PODRAZSKY, REMES
2007, 2008). Grand fir is one of the most produc-
tive species in the Czech environment (Kousa,
ZAHRADNIK 2011; CAp et al. 2012; FuLiN et al. 2013;
FuLiN, REMES 2015). Nowadays, the issue of plant-
ing grand fir as a response to silver fir decline is less
important because of silver fir regeneration, which,
together with activities aimed at nature protection,
has contributed to a lessened interest in the grand
fir cultivation at present. As a result of past activi-
ties, the actual area of this species is 1,230 ha in the
Czech Republic (http://eagri.cz, 2015).

The vast range of grand fir in its native location
can result in significant differences in the produc-
tion of different provenances. Therefore, the range
was formally subdivided into smaller geographic
regions (FLETCHER 1986). Research of provenances
has resulted in the valuable knowledge of grand fir
exploitation in the Czech Republic. Among other
findings, it was revealed that grand fir is more tol-
erant to drought than silver fir (it is true especially
of eastern provenances of grand fir), although its
mortality increases in dry conditions. In North
America, grand fir often suffers from root and stem
rot; in Europe it is afflicted by honey fungus and
Heterobasidion annosum (Fries) Brefeld. It is less
damaged by game than silver fir (FOILES 1965; S1ka
1983; BERAN 2006). Grand fir is less sensitive to
winter transpiration than Douglas-fir. Inland prov-
enances from the Oregon Cascades (area IV), the
Washington Cascades (area II), Idaho and Mon-
tana (III) show the best frost resistance (Fig. 1). By
contrast, the least tolerant are coastal populations
from Washington (Ib) and the Canadian Vancou-
ver Island (Ia). Early budding provenances were
not affected by late frosts but nonetheless they are
not recommended for establishment in frost hol-
lows. The worst damage is not caused by climate
extremes but by unsuitable soil conditions (per-
manent waterlogging), seedling damage by large
pine weevil, forest weeds and mechanical damage.
In comparison with Douglas-fir, grand fir tolerates
alternating waterlogging and drying-out of the soil
(VANCURA 1990).

Although the possibilities of genetic analysis
are in progress, provenance research can still pro-
vide us with important findings applicable in for-
est regeneration. The aim of the present study is
therefore to compare the growth characteristics of
grand fir provenances on the research plot Hrubd
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Fig. 1. Source locations of the tested populations of grand
fir, geographical zones according to FLETCHER (1986) are
marked by Roman numerals (for details see Table 1), map
background source: https://www.seznam.cz/

Ia — Vancouver, Ib — Washington — coast, I — Washington —
Cascades, III — Idaho, Montana, IV — Oregon — Cascades,
12005 — Bear Mountain, 12014 — Beaver Creek, 12019 —
Roaring River, 12026 — Plummer Hill, 12040 — Salmon
River, 12041 — Oyster Bay, 12043 — Sproat Lake, 12044 —
Kay Road, 12046 — Mount Prevost

Skéla (northern Bohemia) at the age of 36 years.
Special attention is paid to a comparison of the
basic climatic characteristics of the North Ameri-
can regions of the origin of tested grand fir prov-
enances with the climatic conditions of the Czech
Republic in terms of the suitability of their possible
use in forestry.

MATERIAL AND METHODS

In 1977, the Czech Republic (Forestry and Game
Management Research Institute) obtained seeds of
32 provenances from the International Union of
Forest Research Organizations (IUFRO): 8 prov-
enances from the geographical area Ia, 4 from area
Ib, 6 from area II, 9 from area III and 5 from area
IV. A part of the seeds were planted in IUFRO plots
in the Drahenice and Habr localities, and the re-
maining material of some provenances was used in
1980-1982 to establish additional plots in Hruba
Skala, Ztracenka, and Trhové Sviny. The plot in
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Strnady is unique as all 32 provenances were plant-
ed there, with 30 seedlings of each. More informa-
tion about the entire experiment see for example
KREJZEK et al. (2015).

Provenance plot No. 214 - Hruba Skéla
(50°32'53"N, 15°10'53"E) was founded in prov-
enance region 18 — North Bohemian sandstone
plateau at 350—-360 m a.s.l. in 1980. The plot is ad-
ministered by the Forests of the Czech Republic,
forestry office in Horice, Hruba Skala forest district
(forest stand 116 A,). A former meadow embed-
ded in the forest complex was chosen for the plot
establishment. There, the average annual air tem-
perature is 7.8°C and the average annual amount
of precipitation 703 mm. The plot is located on
the slope with north-west exposure and 5% gradi-
ent. The plot is on platform sediments of the Bo-
hemian Cretaceous Basin in the Jizera lithofacies
area (the Upper Cretaceous, Coniacian-Upper
Turonian stage, Teplice formation). The underlying
bedrock is formed of cuboid (thick-bedded) quartz
sandstones (Tima et al. 2001). From a hydrologi-
cal point of view, it is a combined fissure-porous
aquifer of mid to high transmissivity 7'= 7.2 x 10~°
to 1.9 x 1073 m2s~! (ZicHA, JANUSKOVA 2001). It is

Table 1. Characteristics of investigated provenances

classified as the 3H1 forest type (Querceto-Fagetum
illimerosum mesotrophicum, Oxalis acetosella with
Carex pilosa on Luvic Cambisols on gentle slopes
and slope bases). Phytocenologically, the site in-
dicates local deposits of loess or loess loam over
sandstone.

The soil layer is thin and cannot be reliably dif-
ferentiated. Pedological research (JEDLICKA et al.
1969a, b) confirmed the soil profile of Modal Cam-
bisol on cuboid (thick-bedded) sandstone in the
locality. New maps (http://mapy.geology.cz/pudy/,
2014) show there Arenic Podzol (measurements
influenced by vegetation cover and different probe
placement). The soil has an argillo-arenaceous tex-
ture, with admixed clay or dust in places with loess
deposits.

The research area is an irregular trapezoid of
0.84 ha. Nine IUFRO provenances plus commer-
cial seed of grand fir, Norway spruce, silver fir and
Douglas-fir (one provenance of each) are tested
there in the system of random blocks (Table 1,
Fig. 1). The number of replications is three. Sec-
tions are 18 x 12 m in size with spacing of 2 x 2 m.
Originally 54 seedlings were planted in each sec-
tion (9 seedlings in 6 rows). Three-years-old grand

Zone . Elevation

Provenance — Coordinates

geographical* seed (former)  seed (actual) (ma.s.l.)
Vancouver Ia
12040 Salmon River 50°18'N  125°48'W 50
12041 Oyster Bay 49°54'N  125°12'W 5
12043 Sproat Lake 1020 maritime 49°18'N  125°00'W 35
12044 Kay Road 49°18'N  124°18'W 50
12046 Mount Prevost 48°48'N  123°48'W 75
Washington — coast Ib
12005 Bear Mountain 221 3 — Puget Sound 48°00'N  123°00"W 825
Washington — Cascades II
12014 Beaver Creek 671 8 45°06'N  121°42'W 1,040
Oregon — Cascades v
12019 Roaring River 472 9 43°54'N  122°00'W 1,310
Idaho, Montana 111
12026 Plummer Hill North 47°18'N  116°54'W 850
Trade seed (grand fir) 11
93 Washington — Cascades 403 5 — Skagit - - -
Trade seed (other species) -
91 Potstejn — Czech Republic 26 — Foothills of the Orlické o oo
(Abies allJm Miller) b hory Mts. - SU06N - 16718E -
92 Michalové — Slovak Republic 38B — Veporské vrchy Hills, _ 48°48'N  19°48'E B

(Picea abies (Linnaeus) H. Karsten) north

94 British Columbia (Pseudotsuga
menziesii (Mirbel) Franco)

*according to FLETCHER (1986)
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Table 2. Results of the Kruskal-Wallis post hoc test for
heights — NCSS (Version 07.1.18, 2007)

Group Count Different from groups

12005, 12014, 12026, 12040, 12041, 12043,

12019 64 15044, 12046, 93

o Lg 12005,12019, 12040, 12041, 12043, 12044
12046

12026 87 12005, 12019, 12040, 12041, 12044, 12046

12014 86 12005, 12019, 12040, 12041, 12044, 12046

12043 82 12005, 12019, 12040, 93

12044 72 12014, 12019, 12026, 12040, 93

12046 79 12014, 12019, 12026, 12040, 93

12041 74 12014, 12019, 12026, 12040, 93

12005 90 12014, 12019, 12026, 12040, 12043, 93

o040 75 12005,12014, 12019, 12026, 12041, 12043

12044, 12046, 93

12019 — Roaring River, 93 — Washington, 12026 — Plummer
Hill, 12014 — Beaver Creek, 12043 — Sproat Lake, 12044 — Kay
Road, 12046 — Mount Prevost, 12041 — Oyster Bay, 12005 —
Bear Mountain, 12040 — Salmon River

fir seedlings were containerized in 4 | bags. The
seedlings of reference tree species were bare-root-
ed. 162 seedlings of each provenance were planted,
i.e. 2,106 in total. By 2003, only dead and uprooted
trees were removed. The first cultural practice was
done in 2003. It was a negative thinning to help
trees develop healthy, full-size crowns. The second
thinning, aimed to enhance the stand stability, im-
prove slenderness ratio and balanced tree distri-
bution, was realised in 2014 after profound mea-
surements of the plot (in total 43.46 m3 were felled,
26.99 m? of which was grand fir, 9.43 m? Douglas-
fir and 7.04 m3 Norway spruce).

The measurements were done in autumn 2013
at the age of 36 years. Heights and stem DBH of
all trees were measured and their health condi-
tion was visually assessed and marked: 1 = excel-
lent, 2 = good (lower quality, no apparent damage),
3 = declining or damaged (substantial decrease of
vitality). Based on volume equations for silver fir
and Norway spruce (PETRAS, PajTix 1991) and
Douglas-fir (BERGEL 1973), the volume of large
wood over bark was calculated. The volume equa-
tion for grand fir was used to calculate the stem
volume (NAGEL 1988 ex RAU et al. 2008) as well as
the volume tables (CHRISTIE, LEwIs 1961) for the
stem volume of grand fir designed for Great Britain
(England, Scotland, and Wales). The calculation of
growing stock per ha was based on the number of
growing trees. An analysis of specimens convinced
FuLin (2016) to suggest the equation of NAGEL
(1988) ex RAU et al. (2008) as the most convenient
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for calculating the stem volume of grand fir in do-
mestic conditions; growing stock per ha was there-
fore calculated on that basis. To allow for a further
comparison of the results with other studies, we
consider it important to present stem volume val-
ues calculated differently by other authors.

Medians were calculated for heights, DBH and
(stem, large wood) volumes of provenances. Due to
the data abnormality, statistical significance of dif-
ferences between provenances was assessed in all
cases by the Kruskal-Wallis one-way ANOVA. Ar-
ranging provenances into homogeneous subgroups
was based on the Kruskal-Wallis post hoc test (Ta-
bles 2 and 3). Statistical calculations were done by
the NCSS program (Version 07.1.18, 2007).

In order to compare the climatic conditions of
the provenance origin with the climatic condi-
tions in the Czech Republic, we constructed sim-
plified Walter-Lieth climate diagrams based on the
weather stations closest to the provenance sources
using available data on long-term monthly average
temperatures and rainfall (www.climatemps.com).
Monthly thermopluviograms were also construct-
ed for a more detailed assessment of the differences
in climate conditions (KOZNAROVA et al. 1997).

RESULTS

In total, 787 grand firs were measured. The me-
dian of the height of all trees on the plot reached
22.8 m. The smallest tree was 5.4 m tall, the tall-
est 31.2 m. The highest value of mean tree height
(Fig. 2) was reached by provenance 12040 Salmon
River from Vancouver Island (25.3 m), followed

Table 3. Results of the Kruskal-Wallis post hoc test for
DBH — NCSS (Version 07.1.18, 2007)

Group Count Different from groups

12019 64 12005, 12014, 12040, 12041, 12046
12026 87 12005, 12040, 12041

12043 82 12005, 12040

93 78 12005, 12041

12014 86 12019

12044 72 12019

12046 79 12019

12041 74 12019, 12026

12005 90 12019, 12026, 12043, 93

12040 75 12019, 12026, 12043, 93

12019 — Roaring River, 12026 — Plummer Hill, 12043 — Sproat
Lake, 93 — Washington, 12014 — Beaver Creek, 12044 — Kay
Road, 12046 — Mount Prevost, 12041 — Oyster Bay, 12005 —
Bear Mountain, 12040 — Salmon River
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Fig. 2. Box-plot for heights of provenances

12005 — Bear Mountain, 12014 — Beaver Creek, 12019 —
Roaring River, 12026 — Plummer Hill, 12040 — Salmon
River, 12041 — Oyster Bay, 12043 — Sproat Lake, 12044 —
Kay Road, 12046 — Mount Prevost, 91 — Potstejn (Czech
Republic), 92 — Michalové (Slovak Republic), 93 — Wash-
ington, 94 — British Columbia

by provenances 12005 Bear Mountain, 12041
Oyster Bay (24.0 m both), 12046 Mount Prevost
(23.6 m), and 12044 Kay Road (23.3 m). The mean
tree height of Washington-originated grand fir
grown from commercial seed was only 21.1 m.
The height growth of the Oregon Cascades and
Idaho-Montana provenances was slower. Prove-
nance 12019 Roaring River had the smallest mean
height (19.3 m).

The median of the stem DBH of all trees was
24.9 cm (Table 4). DBH of the thinnest tree was
6.2 cm, and the thickest 52.2 cm. A comparison of
ten grand fir provenances showed the best DBH
(28.7 cm on average) in provenance 12040 from
Salmon River (Fig. 3), followed by provenance
12005 Bear Mountain (26.4 ¢m) and 12046 Mount
Prevost (25.5 cm). The smallest DBH median
(21.4 cm) was recorded in provenance 12019 Roar-
ing River from the Oregon Cascades.

The stem volume median (NAGEL 1988 ex RAU et
al. 2008) was 0.483 m? (Table 4), while the volumes
of individual trees ranged from 0.009 to 2.592 m®.
The provenance with the greatest stem volume
(0.698 m®) was provenance 12040 Salmon River
(Fig. 4), followed by 12005 Bear Mountain (0.584 m?)
and 12046 Mount Prevost (0.552 m?). Provenance
12019 Roaring River from the Oregon Cascades had
the smallest stem volume at only 0.383 m?.

The mean growing stock of grand fir (including
the commercial provenance) reached 600 m3-ha!
(Table 4). Provenance 12005 Bear Mountain from
the Washington coast had the highest growing

J. FOR. SCL, 63, 2017 (2): 75-87
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Fig. 3. Box-plot for DBH of provenances (for details see Fig. 2)

stock (811 m3ha™!), followed by 12040 Salmon
River (807 m*ha™!) and 12046 Mount Prevost
(673 m*ha™!) from Vancouver. The lowest grow-
ing stock production (316 m3ha™!) was found in
provenance 12019 Roaring River from the Oregon
Cascades. The commercial grand fir provenance
from Washington showed a growing stock level
of 530 m3ha™l. A comparison with other species
planted on the plot shows that the growing stock
of Douglas-fir is 463 m*ha™!, Norway spruce
429 m3-ha~! and silver fir 286 m3.ha1.

In accordance with the tree sociological position
system (KRAFT 1884), most provenances were clas-
sified as dominant (class 2), except for provenance
12019 classified as codominant (class 3). The health
of all provenances at the age of 36 years was consid-
ered excellent.

o Median
25 ° 025-75%
T Non-outlying
o .  range
— 20 " o Qutliers
E ° . o * Extrems
) o
g 1.5 ° ° o
§ )

1.
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Fig. 4. Box-plot for the stem volume (NAGEL 1988 ex RAU et
al. 2008) of Abies grandis (Douglas ex D. Don) Lindley prov-
enances and large wood volume (BERGEL 1973; PETRAS,
PajTik 1991) of Picea abies (Linnaeus) H. Karsten (No.
91), Abies alba Miller (No. 92) and Pseudotsuga menziesii
(Mirbel) Franco (No. 94) provenances (for details see Fig. 2)
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In all, provenances 12040 Salmon River from
Vancouver Island and 12005 Bear Mountain from
Washington showed the greatest productivity.
Provenance 12019 Roaring River from the Ore-
gon Cascades had the least favourable features in
Hruba Skéla. Vancouver grand fir provenances as
well as 12005 Bear Mountain from the Washing-
ton coast reached above-average growth but trees
from the commercial seed of unknown locality in
Washington grew more slowly. The slowest growth
was documented in provenances from the Oregon
Cascades and Idaho-Montana. In volume, Nor-
way spruce exceeded only the worst provenance of
grand fir. The same applies to Douglas-fir.

DISCUSSION

Douglas-fir did not surpass the production of
grand fir, although there was a higher number of
Douglas-fir individuals. The higher number of
Douglas-firs is probably due to excessive slenderness
ratio, as this species is known by poor self-reduction
ability. Silver fir had the lowest volume, despite be-
ing in fairly rich and wet microsite conditions. Poor
results might be caused not only by provenance but
also by the shade of surrounding trees, faster-grow-
ing tree species. A comparison of grand fir prov-
enances showed similar results in provenance tests
in Germany (KON1G 1995; KLEINSCHMIT et al. 1996;
RAU et al. 2008), where provenance Bear Mountain
from the Washington coast and Salmon River from
Vancouver and other provenances from the same re-
gions were the most productive.

On 5 research plots in Austria, LIESEBACH et al.
(2008) also confirmed the predominance of grand
fir on acidic soils over silver fir and Norway spruce,
and productivity comparable with Douglas-fir.
Most of the 19 evaluated provenances of grand fir
came from the Cascades, which the authors con-
sidered more resistant to drought and late frosts.
It was proved especially among provenances of the
Cascades above 1,300 m a.s.l. and one provenance
from Idaho, while the other Cascadian provenances
were identified as fairly resistant only. As for early
frost hardiness, two provenances from the west-
ern slopes of the Cascades showed an intermediate
resistance (LARSEN 1978). Identical provenances
grew differently on different plots and only a hand-
ful excelled in all localities. Due to the young age
of the material the authors considered the results
still preliminary. Nonetheless, they pointed out the
issue of susceptibility to honey fungus, plaguing
some of the plots (LIESEBACH et al. 2008).

J. FOR. SCL, 63, 2017 (2): 75-87

Measurements of grand fir (age 20-45 years)
on 23 research plots in Germany (altitude from
53 to 150 m a.s.l., average annual temperatures
7.5-8.5°C) made it possible to set up a top height
(h,,,) volume diagram (Lockow, Lockow 2007).
Mean heights of provenances (age 36 years) in
Hrubd Skéla are similar to the values of the top
height (24 m) in the 1% site quality or top height
(22 m) in the 2"¢ site quality reached in Germany.
However, mean heights of provenances in Hruba
Skéla have not been calculated only from the tall-
est trees, but from all trees.

There are results of past measurements available
for the research plot of Hruba Skala (VANCURA
1990; VANCURA, BERAN 1996; BERAN 2006), there-
fore it is possible to compare the development of
provenances in time (Figs 5a, b). Both mean heights
and mean DBH indicate roughly similar growth
tendencies since the young stages of growth. Past
evaluations of grand fir growth in the Czech Re-
public showed that provenances from the western

25 01989 (13 years) B2013 (36 years)

207
19.9
20
165
5
37 37 3; 36
25 25 26 27 1
0 . . . . . .

301 01994 (17 years) m2006 (29 years) @ 2013 (36 years)

—
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S

w
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124 12
108 105 11 106 103 11.0
5
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=
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N3

-
S

Provenance

Fig. 5. Mean tree height, including data published by
VANCURA (1990) (a), mean DBH, including data published
by VANCURA and BERAN (1996) and BERAN (2006) (b) of
provenances during their evaluation

12040 — Salmon River, 12041 — Oyster Bay, 12043 — Sproat
Lake, 12044 — Kay Road, 12046 — Mount Prevost, 12005 —
Bear Mountain, 12014 — Beaver Creek, 12019 — Roaring
River, 12026 — Plummer Hill
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coast of British Columbia, Canada, and Washing-
ton, USA, always excelled on research plots — a de-
tailed study see KREJZEK et al. (2015).

Relatively newer results are available from the re-
search plot in Strnady (central Bohemia) evaluated
at the age of 28 years (Skorpik et al. 2013) and from
the Habr research plot (western Bohemia) evaluat-
ed at the age of 31 years from planting (KREJZEK et
al. 2015). In Strnady (SkorPiK et al. 2013), prove-
nances from Vancouver Island and the Washington
coast showed the best results, while provenances
from the Oregon Cascades the worst ones, which
corresponds with studies of other authors. The
best growth was confirmed in provenances from
western and northern areas (positive correlation
between the latitude and height growth). In Habr
(KrEjZEK et al. 2015), where 24 provenances from 5
regions have been tested, provenance 12040 Salm-
on River was evaluated as a superior performer in
view of all considered parameters. The mean tree
height was 18.3 m and the mean DBH 20.5 cm. The
large wood volume was 0.33 m3. Provenance 12040
Salmon River was followed by provenance 12002
Tulalip from the coastal Washington with the mean
height of 17.9 m, DBH of 19.3 cm and volume of
0.28 m3. In Hrubd Skala, seven identical prove-
nances were tested (five from Vancouver, one from
the Oregon Cascades and one from Idaho). When
considering the provenances by a wider area, ac-
cording to FLETCHER (1986), their evaluation does
not differ from other studies.

The production can also be compared with a pub-
lished evaluation of grand fir in central Bohemia
(FULIN et al. 2013); at the age of 35 years grand fir
reached the growing stock volume of 725 m3-ha!
(3S = Querceto-Fagetum mesotrophicum, 320 m as.L,
an untended forest stand), or 563 m>ha™! (4P = Quer-
ceto-Abieum variohumidum acidophilum, 430 m a.s.L,
a moderately thinned forest stand). Another stand
(30 = Abieti-Querceto-Fagetum variohumidum meso-
trophicum, 420 m a.s.l,, a tended monoculture) had
the growing stock volume of 689 m3ha! at the age
of 45 years. According to the studies, young grand
fir shows a greater difference in growing stock
compared to Norway spruce and silver fir than at
an older age, given its more intensive growth and
earlier culmination of growth increment in pure
stands. Later, the growth increment dynamics slows
down in comparison with other tree species. When
compared with Douglas-fir, production of grand fir
is similar or higher (by as much as 15%). A com-
parison with tabular values from the Yield Tables
for the Czech Republic (CERNY et al. 1996) shows
that the growing stock of grand fir at 35 years is
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57% higher than that of Norway spruce and 46%
higher than that of silver fir. At the age of 45, the
difference was only 39% against Norway spruce and
24% against silver fir. A similar comparison of the
mean growing stock volume of grand fir in Hruba
Skéla with Norway spruce and silver fir (age 35)
confirms a volume of the introduced species 66%
higher vs. Norway spruce, and 55% higher com-
pared to silver fir.

According to BERAN (2006), the provenances
from Vancouver should not be grown in frost hol-
lows and on sites above 500 m a.s.l. as their bud
burst starts earlier and they are more vulnerable
to winter frosts. The growth of inland Idaho and
Montana provenances is indifferent, but they are
less vulnerable to drought and frost. Provenances
12038 Clearwater and 12026 Plummer Hill from
the above-mentioned areas are unsuitable on gleyed
and waterlogged sites in the Czech Republic. Prov-
enances from the Oregon Cascades also seem to be
unsuitable in the Czech Republic; KLEINSCHMIT et
al. (1996) and others pointed out their high mor-
tality rate. Descendants of southern Oregon prov-
enances were reported by KoNIG (1995) to show
not only a high mortality rate but also a significant
number of forked individuals. All findings of the
growth of grand fir provenances on research plots
were considered in a new proposal for selecting
source regions within the North-American range —
a convenient area for the Czech Republic to import
reproduction material from (BERAN et al. 2016).
The existing list of regions in Washington has there-
fore been extended to comprise provenance import
from southern parts of Vancouver Island, British
Columbia. Provenances from the seed region of
northern Idaho are also considered to be tested in
the Czech Republic for their hoped-for tolerance of
drought — a phenomenon that has to be anticipated
in Europe as a significant limiting factor.

Attention must therefore be paid to the climatic
characteristics of the sites of provenance origin
and, at the same time, to the climate of potential
planting sites in the Czech Republic. Based on the
analysis of climatograms of the regions of prove-
nance origin (Table 5, Fig. 6) it can be concluded
that the climatic conditions of the Czech Repub-
lic are analogous to those of the source sites of
provenances 12005 Bear Mountain, 12014 Beaver
Creek and 12026 Plummer Hill. Provenance 12005
Bear Mountain was evaluated as the second best in
growth in this study. However, the remaining two
grand fir provenances exceed domestic tree species
in growth. The thermopluviograms (Fig. 7) also
suggest that the climate of the Czech Republic is
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similar to the climate of the source sites of prov-
enances 12005 and 12014. With regard to long-
term average temperatures in the Czech Republic,
the most distinct provenances are 12046 Mount

Prevost (the third most productive provenance in
the experiment), 12026 Plummer Hill and 12019
Roaring River (the worst-growing provenance in
the experiment). In comparison with the Czech
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Republic, the climate of some provenance regions
differs by much higher rainfall (most 12040 Salmon
River and 12043 Sproat Lake). When considering
the volume of production and at the same time the
similarity of climate conditions, it is desirable for
the Czech Republic to pay more attention to the
areas of Washington coast and Oregon Cascades
(western slopes) that meet both conditions. How-
ever, it is necessary to examine individual charac-
teristics of the growth of different provenances (e.g.
provenance 12019 Roaring River does not meet the
growth requirements in the experiment). As for the
Idaho area, which also has a similar climate, the
tested provenance growth is unsatisfactory.

CONCLUSIONS

Results of the evaluation of grand fir research
plots in Hruba Skala suggest — in accordance with
similar experiments carried out in the Czech Re-
public and abroad - that provenances of the species
from Vancouver Island, British Columbia, and the
coast of Washington show the highest productivity,
while provenances from the Oregon Cascades, Ida-
ho and Montana grow more slowly. This leads us
to consider which provenances will be used in the
Czech forestry to enhance forest production. From
the perspective of the ongoing climate change it
is, however, necessary to pay attention also to the
climatic characteristics of the source regions of
provenances.

When compared with other tree species, produc-
tivity of grand fir at the age of 36 exceeds both Nor-
way spruce and silver fir, and was almost the same
or even slightly higher than that of Douglas-fir.

The plot will be monitored to 50 years of age
at least. Unfortunately, we cannot prevent a pos-
sible worsening of the health status of the stands
in the Czech Republic where grand fir is declining
and even dying out have already been observed.
Its roots are often afflicted by the honey fungus
and the trees are consequently colonized by bark
insects. Presently, massive attacks of bark beetle
(Pityokteines Fuchs, 1911) and balsam woolly aphid
(Dreyfusia Borner, 1908) are reported from the
Bolehost locality (eastern Bohemia), preceded by
the honey fungus. The damage is apparently related
to the extreme drought in summer 2015. Therefore
it depends not only on the provenance, but also on
the choice of a site for grand fir planting. Moist and
rich soils are not suitable for its cultivation due to
the high threat of biotic pests, while acidic soils are
much better.
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