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ABSTRACT: Spontaneous hybrids within the genus Abies are considered to be better in growth and vitality in compari-
son with Abies alba and parental species. Three plantations with this material were established in the Czech Republic.
These plantations are regularly measured and examined. The results show a very high potential of this material for the

purposes of Czech forestry practice.
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The silver fir (Abies alba Mill.) is one of our most
important tree species, not only from economic but
also from ecological aspects. High wood production
connected with positive (indifferent) incidence at a site
predetermines silver fir for utilization in our forests.
Its importance decreased in the 20% century mainly
because of its recession from Czech forests (and from
forests of Central Europe generally). Its representation
in Czech forests decreased from 19.8% (natural tree
species composition) to 0.9%. Silver fir representa-
tion in the recommended tree specie composition of
Czech forests should be 4.4% (ANoNYMOUS 2004).
The viability of surviving local fir populations has also
decreased. According to Forests of the Czech Republic
(the company managing 60% of Czech forest land)
there are 28 local populations on the edge of extinc-
tion. The number of silver fir trees in these populations
has to be increased very soon (INDRA 2002).

Its occurrence in our forests extremely decreased
probably due to the following factors widely discussed
in literature: the change in ecological conditions, dif-
ferent methods of management (preferring Norway
spruce), lower genetic variability, high game stocks,
air pollution pressure, parasite pressure, grazing re-
striction or phylogenetic age of this species.

There are three ways of solving the problem of
silver fir decline. The first and the most important
is in situ conservation connected with selection
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and reproduction of the most viable individuals.
As an additional (but not marginal!) solution the
introduction of other fir species and hybridization
should be used.

According to GREGUSS et al. (1994a) there are
eight spontaneous hybrids within the genus Abies.
Spontaneous hybrids grow better compared with
parental species. Present knowledge shows close
affinity of some fir species and possibility of new
hybrid origination.

Of course, scientists investigated very good growth
and vitality. In 1868 the first artificial hybrid was ob-
tained by Hugo de Vilmorin. It was Abies cephalonica
x Abies pinsapo, named later as Abies vilmorini. This
hybrid had a plenty of full and viable seeds (PAULE
1992). It means that hybridization, especially inter-
specific one, is a verified way of increasing fir general
resistance and viability (GREGUSS et al. 1994a). The
hybrids within the genus Abies both from spontane-
ous and artificial hybridization distinguish them-
selves by heterosis from parental species not only in
growth but also in increased viability. We can expect
higher tolerance in fir hybrids in this aspect not only
to various obligatory stress factors but also to possi-
ble consequences of changes in ecological conditions
caused by the climate warming.

ROHMEDER and SCHONBACH (1959) reported that
interspecific hybrids of Abies alba, Abies veitchii,
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Abies concolor, Abies procera and Abies nordmanni-
ana grew faster than intraspecific hybrids. MERGEN
and GREGOIRE (1988) measured the height and di-
ameter of 17-years-old hybrids that originated from
crossing realized in 1960 and 1962 in Connecticut,
USA. Abies cephalonica, Abies firma, Abies ho-
molepis, Abies koreana, Abies lasiocarpa, Abies
mariesii, Abies procera, Abies sachalinensis and
Abies recurvata were used in this experiment. The
results showed better growth and vitality compared
to the control material (Abies balsamea). French
researchers (ARBEz et al. 1990) studied Mediterra-
nean fir species and their hybridization. They recom-
mended the utilization of fir progenies from selfing
because of their inbreeding tolerance.

KaANTOR and CHIRA (1971) investigated fir hy-
bridization in former Czechoslovakia using Abies
alba, Abies cephalonica, Abies nordmanniana, Abies
pinsapo, Abies cilicica, Abies concolor, Abies grandis
for interspecific and intraspecific hybridization.

GREGUSS (1986, 1988a,b, 1992) and KORMUTAK
(1985, 1986, 1992) studied fir hybridization in Slova-
kia. GREGUSS (1986) reported slower growth of silver
fir in comparison with fir hybrids and increasing differ-
entiation between hybrid progenies and progenies of
individual species from open pollination. KORMUTAK
(1986) presented similar results. He recommended
primarily these combinations for planting in our
conditions: Abies alba x Abies cephalonica, Abies ce-
phalonica x Abies numidica, Abies nordmanniana x
Abies alba, Abies pinsapo x Abies cephalonica, Abies
pinsapo x Abies alba, Abies numidica x Abies nord-
manniana, Abies numidica x Abies cephalonica and
Abies concolor x Abies grandis. That means mainly the
use of Abies alba and Mediterranean tree species. The
same species already played the most important role
in experiments of KANTOR and CHIRA (1971) and
GREGUSS (1988a,b, 1992, etc.).

Table 1. Basic characteristics of the plots

MATERIAL AND METHODS

According to findings mentioned earlier compara-
tive plantations with spontaneous hybrids within the
genus Abies were established in the Czech Republic.
There are three plantations there — one in Kostelec
nad Cernymi lesy (Central Bohemia) and two in
Forests of the Town of Prostéjov (Central Moravia).
They were established to evaluate possibilities of hy-
brid utilization in Czech forestry practice. Plantation
characteristics are shown in Table 1.

The material on these plots originated from Kysi-
hybel’ Arboretum in Slovakia. Seeds of spontaneous
hybrids within the genus Abies were obtained there
in 1990. Seeds were collected from 21 trees. Trees
number 1-3 and 6-21 incline in phenotype to Abies
cephalonica, tree number 4 to Abies cilicica and
number 5 to Abies numidica. Table 2 shows the basic
mother tree characteristics. These seeds were sown at
Truba Tree Breeding Station of the Forestry Research
Institute in Kostelec nad Cernymi lesy in spring 1991.
Five (six) years old plants were used for the establish-
ment of comparative plantations. Abies alba from
open pollination was used as a control material.

The plantation in Kostelec nad Cernymi lesy was
established in 1996. There are hybrids planted to-
gether with Abies nordmanniana, Abies balsamea,
Abies grandis, Abies procera, Abies concolor and
hybrid progeny of Abies koreana x (Abies cilicica
x Abies cephalonica). All progenies are planted in
blocks (replications) of 5 x 5 seedlings at a spacing
of 1.2 x 1.2 m. The uneven number of seedlings is
a result of damage caused by extreme humidity in
1996 which caused 100% mortality on a part of the
plantation.

The first plantation in Prostéjov was established
also in 1996. All progenies are planted in blocks of
5 x 5 seedlings at a spacing of 1.5 x 1.5 m.

Plot Kostelec Prostéjov 1996 Prostéjov 1997
Forest region 10 30 30
Forest altitudinal zone 2 3 4
Altitude (m a.s.l.) 380 480 530
Slope (%) 0 0 5
Bedrock sandstone sandstone sandstone
Forest type 2K, 21 3S 4K
Annual rainfall (mm) 682 802 802
Vegetation period rainfall (mm) 352 414 414
Average temperature (°C) 7.8 8.3 8.3
Vegetation period average temperature (°C) 16.2 17.8 17.8
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Table 2. Table of mother trees in Kysihybel’ Arboretum, their progenies are planted on plots in Kostelec nad Cernymi lesy and

Prostéjov (GREGUSS, LONGAUER 1993)

Number of the plot OI;I;::tt)re:e ((Cirlg) H(erif)h t CI:)IrI:lrllal:riartiI\r:e
plantations
Abies cephalonica (Loud.) x ? Planted: 1910
1-12 1 57 26.5 1
2 49 26 2
6 50 26.5 3
Abies cilicica (Carr.) x ? Planted: 1910/14
1-14 3 43 26 4
Abies numidica x ? Planted: 1949
1-64 13 35 21 5
Abies cephalonica (Loud.) x ? Planted: 1938
4-6 6 28 22 6
8 27 20 7
17 32 22.5 8
18 27 21 9
40 30 24 10

The first and the second column are used for determination of the tree in Kysihybel’ Arboretum. The third and the fourth
column show basic characteristics of the tree and the fifth column indicates the number of progeny in plantations

The second plantation in Prostéjov was established
a year later, in 1997. The conditions of this planta-
tion are extremely dry. All progenies are planted in
blocks of 5 x 5 seedlings at a spacing of 1.5 x 1.5 m.
Spontaneous hybrids together with Abies grandis
were planted there. The control material of Abies
alba was planted a year later.

Measurements of this material were realized in
2002 and 2004 (and/or 2005) always after the vegeta-
tion period. Mortality was determined, and height
was measured to the nearest 1 cm. The results were
statistically processed — UNISTAT programme ver-
sion 5.1. was used. The basic statistical characteris-
tics were obtained. Analysis of variance was used for
data testing. In the case of the absence of homogene-
ity of variance, non-parametrical Kruskal-Wallis test
was used for data testing.

RESULTS
Mortality

Mortality in all plantations is shown in Fig. 1.

In Kostelec plantation average mortality was 30%.
It ranged from 0% (Abies nordmanniana) to 52% (hy-
brid progeny 1). The mortality of the control material
of Abies alba was 40%. Spontaneous hybrid prog-
enies had average mortality of 29%. Low mortality
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(below 20%) was found in progenies 5, 6, 16, 18 and
20. The mortality of progenies 1, 3, 15, 21 was high
(above 40%). Very low mortality was found in Abies
balsamea — 6% and Abies procera — 4%. The hybrid
Abies koreana x (Abies cilicica x Abies cephalonica)
also had low mortality of 14% while the mortality of
Abies grandis (40%) was very high.

In the plantation Prostéjov 1996 the mortality
increased up to 25% in 2005 in comparison with the
year 2002, so there is a 1% change. High mortality
over 30% was found in progenies 4 (34%), 9 (33%) and
16 (31%). Progenies 18 (10%), 2 (15%) and progeny
mixture marked by x (18%) had very low mortality.

Average mortality in the plantation Prostéjov 1997
was 24% in 2005. It ranged from 1% (progeny 7) to
60% (progeny 3). Abies alba mortality was 19% and
the mortality of Abies grandis was 29%. Very low
mortality was found also in progenies 6 (4%), 18 (6%)
and 12 (11%). Very high mortality over 35% was re-
corded in progenies 3, 11, 15, 17 and 20.

Height

Fig. 2 shows mean heights of the material planted
in Kostelec nad Cernymi lesy in 2002 and 2004. In
2002 the mean height of control material was 84 cm.
All spontaneous hybrid progenies with the exception
of one progeny exceeded the control material. Only
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progeny number 16 with mean height 82 cm reached
only 98% of the Abies alba height. The mean height of
progenies was from 91 cm (progeny 2, 108% of Abies
alba height) to 170 cm (progeny 8, 202% of Abies alba
height). All introduced fir species exceeded Abies alba.
Abies grandis reached mean height 144 cm (171%
of Abies alba height), Abies procera 188 cm (223%),
Abies balsamea 235 cm (279%), Abies concolor 239 cm
(284%) and the absolutely highest was Abies nordman-
niana — 339 cm (403%). The hybrid Abies koreana x
(Abies cilicica x Abies cephalonica) reached the mean
height of 118 cm (140% of Abies alba height).

The mean height in 2004 was 211 ¢cm. Progeny 16
with mean height 130 cm (97% of Abies alba height)
was the lowest of all again. The control material of
Abies alba reached mean height 136 cm. The mean
height of other progenies was from 143 cm (proge-
ny 2, 105% of Abies alba height) to 276 cm (progeny 8,
203%). Abies grandis reached 233 cm (171% of Abies
alba height), Abies procera 258 cm (190%), Abies bal-
samea 330 cm (243%), Abies concolor 335 cm (246%)
and the highest was Abies nordmanniana — 450 cm
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(330%). The hybrid Abies koreana x (Abies cilicica x
Abies cephalonica) reached the mean height of 160 cm
(118% of Abies alba height).

Table 3 documents the results of Kruskal-Wallis
analysis of variance. In both years there were signifi-
cant differences in height between the progenies.

In the plantation Prostéjov 1996 height was meas-
ured in 2002 (6 years after planting) and 2005 (9 years
after planting). Abies alba as a control material is
not planted there. In both years there were different
numbers of particular progenies because of forest
weeds and wrong labelling.

In 2002 mean height ranged from 95 cm (progeny 2)
to 136 cm (progeny 17). Table 4 shows the results
of ANOVA: there are no significant differences in
height between the replications (the plantation is
homogeneous), but there are significant differences
between the progenies.

In 2005 mean height ranged from 153 cm (prog-
eny 2) to 215 cm (progeny 17). Table 4 shows the
results of ANOVA again: there are no significant dif-
ferences in height between the replications but there
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Fig. 3 illustrates mean heights of the material in the
plantation Prostéjov 1996 in 2002 and 2005.

In the plantation Prostéjov 1997 height was meas-
ured also in 2002 and 2005. In 2002 the average height
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was 63 cm. The mean height of progenies ranged from
44 cm (progenies 15 and 18) to 78 cm (progeny 4).
Abies alba reached mean height 75 cm and Abies gran-
dis 106 cm. Fig. 4 shows mean heights of the material
in the plantation Prostéjov 1997 in 2002 and 2005.

2002 0O 2005

i

Fig. 3. The mean height in
comparative plantation in
1 Prostéjov, 1996 (progenies

12

Progeny
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Table 3. Results of Kruskal-Wallis analysis in Kostelec plantation, 2002 and 2004

Progeny 2002 2004
cases rank sum. mean rank cases rank sum. mean rank
1 57 42,071 738 36 26,378 733
2 50 27,288 546 46 22,231 483
3 47 33,313 709 45 28,938 643
4 54 41,013 759 52 37,322 718
5 70 70,337 1,005 60 53,886 898
6 63 51,111 811 62 45,260 730
7 66 60,698 920 53 46,837 884
8 59 61,781 1,047 55 54,573 992
9 55 55,529 1,010 55 52,200 949
10 62 47,808 771 55 38,581 701
11 72 69,348 963 54 47,477 879
12 66 48,774 739 58 35,569 613
13 64 48,638 760 60 43,043 717
14 59 36,155 613 53 33,612 634
15 47 33,734 718 44 29,853 678
16 63 29,825 473 60 25,769 429
17 54 36,989 685 50 27,725 555
18 64 38,007 594 60 33,800 563
19 59 43,697 741 54 34,581 640
20 68 60,838 895 61 52,911 867
21 41 36,607 893 39 33,272 853
Abies alba 150 71,953 480 134 59,836 447
Abies nordmanniana 25 39,663 1,587 25 35,532 1,421
Abies balsamea 97 128,470 1,324 94 108,755 1,157
Abies grandis 32 29,416 919 30 25,387 846
Abies procera 24 29,227 1,218 24 23,417 976
Abies concolor 23 31,521 1,370 20 23,889 1,194
Abies koreana x F1 43 31,991 744 43 24,170 562
Total 1,634 1,335,795 818 1,486 1,104,841 744
Chi-square statistic = 445.4319 (2002); 407.2921 (2005)
Degrees of freedom = 27
Right-tail probability = 0.0000
The results of Kruskal-Wallis analysis of variance DISCUSSION
show significant differences in height between the
progenies (see Table 5). Mortality

In 2005 height was measured again. The mean
height in this plantation was 92 cm. The mean height
of spontaneous hybrid progenies ranged from 56 cm
(progeny 15) to 123 cm (progeny 4). Abies alba
reached the mean height of 116 cm and Abies grandis
183 cm.

Table 5 documents the results of Kruskal-Wallis
analysis of variance. It shows significant differences
in height between the progenies.
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Mortality, especially in the first years after plant-
ing, is a big problem. The fir is one of the most sen-
sitive tree species and that is why nearly all authors
mentioned a very low survival rate. The results
reported in literature differ in the different authors
and also in one author. HYNEK (1989) dealt with sil-
ver fir provenance research. He reported mortality
on three plots in the Sumava region one year after
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planting: plot 1 (Vimperk) — mortality 5%, 2 (Nyrsko)
— 8%, 3 (Kasperské hory) — 57%. Higher mortality
on the third plot was caused by higher elevation and
unsuitable rainfall distribution during the vegetation
period. Mortality was also affected by seedling age in
the planting time. The seedlings planted at the age of
six years had mortality up to 40%.

The highest mortality was observed in Kostelec
(30%) due to a reason discussed later. Both planta-
tions in Prostéjov had lower mortality — 24 (25%).

Mortality in Kostelec was affected by waterlog-
ging in 1996. This mortality had nothing to do with

seedling origin, so it was not tested statistically.
Dead seedlings were replaced by seedlings from the
reserve in 1997.

In spring 1998 the mortality 22% was observed.
Mortality was still concentrated to the part affected
by waterlogging. Mainly seedlings planted in 1997
and seedlings considered in 1997 as withering died.

The planting of six years old (and older) seedlings
is connected with high mortality (HyNEK 1989). This
presumption was confirmed in Kostelec plantation,
where mortality was 30% (Abies alba 40%). In the
part not affected by waterlogging mortality was

Table 4. ANOVA results — plantation Prostéjov 1996, measured in 2002 and 2004

2002 2005
Variability f degreesof mean - sum of degrees of mean N
souree :(1111111;;;5 freedom  square stat. ' significance squares freedom  square stat. ' significance
Supplier 87 1 87 0.034 0.8545 9,661 1 9,661 1.417 0.2343
Replication 87 1 87 0.034 0.8545 9,661 1 9,661 1.417 0.2343
Main effect 90,784 8 11,348 4.392 0.0000 190,765 8 23,846 3.497 0.0006
Progeny 90,784 8 11,348 4.392 0.0000 190,765 8 23,846 3.497 0.0006
Explained 90,871 9 10,097 3.908 0.0001 200,426 9 22,270 3.266 0.0006
Error 2,206,653 854 2,584 5,816,643 853 6,819
Total 2,297,524 863 2,662 6,017,069 862 6,980
J.FOR. SCI., 53,2007 (5): 193-203 199



Table 5. Results of Kruskal-Wallis analysis in Prostéjov 1997 plantation, measured in 2002 and 2005

Progeny 2002 2005
cases rank sum. mean rank cases rank sum. mean rank

1 18 8,478 471 17 9,182 540
2 39 22,380 574 40 31,240 781
3 18 8,389 466 20 11,236 562
4 41 27,744 677 43 31,867 741
5 64 38,760 606 64 40,335 630
6 25 12,802 512 24 13,785 574
7 92 52,247 568 99 57,396 580
8 39 26,102 669 42 25,001 595
9 33 14,415 437 34 17,472 514
10 49 20,011 408 52 22,642 435
11 43 25,074 583 48 26,912 561
12 64 30,118 471 67 29,991 448
13 78 38,907 499 81 37,652 465
14 36 17,865 496 36 17,413 484
15 22 6,957 316 23 6,483 282
16 56 18,439 329 56 17,920 320
17 35 16,455 470 43 23,668 550
18 47 14,519 309 47 15,534 331
19 51 23,732 465 55 24,934 453
20 31 14,009 452 32 14,167 443
21 80 56,068 701 82 59,782 729
Abies alba 79 55,735 706 82 61,377 748
Abies grandis 51 46,485 911 53 54,387 1,026
Total 1,091 595,686 546 1,140 650,370 571

Chi-square statistic = 219.9190 (2002); 292.0128 (2005)
Degrees of freedom = 22
Right-tail probability = 0.0000

below ten percent, so we cannot draw a conclusion
about higher mortality in comparison with sponta-
neous hybrid progenies.

Silver fir as a control material was also planted
in Prostéjov (established 1997). It had substandard
mortality 19%. This is very important because this
plot does not look suitable for silver fir planting due
to very dry conditions. Silver fir was planted one
year later there and that can be a reason for its lower
mortality. The year 1997 was very dry and silver fir
seedlings were planted in a nursery and planted in
better climatic conditions in 1998.

According to GREGUSS et al. (1994b) the differ-
ence in survival rate between hybrids and control
material rapidly increased in favour of hybrids. This
presumption applied to the Abies koreana x (Abies
cilicica x Abies cephalonica) hybrid with mortality
14% in Kostelec.
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The mean mortality of spontaneous hybrid prog-
enies originating from Kysihybel Arboretum (num-
bers 1-21) and planted in Kostelec was 29%. Low
mortality was observed in hybrids number 6, 16, 18
and 20 (below 20%). In Prostéjov (1996) plantation
mortality below 20% was observed in hybrids 2 and
18. In Prostéjov (1997) hybrids 4-8, 12, 13, 18 and
21 showed very low mortality. The most vital hybrids
of all were hybrid 6 (it is not planted in Prostéjov
1996 plantation) and 18 with mortality only 11 and
12%, respectively.

High mortality (above 30%) in Kostelec was re-
corded in hybrids 1-4, 15, 17 and 21, in Prostéjov
(1996) in hybrids 4, 9 and 16, and in Prostéjov (1997)
in hybrids 1, 3, 9, 10, 11, 15, 17 and 20. The highest
mortality of all was found out in hybrid 3 (50%) fol-
lowed by hybrids 15 (48%), 1 (37%), 17 (34%) and
21 (33%).
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The mortality after planting is not probably con-
nected with mortality in a nursery. Between the years
1994 and 1996 more than 30% of four hybrid seedlings
died. They were progenies 1, 6, 8 and 14. Only hyb-
rid 1 has higher mortality after planting. Other prog-
enies with higher mortality in the nursery show lower
(below the mean of the plot) mortality after planting.
On the contrary, progeny 19, which shows 9% mortal-
ity in the nursery, had 31% mortality after planting.
This progeny is probably more sensitive to changing
conditions and was heavily affected by waterlogging.

There are also North-American fir species in plan-
tations. There are experiences with the planting of
such tree species in Czech conditions, for example
Abies grandis and Abies concolor. An IUFRO prov-
enance trial with the North-American fir species
Abies grandis and Abies procera was conducted in
the Czech Republic. According to VANCURA and
BERAN (1995) Abies grandis mortality was from 5 to
46%. This species is damaged by pests and waterlog-
ging. Abies procera mortality is very high immedi-
ately after planting and there is only a small change
in the following years. Abies grandis was planted on
Kostelec and Prostéjov 97 plots. The mortality in
Kostelec (8 years after planting) is 40%, in Prostéjov
(7 years after planting) 29%. In comparison with the
other progenies Abies grandis mortality is signifi-
cantly higher than mean mortality. The mortality of
this tree species is higher compared to VANCURA and
BERAN (1995) results.

Abies concolor mortality on Kostelec plot is only
20%. Other authors reported significantly higher
mortality of this tree species, e.g. VANCURA (1990),
SINDELAR and BERAN (2004), etc.

Abies nordmanniana mortality in Kostelec is 0%.
This can be explained by a low number of seedlings
— there are only 25 individuals on the plot. The mor-
tality of Abies balsamea (6%) and Abies procera (4%)
was very low. Abies procera results can be distorted
by the very low number of seedlings again. There are
four replications in Abies balsamea (100 seedlings).
Its high viability confirms former results (SINDELAR,
BERAN 2004).

Abies procera mortality was only 4% eight years af-
ter planting. There are only 25 seedlings on the plot,
so the result can be distorted again. The mortality at
the age of 8 (9) years is shown in Fig. 1.

Height
Many authors reported better growth of Abies
hybrids compared to Abies alba. The analysis of

variance shows high significance of the influence of
progeny origin on height.
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There is a relation between height and seedling age
at the planting time. According to HYNEK (1989) the
mortality of older seedlings is significantly higher
than that of younger seedlings (the age at the plant-
ing time). This tendency was observed in an Abies
alba provenance trial in the Czech Republic 15 years
after planting.

GREGUSS (1992) mentioned increasing height
differences between fir hybrids and parental tree
species.

In 1998 the Kostelec plantation was measured. The
mean height of the material was 34 cm. Abies alba
reached the mean diameter of 27 cm. Spontaneous
hybrids 1-21 reached the mean height from 22 cm
(progeny 2, the only one with lower height com-
pared to Abies alba) to 45 cm (progeny 9, 167% of
the Abies alba mean height). All non-native fir spe-
cies exceeded the control material — Abies grandis
36 cm (133% of the Abies alba mean height), Abies
procera 53 cm (196%), Abies concolor 60 cm (222%),
Abies balsamea 62 cm (230%) and the highest was
Abies nordmanniana 104 cm (385%). The analysis
of variance shows significant differences between
progenies and also between replications. This can be
caused by plot heterogeneity due to waterlogging in
1996-1998. Measurements in 2002 and 2004 (Fig. 2)
showed better growth of hybrid material compared
to Abies alba.

GREGUSS (1992) reported higher wood produc-
tion of fir hybrids compared to Abies alba and
non-native fir species. This measurement was real-
ized in Kysihybel Arboretum at the age of around
30 years. We cannot confirm this result due to the
young age of our material. Hybrid firs show dif-
ferent growth dynamics, so future measurements
are needed.

If we compare the height of the progenies with
progeny height in the nursery in 1995, we can see
that the growth tendency is still nearly similar. With
only few exceptions the order of progenies is the
same. The highest progeny in the nursery was prog-
eny 9, one of the highest in the last measurement.
The lowest in the nursery was progeny 2, which is
still the lowest at the present time.

Very good growth of Abies nordmanniana in
the first years after planting is also mentioned in
literature. GREGUSS (1992) reported that this tree
species reached 113.9% of the mean height of all
material at the age of one year, at the age of ten
this species is the lowest one. Our results show
increasing differences between this material and
others. At the age of 8 years Abies nordmanniana
is absolutely the best with 330% of the Abies alba
mean height.

201



In the plantation Prostéjov 96 the lowest progeny
was progeny 2, which is the same progeny as in Kos-
telec plantation. The highest progeny from Kostelec,
progeny 5, is not planted there, the highest progeny,
No. 9, is in Kostelec plantation around the mean of
the whole plantation.

In the plantation Prostéjov 97 the lowest progeny
was progeny 15 (in Kostelec plantation around the
plantation mean). The highest progeny (No. 4) is
again around the mean in Kostelec and Prostéjov
97 plantations. In this plantation very good growth
of silver fir is surprising. This can be explained by
its later planting (the year 1997 was very dry, the
next year was climatically better for fir planting).
We can assume better growth of hybrid progenies
in future.

CONCLUSION

European silver fir (Abies alba Mill.) was one of
the most important tree species in Czech forests. Its
occurrence extremely decreased in the last century
and the vitality of trees in surviving local popula-
tions also diminished. Silver fir is an important tree
species because of higher production ability than
in Norway spruce (Picea abies [L.] Karst.) and high
ecological importance as well.

European silver fir is one of those domestic tree
species the maintenance of which is done especially
by its resistance. Fir cannot be bred for specific re-
sistance like elms. That is why breeding has to be
directed to an increase in general resistance.

One of the important approaches for increasing fir
resistance by breeding is interspecific hybridization
because it is known that hybrids within the genus
Abies often reach the effect of heterosis not only in
growth but also in increased vitality in comparison
with parental species. Higher tolerance to various
stress factors including the air pollution pressure
is connected (and possibly higher tolerance to the
expected climate warming).

Spontaneous hybrids within the genus Abies are
mostly better in growth and vitality than the control
material of Abies alba from open pollination. All
plantations are still very young, so regular measure-
ments should continue.

The material can be used for special plantations,
especially where local silver fir populations are ex-
tinct and on anthropogenically destroyed plots (after
mining and so on). Changing climate conditions
should be considered. This material can also be used
as Christmas trees.

All these results show a high potential for Czech
forestry practice. There is also a high potential for fu-
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ture breeding. Vegetative reproduction of this hybrid
material is an important problem to solve.
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Spontianni hybridy rodu Abies — ruast a vyvoj

ABSTRAKT: Spontanni{ hybridy rodu Abies predci v rychlosti rlstu i vitalité jak doméci Abies alba, tak i rodicovské

druhy. V Ceské republice byly zalozeny tii vysadby s timto materidlem. Jsou pravidelné méfeny a sledovany. Vysledky

ukazuji vysoky potencial tohoto materialu pro vyuziti v lesnické praxi.
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