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Abstract 

Hybrid larch (Larix x eurolepis HENRY) seed from controlled
pollinations were micropropagated by a system using nutrient
media free of phytohormones. Elongating shoots were multi-
plied by cutting these shoots into bud-bearing shoot segments
which were able to sprout again. The shoots were rooted after
an auxin treatment, transferred to the soil and planted in a
field trial. The growth and performance (stem form) were
recorded five years after planting in the field. Micropropagated
clones showed a good growth performance (3.9 m average
height and 3.7 cm average diameter at breast height). 

The resulting stem form is different between the clones and
not related to the propagation system. The origin of the seed
(combination) is discussed as a possible reason. No plagiotropic
growth could be observed after five years. This is the first time
that a field trial with hybrid larch micropropagated via shoot
segments was reported after 5 years in the field. 
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Introduction

The outstanding growth of hybrids between European and
Japanese larch has been well known for almost one hundred
years (HENRY and FLOOD, 1919). Since that time many activi-
ties were carried out aimed at breeding of hybrid larch (Larix x
eurolepis HENRY). Numerous breeding programmes with selected
parent trees of both species were initiated and a large number
of progeny trials have been established and evaluated (e.g.
HERING, 1990; KEIDING, 1980; WEISER, 1992; LANGNER and
SCHNECK, 1998). As a result of such field trials trees with a
good combining ability were selected and used to establish seed
orchards.

These progeny trials often show single trees with an out-
standing growth and stem form, far above the average of all
the progeny and in some cases with an enhanced resistance of
the wood against fungal attacks (LESNINO et al., 1997). The
selection and use of such elite trees would lead to a higher
genetic gain. True to type reproduction of such superior trees is
possible by vegetative propagation exclusively. This paper pro-
vides the first results of micropropagated hybrid larch clones.
The trial which was established aimed at the investigation of
an influence of the chosen tissue culture propagation method
on the tree growth in the field. Special attention focused on
possible plagiotropic growth because it has been observed in
several cases after micropropagation (BOULAY, 1987).

Material and Methods

Plant material

Hybrid larch seed produced by controlled crosses (Tab. 1,
column 2) were disinfected and germinated on a sterile nutri-
ent medium as described elsewhere (HÜBL and ZOGLAUER, 1991;

KRETZSCHMAR, 1993; KRETZSCHMAR and EWALD, 1994). The
growing shoot axis was excised and cultured on a half-strength
medium according to BOULAY (1979) with the addition of gluta-
mine (146 mgl–1) for 7-week subculture cycles. Elongating
shoots of fast growing clones (Tab. 1) were divided into shoot
tips and bud bearing stem segments which can sprout and form
long shoots. When short shoots were formed, different treat-
ments were used to stimulate their elongation (cytokinins,
light, temperature, Fig. 1) which have been developed for juve-
nile larch (KRETZSCHMAR, 1993). Rooting of long shoots was
achieved when shoots were induced with 2 mgl–1 naphthalene
acetic acid (NAA) on a reduced nutrient medium according to
MURASHIGE and SKOOG (1962). After 2 weeks the explants were
planted into JIFFY peat pellets and placed in propagation
boxes. After three months rooted shoots were potted in contain-
ers and transferred to the greenhouse. After five months the
plants were transferred to the nursery and planted in a field
trial after two and a half years. All plants showed some pla-
giotropic growth directly after transfer to the soil which disap-
peared in the following years (EWALD, 2000). Unfortunately no
seedlings of hybrid larch were available, thus two-year-old
plants derived from a commercial seedlot of European larch
(Larix decidua MILL.) were planted for comparison together
with the clones. 
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Table 1. – Plant material used for micropropagation and the resulting
field trial.

Field trial

Eight clones of different hybrid larch combinations (Tab. 1)
and the seedlings of European larch were planted on a site
formerly used for agriculture. Twelve (in some cases 24 trees)
per entry were planted in three complete blocks (four or eight
trees per plot). Three replicates of 64 trees of clones HL 86/2
and HL 86/6 and the seedlings were planted on the trial area.
In the first year it was necessary to irrigate the plants because
of a long drought period. Plants which died during the year of
planting were replaced the following year.

The first assessment of height, diameter at breast height
(dbh) and stem form took place in the field in autumn 1999 five
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years after the planting. The stem form was evaluated follow-
ing a five class scale (1 – straight; 2 – light crookedness but
probably useful as sawnwood in future; 3 – light curved, medi-
um crookedness; 4 – medium curved, stronger crookedness; 5 –
severe curved and crooked).

Clone effects were tested following an analysis of variance on
individual data according to the model:

yijk = µ + ci + bj + eij(k)

with µ = general mean; ci = effect of clone i; bj = effect of block j;
eij(k) = residual error.

All calculations were done with the help of PROC GLM of
the SAS statistic package. 

Results

The trial developed well after some problems in the first
year. Mean height over all clone plants was 3.90 m five years
after planting, the seedlings of European larch reached 3.10 m.
Significant differences were observed between clones concern-
ing height, dbh and stem form (Tab. 2). So the best growing
clone was 40 % taller than the worst one (Fig. 2 and 3). 

The variability for growth traits within the clones did not
differ significantly from that of the seedlings. The coefficient of
variation for height was between 11% and 32% for clones and
20% for the seedlings.

The results concerning the stem form were more different.
Some clones (HL 86/2, HL 86/6, HL 86/11, HL 3) produced only
a few or no trees with well formed stems (class 1 and 2; Fig. 2
and 4). The largest number of well formed trees was observed
for a hybrid larch clone (GL 57 – Fig. 5). Despite differences in
stem form of the different clones, the plagiotropic growth be-
haviour which was observed shortly after transfer to the soil,
completely disappeared after the first few years.

Fig. 1. – Scheme of in vitro propagation of larch seedlings (A – serial
propagation of shoot segments, B – stimulation of short shoots).

Table 2. – Analysis of measured criteria of the clones (tree height, diameter at breast height (dbh)
and stem form) at the age of 8 years based on ANOVA.

*) – significantly different at α = 0.01 
ns – non-significantly different

Fig. 2. – Clonal test “Brigittenhof” – height, dbh and stem form at the age of 8 years (error bars show the
standard deviation).



242

Discussion

The clones of micropropagated seedlings were selected
according to their ability to be micropropagated and thus
represented average of the seed material and were not pre-
selected according to growth performance or growth behaviour
in the nursery.

Nevertheless these first results give evidence that plants of
hybrid larch propagated by tissue culture grow well, despite
the appearance of a plagiotropic growth after plant regenera-
tion. The reasons for the plagiotropic growth behaviour shortly
after transfer to the soil and the recovery after transfer in the
field, may result from the micropropagation method and the
time required to form a proper root system in comparison with
other micropropagation systems (e.g. somatic embryogenesis),
which has already been discussed elsewhere (EWALD, 2000).
Similar observations concerning  plagiotropic growth of a part
of the material were described for stecklings of juvenile larch,
but the plagiotropic growth was also overcome (EDSON et al.,
1996). EDSON et al. (1996) also recorded differences in the
branch structure (sparse branching) in micropropagated plants
during the greenhouse period and after establishement in the
nursery. This growth behaviour became normal after transfer
to the field, although no special measurements concerning this
trait were carried out. It was observed that the limited root
system of plants, especially of those cultured for several years
in containers, prevented the resumption of orthotropic growth.
Thus the size of containers used and the duration in the
container should be selected so that constricted root growth is
avoided. 

The superiority of most hybrid larch clones compared with
the seedlings of European larch is similar to the observations
of the growth behaviour of the progenies from which these
clones were selected (HERING et al., 1989; WEISER, 1984). 

Fig. 3. – Hybrid larch clone GL 91 with outstanding growth performance
(in the centre of figure). 

Fig. 4. – Hybrid larch clone HL 86/2 with poor stem
form.

Fig. 5. – Hybrid larch clone GL 57 with the largest number of
well formed stems.
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In some cases variation for growth traits within the clones
did not differ from that of the seedlings, although a lower
variation within clones could be assumed based on their genet-
ic identity. One reason for this variation within the clones may
be related to the small number of trees per clone. No difference
in variation between clones of hybrid larch and sexually prop-
agated progenies could be detected in field trials of other
authors (PÂQUES and CORNU, 1991).

No selection for any trait was possible at the start of the
propagation cycle due to use of seedlings as starting material.
Therefore the behaviour of stem form of the propagating clones
was by chance. The poor stem form of some clones observed in
this trial is in accordance with results of other investigations of
hybrid larch propagated sexually (HERING et al., 1989; PÂQUES,
1992). The origin of European larch as mother tree is impor-
tant for good stem form in hybrid larch. Mostly progenies with
mother trees from the Alps have better stem forms than those
derived from trees originating from the Sudeten mountains
(SCHNECK and LANGNER, 2000). 

The results of this field trial provided a first evidence for the
suitability of tissue culture techniques to reliably propagate
juvenile clones of hybrid larch. The absence of plagiotropic
growth behaviour in the micropropagated plants after a few
years in the field is promising and shows that this propagation
method does not have an adverse effect on the later develop-
ment of the trees. 

These results offer the possibility for further investigations
concerning the propagation of older well formed trees with high
performance or special wood characteristics of hybrid larch
which were selected in progeny trials by means of tissue cul-
ture or stecklings after rejuvenation (EWALD, 1998). 
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