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The field garlic, Allium oleraceum L. (Amaryllidaceae), is a bulbous geophyte with a widespread
distribution in Europe. The species mainly reproduces vegetatively by the formation of bulbils.
Two cytotypes (tetraploids and pentaploids) with differing distributional patterns occur in Finland.
A clear morphological difference between the two cytotypes can be seen in Finland, but in Central
European populations no such difference has been reported. This study examined the onset of
growth in bulbils and possible differences between the cytotypes. Bulbils for the experiment were
collected from a mixed population with both tetra- and pentaploid plants and from a tetraploid
population that has been observed to differ morphologically from other tetraploid Finnish popula-
tions. The results show that there is a difference between the timing of the onset of growth between
the examined populations. The exhibited differences between the populations may indicate that
the cytotypes are adapted to different winter climates. The atypical tetraploid population clearly
differed from the mixed population and may thus be of a different origin than other Finnish popula-
tions. The atypical population could have been introduced with ballast. Further studies of plants of
Nordic and Central European origin are needed to draw conclusions about the Nordic cytotypes.

The field garlic, Allium oleraceum L., is a bulbous
geophyte with a widespread distribution in Eu-
rope. In the Nordics the species is fairly common
in the nemoral and boreonemoral zones — in Nor-
way there have been scattered observations up to
latitude 70°N, in Sweden there are observations
up to the latitude of 64° N (Ume4d) and in Finland
up to the latitude of 63°N (Vasa/Vaasa) (Hultén
1971, Mossberg & Stenberg 2018). The field gar-
lic occurs on a rather wide range of different hab-
itats, with a preference for habitats influenced
by the activity of man. The species grows in dry
and mesic meadows, in pastures, on cliffs and
rock meadows, on roadsides and in some types
of deciduous forests. The species favours, but is

not exclusively bound to, calcareous substrates.
(Haeggstrom & Astrom 2005, Astrom et al. 2015,
Mossberg & Stenberg 2018).

The field garlic exhibits several levels of poly-
ploidy, ranging from triploids to octoploids (2n =
24, 32, 40, 48, 56 and 64); of the reported cyto-
types tetra-, penta- and hexaploids are the most
common (Duchoslav et al. 2013). In the Nordics
only tetra- and pentaploids have been reported
(Astrém et al. 2015). Both cytotypes are common
in Finland. In Sweden 18 of the 19 investigated
populations were pentaploid, in Norway both cy-
totypes has been observed and in Iceland the two
investigated populations were tetraploid (Laane
& Lie 1985, Astrom et al. 2015).
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Rather comprehensive studies on the ploidy
levels of populations of the field garlic have been
made in Finland, and there is an evident differ-
ence regarding the distribution between the two
cytotypes (Fig. 1). Most populations only con-
sist of one of the cytotypes, but there are also
mixed populations. Pentaploid populations are
mainly bound to the Aland Islands and the S and
SW archipelagos and coastal areas of the Finn-
ish mainland. Tetraploid populations are more
mainland bound with occurrences in the inland
and along parts of the Finnish coast. Of the in-
vestigated Finnish populations 43,7 % consists of
tetraploids, 51,6 % of pentaploids — only 4,7 %
are mixed populations consisting of both cyto-
types (Astrém et al. 2015). Based on these find-
ings and those from neighbouring countries, it
has been suggested that pentaploids were intro-
duced to Finland from the west, from Sweden via
the Aland Islands to the Finnish mainland along
the coast of Nyland (Uusimaa). Accordingly, the
tetraploid populations in Tavastland (Hdme) are
tied to locations connected to Iron Age activity
and historical trade routes and could thus be of
eastern origin. The species is hence an archaeo-
phyte in Finland (Astrém et al. 2015).
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Fig. 1 The distribu-
tion of field garlic and
the two cytotypes in
Finland, according to
Astrom et al. 2015. The
sites of collection the
bulbils for the experi-
ment, Sveaborg in Hel-
singfors and Tvdarminne
at Hango marked with
black stars.

Differences in morphology and ecology be-
tween the cytotypes have been studied to some
extent. No morphological differences between
cytotypes have been observed in Central Eu-
rope; however, signs of some ecological differ-
ences have been reported (Duchoslav 2001a, Du-
choslav 2001b, Karpavié¢iené 2002, Duchoslav
2009, Duchoslav et al. 2010, Safafova et al. 2011,
Duchoslav et al. 2013, Fialova & Duchoslav
2014, Duchoslav & Stankova 2015, Jezilova et
al. 2015). In Finland and the Baltics, a distinct
morphological difference between tetraploids
and pentaploids has been observed (Fig. 2 a-b).
The tetraploid cytotype is on average relative-
ly low in height and produces usually numer-
ous small greenish bulbils and few white flowers
whilst the pentaploid cytotype is, on average, tall-
er and produces fewer but larger reddish purple
bulbils and many pink to violet flowers (Astrdm
& Heggstrom 2004, Heggstrom & Haggstrom
2010, Karpavi¢iené 2012). There is also a differ-
ence in regard of seed production between the cy-
totypes (Haeggstrom & Haggstrom 2010). Differ-
ences regarding ecology in Finnish conditions has
only been studied to a limited extent. On Svea-
borg (Suomenlinna) in Helsingfors (Helsinki)
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Fig. 2a-b. Field garlic in bloom of the a) tetraploid and b) pentaploid cytotype. The two cytotypes differ in Nordic conditions;
tetraploids have fewer, almost white flowers and usually numerous, small, greenish bulbils, while pentaploids form more and
pink/violet flowers and fewer and larger reddish purple bulbils. Photos: Carl-Adam Haeggstrém (20/8/2001, Finland, Aboland,

Nystad, Varhela, meadow at Eskola).

there is a tetraploid population that has been ob-
served to differ both in ecology and morphology
from other tetraploid populations studied in Fin-
land (Astrom & Saarinen manuscript)

The annual cycle of the field garlic

The field garlic reproduces both vegetatively and
generatively. The vegetative reproduction takes
place through the formation of bulbils in the in-
florescence and though the formation of subter-
raneous daughter bulbs. The formation of bulbils
is the most significant way of reproduction in the
species (Astrom & Haeggstrdm 2004, Fialova &
Duchoslav 2014). The field garlic only produc-
es seeds to a lesser extent and this is strongly cor-
related with the presence of pollinators. In the
event of severe drought, the species only repro-
duces vegetatively (Astrom & Haeggstrom 2004,
Fialova & Duchoslav 2014). Despite the pub-
lished evidence of the seed setting in the species,

the misconception of the field garlic being seed
sterile is still being published (Mossberg & Sten-
berg 2018).

After blooming and possible seed set, the
above ground plant withers. Further growth starts
from an axillary bud in the bulb and from the nu-
merous bulbils formed in the inflorescence. The
bulb can also form daughter bulbs that are even-
tually detached from the mother bulb. The growth
is initiated by the formation of contractile adven-
titious roots that pull the bulbils and daughter
bulbs into the ground. If the weather conditions
are favourable, further vegetative growth onset
starts during the autumn and leaves can then form
and will thus overwinter under the snow. If there
has been no above ground growth during the au-
tumn, the daughter bulbs and bulbils simply over-
winter below ground. Further development takes
place in spring by the formation of up to five
leaves. The plant is then capable of assimila-
tion and stores energy in the subterraneous bulb.
During the second summer, the plant is capable
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of producing an inflorescence with both bulbils
and flowers (unpublished results). The flowering
mainly takes place after the leaves have wilted —
which in Finland takes place by the end of July or
early August (Astrom & Haeggstrom 2004, Alho
2009, Astrom et al. 2012).

If the field garlic produces leaves in the au-
tumn, these overwinter under the snow as winter-
green leaves and are also capable of growth dur-
ing mild spells in the winter (Alho 2009, Astrém
et al. 2012). The snow cover is an efficient isola-
tor and therefore a rather significant difference in
temperature between the air and the environment
under the snow cover can be observed — in addi-
tion, part of the light penetrates through the snow
cover which enables assimilation (Starr & Ober-
bauer 2003, Saarinen et al. 2016). The capability
of assimilation during winter or a quick onset of
growth during times of favourable environmen-
tal conditions are clear competitive advantages.

The purpose of this study was to examine pos-
sible differences in regard of bulbil mass and tim-
ing of the onset of growth between tetra- and pen-
taploids from a mixed population and further dif-
ferences to an atypical tetraploid population.

Material and methods

Collecting bulbils

The bulbils used in this experiment were collect-
ed from populations with known chromosome
numbers (Astrém et al. 2015). Bulbils from tetra-
and pentaploid individuals were collected from a
mixed cytotype population at Tvarminne, Hango
(Hanko) in the southwestern part of Finland. The
two cytotypes were identified by differences in
their morphology (Astrém et al. 2015). The bul-
bils were collected from a mixed population to
eliminate differences in local microclimates as a
factor in the experiment.

In addition, bulbils were collected from a
morphologically atypical tetraploid population
on Sveaborg (Suomenlinna) in Helsingfors (Hel-
sinki). There have been indications that the atypi-
cal tetraploid population on Sveaborg also differs
in regard of certain ecological aspects (Astrom &
Saarinen manuscript).

The three cytotypes of this experiment will
from now on be referred to as Tv-32 (tetraploids

from Tvdrminne, Hangd), Tv-40 (pentaploids
from Tvérminne, Hang6) and Sv-32 (atypical
tetraploids from Sveaborg, Helsingfors).

Weighing and planting of bulbils

At the start of the experiment, 80 randomly cho-
sen bulbils of each cytotype were separately
weighed with 0.1 gram accuracy. The growth ex-
periment was started shortly after the weighing
by planting the bulbils. The bulbils were planted
at a depth of 5 mm in planting trays with individ-
ual wells with drainage. Commercial potting soil
was used as a planting substrate. The trays were
placed outdoors within an enclosure in Vik (Viik-
ki) in Helsingfors. The plants were watered when
needed.

The growth experiment was started in mid-
September. Bulbils of Sv-32 were planted on
14/9/2018 while the bulbils of Tv-32 and Tv-40
were planted on 17/9/2018. In all, 648 random-
ly chosen bulbils of each cytotype were planted —
of these 108 were kept outdoors during the entire
experiment while the rest were used for other ex-
periments (Sjoblom 2020).

Follow-up of the onset of growth from autumn
to spring

After planting the bulbils, the trays were regular-
ly controlled for any signs of onset of growth. In
this experiment, onset of growth is defined as the
timepoint at which the first leaf has been formed
and is visible above soil. Controls for onset of
growth were done from mid-September to the end
of April. During the autumn, controls were done
with intervals of 1-4 days depending on the rate
of bulbils that started growing at the period. The
last control of the autumn was done 11/12/2018
— the permanent snow cover that formed just af-
ter that made further controls impossible. In the
spring controls were similarly done with an in-
terval of 5-8 days, starting 4/4/2019 after the
snow covered had melted and carried on until
25/4/2019.

Temperature data and snow cover
The temperature data was collected at the site of
the experiment in Vik in direct connection to the
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field garlics during the entire duration of the ex-
periment. The above-ground temperature at an el-
evation of 10 cm was tracked during the dura-
tion of the experiment. Only the above ground-
temperature was tracked as this is the actual tem-
perature that the plants are subject to. The tem-
perature was tracked using two separate temper-
ature sensors (iButtons®, DS1922L-F5 thermo-
chrons; Homechip Ltd., UK) protected by a ra-
diation cover made of a white PVC tube (length:
20 cm, @: 6 cm). The temperature sensors were
placed one on either side of the experiment area.
The temperature was recorded hourly.

Data on snow cover and depth in Gumtakt
(Kumpula) in Helsingfors (approx. 4 km SW of
the experiment site) were downloaded from the
open database of the Finnish Meteorological in-
stitute.

Statistical analyses

The results were statistically analysed us-
ing ANOVA and Tukey hsd (weight of bulbils)
and survival analysis and Mantel-Cox (onset of
growth) with the software IBM SPSS Statistics
25.0.
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Temperature and snow depth during
the experiment

During the beginning of the autumn, during the
first two weeks of the experiment, the mean tem-
perature was above 10°C (Fig. 3). During the
same period, the maximum temperature rose
above 20°C most of the days and the nocturnal
temperature rarely fell below 5 °C.

As the autumn proceeded the temperature
gradually sank, the first night with a sub-zero
temperature took place 29/9/2018, after which
some further nights with freezing temperatures
occurred during the following weeks, but the
daily mean temperature stayed at 5-10°C. The
weather stayed rather mild until the end of No-
vember, after which the mean temperature main-
ly stayed below 0°C.

The first half of December was likewise rath-
er mild in regard of the mean temperature, which
stayed over 0°C during many days. The first
snow fell 13/12/2018. The snow cover was rath-
er thin until the end of the year, when the depth
of the snow increased to more than 20 cm. As the
snow cover became thicker during the first half
of January, the snow cover functioned as an insu-

14/1 28/1 1172 25/2 11/3 25/3 8/4 22/4
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Fig. 3. The mean (black line), maximum (red line) and minimum (blue line) temperatures and snow depth (dotted black line) at
the experimental site in Vik, Helsingfors during the duration of the experiment from September 2018 through April 2019.

Snow deapth (cm)
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lator, which means that there were not any large
fluctuations in the temperature at ground level be-
fore the beginning of March. There was a perma-
nent snow cover from the first snow fall in De-
cember until the snow melted in the middle of
March. During the first half of January, the thick-
ness of the snow cover exceeded 25 cm, whilst
the snow cover grew to a thickness over 60 cm
during the second half of the month. Through-
out February, the depth of the snow cover ex-
ceeded 25 cm. While the snow cover was thick
the temperature was stable and mainly fluctuat-
ed between 0 °C and -5 °C, with occasional drops
down to —10°C. The snow cover started melting
at the end of February and had completely melt-
ed by mid-March. As the snow cover had melt-
ed, strong fluctuations in temperatures were again
observed. The days became warm, but the nights
were often still cold with many observed nights
with sub-zero temperatures. The mean tempera-
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ture was nevertheless always above 0 °C after the
melting of the snow cover, and the observed max-
imum temperature was usually above 15 °C.

Morphological differences between the
cytotypes

Clear differences between the three cytotypes in
regard of the weights of the bulbils were observed
(Fig. 4). The bulbils of Tv-40 clearly had a great-
er mass than the bulbils of Tv-32 (p <0,001) and
Sv-32 (p <0,001), even though the observed var-
iation was large. The bulbils of Sv-32 tended to
have a smaller mass than the ones of Tv-32, but
this difference was not significant (p = 0,246).

In addition, there was also a difference in col-
our of bulbils between the cytotypes of the mixed
population (Fig. 5).

<« Fig. 4. The fresh weight of the
bulbils of the three different cyto-
types of field garlic in the experi-
ment. The analysis of the weight
was done by weighing 80 randomly
chosen bulbils of each cytotype.

V Fig. 5 Randomly chosen bulbils
of each cytotype to illustrate dif-

ferences in colour/hue. Scale 1 cm.
Photo: Robin Sjoblom, 17/9/2018.

lcm




Share (%)

24 Sjoblom et al. » Memoranda Soc. Fauna Flora Fennica 99, 2023

Onset of growth from autumn to spring

Onset of growth was observed for all three cy-
totypes in the autumn, but the time of the onset
of growth and the share of bulbils for each cyto-
type that started growing differed clearly between
the cytotypes (p <0,001, Fig. 6). Onset of growth
was first observed for Sv-32 already 14 days after
planting. After the first observation of the onset
of growth, further bulbils were observed starting
to grow at a high rate. More than 92 % of the bul-
bils of Sv-32 had started growing within 24 days
after the onset of growth had begun. For the oth-
er two cytotypes, only a small share of the bulbils
had started growing at this point. At the last ob-
servation point just before the formation of a per-
manent snow cover, the onset of growth had been
observed for 97.8 % of the bulbils of Sv-32.

The very first observation of growth for Tv-
32 occurred 25 days after planting the bulbils

17/9 27/9 7/10 17/10 27/10

B Tv-32

@ Tv-40

and for Tv-40 35 days after planting of the bul-
bils. Thus, the first observation of onset of growth
took place clearly later than for the two cytotypes
from Tvéarminne than for Sv-32. The share of the
onset of growth during the autumn grew steadi-
ly for Tv-32 and Tv-40. The pace at which new
bulbils started growing was nevertheless clearly
slower for these cytotypes than for Sv-32. At the
last observation, 46.6 % of the bulbils of Tv-32
had started growing and the corresponding num-
ber for Tv-40 was 35.6 %.

In the spring, no further onset of growth was
observed for Sv-32, because the large majority
of the bulbils of this cytotype had already start-
ed growing in the autumn (Fig. 6). For Tv-32
and Tv-40, onset of growth was observed in the
spring with a similar rate for the two cytotypes.
At the last observation, 89.8 % of the bulbils of
Tv-32 had started their growth and for Tv-40 the
corresponding share of bulbils was 75.0 %.

Mean temperature (°C)

6/11 16/11 26/11 6/12

[ Sv-32

Fig. 6. The share of bulbils of the three cytotypes for which onset of growth was observed for over the cause of autumn 2018.

The mean temperature is marked with a dotted line.
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Differences between teraploids and
pentaploids

The bulbils of the three cytotypes could clearly be
distinguished from each other using their morpho-
logical traits, in line with earlier published find-
ings (Astrom & Haggstrom 2004, Haeggstrom &
Haeggstrom 2010). With rising ploidy levels, an
expansion in cell volume is usually seen (Levin
2002), which could be the explaining factor of the
observed differences in fresh weight between the
cytotypes in this study. In the Baltics, correspond-
ing differences between the cytotypes have also
been observed (Karpavic¢iené 2012), while no
such difference has been observed in Central Eu-
rope (Fialova & Duchoslav 2014), which would
mean that the difference in ploidy level is not the
only explaining factor for the observed differenc-
es in this study.

The measured weight of the bulbils was clear-
ly lower than observations from previous years
(Astrém & Saarinen manuscript). The exception-
ally hot and dry summer (Finnish Meteorological
institute 2020) that prevailed before the collect-
ing of the bulbils is probably one of the most con-
tributing factors to this observed difference. The
most noticeable difference was observed for Sv-
32. This tetraploid cytotype has clearly differed
during earlier years from other tetraploids, but
in this study a significant difference in mass was
not observed. An explanation for the lack of dif-
ference may be that the habitat in which Sv-32
grows is a rock meadow, which is heavily affect-
ed by drought, whilst the habitat of Tv-32 is of
mesic character, which is not affected by drought
to the same extent.

The observed differences in regard of the tim-
ing of the onset of growth between the three cyto-
types may be explained, at least partly, by the fact
that the different cytotypes are adapted to their
main distribution areas. Pentaploid populations
of field garlic in Finland mainly occurs in the ar-
chipelago with a coastal climate, while tetraploid
populations occur to a further extent to the in-
land with a more continental climate, where win-
ters are harsher and with a more continuous snow
cover (Kersalo & Pirinen 2009, Astrom et al.
2015). The presumed adaptation may have aris-
en through selection after the event of dispersion,
as the cytotypes would then have been subject

to different weather conditions. The differences
in distribution may also be a result of significant
changes in ecological niches between the cyto-
types as they formed. Sudden changes in ecolog-
ical niches are often seen when changes in ploidy
levels occurs (Soltis et al. 2003, Ramsey 2011).

An early onset of growth is of great impor-
tance in the competition with other plants in
the spring (Korner et al. 2008) as a late onset of
growth might lead to being shadowed by oth-
er plants which would negatively affect assimi-
lation. If the growth starts in the autumn, assim-
ilation and growth can then quickly be resumed
when the circumstances are again favourable
in the spring (Saarinen et al. 2011). If the plant
is subject to harsh winter conditions, for exam-
ple to cold, onset of growth in the autumn might
be a disadvantage as the plant may get damaged
(Burke et al. 1976; Sakai & Larcher 1987). A per-
manent snow cover protects the plants from se-
vere cold due to the insulating effect of the snow
cover (Starr & Oberbauer 2003). This could ex-
plain why onset of growth was observed in a larg-
er proportion of the bulbils of Tv-32 than of Tv-
40, as the main distribution area of the tetraploid
cytotype is in the inland, where the snow cover is
more permanent and with a longer duration as a
contrast to the main distribution area of the pen-
tapoid cytotype which is the archipelago (Kersa-
lo & Pirinen 2009). The sporadic snow cover in
the archipelago means that the populations here
are subject to harsh winter conditions that could
damage the plants as the snow cover is not as con-
tinuous as in the inland. This could explain why
a greater proportion of the bulbils of Tv-40 start
growing in the spring. The fact that a proportion
of the bulbils of both cytotypes started growing in
the spring may be explained by the fact that this is
a mean to avoid harsh winter conditions, the pro-
portion of bulbils that start growth in the spring
can thus be related to the chance of being subject
to these harsh winter conditions.

Great variation in morphology and ecolo-
gy has been observed within the different cyto-
types of the field garlic, especially in Central Eu-
rope (Duchoslav 2009, Duchoslav et al. 2010,
Safatova et al. 2011, Fialova & Duchoslav 2014,
Duchoslav & Stanikova 2015, Jezilova et al. 2015,
Duchoslav et al. 2020), which would mean that
the observed differences cannot only be explained
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by the ploidy level. In Central Europe, the differ-
ent cytotypes have probably arisen several times
and are thus of different origin (Duchoslav et al.
2020) which could mean that the lack of diversity
within the cytotypes in the Nordics is a result of
the founder effect.

The atypical population on Sveaborg

Field garlics of the cytotype Sv-32 clearly differ
from the other cytotypes regarding the timing of
the onset of growth. During earlier years, the bul-
bils from this atypical population have also dif-
fered from other tetraploid bulbils collected in
Finland. The observed difference may be ex-
plained by the fact that the population might be
of a completely different origin than other tetra-
ploid populations in Finland, and would then be
adapted to a different climate. Sveaborg was built
in the 18th century when Finland was a part of
the Swedish kingdom, this can be seen in the flo-
ra of the fortress site as several plant species in-
troduced during the Swedish regime are still pre-
sent (Vuokko 1998). There is a dock not far from
the atypical population. It was used by the Swed-
ish fleet in the 18th and in the early 19th centu-
ries. In Finland, there are populations of field gar-
lic that are believed to have been introduced with
ballast (Heggstrom & Astrom 2005, Astrom &
Haeggstrom 2015). At the time that the dock at
Sveaborg was in active use, the Swedish king-
dom included territories in, e.g. current Germa-
ny, which could mean that the field garlic pop-
ulation has it origin in ballast from Central Eu-
rope. If the population is of central European or-
igin, it likely possesses adaptations to mild win-
ters without long cold periods. In such conditions,
it would be a competitional advantage to start
growth as early as possible to avoid being over-
shadowed in the spring. As being subject to harsh
winter conditions is rather unlikely, the chance of
suffering damage from cold is almost negligible
and there is thus no great risk associated with on-
set of growth during the autumn.

The difference in the mass of the bulbils in
comparison with earlier years could have affect-
ed the onset of growth, but when comparing the
data of the timing of the onset of growth of this
study with data from earlier experiments (Astrom

& Saarinen, manuscript), there does not seem to
be any major differences, which means that the
results of this study are representative of the cyto-
types. It is worth to note that the populations Tv-
32 and Tv-40 were not part of the earlier study.

To draw further conclusions about the cyto-
types in the Nordics, more studies are needed with
samples from a greater number of populations of
a greater geographical distribution. Genetic stud-
ies could confirm the theory that all populations
of the different cytotypes are of the same origin
and that they express little within cytotype diver-
sity due to the founder effect. The atypical popu-
lation on Sveaborg should be included in studies
with populations from Central Europe, to exam-
ine if there are any similarities.

References

Alho, S. 2009: Ainavihantien kasvien fotosynteesi talven lauhoina jak-
soina. [Photosynthesis of evergreen plants during mild winter pe-
riods.] — 102 p. Master’s thesis, University of Helsinki.

Astrom, H. & Heggstrom, C.-A. 2004: Generative reproduction in Al-
lium oleraceum (Alliaceae). — Annales Botanici Fennici 41: 1-14.

Astrom, H. & Haggstrom, C.-A. 2015: Lassdal, an old ballast site in
eastern Nyland, S Finland. — Memoranda Societatis pro Fauna et
Flora Fennica 91: 9-20.

Astrom, H., Heggstrom, C.-A. & Hzggstrom, E. 2015: Geographical
distribution of Allium oleraceum cytotypes in Finland and Swe-
den. — Nordic Journal of Botany 33: 120-125. (Article first pub-
lished online on October 31, 2014.)

Astrém, H., Saarinen, T., Lundell, R., Rasmus, S., Edgren, E., Alho, S
& Hinninen, H. 2012: Lauhat talvet — edut ja haitat kasvien tal-
vehtimiselle. [Mild winters — advantages and disadvantages in re-
gard of overwintering in plants] — Luonnon Tutkija 116: 4-12.

Burke, M.J., Gusta, L.V., Quamme, H.A., Weiser, C.J. & Li, P.H. 1976:
Freezing and injury in plants. — Annual Review of Plant Physiol-
ogy. 27: 507-528.

Duchoslav, M. 2001a: Allium oleraceum and A. vineale in the Czech
Republic: Distribution and habitat differentiation. — Preslia 72:
173-184.

Duchoslav, M. 2001b: Small-scale spatial pattern of two common Eu-
ropean geophytes Allium oleraceum and A. vineale in contrasting
habitats. — Biologia — Section Botany 56. 57-62.

Duchoslav, M. 2009: Effects of contrasting habitats on the phenology,
seasonal growth, and dry-mass allocation pattern of two bulbous
geophytes (Alliaceae) with partly different geographic ranges. —
Polish Journal of Ecology 57: 15-32.

Duchoslav, M., Jandova, M., Kobrlova, L., Safafova, L, Brus, J. &
Vojtéchova, K. 2020: Intricate distribution patterns of six cyto-
types of Allium oleraceum at a continental scale: niche expan-
sion and innovation followed by niche contraction with increasing
ploidy level. — Frontiers in Plant Science 11: 591137.

Duchoslav, M., Safafova, L. & Jandova, M. 2013: Role of adaptive
and non-adaptive mechanisms forming complex patterns of ge-



Memoranda Soc. Fauna Flora Fennica 99, 2023 « Sjoblom et al. 27

nome size variation in six cytotypes of polyploid Allium olera-
ceum (Amaryllidaceae) on a continental scale. — Annals of Bot-
any 111: 419-431.

Duchoslav, M., Safafova, L. & Krahulec, F. 2010: Complex distribu-
tion patterns, ecology and coexistence of ploidy levels of Allium
oleraceum (Allieaceae) in the Czech Repulic. — Annals of Bota-
ny 105: 719-735.

Duchoslav, M. & Staiikova, H. 2015: Population genetic structure and
clonal diversity of Allium oleraceum (Amaryllidaceae), a poly-
ploid geophyte with common asexual but variable sexual repro-
duction. — Folia Geobotanica 50: 123—136.

Eurostat 2021: downloading gis-data. ec.europa.eu/eurostat/web/gisco/
geodata/reference-data/administrative-units-statistical-units/countries
(Data downloaded 4/6/2021)

Fialova, M. & Duchoslav, M. 2014: Response to competition of bul-
bous geophyte Allium oleraceum differing in ploidy level. — Plant
Biology 16: 186—196.

Finnish meteorological institute 2020: downloading weather data. iima-
tieteenlaitos.fi/havaintojen-lataus (Data downloaded 8/3/2020)
Hultén, E. 1971: Atlas over vixternas utbredning i Norden. Fanero-
gamer och ormbunksvixter. [Atlas over plant distribution in the
Nordics. Phanerogams and Ferns.] — 521 p. Generalstabens Lito-

grafiska Anstaltsforlag. .

Haggstrom, C.-A. & Haggstrom, E. 2010: Alands Flora. 2:a omarb.
uppl. (Summary — The Flora of Aland. 2nd rev. ed.) — 528 p.
Ekenis Tryckeri, Ekends.

Haggstrom, C.-A. & Astrom, H. 2005: Allium oleraceum (Alliaceae)
in Finland: distribution, habitats and accompanying vascular plant
species. — Memoranda Societas Fauna Flora Fennica 81: 1-18.

Jezilova, E., Nozkova-Hlavackova, V. & Duchoslav, M. 2015: Photo-
synthetic characteristics of three ploidy levels of Allium olerace-
um L. (Amaryllidaceae) differing in ecological amplitude. — Plant
Species Biology 30: 212-224.

Karpavicené, B. 2002: Allium oleraceum populations: Ecological at-
tachment and reproduction. — Botanica Lithuanica 8: 103—110.

Karpavicené, B. 2012: Morphological, reproductive and karyologi-
cal variability in Allium oleraceum in Lithuania. — Biologia 67:
278-283.

Kersalo, J. & Pirinen, P. 2009: Suomen maakuntien ilmasto. (Summa-
ry — The climate of Finnish regions) — 185 p. Finnish meteoro-
logical institute.

Korner, C., Stockling, J., Reuther-Thiébaud, L. & Pelaez-Riedl, S.
2008: Small differences in arrival time influence composition and
productivity of plant communities. — New Phytologist 177: 698—
705.

Laane, M. M. & Lie, T. 1985: Fremstilling av kromosompreparater
med enkle metoder. [Simple squash methods for chromosome
preparations.] — Blyttia 43: 7-15.

Levin, D. 2002: The Role of Chromosomal Change in Plant Evolution.
—230 p. Oxford University Press.

Mossberg, B. & Stenberg, L. 2018: Nordens Flora. [The Nordic Flora.]
— 975 p. Bonnier Fakta.

Ramsey, J. 2011: Polyploidy and ecological adaptation in wild yar-
row. — Proceedings of the National Academy of Sciences USA
108: 7096-7101.

Saarinen, T., Lundell, R. & Hanninen, H. 2011: Recovery of photosyn-
thetic capacity in Vaccinium vitis-idaea during mild spells in win-
ter. — Plant Ecology 212: 1429-1440.

Saarinen, T., Rasmus, S., Lundell, R., Kauppinen, O.K. & Hénninen,
H. 2016: Photosynthetic and phenological responses of dwarf
shrubs to the depth and properties of snow. — Oikos 125: 364-373.

Safafova, L., Duchoslav, M., Jandova, M. & Krahulec, F. 2011: Alli-
um oleraceum in Slovakia: cytotype distribution and ecology. —
Preslia 83: 513-527.

Sakai, A. & Larcher, W. 1987: Frost survival of plants. Ecological stud-
ies. Vol 62. — 321 p. Springer-Verlag.

Sjoblom, R. 2020: Tillvaxtforsok pa groddknoppar hos Allium olera-
ceum — Groddknopparnas bladtillvixt under host, vinter och vér
hos cytotyper av olika ursprung. [Growth experiment on bulbils in
Allium oleraceum — leaf growth of bulbils in autumn, winter and
spring for cytotypes of different origin.] — 59 + 6 p. Master’s the-
sis, University of Helsinki.

Soltis, D., Soltis, P. & Tate, J. 2003: Advances in the study of poly-
ploidy since Plant speciation. — New Phytologist 161: 173-191.

Starr, G. & Oberbauer, S. 2003: Photosynthesis of arctic evergreens
under snow: implications for tundra ecosystem carbon balance. —
Ecology 84: 1415-1420.

Vuokko, S. 1998: Kukkivat kiviset muurit. [Stone walls in full bloom.]
— Suomen Luonto 57: 32-37.


https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/countries
https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/countries
https://www.ilmatieteenlaitos.fi/havaintojen-lataus
https://www.ilmatieteenlaitos.fi/havaintojen-lataus

	_Hlk129367970
	_Hlk129429799
	_Hlk129437669
	_Hlk129431394
	_Hlk129437034
	_Hlk132535117
	_Hlk132534390
	_Hlk131689570
	_Hlk132533873
	_Hlk132535423
	_GoBack
	_Hlk129506242
	_Hlk131687291
	_Hlk131687586
	_Hlk131686156
	_Hlk149563090
	_Hlk149035953
	_Hlk149035988
	_Hlk149036019
	_Hlk149036042
	_Hlk149036064
	_Hlk149036084
	_Hlk149036180
	_Hlk149036195
	_Hlk149036249
	_Hlk149036219
	_Hlk149036291
	_Hlk149036329
	_Hlk149036313
	_Hlk149036388
	_Hlk149036431
	_Hlk149036462
	_Hlk149036527
	_Hlk149036565
	_Hlk149036612
	_Hlk149036596
	_Hlk149036646
	_Hlk149036631
	_Hlk149036670
	_Hlk149036706
	_Hlk149036755
	_Hlk149036774
	_Hlk149036795
	_Hlk149037157
	_Hlk149037185
	_Hlk149037234
	_Hlk149037289
	_Hlk149037672
	_Hlk149549677
	_Hlk125885663
	_Hlk125885731
	_Hlk125885633
	_Hlk149037697
	_Hlk149037713
	_Hlk149037732
	_Hlk149037809
	_Hlk149050549
	_Hlk149055484
	_Hlk149037836
	_Hlk149037861
	_Hlk149055455
	_Hlk149037885
	_Hlk149037911
	_Hlk149037934
	_Hlk149038081
	_Hlk149038064
	_Hlk149039325
	_Hlk149039350
	_Hlk149039364
	_Hlk149044438
	_Hlk149057909
	_Hlk149039384
	_Hlk510271726
	_Hlk149575772
	_Hlk149577214

