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Testing of lime tree (7ilia cordata Miller) clones
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ABSTRACT: Previous experiences with breeding of lime tree (7ilia cordata Miller) in European countries are shown in this paper. The
first results were obtained from the evaluation of juvenile planting of lime tree (7ilia cordata Miller) in the Czech Republic, founded
in the School Forest Enterprise Kostelec nad Cernymi lesy. Lime tree clones (initially cultivated in vitro) were evaluated for growth
parameters and also according to the growth form of the different clones. Individual clones were also checked for mortality.
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EUROPEAN EXPERIENCE

The lime tree (7ilia cordata Miller) belongs to the so-
called Noble Hardwoods. On the international European
scale they have been included in the programme EUFOR-
GEN, in which the Czech Republic also participates. This
programme, founded in 1994, is coordinated by the Inter-
national Plant Gene Resources Institute (IPGRI) in Rome.
In the framework of this programme one of the priorities
was to attract attention to Noble Hardwoods. That was the
reason why an international workgroup dealing with the
protection and sustainable management of gene resources
of these Noble Hardwoods was established in the frame-
work of the European network in 1996. The greatest at-
tention is paid to these tree species especially in Germany,
in Austria and in France.

Tilia cordata in Hungary grows preponderantly in mon-
tane and submontane stage (BARNA 1996). The protection
of genetic diversity is focused especially on protection in
situ. There are 3 seed orchards of lime tree in Hungary
and there are 100 different clones of plus trees in clone
archives. The whole area of ex situ plantings is 4.2 ha.
Further there are 33.2 ha of 23 approved stands for the
collection of reproductive material.

According to KLEINSCHMIT et al. (1996) there are alto-
gether 19 seed orchards with 39.3 ha in Germany, in which
there are 501 clones of the lime tree. There are not any reg-
istered plus trees. Further 2 clone archives are mentioned
with 85 clones and seed of the lime tree is obtained from
7 stands approved for seed collection. Annually 75 kg of
seed is collected in these stands.

The lime tree is artificially reproduced in most places in
Switzerland because of insufficient natural regeneration.
There are problems with the insufficient quality of grown
individuals (a high percentage of fork individuals, unsuit-
able stem shape) as far as a small plantation spacing is

J. FOR. SCI., 49, 2003 (12): 559-574

concerned according to ROTACH (1996). Insufficient are
also the usable sources of seed, concerning their quantity
and quality (phenotype of desired traits, gene diversity).
The occurrence of Tilia cordata in Switzerland is only
regional and in small populations. In future breeding ac-
tivities will be focused preponderantly on finding suitable
indigenous provenances and on the evaluation of their
desired phenotype traits. The most suitable populations
will be used as sources of reproductive material. A further
step will be the foundation of productive seed orchards
with managed selection aimed at unsuitable individuals.
The main attention in Switzerland is paid to protection
in situ, production seed orchards will only be a source of
selected individuals with exceptional genotype.

The occurrence of Tilia cordata is dispersed in Den-
mark, preponderantly in the south of the country. The
capacity of seed production for forest regeneration is
very low, mostly due to unsuccessful fruit research. The
physiological and genetic background of this problem
has not been made clear so far, but according to pollen
analyses the most important factor is climatic conditions.
Most of the planted stands are based on imported seeds.
Greater interest in 7ilia cordata has been shown in the
last years. In Denmark there is one clone archive and
2 approved stands for collection of reproductive material
(CANGER, KJAER 1996).

PROKAZIN et al. (1998 in JENSEN, CANGER 1998) re-
ported that Tilia cordata was the most widespread species
ofthe lime tree in Russia. This species occurs in the whole
area of forest steppe, covering the European part of Rus-
sia. 137 plus trees and 108.5 ha of breeding plantations
were recorded there.

MAGHERINI and NIN (1994) published the results of
experiments with germination of seeds and rooting of
half-woody cuttings of 3 lime species (7ilia cordata, Tilia
platyphyllos and Tilia tomentosa). Seeds were treated by
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removing the pericarp, wetting in the cold, sterilization
and application of gibberellic acid. Half-woody cuttings
were without treatment or were treated with 600 and
10,000 ppm IBA. The Tilia cordata species had very low
germination, maximally 17.4%. Cuttings from the shoot
had a low potential of rooting, but IBA treatment increased
the percentage of rooted cuttings from 43% to 61%. The
application of IBA had only a small influence on the
number and length of the roots. Tilia cordata showed the
best results of rooting among the used lime species.

Cuttings of three lengths were taken for propagation of
Tilia cordata — 6 cm, 6-10 cm, and 10-18 cm from three
years old seedlings. The cuttings were treated with 1% IBA
and rooted in a mixture of peat, pearlite, sand, etc. in the
greenhouse with moistened air. A higher percentage of
longer cuttings took roots with better quality of rooting
(ELSNER 1992).

MAURER and TABEL (1995) published their methodo-
logical results concerning studies of isoenzymes of the
lime tree. They described how to select plant material,
how to prepare the enzyme extract and how it can be
stored for a long time. Electrophoresis on starch gel (pro-
duction of starch gel by a microwave method is described)
was used for the separation of different enzyme forms.
A practical application of this research is a possibility to
define exactly the different clones of 7ilia cordata in the
seed orchard, by help of combination of phoreograms of
tested enzymatic forms. The clone character of lime trees
growing as decorative greenery on streets and along roads
in the countryside can be determined similarly as well.

Minimal attention has been paid to the problems of vari-
ability of the lime tree in the Czech Republic so far. In
the first half of the 1990s partial information was obtained
about the phenotype variance of the chosen population,
but no experimental plot has been founded there until now.
That is why the foundation of provenance experiments
is planned along with research on chosen autochthonous
stands where information about genetically conditioned
variability will be acquired in the framework of the
Czech Republic. As a part of a project preparatory works
will be carried out to found a new series of experimental
provenance plots with Tilia cordata and Tilia platyphyllos
(BENEDIKOVA, MALA 2001).

MATERIAL AND METHODS

In autumn 1990 container-grown seedlings (in PE bags)
of Tilia cordata cultivated in vitro were received from
the Laboratory of Biotechnologies in Olesna. As early as
in spring 1999 this material was exposed to the outdoor
environment in Olesna. There were 95 clones of the lime
tree (represented by 4 or 5 individuals, with total number
of 451 plants). Primary explants were obtained from plus
trees and breeding trees from several natural forest areas
[Jiho¢eska panev, Kiivoklatsko, Cesky kras (Bohemian
Karst) and Polabi]. Clones No. 1-4 are by origin from
the natural forest area Jihoceska panev, directly from plus
trees, and clones No. 56-90 are from the seed orchard
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Milevsko. Clones No. 5-19 from the natural forest area
Kftivoklatsko from breeding trees, clones No. 20-25 from
the natural forest area Cesky kras from breeding trees,
clones No. 26-55 and 91-95 from the natural forest area
Polabi from breeding trees. The clones were grown as con-
tainerized seedlings for one year at Truba Tree Breeding
Station and in autumn 2000 they were planted in the form
of line planting in SFE Kostelec nad Cernymi Lesy, in the
locality U Trubské hajenky, in stand 20 A 9 at a spacing
of 1.5 x 1.5 m. The planting is fenced. All seedlings were
marked by pegs for forest weed mowing.

Growth parameters and growth form were examined
in Tilia cordata clones. In spring 2001 the growth form
was evaluated in individual lime trees. At the end of the
vegetation period (autumn 2001) the growth form was
checked again (especially in less developed clones). The
growth form was evaluated according to the categories:
shrub form, branched stem and unbranched stem. This
evaluation was repeated in autumn 2002 again.

In 2001 the height of individual trees was measured, in
spring 2001 before bud burst and later on in autumn after
growth termination. The basic statistical characteristics
were calculated for the different clones. The statistical sig-
nificance of the influence of the relevance of individuals to
the clone and their height was determined by the analysis
of variance (level 95%) in spring and in autumn 2001 and
the increment in 2001. Duncan’s test always followed.

RESULTS
Plant growth

In spring 2001 the average height of clones was from
about 5.4 cm (clone No. 9 from Kiivoklatsko) up to 35.8 cm
(clone No. 65 from Milevsko seed orchard). In autumn the
average height of clones was from 11.4 cm (clone No. 10
from Kfiivoklatsko) to 66.8 cm (clone No. 38 from Polabi).
The average increment of clones in 2001 was from 0.3 cm
(clone No. 64 from Milevsko seed orchard) up to 35.8 cm
(clone No. 38 from Polabi) — see Table 1.

In spring 2001 clones from plus trees from the natural
forest area Jihoceska panev reached on average the height
of 20.3 cm and in autumn 2001 25.8 cm, their average
increment was 5.5 cm. In spring 2001 the lowest on aver-
age was clone No. 2 (14 cm) and the highest clone No. 3
(24.3 cm). In autumn 2001 the lowest clone on average
was No. 2 (20.3 c¢cm) again and the highest clone No. 3
(30.8 cm) again. The lowest plant growth in 2001 on aver-
age was observed in clone No. 1 (3 cm) and the highest in
clone No. 3 (6.5 cm).

Clones originating from Kftivoklatsko reached the
average height of 15.5 cm in spring 2001 and 23.9 cm
in autumn 2001, their average increment in 2001 was
8.4 cm. In spring 2001 clone No. 9 (5.4 cm) reached
the lowest average height and clone No. 17 (25 cm) the
greatest height. In autumn 2001 clone No. 10 (11.4 c¢m)
reached the lowest average height and clone No. 5
(36.4 cm) the greatest height. In 2001 clone No. 19
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Table 1. The average height of clones

Clone No. Nul.nl?er of Mortality Mortality Spring 2001 Autumn 2001 Increment 2001
individuals (plants) (%) (cm) (cm) (cm)
1 4 0 19.5 225 3.0
2 5 3 60 14.0 20.3 6.3
3 5 1 20 243 30.8 6.5
4 5 0 234 29.4 6.0
1-4 19 4 21.1 20.3 25.8 5.5
5 5 0 22.6 36.4 13.8
6 5 0 15.0 28.0 13.0
7 5 0 15.0 25.2 10.2
8 5 0 14.2 242 10.0
9 5 0 5.4 15.4 10.0
10 5 0 9.6 11.4 1.8
11 5 0 16.4 25.4 9.0
12 5 0 15.0 322 17.2
13 5 0 11.4 14.6 32
14 5 0 14.2 19.0 4.8
15 5 0 17.4 25.6 8.2
16 5 0 11.8 15.8 4.0
17 5 0 25.0 35.0 10.0
18 5 0 18.8 27.8 9.0
19 5 0 20.3 22.0 1.7
5-19 75 0 0.0 15.5 239 8.4
20 5 0 19.2 26.4 7.2
21 5 0 16.2 31.4 15.2
22 5 0 27.8 59.8 32.0
23 4 0 23.6 35.8 12.2
24 5 0 24.8 28.8 4.0
25 5 0 33.8 39.0 52
20-25 29 0 0.0 24.2 36.9 12.6
26 4 0 24.8 39.4 14.6
27 5 0 16.2 26.4 10.2
28 5 0 21.6 31.4 9.8
29 5 0 29.6 41.6 12.0
30 5 0 20.4 442 23.8
31 5 0 18.4 242 5.8
32 5 0 17.4 36.4 19.0
33 5 0 27.2 38.4 11.2
34 5 0 22.6 33.0 10.4
35 5 0 22.4 47.2 24.8
36 5 1 20 29.8 50.3 20.5
37 5 0 223 37.8 15.5
38 5 0 31.0 66.8 35.8
39 4 0 23.8 28.8 5.0
40 5 0 17.8 28.2 10.4
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Table 1 to be continued

T Numper of Mortality Mortality Spring 2001 Autumn 2001 Increment 2001

individuals (plants) (%) (cm) (cm) (cm)

41 4 0 23.8 48.4 24.6
42 5 0 21.0 342 13.2
43 5 0 24.4 34.4 10.0
44 5 0 234 57.4 34.0
45 4 0 26.6 44.0 17.4
46 5 0 24.8 37.2 12.4
47 5 0 248 36.6 11.8
48 5 0 27.4 29.4 2.0
49 5 0 32.8 36.8 4.0
50 5 0 30.8 54.0 23.2
51 5 0 23.8 33.4 9.6
52 5 0 19.8 29.8 10.0
53 5 0 30.4 35.6 5.2
54 5 0 20.0 25.0 5.0
55 4 0 21.8 27.5 5.7
91 5 0 10.6 16.0 5.4
92 1 0 18.0 19.0 1.0
93 4 0 16.3 30.3 14.0
94 5 0 9.5 15.0 5.5
95 3 0 15.7 17.3 1.6
26-55, 91-95 163 1 0.6 22.6 35.3 12.7
56 5 0 18.2 50.2 32.0
57 5 0 31.8 432 11.4
58 5 1 20 21.5 41.8 20.3
59 4 0 3255 37.5 5.0
60 5 0 27.4 43.8 16.4
61 5 0 27.4 34.0 6.6
62 5 0 24.5 41.0 16.5
63 5 0 293 30.8 1.5
64 5 0 29.0 29.3 0.3
65 5 0 35.8 412 5.4
66 5 0 27.0 36.4 9.4
67 5 0 323 473 15.0
68 5 0 26.0 35.0 9.0
69 5 0 32.8 43.4 10.6
70 5 1 20 28.0 52.0 24.0
71 5 1 20 323 58.3 26.0
72 4 0 34.4 58.6 242
73 5 0 32.0 53.2 21.2
74 5 0 222 36.2 14.0
75 5 0 28.4 37.0 8.6
76 4 0 13.0 17.2 42
77 5 2 40 15.7 19.3 3.6
78 5 0 10.0 12.8 2.8

562 J. FOR. SCI.,, 49, 2003 (12): 559-574



Table 1 to be continued

Clone No. .N“‘.“‘?er of Mortality Mortality Spring 2001 Autumn 2001 Increment 2001
individuals (plants) (%) (cm) (cm) (cm)
79 5 0 21.6 26.0 4.4
80 4 0 13.2 16.6 34
81 4 0 243 26.5 22
82 4 0 17.0 21.8 4.8
83 5 0 20.0 27.6 7.6
84 4 0 13.0 40.3 273
85 5 0 22.8 35.8 13.0
86 4 0 10.0 21.0 11.0
87 5 0 20.0 39.0 19.0
88 5 0 17.8 37.6 19.8
89 4 0 24.0 39.0 15.0
90 4 0 15.0 23.0 8.0
56-90 165 5 3 23.7 35.8 12.1
Sum/Mean 451 10 2.1 21.9 33.4 11.5
Clones No. 1-4 — plus trees from the natural forest area JihoCeska panev

Clones No
Clones No
Clones No
Clones No

(1.7 cm) had on average the lowest increment and No. 12
(17.2 cm) the highest increment.

Clones originating from the Cesky kras (Bohemian
Karst) reached on average the height of 24.2 cm in spring
2001 and 36.9 cm in autumn 2001, their average incre-
ment in 2001 was 12.6 cm. In spring 2001 clone No. 21
(16.2 cm) reached the lowest average height and clone
No. 25 (33.8 cm) the greatest height. In autumn 2001 clone
No. 20 (26.4 cm) was on average the lowest and No. 22
(59.8 cm) was the highest clone. In 2001 clone No. 24
(4 cm) had on average the lowest increment and clone
No. 22 (32 cm) the highest.

Clones originating from Polabi reached on average the
height 22.6 cm in spring 2001 and 35.3 cm in autumn
2001, their average increment in 2001 was 12.7 cm. In
spring 2001 clone No. 94 (9.5 cm) reached the lowest
average height and clone No. 49 (32.8 cm) the greatest
height. In autumn 2001 clone No. 94 (15 cm) was on
average the lowest again and clone No. 38 (66.8 cm) on
average the highest. In 2001 clone No. 92 (1 cm) reached
on average the lowest increment and clone No. 44
(34 cm) the highest.

Clones originating from Milevsko seed orchard (plus
trees from the natural forest area Jihoceska panev) reached
an average height of 23.7 cm in spring 2001 and an ave-
rage height of 35.8 cm in autumn 2001, their average in-
crement in 2001 was 12.1 cm. In spring 2001 clones No.
78 and 86 (10 cm) reached the lowest average height and
clone No. 65 (35.8 cm) the greatest height. In autumn 2001
clone No. 78 (12.8 cm) was on average the lowest again
and clone No. 72 (58.6 cm) on average the highest. In
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. 5-19 — breeding trees from the natural forest area Ktivoklatsko
. 20-25 — breeding trees from the natural forest area Cesky kras
. 26-55 and 91-95 — breeding trees from the natural forest area Polabi

. 56-90 — clones from the seed orchard Milevsko — plus trees from the natural forest area JihoCeska panev

2001 clone No. 64 (0.3 cm) reached on average the lowest
increment and clone No. 56 (32 cm) the highest.

Comparison of genetically identical material from plus
trees and from the seed orchard:

Clone Height in Height in Increment
spring 2001 autumn 2001 2001
No.
(cm) (cm) (cm)
1-64 19.5-29.0 22.5-29.3 0.3-3.0
2-85 14.0-22.8 20.8-35.8 6.3-13.0
4-62 23.4-24.5 29.4-41.0 6.0-16.5

All clones reached on average the height 21.9 cm in
spring 2001 and 33.4 cm in autumn 2001, and increment
11.5cmin 2001. In spring 2001 clones originating from
Cesky kras, from Milevsko seed orchard and from Po-
labi had on average the height above the average height
of the whole comparative plantation; clones from plus
trees from the natural forest area JihoCeska panev and
from Kftivoklatsko were below the average height of
the whole comparative plantation. In autumn 2001 the
situation was similar, as well as in the case of average
increment.

The analysis of variance showed a statistically sig-
nificant influence of the relevance of individuals to the
clone according to the growth height in spring 2001, to
the growth height in autumn 2001 and to their increment
in 2001. Duncan’s test divided the clones into 29 homo-
geneous subgroups according to the height in spring
2001 (Table 2), into 26 homogeneous subgroups ac-
cording to the height in autumn 2001 (Table 3) and into
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Table 2. Duncan’s test for height in spring 2001, classified by clones

Homogeneous subsets
Group 1: 9761086789491 131627784808 1467 129095

Pooled mean = 12.0860
95% Confidence interval = 10.7687 13.4033
Group 2: 761086789491 131627784808 14671290952127 118293 1532408892563118 20
Pooled mean = 14.6209
95% Confidence interval = 13.5939 15.6479

1086789491 131627784808146712909521271182931532408892563118201 52
Group 3: 5854 83

Pooled mean = 15.4798
95% Confidence interval = 14.5139 16.4456

867894911316277848081467129095212711829315324088925631182015258
Group 4: 5483 30

Pooled mean = 15.7919
95% Confidence interval = 14.8261 16.7577
9113162778480814671290952127 118293 15324088925631 18201 5258548330
Group 5: 42
Pooled mean = 16.4451
95% Confidence interval = 15.4532 17.4371

13162778480814671290952127 118293 15324088925631 18201 525854833042
Group 6: 7428 79 87

Pooled mean = 17.1899
95% Confidence interval = 16.2404 18.1394

162778480814671290952127 118293 15324088925631 18201 52585483304274
Group 7: 2879871935534

Pooled mean = 17.8814
95% Confidence interval = 16.9694 18.7935

2778480814671290952127 118293 15324088925631 18201525854 8330427428
Group 8: 7987193553485

Pooled mean = 18.1649
95% Confidence interval = 17.2529 19.0770

778480814671290952127 118293 15324088925631 18201 525854 833042 74 28
Group 9: 79 871935534854 44

Pooled mean = 18.5400
95% Confidence interval = 17.6417 19.4383

848081467129095212711829315324088925631 18201 525854833042 74287987
Group 10:  19355348544423394151

Pooled mean = 19.1402
95% Confidence interval = 18.2718 20.0086

8081467129095212711829315324088925631182015258548330427428798719
Group 11: 35534 8544423394151 89

Pooled mean = 19.3458
95% Confidence interval = 18.4774 20.2142

81467129095212711829315324088925631182015258548330427428798719 35
Group 12: 534854442339415189381432426464717

Pooled mean = 20.2874
95% Confidence interval = 19.4791 21.0957

671290952127 11829315324088925631 18201 525854833042742879871935534
Group 13:  854442339415189381432426464717553770

Pooled mean = 20.8492
95% Confidence interval = 20.0490 21.6494
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Table 2 to be continued

Homogeneous subsets

952127118293 15324088925631 18201 5258548330427428798719355348544423

Group 14: 394151893 814324264647 175537706662
Pooled mean = 21.5267
95% Confidence interval = 20.7118 22.3417
212711829315324088925631 1820 1525854833042 742879871935534854442339
Group 15: 4151893 814324264647 175537706662 45
Pooled mean = 21.7020
95% Confidence interval = 20.8904 22.5136
11829315324088925631182015258548330427428798719355348544423394151
Group 16: 893 814324264647 1755377066 624533
Pooled mean = 22.0458
95% Confidence interval = 21.2258 22.8658
82931532408892563118201525854833042742879871935534854442339415189
Group 17: 3814324264647 17553770 66 62453348 60 61 68 22
Pooled mean = 22.6808
95% Confidence interval = 21.8929 23.4686
4088925631 182015258548330427428798719355348544423394151893814324
Group 18: 264647 17 5537 70 66 62 45 33 48 60 61 68 22 71 75
Pooled mean = 23.3267
95% Confidence interval = 22.5249 24.1285
1820 15258548330427428798719355348544423394151893814324264647 1755
Group 19: 37 70 66 62 4533 48 60 61 68 22 71 75 64 29
Pooled mean = 24.0458
95% Confidence interval = 23.2258 24.8658
2015258548330427428798719355348544423394151893814324264647 175537
Group 20: 70 66 62 4533 48 60 61 68 22 71 75 64 29 36 63
Pooled mean = 24.3648
95% Confidence interval = 23.5515  25.1780
1525854833042742879871935534854442339415189381432426464717553770
Group 21: 66 624533486061 682271756429 3663 53
Pooled mean = 24.5943
95% Confidence interval = 23.7810 25.4075
548330427428 798719355348544423394151893814324264647 175537706662 45
Group 22: 3348 6061 6822 71 756429 36 63 53 50
Pooled mean = 25.0170
95% Confidence interval = 24.1883 25.8457
4274287987 19355348544423394151893814324264647 1755377066 6245334860
Group 23: 61 682271756429 36 63 53 50 57
Pooled mean = 25.4933
95% Confidence interval = 24.6464  26.3402
28798719355348544423394151893814324264647 175537 7066624533486061 68
Group 24: 22717564 29 36 63 53 50 57 69
Pooled mean = 25.8455
95% Confidence interval = 249890  26.7019
8719355348544423394151893814324264647 1755377066 624533486061 682271
Group 25: 756429 36 63 53 50 57 69 59 38 49 73
Pooled mean = 26.5983
95% Confidence interval = 25.7588 27.4377
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Table 2 to be continued

Homogeneous subsets

5348544423394151893814324264647 1755377066 624533486061 6822717564
Group 26: 2936 63 53 50 57 69 59 38 49 73 72

Pooled mean = 27.0548
95% Confidence interval = 26.1964 27.9132

444233941 51893814324264647 1755377066 624533486061 682271 7564293663
Group 27: 535057 69 59 3849 73 72 25

Pooled mean = 27.5311
95% Confidence interval = 26.6524 28.4098
Group 28: 17 553770 66 62 4533 48 60 61 68 22 71 75 64 29 36 63 53 50 57 69 59 38 49 73 72 25 65
Pooled mean = 29.3176
95% Confidence interval = 28.2734 30.3618
Group 29: 624533486061 682271756429 3663 53505769 593849 7372256567
Pooled mean = 30.3359
95% Confidence interval = 29.2131 31.4588

Table 3. Duncan’s test for height in autumn 2001, classified by clones

Homogeneous subsets
Group 1: 107678 139491691809514927728682191908315471115792781552083 18 640392444852
6474933632128
Pooled mean = 23.8932
95% Confidence interval = 22.2482 25.5382
Group 2: 7678 13949169180951492772868219190831547 11157927 8155208318 640392444852 64
7493363212812
Pooled mean = 24.3981
95% Confidence interval = 22.7531 26.0430
Group 3: 7813949169180951492772868219190831547 11157927 81552083 186403924448526474
933632128123451
Pooled mean = 25.0472
95% Confidence interval = 23.4256 26.6687
Group 4: 13949169180951492772868219190831547111579278155208318640392444852647493
363212812345161424317
Pooled mean = 26.1410
95% Confidence interval = 24.5739 27.7080
Group 5: 9491691809514927728682191908315471115792781552083 18 6403924448526474933
6321281234516142431753236885
Pooled mean = 27.1736
95% Confidence interval = 25.6559 28.6912
Group 6: 16918095149277286821919083154711157927815520831864039244485264749336321
28 123451614243 17 5323688553247
Pooled mean = 28.1694
95% Confidence interval = 26.6701 29.6686
Group 7: 9180951492772868219190831547 11157927 81552083 186403924448526474933632128
123451614243 17532368 855324749
Pooled mean = 28.5927
95% Confidence interval = 27.0935 30.0920
Group 8: 8095149277286821919083154711157927 81552083 18640392444852647493363212812
3451614243 1753236885532474946
Pooled mean = 29.0202
95% Confidence interval = 27.5209 30.5194
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Table 3 to be continued

Homogeneous subsets
Group 9: 95149277286821919083154711157927815520831864039244485264749336321281234
51614243 175323688553247494659 8837
Pooled mean = 29.6992
95% Confidence interval = 28.2236 31.1748
Group 10: 14927728682 19190831547 11157927 81552083 1864039 24448526474933632128123451
614243175323 6885532474946 59 8837 337525878926
Pooled mean = 30.7730
95% Confidence interval = 29.3671 32.1790
Group 11:  77286821919083154711157927815520831864039244485264749336321281234516142
43175323688553247494659 883733752587892684
Pooled mean = 31.1607
95% Confidence interval = 29.7498 32.5717
Group 12:  28682191908315471115792781552083186403924448526474933632128123451614243
17 53 23 68 855324749 46 59 88 37 33 75 25 87 89 26 84 66 62 65
Pooled mean = 31.7560
95% Confidence interval = 30.3720 33.1400
Group 13:  8682191908315471115792781552083186403924448526474933632128123451614243
175323 68 85532474946 59 883733752587 892684 6662 6529 58
Pooled mean = 32.1717
95% Confidence interval = 30.8017 33.5417
Group 14:  1908315471115792781552083186403924448526474933632128123451614243175323
68 8553247494659 883733752587 8926846662 652958573669
Pooled mean = 33.1500
95% Confidence interval = 31.7869 34.5131
Group 15:  90831547111579278155208318640392444852647493363212812345161424317532368
8553247494659 883733752587 8926846662 6529 58573669 60
Pooled mean = 33.4684
95% Confidence interval = 32.1076 34.8293
Group 16: 831547 11157927815520831864039244485264749336321281234516142431753236885
53247494659 883733752587 892684 66626529 585736 69 6045 67 30
Pooled mean = 34.0162
95% Confidence interval = 32.6731 35.3593
Group 17: 2781552083 186403924448526474933632128123451614243175323688553247494659 88
373375258789 2684 6662 6529 58 5736 69 60 45 67 30 35
Pooled mean = 35.3728
95% Confidence interval = 33.9593 36.7862
Group 18: 552083 186403924448526474933632128123451614243175323 68855324749 4659883733
7525 87 89 26 84 66 62 6529 58 57 36 69 60 45 67 30 35 41
Pooled mean = 35.9018
95% Confidence interval = 34.4781 37.3255
Group 19: 6403924448 52647493363212812345161424317532368855324749465988373375258789
26 84 66 62 6529 58 57 36 69 60 45 67 30 3541 70
Pooled mean = 36.7510
95% Confidence interval = 35.2895 38.2124
Group 20: 448 526474933632128123451614243 17532368 8553247494659 883733752587 89268466
62 6529 58 5736 69 60 45 67 30 3541 70 56
Pooled mean = 37.6640
95% Confidence interval = 36.1617 39.1662
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Table 3 to be continued

Homogeneous subsets

Group 21:

Group 22:

Group 23:

Group 24:

Group 25:

Group 26:

51614243 175323 6885532474946 59883733752587892684 660626529 58573669 60456730
35417056 50
Pooled mean = 40.0714

95% Confidence interval = 38.3850 41.7578
614243 175323688553247494659 883733752587892684 66626529 58573669 6045673035
417056507273

Pooled mean = 40.9502

95% Confidence interval = 39.2849 42.6156
46 59 8837 33 752587 89 26 84 66 62 6529 58 57 36 69 60 45 67 30 3541 70 56 50 72 73 44
Pooled mean = 43.7260

95% Confidence interval = 41.7721 45.6800
84 66 62 6529 58 57 36 69 60 45 67 30 3541 70 56 50 72 73 44 22
Pooled mean = 46.9327

95% Confidence interval = 44.6176 49.2478
6045 673035417056507273442271
Pooled mean = 51.1061

95% Confidence interval = 48.1999 54.0122
4170565072 73442271 38
Pooled mean = 55.3333

95% Confidence interval = 51.9256 58.7411

Table 4. Duncan’s test for increment in 2001, classified by clones

Homogeneous subsets

Group 1: 64926395191048 8178113768077 16244979 148239 5459942553916555314236183679015
68207411 185128 7589174352727344069 863357472923466854259326668921376062874512
Pooled mean = 8.5292
95% Confidence interval = 7.4382 9.6203
Group 2: 92639519104881 78113768077 16244979 1482 39545994255391655531423618367901568
2074 111851287589 1743 52727344069 86335747292346685425932666892137606287451232
Pooled mean = 8.7883
95% Confidence interval = 7.6973 9.8793
Group 3: 639519104881 78113768077 16244979 148239 54599425539165553142361836790156820
7411 1851287589 174352727344069 8633574729234668542593266689213760628745123288
Pooled mean = 8.9614
95% Confidence interval = 7.8764 10.0464
Group 4: 48 8178113768077 16244979 14 82395459942553916555314236183679015682074111851
287589174352727344069 863357472923466854259326668921376006287451232 8858
Pooled mean = 9.4217
95% Confidence interval = 8.3182 10.5251
Group 5: 8178113768077 16244979 14 8239545994255391655531423618367901568207411 185128
7589174352727 344069 86335747292346685425932666892137606287451232885836
Pooled mean = 9.6543
95% Confidence interval = 8.5493 10.7593
Group 6: 78 11376 8077 162449 79 14 8239 545994255391 6555314236183679015682074 1118512875
89 1743527273440698633574729234668542593266689213760628745123288583672
Pooled mean = 9.8974
95% Confidence interval = 8.7940 11.0008
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Table 4 to be continued

Homogeneous subsets

Group 7: 8077 16244979 14 823954599425539165553142361836790156820741118512875891743
52727344069 8633574729234668542 593266689 213760062874512328858367273
Pooled mean = 10.4379
95% Confidence interval = 9.3134 11.5623
Group 8: 14 82395459942553916555314236183679015682074 111851287589 174352727344069
8633 574729234668542593266689213760628745123288583672737050
Pooled mean = 11.4031
95% Confidence interval = 10.2475 12.5587
Group 9: 6555314236183679015682074 111851287589 174352727344069 8633574729234668542
593266689 213760062874512328858367273705030
Pooled mean = 12.5654
95% Confidence interval = 11.3365 13.7942
Group 10:  236183679015682074111851287589174352727344069 8633 574729234668542593 2666
8921376062 87451232885836727370503041
Pooled mean = 13.2677
95% Confidence interval = 12.0072 14.5281
Group 11:  36183679015682074 111851287589 174352727 344069 86335747292346685425932666
8921376062 87451232885836727370503041 35
Pooled mean = 13.5572
95% Confidence interval = 12.3014 14.8129
Group 12: 51287589 174352727344069 863357472923466854259326668921376062874512328858
367273 705030413584
Pooled mean = 15.0267
95% Confidence interval = 13.6485 16.4048
Group 13: 685425932666 892137606287451232885836727370503041358471
Pooled mean = 18.7557
95% Confidence interval = 16.9496 20.5619
Group 14: 26 66 89 21 37 60 62 87 45 123288 58 36 72 73 70 50 30 41 35 84 71 22 56
Pooled mean = 20.9322
95% Confidence interval = 19.0292 22.8352
Group 15:  87451232885836727370503041 358471225644
Pooled mean = 23.5934
95% Confidence interval = 21.4264 25.7605
Group 16: 328858367273 705030413584 71225644 38
Pooled mean = 25.3750
95% Confidence interval = 23.0638 27.6862

16 homogenous subgroups according to the increment in
2001 (Table 4).

Growth form

10 individuals out of 451 trees died in Tilia cordata
planting by autumn 2001. 250 individuals (57%) showed
a shrub growth form, 105 individuals (23%) had branched
stems and 86 individuals (20%) had unbranched stems. All
individuals of 18 clones had a shrub form of growth, but
not a single clone had all individuals only with branched
or unbranched stems (Table 5).

J. FOR. SCI., 49, 2003 (12): 559-574

Not a single individual out of 441 clones died from
autumn 2001 to autumn 2002 in the lime tree planta-
tion. 198 individuals (46%) showed a bush growth,
117 individuals (26%) branched growth of terminal shoot
and 126 individuals (28%) a direct development of ter-
minal shoot. Only one single clone (clone No. 80) out of
95 was not represented by a single individual showing
the shrub growth form. On the contrary, two clones had
all individuals only with the shrub growth form (clones
No. 23 and 92) — see Table 5.

In autumn 2001 and 2002 clones from plus trees from
the natural forest area Jiho¢eska panev had 27% and 40%
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Table 5. The growth form in autumn 2001 and in autumn 2002

Unbranched stem
plants (%)
2002 2001 2002

2001

Branched stem
plants (%)
2002 2001 2002

2001

Shrub form
plants (%)
2002 2001 2002
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Table 5 to be continued
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Table 5 to be continued

« Trg > Shrub form Branched stem Unbranched stem
C;I(;ne —5: 'g ‘g g plants (%) plants % plants (%)
. 2 =,
E g == 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002
79 5 3 3 60 60 1 1 20 20 1 1 20 20
80 4 4 100 0 0 2 50 0 2 50
81 4 4 1 100 25 0 2 50 0 1 25
82 4 3 2 75 50 1 1 25 25 0 1 25
83 5 3 2 60 40 2 2 40 40 0 1 20
84 4 3 3 75 75 0 1 25 1 0 25 0
85 5 5 2 100 40 0 0 0 0 3 0 60
86 4 0 2 0 50 3 1 75 25 1 1 25 25
87 5 3 2 60 40 0 2 0 40 2 1 40 20
88 5 3 3 60 60 2 1 40 20 0 1 20
89 4 3 2 75 50 1 1 25 25 0 1 25
920 4 4 2 100 50 0 2 0 50 0 0 0
56-90 165 5 114 73 71 46 30 45 19 28 16 42 10 26
13[:1:;1 451 10 250 198 57.1 454 105 117 231 263 86 126 198 283

Clones No. 1-4 — plus trees from the natural forest area Jihoceska panev

Clones No. 5-19 — breeding trees from the natural forest area Ktivoklatsko

Clones No. 20-25 — breeding trees from the natural forest area Cesky kras
Clones No. 26-55 and 91-95 — breeding trees from the natural forest area Polabi
Clones No. 56-90 — clones from the seed orchard Milevsko — plus trees from the natural forest area Jihoceska panev

proportions of individuals with shrub growth form, 27%
and 27% with branched stem, and 46% and 33% with
unbranched stem. Clones originating from the natural
forest area Kiivoklatsko had proportions of individuals
with shrub growth form amounting to 49% and 45%, with
branched stem 24% and 24%, with unbranched stem 27%
and 31%. Clones originating from the natural forest area
Cesky kras (Bohemian Karst) had proportions of individu-
als with shrub growth form amounting to 34% and 52%,
with branched stem 34% and 17% and with unbranched
stem 31% and 31%. Clones originating from the natural
forest area Polabi had 52% and 43% proportions of in-
dividuals with shrub growth form, 27% and 28% with
branched stem and 21% and 29% with unbranched stem.
Clones from Milevsko seed orchard had proportions of in-
dividuals with shrub growth form amounting to 71% and
46%, with branched stem 19% and 28% and unbranched
stem 10% and 26%.

DISCUSSION
Plant growth

Average height increment of clones in 2001 was from
0.3 cm (clone No. 64) to 35.8 cm (clone No. 38). The
range of average increment values was 35.5 cm. In
spring 2001 the range of measured heights was 30.4 cm
and in autumn 2001 it was even 55.4 cm. This striking
height variation is caused by large differences between
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the clones. It is necessary to remind that it was possible
to compare 95 clones.

The results of measurements of clones from Milevsko
seed orchard are especially interesting, they were on
average the highest after the clones from Cesky kras
(Bohemian Karst) in spring 2001 and in autumn 2001.
This is especially true with regard to the fact that 3 clones
directly from plus trees from the natural forest arca
JihoCeska panev are identical with the clones in the seed
orchard. Clone material from the seed orchard is always
higher. Clones No. 1 and 64, No. 2 and 85, No. 4 and
62 are identical.

It can be supposed whether secondary vegetative propa-
gation (grafting — in vitro culture) does not have any influ-
ence on the initial growth rate in this juvenile stage in the
case of clones originating from the seed orchard. It will
be necessary to carry out long-term observations of the
clone material to confirm this possibility.

Growth form

After the end of the vegetation period 2002 only 2 clo-
nes out of the overall number of all evaluated individuals
of 95 clones were with all individuals showing the shrub
growth form. In the previous year there were only 18 clo-
nes with this form. It is a distinct decrease in the propor-
tion of clones with this shrub growth form. This trend
was also shown in the overall decrease in the proportion
of this growth form in comparison with 2001 from 57%
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to 45% in favour of the other evaluated forms. In plants
with branched stems the overall proportion increased
from 23% to 26% and in individuals with unbranched
stems even from 20% to 28%. This development corre-
sponds to the predictions concerning the changes in time
in percentage proportions of the different growth forms
(HAINALA 2002), in favour of the forms with recogniz-
able main stem.

The decrease in the proportion of individuals with shrub
growth form occurred mainly in clones originating from
the seed orchard. There was a decrease from the highly
above-average proportion in 2001 to an average propor-
tion in 2002. It is questionable whether the increased
proportion of this growth form is not connected with the
secondary vegetative propagation of graftlings. Besides
this there was an increase in the proportion of shrub
growth form in clones originating directly from plus trees
from the natural forest area Jiho¢eska panev and in clones
originating from Cesky kras (Bohemian Karst).
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Testovani klont lipy malolisté (7Zilia cordata Miller)

J. KOBLIHA, M. HAJNALA, V. JANECEK

Ceskd zemédélskd univerzita v Praze, Fakulta lesnickd a environmentdlni, Praha, Ceskd republika

ABSTRAKT: V praci jsou uvedeny dosavadni zkugenosti se §lechténim lipy malolisté v evropskych zemich. V CR byly ziskany
prvni vysledky z hodnoceni juvenilni vysadby lipy malolisté zalozené na Skolnim lesnim podniku v Kostelci nad Cernymi lesy.
Klony lipy malolisté, vypéstované in vitro, byly hodnoceny v rustovych parametrech a také podle formy ristu jednotlivych
klona. Dale byla kontrolovana mortalita jedinct.

Kli¢ova slova: klonovy test; rist; forma rustu; 7ilia cordata Miller

Lipa malolista (7ilia cordata Miller) patii mezi tzv.
uslechtilé listnace (Noble Hardwoods), kterym je v sou-
Casnosti vénovana v Evropé znacna pozornost. Dosud
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ziskané poznatky o rozsifeni uslechtilych listnacd, jejich
variabilit¢ a Slechtitelskych a genetickych aspektech

jsou nejen u nas, ale i v Evropé nedostatecné a kusé.
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Uslechtilé listnace jsou v mezinarodnim evropském mé-
fitku naplni programu EUFORGEN, jehoz Gicastnikem je
i Ceska republika.

V souvislosti s vyzkumnou ¢innosti zabyvajici se list-
natymi dfevinami na Skolnim lesnim podniku v Kostelci
nad Cernymi lesy byla zaloZena pokusna vysadba klonii
lipy malolisté vypéstované in vitro. Jednalo se o 95 klont
lipy (zastoupenych ctyfmi nebo péti jedinci). Primarni
explantaty byly ziskany z vybérovych a Slechtitelskych
stroml z nekolika pfirodnich lesnich oblasti (Jihoceska
panev, Kfivoklatsko, Cesky kras a Polabi). Jihodesky
material je z velké ¢asti pivodem ze semenného sadu
Milevsko. Klony byly jeden rok péstovany jako obalo-
vané sazenice na Slechtitelské stanici Truba a na podzim
r. 2000 pak vysazeny formou fadové vysadby.

U klont lipy malolisté byly zkoumany ristové pa-
rametry a byla sledovana forma rustu. Na jafe r. 2001
probéhlo méfeni vysky jedinci, které bylo opakovano na
podzim po ukonceni ristu. Na podzim r. 2001 byla také
zkoumana forma riistu jedincti lipy. Setfeni na formu riis-
tu bylo opakovano opét na podzim r. 2002. Forma ristu
byla hodnocena podle kategorii: kefovita forma, vétveny
kmen a nevétveny kmen. V pribéhu vsech méteni byla
sledovana mortalita jednotlivych klonti.

Me¢teni vysek ukazalo, ze klony pivodem ze semen-
ného sadu Milevsko byly v priméru nejvyssi po klonech
z Ceského krasu na jafe 2001 a na podzim 2001. Klo-
ny puvodem ze semenné¢ho sadu Milevsko dosahly na
jafe 2001 prumérné vysky 23,7 cm a na podzim 2001
35,8 cm. Klony pivodem z Ceského krasu dosihly na
jafe 2001 primérné vysky 24,2 cm a na podzim 2001
36,9 cm.

V roce 2002 doslo k celkovému poklesu zastoupeni je-
dinct s kefovitou formou rustu z 57 % na 46 %. Znatelné
je zejména u klonti ptiivodem ze semenného sadu, kde
doslo k poklesu v zastoupeni této rustové formy ze 71 %
na 46 %. Naproti tomu u kloni ptivodem piimo z vybéro-
vych stromt z PLO Jihoceské panve a u klonti ptivodem
z Ceského krasu se projevilo zvyseni této riistové formy,
atoo 13%a 18 %.

Prace poskytla nékteré dil¢i vysledky tykajici se pro-
blematiky klonovych testii lipy malolisté. V ramci vysad-
by bylo mozné vzajemné porovnavat jednotlivé klony.
Bylo tak zahajeno testovani $lechtitelského materialu,
které bude dale pokracovat a navazovat na dané vysled-
ky. Jiz i dil¢i vysledky vSak ukazuji na zna¢ny selekéni
potencial tohoto materialu.
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