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ABSTRACT
The phenology of microsporogenesis was studied in 15 exotic conifers in Finland. Eleven native broadleaf and
4 native coniferous species were used as comparison species. Meiotic disorders were studied in 7 exotics and
7 native species. The timing of anthesis was measured using both degree days (>5" C) and period heat sum units.
Period units were clearly a better measure of the timing of anthesis in early spring, when degree day
accumulation was minimal, although later in the season, degree days could also be used. No regular failure of
male meiosis was found in the native species studied. Among the exotics, failure of male meiosis was frequent
in Larix gmelinii (Rupr.) Rup. and also occurred in some years in Larix sibirica Ledeb. Of the 15 species
studied, Abies sibirica Ledeb., Lmix sibirica Ledeb., Picea n~ariatza(Mill.) B. S. P., Pinus cembra L. and Pinus
peuce Griseb, were the best adapted to the Finnish climate in terms of health and offspring production.
Key words: adaptation, microsporogenesis, exotic conifers

INTRODUCTION

MATERIALS AND METHODS

About 60 exotic conifers grow in Finland in addition to
numerous species that have been introduced but which
have failed completely. The adaptation of species varies
considerably, but only about 20 species can be regarded
as "hardy" (LAHDEet al. 1984). Not all of these hardy
species produce offspring in Finland; LAHDE et al.
(1984) found 13 species capable of at least "fair regeneration". These exotic conifers enrich Finnish silvicultural
diversity considerably, since only four native species
grow in Finland and of these only two species are
economically significant.
Fifteen exotic conifers were studied in terms of
timing of anthesis, and of these, 7 species were also
studied for occurrence of meiotic disorders at male
meiosis. The stands studied were limited to 3 locations
in southern Finland. At these locations (Figure I),
Finnish native species were also studied for a comparison. Eleven broadleaf and four coniferous native
species were studied for timing of anthesis and, of
these, four broadleaf and three coniferous species for
occurrence of meiotic disorders.
The aims of this study were to compare the phenology of male meiosis between species, to observe
possible failures of microsporgenesis that affect regeneration, and to more precisely define the frost sensitivity
and crossability of both the exotic and native species
reported in records made in the arboreta. These findings
were compared with published silvicultural observations on the regeneration of these species.

Ten to 3 0 male buds were excised daily either from
each tree or from a population of 1 0 trees, 1-6 times a
day, depending on air temperatures (LUOMAJOKI1977,
1984, 1995). Each sample was handled separately. The
buds were bisected longitudinally (one half being
discarded), and each half bud was put in fresh fixative
containing 911 1 (vlv) glacial acetic acidlabsolute
ethanol. A pooled squashed sample from 10-30 fixed
bud halves was subsequently prepared in acetic (or
formic) orcein on 4-6 slides. From 400-600 pollen
mother cells from each pooled squashed sample were
inspected under the microscope. The samples were
checked for meiotic disorders.
Mature, thinned stands several hectares in area were
classified as normal stands for pollination (SARVAS
1962). Antheses were measured in each stand at treetop height with 1-3 self-recording pollen samplers
(model SARVAS-VILSKA1963, see SARVAS1968). The
mean of daily pollen catches was used when more than
one sampler was used. A Fuess (Berlin Steglitz) thermograph was also placed at tree-top height in each
stand.
The pollen catch was counted from the recording
bands with the aid of a microscope. The results were
presented in terms of daily catches of the recorders,
catch averages, cumulative sums and cumulative
percentages of the pollen catch (SARVAS1972). The
cumulative percentages were plotted with the Systatl
Sygraph computer program (WILKINSON1990) in which
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Figure 1 Location of stands studied: 1. Bromarv, 2. Tuusula,
3. Punkaharju. For reference, Tampere, the IUFRO XX

World Congress site, is also shown.
the ordinate scale was a Gauss integral with a linear
abscissa scale. The abscissa showed the cumulative
temperature sum at the end of each day (corresponding
to the measurement of the cumulative pollen catch).
Because of the effects of secondary pollen on anthesis
data (LUOMAJOKI 1993), exclusion of points outside the
central zone from -2 to +1.2 was necessary to position
the regression line. The point of 50 per cent completion
of each stage was used as a criterion for attaining a
given stage. The 50 per cent point is unbiased by standard deviation. Only timing, not the viability of pollen,
was studied. One series of observations of anthesis in
Norway spruce was rejected because of a minimal
pollen catch (Bromarv I in 1968) to avoid bias by
secondary pollen from neighbouring stands.
Two types of heat sum were used, the conventional
degree day heat sum (>5 "C) and the curvilinear period
(1972). The latter system was
unit system of SARVAS
actually used for timing of anthesis and daily degree

Figure 2 Period unit heat sum average and corresponding
average date at 50% completion of anthesis for the stands of
each species shown: 1 - A h u s incana (o), 2 - Corylus (o), 3
- A . glutinosa (o), 4 - Thuja (*), 5 - Populus (a), 6 - Larix
gmelini ('), 7 - L. sibirica (-), 8 - L. decidua (*), 9 - Taxus
(o), 10 - Betula pendula (o), 11 - B, pubescens (o), 12 Abies balsamea (01, 13 - A. veitchii (a), 14 - Picea glauca
(*), 15 - P. abies (01, 16 - A . sibirica (*), 17 - P. omorika
(*), 18 - Quercus (01, 19 - P. mariana (*), 20 - Pinus
bnnksiana !*), 21 - Juniperus (o), 22 - P. sjlvestris (o), 23
- P. contorta (*), 24 - P. mugo (o), 25 - P. cembra (*), 26
- P. peuce
(0)

day values were taken only as a popular reference. The
names of the species studied are according to HAMETAHTIet al. (1992).

RESULTS
The species are arranged in Table 2 in phenological
order at 50 per cent completion of anthesis (see also
Figures 2 and 3). The stands of each species are listed
from south to north. The three parameters (period units,
degree days >5 "C and calendar days, all three dating

0

= exotic species

o = native species

Comparisons of the exotic species with the native
species showed that there were no regular failures of
male meiosis in the native species. However, the
continental Larix species often suffered such failures.
In addition to Larix gmelinii, L. sibirica had suffered in
some years from insufficient adaptability to the Finnish
climate. Of the fifteen species studied (Table 2) five
(Abies sibirica, Lavix sibirica, Picea maviana, Pinus
cembva and P. peuce) were found most adapted in
terms of health and offspring production. The seed
germination percentage is given in general temls for
some species in Table 2. Offspring production is listed
according to LAHDEet al. 1984 with one exception,
Pinzrs cembva, for which new knowledge was available.
Remarks in Table 2 indicate problems at meiosis and
seed germination. Frost sensitivity notes and observations of fungal attacks are listed in Table 1.

DISCUSSION

Date

Figure 3 Degree day heat sum average and corresponding
average date at 50% completion of anthesis for the stands of
each species shown (Tree species as in Figure 2)

from March 19) did not always agree precisely in terms
of phenological order. Degree days varied more than
period units and very low figures were actually involved for the earliest flowers. Later in the season the
usefulness of degree days improved.
Simultaneous flowering of related species can lead
to crosses between species. Flowering of Lavix and
Abies species did overlap within these genera, making
conditions favorable for crossing where the stands of
different species were close to each other. Crosses
within the genus L a m and the genus Abies were
actually common. Although there were hybrid seedlings
within the stands, it was not possible to explain definitively why Lavix gmelinii (stand 267) produced seeds
at Punkaharju in years 1970 and 1971 (KOSKI& TALLQVIsT 1978) when male meiosis of this continental
species failed owing to premature onset of meiosis in
November - December of the previous year. Stands of
both Larlx decidzm and L. sibivica are nearby.
O ARBORA PUBLISHERS

The progress of anthesis is strongly temperaturedependent. The period unit heat sums given in Table 2
are better suited to a comparison between species than
to one between dates. Anthesis progresses more slowly
in early spring than during the wanner summer period.
Cold spells also prolong anthesis. However, the size of
the pollen crop also influences the duration of the
pollen season; a large crop has a longer period of
pollen shedding and a small crop has a shorter period.
Large crops and close proximity of flowering periods
between closely related species usually increase the
possibility of species crossing.
Larix hybrids were reported by L ~ D etEal. 1984,
NAPOLA1993, NIKKANEN1993 and RUOTSALAINEN
1993. The very productive and intentionally-produced
hybrid Lavix decidua x L. sibivica ( L ~ DetEal. 1984)
occurs within the stands studied. Abies hybrids are
known to occur at localities where Abies species are
grown together or in adjacent stands. They have been
found, for example, at Solbole, Bromarv and at Mustila, Elimaki. Mustila is a private arboretum located
between the Tuusula and Punkaharju experimental
areas.
Although many hybrid combinations within genera
Abies and Larix may occur, only a few possibilities for
interspecific crossing exist within the exotic genera
studied. The cross between Picea omorika and P
maviana is possible (MIKKOLA1970), but it was not
observed in the experimental areas. The cross between
Pinus banksiana and P. contorta is also known to exist
1990).
(RUSSELL& HONKALA
Native species of a region usually do not cross, and
no interspecific crossing is possible between these four
native coniferous species studied. Among the broadleaf
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species, the hybrids Alnus incana x A. glutinosa, Betula
pendula x B. pubescens, B. pendula x B. nana and B.
pubescens x B. nana are sometimes found, although
there are known interspecific incompatibility barriers in
Betula (HAGMAN 1971). In general, overlapping
flowering periods of sympatric species of the same
genus do not seem to be the rule. Such coincident
periods are more common when species have been
juxtaposed by moving one or both from the natural
range.
Pinus cenzbra was reported by LAHDEet al. (1984)
not to produce seedlings within stands of the species.
Although this appears to be the case in the strict sense,
LANNER
& NKKANEN (1990) found I? cembra seedlings growing outside the stands themselves. The
reported explanation was the activity of the bird species
Nucifraga caryocatactes L., which stores Swiss stone
pine seeds in the litter.
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ERRATA
In the paper of Luomajoki, A.: Adaptation of microsporogenesis of exotic conifers in Finland Forest Genetics
3(3):153-160, 1997, the following errors appeared:
In tables 2 a 3 instead of "Punkharju" there should be
"Punkaharju". This error appeared 27 times in both
tables.
Since Pinus nztlgo is an exotic tree species in
Finland there should be in the caption of Figure 2 full
dot instead of empty one.
Thus the correct Figure caption should be:
Figure 2 Period unit heat sum average and corresponding
average date at 50% completion of anthesis for the stands of
each species shown: 1 -Alnzrs incana ( o ) , 2 - Corylrrs (o), 3
- A . gltrtinosa ( o ) , 4 - Thrlja (*), 5 - Populus (o), 6 - Laris
gmelitzi (*), 7 - L. sibirica (-), 8 - L, decidr~a(*), 9 - Tnxrrs
( o ) , 10 - Betrrla pendda ( o ) , 11 - B. pubescens ( o ) , 12 A bies balsamea (*), 13 - A. veitchii (*), 14 - Picea glauca
(.), I5 - P abies ( o ) , 16 - A. sibirica (a), 17 - P onzorika
(-), 18 - Quercus ( o ) , I9 - P nrariana (a), 20 - Pintrs
banksiana (*), 2 1 - Jtrniperus ( o ) , 22 - P sylvestris ( o ) , 23
- /? contorta (*), 24 - f! nnrgo (a), 25 - P cenzbra (.), 26 P perrce (a)

In the paper of Toda, Y.: Karyomorphological studies of the Tnrorlicrcae. Forest Genetics 3(3):141-147, 1996,
the pages in the header should be corrected as follows:

In the paper of Vornam B.: DNA amplification from single pollen grains of beech (Fagus sylvatica L.). Forest
Genetics 3(4):213-216 , 1996 the following errors appeared:
p. 2 13, left column, line 7 from bottom
p. 214, left column, line 14 from top
p. 2 14, left column, line 13 from bottom
p. 2 14, left column, line 7 from bottom
p. 2 14, left column, line 4 from bottom
p. 2 14, right column, line 15 from top
p. 21 5, left column, line 3 from top

instead of "(STARKE& (MULLER-STARCK)"
should be "M'JLLER(STARCK)"
instead of "3 51" should be "3 pl"
instead of "to" should be "two"
instead of "50 ml" should be "50 PI"
instead of "dNTP4s"should be "dNTP's
instead of "10 51" should be "I0 PI"
instead of "rom" should be "from"

b'e apologize for this inconvenience to the authors of the above mentioned papers and readers of Forest Genetics.

