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Is there an effect of storage depth on the persistence of silver birch
(Betula pendula Roth) and rowan (Sorbus aucuparia L.) seeds? A seed

burial experiment

Katharina Tiebel,
Franka Huth,
Sven Wagner

Introduction

Soil seed banks are reservoirs of viable
seeds stored in the soil (Bossuyt & Honnay
2008). The adaptive value of a soil seed
bank is to prevent germination under un-
favourable site conditions (Bradbeer 1988,
Saatkamp et al. 2014) and thus enable a
seed crop to germinate over an extended
period of time, i.e., “dispersal in time”
(Falahati-Anbaran et al. 2014). Once opti-
mal site conditions arise, for example, fol-
lowing a storm, the buried seed reserves
make feasible a fast colonisation of the dis-
turbed site. Soil seed banks are an impor-

Sorbus aucuparia L. (rowan) and Betula spp. (birch) are the most common of
the early successional pioneer tree species in central Europe with the ability
to form a soil seed bank. Little is known about the reasons for the high varia-
tions observed in the persistence in the soil of rowan and birch seeds. The ob-
jective of this study was to assess the ability of buried birch and rowan seeds
to form short-term persistent soil seed banks and to analyse the influence of
burial depth on seed persistence. An artificial seed burial experiment was ini-
tiated to study the persistence of birch seeds and rowan seeds, with and with-
out pulp, stored at depths of 2, 5 and 10 cm in mineral soil over 2.5 years. The
predicted maximum storability periods for buried birch seeds was 13 years,
compared to 4.5 years for rowan seeds with pulp and 3.5 years without pulp.
The lower storage capacity of rowan seeds was demonstrated by germinations
in the darkness within soil of 3-22% of seeds without pulp and 4-48% of seeds
with pulp. Germination percentages of birch and rowan with and without pulp
did not differ between depths. Only burial duration had an effect for either
tree species. Birch and rowan seeds are able to form short-term persistent soil
seed banks. Birch accumulates a seed reserve in the soil over time, until a
change in conditions conducive to germination occurs, while rowan seeds ger-
minate promptly after overcoming seed dormancy. The pulp provides no bene-
fits in relation to the persistence of rowan seeds; rather, it appears to act as a
physical inhibitor of germination. Therefore, annual input of fresh seeds is re-
quired for the success of rowan. Seed input every few years seems sufficient
to guarantee a minimum number of viable birch seeds.
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tant component of the regeneration of dis-
turbed areas, but in general they also are
an important driver of succession dynamics
in ecosystems (Hille Ris Lambers et al.
2005, Bossuyt & Honnay 2008).

Soil seed banks mainly contain light-de-
manding species and disturbance-adapted
species of early or middle successional
stages with small and compact seeds
(Schwienbacher et al. 2010, Gomes et al.
2019). The largest group of light-demand-
ing species in forest soils is herbaceous
plants (Jankowska-Blaszczuk 1998, Zobel
et al. 2007), but there are also light-de-
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manding, early successional pioneer tree
species (Dalling et al. 1997, Hille Ris Lam-
bers et al. 2005). Some tropical pioneer
tree species are known for the long-term
persistence of seeds in soil (Dalling et al.
1997) and also some early successional pio-
neer species in temperate woodlands of
America, for example, Prunus pensylvanica
(up to 30 years) and Robinia pseudoacacia
(from just a few years to 40 years — Toole &
Brown 1946, Anderson 2004, Hille Ris Lam-
bers et al. 2005, Masaka et al. 2010). In the
temperate forests of Europe, the most
common woody colonisers of disturbed
sites are the pioneer species Betula spp.,
Salix spp., Populus spp. and Sorbus aucu-
paria L. These species have received little
consideration in earlier soil seed bank stud-
ies. Rowan (Sorbus aucuparia) and birch
(Betula spp.) were chosen for this study be-
cause these are the most common pioneer
tree species in central Europe with the abil-
ity to form a soil seed bank (Tiebel et al.
2018). Hill (1979) and Erlbeck (1998) es-
poused the opinion that rowan seeds re-
main viable in the soil for up to five years
due to embryo and seed coat dormancy
(Raspé et al. 2000). However, Tiebel et al.
(2018) rarely found rowan seeds in soil
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seed banks in forests and assumed that the
persistence of rowan seeds in the soil
might be less than one year (Délle & Sch-
midt 2009). The assumptions about the du-
ration of birch seed storage in the soil vary
from less than one year to more than 13
years (Skoglund & Verwijst 1989, Buckley
et al. 1997). The high degree of variation of
rowan and birch seed persistence begs the
question whether contrasting soil moisture
or burial depth may lead to these differ-
ences. It is well known that in moist soil
and flooded areas the seeds of dry-habitat
species lose their viability more rapidly due
to pathogen attack and predation in wet
than in dry soil (Skoglund & Verwijst 1989,
Bekker et al. 1998, Hille Ris Lambers et al.
2005, Van et al. 2005). Generally, little is
known about the storability of buried tree
seeds in the soil as a function of mineral
soil depth (Toole & Brown 1946, Van et al.
2005). Zhang et al. (2019) and Mennan
(2003) observed for some weed species a
trend of reducing seed viability loss with in-
creasing soil depth. This evidence is lacking
for tree species of temperate woodlands,
thus it deserves specific investigations. In
the case of rowan another question arises:
does the pulp have an influence on seed
longevity in soil by triggering fruit-induced
secondary dormancy (Devillez 1979, cited
in Raspé et al. 2000, Bewley 1997)? Gran-
strém (1987) observed rowan seed germi-
nation within soil before excavation of the
buried seeds.

To answer these questions, we perform-
ed an artificial seed burial experiment
aimed to study whether birch and rowan
establish a short-term persistent soil seed
bank. The effect on seed viability of differ-
ent storage depths within the mineral soil
was also assessed for birch seeds and
rowan seeds with and without pulp. The
following hypotheses were formulated at
the outset of the study: (1) birch seeds re-
main viable in the soil longer than rowan
seeds with and without pulp, because
rowan seeds will germinate within the soil
during the storage period; (2) the pulp sur-
rounding rowan seeds offers benefits in
terms of seed longevity in the soil, because
the pulp prevents early germination of
seeds within soil; (3) rowan and birch seed
germination percentages shows no differ-
ences between deep and shallow soil.

Materials and methods

Characterisation of study species

Silver birch (Betula pendula Roth) is a
light-demanding pioneer tree species,
which produces small and light wind-dis-
persed seeds with wings (Perala & Alm
1990). The seeds are 1.5-2.0 mm in size
(Brouwer & Stahlin 1975), weigh 0.12-0.25
mg (Atkinson 1992) and are mainly dis-
persed from June to November (Perala &
Alm 1990) over mean distances of 40-400
m (Huth 2009, Tiebel et al. 2020). Birch
seed trees usually have a mast year every 2-
3 years, at which time seed viability is in-
creased (Sarvas 1948). The light-demand-
ing seeds commonly germinate in spring,
as snow is melting and the temperature in-
creasing. Birch seeds exhibit no dormancy
but the germination percentage benefits
from moist pre-chilling of seeds. More fa-
vourable germination conditions are tem-
peratures between 20-30 °C and a long-day
photoperiod (Perala & Alm 1990, Atkinson
1992, Midmore et al. 2015). Birches are tol-
erant to different soil conditions, there-
fore, the seeds can germinate and estab-
lish on sites with soil pH between 3.5 and
7.8 (Atkinson 1992). Litter and soil cover
hinder the germination of birch seeds (Per-
ala & Alm 1990, Atkinson 1992).

Rowan (Sorbus aucuparia L.) is also a pio-
neer tree species. It is shade-tolerant when
young and becomes increasingly light-de-
manding with age (Prien 1964). Rowan
trees produce red fruits with small seeds
(1.2-4.0 mm in size - Brouwer & Stahlin
1975), whose masses range between 1.15-
4.14 mg (Raspé et al. 2000). Mast years oc-
cur every 2-5 years (Satake et al. 2004). The
fruits ripen from August to October and
are endozoochorously dispersed by small
mammals and birds (Raspé et al. 2000).
Birds, the main vectors of long distance
seed dispersal, mostly defecate rowan
seeds at distances of 40-100 m from the
seed tree (Stiebel 2003, Zywiec et al. 2013).
Embryo and seed coat dormancy are well
documented for rowan. When the fruits
are not eaten by animals, dormancy must
be broken under natural conditions (Raspé
et al. 2000). A second period of dormancy
can be caused by the temperature rising
above 10 °C within a short period of time af-
ter the winter (Spethmann 2000). Rowan

Tab. 1- Overview of birch and rowan seed collection.

. Date of Approximate Seed Inflorescences
Species - Landscape -
collection location trees per tree
02.09.2015 Gottingen - road site 51°33'N-09°56'E 3 10
Betula 7 499015 Thuringian forest ~ 50°40'N- 10°45'E 3 10
pendula
10.09.2015 Tharandter forest 50°57'N-13°30'E 3 10
03.09.2015 Gottingen - road site 51°33'N-09°56'E 3 10
S0rbus 49 492015 Thuringian forest ~ 50°40'N - 10°45'E 3 10
aucuparia
10.09.2015 Tharandter forest 50°57'N- 13°30'E 3 10
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seeds can germinate even at temperatures
as low as 2 °C (Barclay & Crawford 1984) to
5 °C (Grime et al. 1981). Germination can
also occur in light as well as in darkness
and at soil pH < 7.0 (Devillez 1979, cited in
Raspé et al. 2000).

Study area

The burial experiment was located at the
colline and submontane belts of the Tha-
randter Forest (50° 57’ N, 13° 30’ E) in the
German Federal State Saxony (Fiedler &
Hofmann 1978). The study area is situated
between 200-460 m a.s.l., on the northern
edge of the eastern Ore Mountains (Erzge-
birge), at the transition from hill country to
low mountain range (Fiedler & Hofmann
1978, Nebe 1982). The annual average tem-
perature in the region varies between 7.3
and 7.7 °C and the mean annual precipita-
tion ranges from 819 to 850 mm (Goldberg
et al. 2002). The area is moderately subcon-
tinental (Nebe 1982). The geology of the
region has given rise to medium to deep
brown soils that predominate on the forest
sites, as well as dry sands and podzols with
low nutrient contents and silty brown
earths (Nebe 1982, Schwanecke & Kopp
1996). For the seed burial experiment, an
old, pure coniferous forest in the Tharand-
ter Forest with a closed canopy and no
ground vegetation (only litter) was chosen.
These coniferous forests are particularly
exposed to storms and soil seed banks are
important for natural regeneration. The
soil type of the forest stand is pseudogley-
brown earth, whose pH value generally
varies between 3.5 and 5.5.

Experimental design and data collection

Birch (Betula pendula) seeds and rowan
(Sorbus aucuparia) fruits were collected
from mature seed trees on 2-12 September
2015, a few days before they were buried in
the soil. At each of the three sampling loca-
tions in Germany (Tab. 1), 10 inflorescences
each were harvested from three birch and
three rowan seed trees. As the seeds and
fruits were mixed, the seeds could not
later be traced back to individual trees or
locations.

A total of 400 fresh birch and rowan
seeds were used to test the initial germina-
tion capacity, according to the methods of
the International Seed Testing Association
(ISTA 2012). Four germination samples (4
replicate with 100 seeds) were prepared by
placing birch seeds in germinators on moist
filter paper. The germinators were placed
in a climatic chamber for 21 days under con-
stant conditions (25 °C, 80% humidity, 16 h
light and 8 h dark) and checked weekly.
The rowan seeds were cold-wet stratified
for 4 months at 5 °C in trays with moist
sand and darkness before starting the ger-
mination test. After stratification the four
trays (4 replicate with 100 seeds) were
placed in the cold greenhouse for 28 days,
where daily temperatures varied between
10-15 °C. The germination process was
checked weekly.
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On 25 September 2015, the birch and
rowan seeds and fruits were inserted sepa-
rately into 10 x 20 cm net bags filled with
soil and sewn up (hereinafter referred to as
seed sets). The bags had a mesh size of 1.5
x 1.5 mm. After six to twelve months the
seams of the bags had opened and access
to the seeds for mesofauna was no longer
impeded. While removing rowan seeds
from the pulp for the purposes of the ex-
periment, it was possible to determine an
average seed number per fruit and calcu-
late the number of fruits required to give
50 seeds per bag. Each bag contained ei-
ther 50 birch seeds, 50 rowan seeds or 18
rowan fruits (approx. 50 rowan seeds). On
25 October 2015, in total 90 bags were
buried in mineral soil at depths of 2 cm, 5
cm and 10 cm at two separate plots in the
same coniferous stand (8 m apart) to
spread the risk of damage to the seeds or
plots by mice or wild boars. After burial of
the bags, the humus and litter layer were
carefully restored to their prior state.

At intervals of six months between April
2016 and April 2018, seed sets (one bag per
seed set, layer and plot) were removed
from the soil to collect 100 seeds from
each seed set and layer to test the viability
of the stored seeds by germination tests.
The “seedling emergence method” was
used for both species (Falinska 1999), but it
was adapted to the particular germination
ecology of each species. The seeds in the
bags with soil were filled separately into
trays after each excavation. The trays with
the birch seed sets were always placed in a
climate chamber at a constant 25 °C, 80%
relative humidity and 16 h lighting per day
for three months to assess germination
percentage. The trays with the rowan seed
and rowan fruit sets were always placed in
a greenhouse under varying temperatures,
relative humidity and day-night light re-
gime for one year. The mean day-night

Effect of storage depth on seed bank persistence in birch and rowan

ter and from 9 to 34 °C in summer, and the
mean day-night humidity varied between
34% and 99% in winter and 51% and 100% in
summer. The soil of all samples was kept
continuously moist through regular water-
ing in climate chamber and greenhouse.
The frequency of watering depended on
temperature, air humidity and sunlight in
the greenhouse. In the first month, every
week the number of successfully germi-
nated seeds was recorded. Thereafter, ger-
mination was checked every 14 days.

Statistical analysis

The recorded germination percentages
were not corrected for previous germina-
tion percentages and seed mortality or
time intervals to represent the observed
germination loss over the storage time of
seeds in soil.

The aim of the study was to assess the
effect of storage time and burial depth on
the quantity of germinated seeds after ex-
cavation. Due to the nested experimental
design a mixed modelling approach was
used. The response variable (germination
percentage) was not normally distributed,
thus we used generalized linear mixed
models (GLMM). The nested random ef-
fects in the model was the plot number
and net bag number. The net bags were in-
cluded as a random effect because each of
the 50 seeds in a net bag were considered
as one germination observation in the data
frame. We tested separately for each tree
species seed set whether the number of
germinated seeds within a seed set de-
pends on the fixed effects: storage time
(continuous variable) and depth in the soil
(3-level categorical variable). The interac-
tion between the fixed effects was also
tested. The “gImmADMB” package version
0.8.3.3 was applied to model the GLMM in
R software version 3.3.2 (R Core Team
2014). The package “glmmADMB” used the

(ADMB) to fit the parameters (Bolker et al.
2012). The advantages of ADMB are: (i) the
range of distribution families; (ii) the range
of link functions; and (iii) the use of the
MCMC method (Markov chain Monte
Carlo) to summarise uncertainties (Zuur et
al. 2009, Bolker et al. 2012). As seed germi-
nation is an absence-presence event, that
is, the data distribution is binomial, the
model link function was set to logit (Zuur
et al. 2009). Significant differences in all
models were accepted at p<0.05. The nec-
essary homoscedasticity of variance and
normality were checked and confirmed
with plots of residuals and quantiles from
fitted GLMM. Overdispersion has no rele-
vance in a binomial model with binary data.

The terms “initial germination capacity
(%)” and “percentage of germination (%)”
were used to delimit the initial germination
percentage of the collected fresh birch and
rowan seeds and the regularly recorded re-
maining viability percentage of buried
seeds.

Results

Birch seed

The initial germination capacity of freshly
harvested birch seeds before burial was
32% (Fig. 1a). Over the period of storage in
the soil, the percentage of germination var-
ied between 0-37% without a detectable
effect of storage depth (Fig. 13, Tab. 2). The
quantity of germinated seeds was always
higher in spring (19-37%) than in autumn (o-
31%). In April 2018, after 2.5 years in the soil,
the percentage of germination was as high
as at the beginning of the experiment. The
GLMM results reveal a weak significant in-
fluence of storage time (p-value = 0.074),
but there was no influence of burial depth
or interaction between these two effects
on seed germination (Tab. 2, Fig. 2). The
model predicts that the birch seeds would

temperature ranged from -5 to 26 °Cin win- automatic differentiation model builder have lost all viability after 13 years. No ger-
Fig. 1- (a) Percentage of germina- a) birch seeds b) birch seeds
tion (%) of birch seeds (top), 100 - 50
rowan seeds (middle) and rowan 80 40+
fruits (bottom) stored in mineral 60 - 30
soil at depths of 2, 5and 10 cmin a w04, . : : 20
coniferous forest. (b) Early seed 20 o e A = 101
germination within soil (%) relative < 01 — 2 % 01 = - x Ll
to the total seeds buried in min- & N 2 504
eral soil at depths of 2,5and 10 § '%° | 8 £ w0
cm for birch seeds (top), rowan g Zz 1 = g 3 4
seeds (middle) and rowan fruits & | ' R T o0 4
(bottom) before excavationof 5 , | . € 0] g Z
the seed sets. The percentageof & | a ] g o . = . 1
germination and the early seed £ rowan fruits k: rowan fruits
germination within the soil were  © 100 4 4 Zom| G 50 4 2Zem
checked at intervals of 6 months 80 A B0 401 “ = 10cm
from April 2016 to April 2018. 60+ * A 30
Mature seeds and fleshy fruits 40 4 H ' 207
were buried in October 2015 after 20 Ygemnaion | 101 . s
the initial germination capacity (%) 0 Pyl T , e . o+ ¢ — ‘ . ;
had been fested according fo |STA @5 e e w27 s P S S, S
(2012). Note the different scales %%fgg? R —— PO

on the y-axes.
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> - . L .
5 Tab. 2 - GLMM results for the percentage of germination of the buried seed sets, stored over 2.5 years in mineral soil at depths of 2,
3 5 and 10 cm in two study plots in a coniferous forest. (f): fixed effects; (r): random effects; (ns): not significant; (SD): standard devia-
5 tion; (plot): plot number; (net bag): number of the net bag for each plot and storage depth. The reference (intercept) is the seed
L set buried at depths of 2 cm in the mineral soil.
©
= Seed
: sets Effects Estimate Std. error z-value p-value Variance SD
[}
E f intercept -0.917 0.401 -2.29 0.022 *
9 ) f storage time -0.213 0.119 -1.79 0.074
§ § f storage depth 5 cm 0.036 0.258 0.14 0.888"™
g’o '§ f storage depth 10 cm 0.161 0.257 0.63 0.530™
k) S rplot - 0.000 0.003
"'I’ r net bag . 0.935 0.967
= f intercept 2.698 0.530 5.09 <0.001 ***
2 § f storage time -1.331 0.166 -8.03 <0.001 ***
E o f storage depth 5 cm 0.012 0.269 0.04 0.960™
§ f storage depth 10 cm 0.003 0.269 0.01 0.990™
2 rplot - 0.000 0.006
r net bag - 1.620 1.273
f intercept 1.089 0.501 2.17 0.030 *
8 f storage time -0.843 0.160 -5.27 <0.001 ***
E f storage depth 5 cm -0.173 0.269 -0.64 0.520™
§ f storage depth 10 cm -0.152 0.268 -0.57 0.570"™
€ rplot - 0.000 0.005
r net bag 1.546 1.244

mination in soil was observed for birch

(Fig. 1b).

Rowan seed

The initial germination capacity of freshly
harvested rowan fruits was 64%. After the
first winter period in soil, the percentage
of germination of buried rowan seeds
reached 89-99%, which clearly exceeded
the initial germination capacity and was
not observed in any other seed sets over
the whole observation period (Fig. 1a).
From April 2016 to April 2018, the number
of germinated rowan seeds decreased sig-
nificantly with increasing storage time (3-
8%), which was confirmed by the model re-
sults (Tab. 2, Fig. 2). The predicted maxi-
mum storability period was 3.5 years. The
model revealed no significant influence of
storage depth and interaction between
fixed effects.

Seeds germinated within the soil were
observed during the excavation. The high-
est germination within the soil occurred in
the first spring after burial and were exhib-
ited by the seeds buried at 2 cm (22% - Fig.
1b). After 2.5 years of storage the germina-
tion at 2 cm decreased to 3%. At 10 cm soil
depth the number of seeds germinated
within the soil remained similar over time.
The model results showed that overall
there was no effect of storage time, stor-
age depth, or any effect of their interac-
tion, on seed germination within the soil
(result not shown).

Rowan fruits

Rowan seeds with pulp exhibited an ini-
tial germination capacity of 64% in October
2015. After the first winter period, only 25-
43% of the buried seeds with pulp germi-
nated (Fig. 1a). The germination subse-

quently increased in all soil layers until April
2017 (40-77%) before most seeds in pulp
lost viability after two years of storage in
the soil (1-6%). The negative influence of
storage time is also shown by the model re-
sults (Tab. 2, Fig. 2), which predict a com-
plete loss of seed viability after 4.5 years in
soil. The germination percentage at 2 cm
soil depth was always higher than in the
deeper soil layers, but the model results
confirmed no significant differences in ger-
mination numbers on the basis of storage
depth. No interactions between the fixed
effects were detected.

The presence of germinated seeds in the
soil was also observed for the rowan seeds
with pulp prior to the excavation of the net
bags. The first time this observation was
made in the second spring after burial,
when the germination within the soil
reached 4-48%. The highest germination

o (=]
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= - =
= birch seeds = rowan seeds = rowan fruits
IS X o s o |
o © o © o ©
o)) j=J o
< ol £
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Fig. 2 - GLMM predictions of germination percentage (%) for birch seeds (left), rowan seeds (center) and rowan fruits (right) in soil

over the 2.5-year study period.
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percentages within soil always occurred at
2 cm soil depth, after the pulp had begun
to decompose (Fig. 1b). Rowan fruits
buried at depths of 5 cm and 10 cm exhib-
ited no morphological changes after the
first winter, whereas at 2 cm the pulp was
soft and had started decomposing. By the
autumn 2016, no fruits were detected at 2
cm while in the deeper layer the pericarps
were still hard and intact. In the second au-
tumn (2017), no fruits were found in any
layer. The model results revealed no signifi-
cant influence of fixed effects on germina-
tion within soil.

Discussion

Seed persistence in soil

The results revealed a markedly longer
duration of seed storability in soil for small-
er birch seeds than for larger rowan seeds,
either with or without pulp, which con-
firmed our first hypothesis. It is a well-es-
tablished hypothesis that seed longevity is
strongly correlated to seed size, mass and
al. 2010). Smaller, spherical seeds with a
hard seed coat tend to have longer seed
longevity than large, elongated and flat-
tened seeds (Bakker et al. 1996b, Schwien-
bacher et al. 2010). Bakker et al. (1996b)
mentioned that small and low-mass seeds
may better penetrate into deeper soil lay-
ers.

The model finding a birch seed persis-
tence of 13 years in soil showed a clear
trend of birch seed longevity in the soil.
But the own data corresponded not to the
longevity determined by Skoglund & Verwi-
jst (1989), who derived a theoretical seed
half-life of 13 years for B. pubescens seeds.
A buried seed experiment by Granstrém
(1987) revealed viability of at least five
years for B. pendula and B. pubescens
seeds. Bakker et al. (1996a) categorised
birch as having a short-term to long-term
persistent soil seed bank (seeds are viable
>1-5 years in soil — Thompson et al. 1997).
No germination of birch seeds within the
soil was observed in our study. The ab-
sence of seed germination within the soil
ensures the accumulation of birch seeds in
the soil as a seed reserve. We conclude
that birch belongs to at least the short-
term persistent type and that a replenish-
ment of the soil seed bank with fresh seeds
is required every few years.

Most of the buried rowan seed sets in our
study, with and without pulp, exhibited
very low percentage of germination (3-13%)
after two years and produced a predicted
maximum seed persistence of 3.5-4.5
years. Similar forecasts about rowan seed
longevity were made by Hill (1979) and Erl-
beck (1998). Granstrom (1987) found 60%
of rowan seeds to be viable after three
years, but only one seed germinated after
five years. The declining viability in Gran-
strom’s study largely reflected our find-
ings. Therefore, the classification of rowan
as transient (viable <1 year) by Grime et al.
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1988 (cited in Raspé et al. 2000) and Délle
& Schmidt (2009) appears incorrect and
suggests rowan seeds should be re-classi-
fied as short-term persistent, although the
seeds are more short-lived than birch
seeds.

The hard-coated seeds of rowan are
smaller and lighter than the long-term per-
sistent Robinia pseudoacacia seeds (Hille
Ris Lambers et al. 2005), which have a
mean seed length of 4.9 mm and a mean
seed mass of 18.7 mg (Cierjacks et al. 2013).
Therefore, rowan seeds may more readily
drift into the soil than Robinia pseudoacacia
seeds and would also have to form a long-
term soil seed bank, according to Bakker et
al. (19963, 1996b) and Plue et al. (2010).

The low storability of rowan seeds in the
artificial burial experiment can be ex-
plained by early seed germination within
the soil before excavation of the seed
bags. Schafer & Chilcote (1967) and Brad-
beer (1988) described the phenomenon of
early seed germination within soil in other
species, indicating that it is not specific to
rowan.

We observed early germination within
the soil of rowan seeds without pulp in
each spring, and germination of the rowan
seeds with pulp only after the second and
third winter, in accordance with Granstrém
(1987). Under natural stratification condi-
tions (varying moisture and temperature
conditions), the dormancy of rowan seeds
without pulp will be broken after 24-28
weeks (Barclay & Crawford 1984, Afroze &
Reilly 2015), which corresponded to our
findings. To overcome dormancy, rowan
seeds in fruits required longer periods of
cold treatment because the pericarp must
first decompose before the fruit-induced
dormancy could be broken (Devillez 1979,
cited in Raspé et al. 2000, Barclay & Craw-
ford 1984, Bewley 1997). After breaking
dormancy, rowan seeds usually germinate
within soil even without the occurrence of
a disturbance event (Granstrém 1987), be-
cause the seeds have the ability to germi-
nate in darkness (Devillez 1979, cited in
Raspé et al. 2000). This leads to the loss of
the buried seed reserve (Schafer & Chilcote
1967). There is no sufficient accumulation
of rowan seeds in the soil to serve as a
seed reserve until the prevailing environ-
mental conditions change. Therefore, the
rowan soil seed bank does not meet the
definition of a classical soil seed bank as a
seed reserve (Thompson et al. 1997, Boss-
uyt & Honnay 2008). Unlike birch, rowan
requires a constant supply of seeds to
maintain a seed reserve within the soil.

Influence of pulp on rowan seed
persistence in soil

The results showed that the pulp sur-
rounding rowan seeds offers no benefits in
terms of either persistence or preventing
early germination in soil, refuting our sec-
ond hypothesis. The model estimates
about one year longer storability of rowan
seed with pulp in soil, compared to rowan

seed without pulp, and this is due to the
need to overcome fruit-induced, embryo
and seed coat dormancies (Bewley 1997,
Raspé et al. 2000). Observations made dur-
ing the excavations of the net bags from
the soil revealed that the decomposition of
the rowan pulp starts after the first winter
period in the upper soil layer, where decay
proceeds faster than in the deeper mineral
soil layers. Granstrém (1987) documented
the decay of rowan fruits in soil over two
years, with the first germination of seeds
within the soil after the second winter. This
corresponded with our results.

In deeper soil layers, decomposition of
the pulp was found to start later and pro-
ceed more slowly. Sometimes the exocarps
were not destroyed in the lower soil layer,
with the pulp having become dry and hard,
and remaining wrapped around the seeds.
The dry mesocarp means that there was
not enough water in the deeper layer to
leach away the inhibitors in the mesocarp
and break dormancy. As a result, swelling
and breathing of the seeds was inhibited
and the seeds could not germinate. As was
the case for rowan seed without pulp, seed
with pulp does not store in the soil over
longer periods.

Influence of burial depth on seed
persistence

There is solid evidence of the importance
of seed protection and seed viability pro-
vided by litter and humus cover (Toole &
Brown 1946, Van et al. 2005). Litter pro-
tects seeds against, for example, predation
and drought, and prevents early germina-
tion in light-demanding seeds (Grime et al.
1981, Perala & Alm 1990, Atkinson 1992).
However, the burial depth had no influence
on either seed longevity or on the quantity
of germinated seeds within soil, nor was
there an effect in interaction with storage
time. As a consequence, we could confirm
our third hypothesis.

Rowan seeds germinated in the soil re-
gardless of depth or pulp because they do
not have a light requirement for germina-
tion (Devillez 1979, cited in Raspé et al.
2000). As a consequence, no effect of soll
depth was evident in the model. However,
a comparison of different birch burial ex-
periments revealed that birch seeds sown
on bare ground remained viable over a pe-
riod of up to three years (Miles 1974),
whereas birch seeds buried under a litter
layer to a depth of 10 cm in the mineral soil
remained viable for 5 and more than 13
years, respectively (Granstrém 1987, Skog-
lund & Verwijst 1989). The reasons underly-
ing the lack of any effect of burial depth on
birch seed longevity in our study may have
been: (1) that the effect only occurs be-
tween the humus and the mineral soil
layer, but not within mineral soil layers: (2)
only long-term persistent species, like Po-
tentilla norvegica L., exhibit higher seed via-
bility in deeper soil layers (Toole & Brown
1946). Maybe short-term persistent seeds
possess the same seed longevity in deeper
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soil layers as in the upper soil layer; (3) it is
also possible that the duration of the study
was not long enough to detect such signifi-
cant differences within the mineral soil. It
was only after 10 years that Toole & Brown
(1946) observed significantly higher seed
viability percentages in the deepest soil
layer for the Rosaceae Potentilla norvegica.

Conclusions

The artificial seed burial experiment
proved the ability of birch and rowan seeds
to form a short-term persistent soil seed
bank, with no influence of the storage
depth in the soil. The findings of our study
indicate that birch seed may in theory per-
sist in the mineral soil for a maximum of 13
years, independent of the burial depth. Sil-
ver birch is able to build up a short-term to
long-term soil seed bank until the prevail-
ing environmental conditions change to al-
low for successful germination. In contrast,
rowan seeds with and without pulp germi-
nated within the soil after the breaking of
dormancy, independent of the soil depth.
This significantly limited the seed reserve in
the soil over time. The duration of the per-
sistence of rowan seeds in the mineral soil
is a maximum of 3.5 years without pulp and
4.5 years with pulp. The pulp offers no ben-
efits for seed persistence; rather, it would
appear to act as a physiological inhibitor of
germination and ultimately leads to re-
duced seed viability. A continuous, almost
annual input of rowan seeds to the soil
seed bank is necessary for successful re-
generation, whereas birch seed input every
few years seems sufficient.

Only the soil seed bank of birch might be
exploited to make a significant contribu-
tion to the regeneration of disturbed for-
est sites or succession sites. Any contribu-
tion by the soil seed bank of rowan will be
accidental and insufficient.
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