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ABSTRACT: Species composition and distribution of
seeds in soil of the Tilio=~Carpinetum ecosystem have been
investigated during two vegetation seasons. The seed bank
has a similar number of species as the plant cover. But
the diaspores of many herb 1azer components are not inclu-
ded in the bank. Seeds of early succession stages are the
most abundant in the seed bank. The seed bank is relati-
vely small, similarly as in other stabilized forest eco=-
systems. The contribution of particular species of herb=-
aceous plants to the bank is quite constant from year to

year ; about'%-of seeds are in the top soil layer.
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1. INTRODUCTION

Diaspores in the soil of ecosystem are the seed bank. They
are from two sources (1) local, i.e., produced by plants 1living
in the phytocoenosis examined (seed fall), (2) from closer or far-
ther neighbourhood transported by means of animals, wind, water
and also man (H arper 1977).

The seed bank has been for a long time an object of investiga-
tions of many authors. The seed bank in soils of simple ecosys-
tems, consisting of a small number of species, has been more thor-
oughly investigated (Branchley and Warington 1930, 1964 after
Harper 1977, Wilkon-Michalska 1976, S y m o~
nides 1978). Less frequently investigated are forest ecosys-
tems (O lmsted and Curtis 1947, Kar pov 1960).

In 2ll investigations on the composition and density of
seeds in soils there have been three main problems: distribution
of seeds at various depths; differentiation of seed bank depend=-
ing on the plant cover; the role of seed bank in plant succession.

In stabilized forest ecosystems the meajority of herbaceous
plants reproduce vegetatively. A very low per cent of individuals
attain the generative stage - 3-30{, of shoots (F alinska
1968). The plants in ecosystems under discussion do not produce



Seed bank in the forest soil 147

many seeds (Falinska 1971a). Very few seeds germinate un-
der natural conditions. Thus is has been considered necessary to
examine the numbers and species composition, and the germination
capacity of seeds in the soil of Tilio-~Carpinetum ecosystemn.

2. OBJECT AND METHODS

The studies on the seed bank have been conducted in the
strict nature reserve of the BiatowieZza National Park, in a well
developed Tilio=-Carpinetum ecosystem.

Mesophilous deciduous linden~hornbeam=oak forests are the
most common in the Bialowieza Forest community connected with fer=-
tile sites on soils of lessive or brown type. Multilayer, multi-
specific and of different age forest stand creetes specific con-
ditions of the forest floor. In summer, hardly 10% of full 1ligth
reaches it (S t o m.k 2 1967). The Tilio-Carpinetum herb layer
is formed by early blossoming, shade-enduring species, which main-
ly reproduce vegetatively. These species occur almost exclusively
in deciduous forests (M avt izt ow:4 0.2 (1952, F a 1.4 N~
ski and Herezniak 1977, El lenberg 1978).

These studies were conducted on a constant research area of
the Biaiowieza Geobotanical Station chosen for studies within the
International Biological Programme (Falinskd4i 1966). On
this area conducted were, amongst others, studies on the produc~
tivity of seeds in the herb layer and the tree stand (F aldi te
s k a 1968, 1971a, 1971b), on the energetic value of diaspores
of chosen species (F a l in sk a 1968, 1969), and also on the
seed consumption (G b ¢ Z2yhesk a 1976).

The research area is square, 100 x 100 m, and is divided into
100 identical squares. |

Studies on the seed bank were conducted during two vegetation
seasons - 1979 and 1980. In order to examine the seed bank in
soil two methods were applied parallelly (1) direct choice and se=-
lection of seeds from soil and (2) keeping soil samples under la=-
boratory conditions for germination of seeds from the bank and
the identification of seedlings.
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A line, 100 m in length, cutting the phytocoenosis examined
from_the north to the south, was made in order to take soil sam=-

ples. In the first year of investigations, late in =autumn, 100
soil samples were being taken systematically every 1 m. In the

second year =~ in spring and autumn - 30 samples were taken. In
both years the soil was sampled using a cylinder for taking undis-
turbed soil cores (KOpecky cylinder) (100 ml) in one place at two
depths -~ O=4 cm and 4«8 cm. In the laboratory the soil was rinsed
on sieves of a mesh size 0.25 mm to remove the smallest fractions.
The soil remaining on the sieve was analysed under an eye~piece.
Seeds selected from soil were identified on the basis of a cCom=
parative collection of diaspores of oak=linden-=hornbeam forest
species and the atlas (S chermann 1966). The seeds were
segregated into damaged and undamaged ones, 2also the hulls of
seeds and fragments of seed-vessel (pericarp) were isolated. The
isolated seeds were placed on Petri dishes to check their germina-
tion capacity. The remaining soil was placed in cuvettes and was
left in conditions allowing for the germination of seeds not
taken into account in the analysis. Diaspores of the geners Betu-
la and Carex were not divided into species.

In spring and autumn of 1980, the top soil, layer (down to the
depth of 3«4 cm) was taken additionally from 26 squares of a sur-
face area 0.25 m2 to cuvettes measuring 30 x 40 cm. The cuvettes
with soil were taken to the laboratory and left for germination
under natural ligth conditions and at moderate moisture. The se-
edlings were marked and identified according to the herbarium of
seedlings and the atlas (C sapody 1968),

In order to observe the reaction of seeds to cooling and dry-
ing in soil, 20 samples of a volume 350 ml each were collected
from the top soil layer in autumn 1980. Ten were left for the win-
ter in an unheated chamber (at 0-10°C). other were kept dry at
room temperature. In spring, the germination cepacity of seeds in
soil, under laboratory conditions, was checked.

For purposes of comparison the appearance of seedlings was ob-
served in the phytocoenosis under natural conditions. Therefore,
50 evenly distributed (every 3 and 4 m) squares, 1 x 1 m, were
delimited in the herb layer. Every 10 days, in‘both seasons, the
number of seedlings of particular species found among the plants

of herb layer was recorded.
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3. RESULTS

3.1. Species composition and abundance of seed bank

In the soil examined under an eye-piece seeds of 32 species
were identified. The greatest contribution was that of herbaceous
plants and shrubs - 27 species were identified, whereas 5 species
- of trees were found (Table_I). Five per cent of the total number

of seeds was not identified.
Out of the soil examined during two seasons the total of 8375

undamaged seeds were segregated. This calculated per m2 of soil
gave for particular seasons from 3988 + 789 to 8115 + 1964 of un-

damaged seeds.
Particular samples contained 1-93 seeds. The greatest number

of samples contained from few to several seeds (Fige 1)s Partic-
ular species were much differentiated as regerds numbers. Sligh-
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Fig. 1. Frequency of samples (in per cents) with a different num=-
mer of diaspores
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Table I. Density of shoots and seedlings in the herb

Standard deviation for

1 5 “Ehmber of
aboveground | Number of seedlings
shoots per m2
Species per m2
1980 1981 1980 l 1981
Anemone nemorosa L. 262 .4 |162.42| 4.75 + 1.47 |12.88 %
Oxalis acetosella L., 144 ,4 |226.8 |36.30 + 4,69 |56.48 %
Impatiens noli-tangere L. 62.4 | 49.2 |62.40 + 19.40|49.2 ¢
Carpinus betulus L. 17 .23 | 46.,70(17.23 + 2.49(46.70 + 7.81
Milium effusum L. 15.90] 38,82] 1.38 ¢ 0Qe¢71] 7,08 4 3953
Moeehringia trinervis (L) 3.19| 2.24| 4.65 + 2.86| 5.04 + 3.57
Viola spe. 1.75 2.40| 1.98 + 1.,02| 1.48 + 1.21
Urtica dioica L. 0.94| 0.74]| 0.58 0.54
Mycelis muralis (LJ Dum., 0«75 0.88| 0.42 + 0.,28| 1.18 + 0,63
Rubus idaeus L. 0.29 0.32] 0.04 0.06
Galeobdolon luteum Huds. 30.63| 58.40| 0.19 2,80 + 1.29
Acer platanoides L. 9,56 4.,42]| 9,56 0.12
Geranium robertianum L. 0.63 2.50| 0.48 = 0.44I 5.36 + 4.80
Galeopsis tetrahit L. De21 0.46| 035 0.56
Tilia cordata Mill. 0.29| 0.16]| 0,17 0.08
Carex pilosa Scope. 8.04| 15.22| 0.12 .
C. digitata L. 0.14| 0.12 . .
Luzula pilosa (L.) willd, 0.06| 0.12 . .
Picea excelsa (Lam.) LKe 0.35| 43.00| 0.19 43,00 + 13.87
Stellaria holostea L. 9.65| 15.96| 0.62 0.02 |
Hepatica nobilis Grasault. 2.83| 8.88| 3,60 + 1.65| 3.92 + 1.65
Asperula odorata L. 7 «58 G;BBI 0.35 | O.14
Fraxinus excelsior L. 0.08| 0,08| 0.13 .
Sanicula europaea L. ' 0.27| 0.10| 0.15 0.02
Ranunculus lanuginosus L. 0.06 0.24 & | 0.24
Adoxa moschatellina L. 0.65 . | 0.06 | .
Circaea alpina L. 0.23 0.24| 0.10 0.06
Corylus avellana L. 0.02 0.04| 0.02 0.02
Quercus robur L. 0.04 0.04| 0.04 0.02
Majenthemum bifolin (L.) 10.77| 9.82 . ‘
Stellaria nemorum L., 0.85| 1.26 o s
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layer and seed bank in the soil of Tilio~Carpinetum ecosysten

semple frequency 40% only

e e e e it
| | Number of seedlings
Seed bank, number gf diaspores from seeg bank
per m per m
1979 autumn 1980 spring 1980 autumn 1980 spring 1980 autumn*
14.15 82.57 35.38 0.20 . f
424.63 + 102.62 | 601.56 + 276.01| 790.28 + 268.93 [27.04 + 6.16 |1.76 + 3.28
95.54 + 60.16 117.95 + 145.08 188,72 11.84 + 8,08 11.00
1277 42 + 230.01 |1521.59 + 552.02| 2264.69 3 1135.88| 36.76 + 6.32|1.52 + 1.24
14.15 58.98 58,98 1.20 1.00
668,79 + 509.55 448,22 % 350.32' 743,10 + 675,.,87| 20.00 + 20.02|1.76 + 1.60
10.61 11.80 I 11.80 1.1 .
49 .53 117 .29 224,11 265 0.5
21 .23 58ﬁ99 | eDe09 0.3 0.25
300.78 + 353.86 252.86 + 233.55| 1085.,16 + 304.32 | 29,40 + 11.08/3.24 + 3.08
. 23.59 82.51 0.6 .
42 .46 271 .29 176.93 0.6 o
. 23,60 35,38 . 0+25
10,61 . . 0.2 .
88 .46 35,39 . 0.2 .
. o 58,98 | 17.08 + B8.72(1.25
0 . . 1.5 .
31.85 . - 0.3 0.25
10,61 82,57 23,56 | o .
. - . , . .
35,39 11.80 P . o
17 .69 11.80 82,57 . .
. . 11.79 1 ¢ .
. 23 .60 o . .
’ . o . .
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Species

Geum urbanum L.
Pol;ionatum multiflorum (LJ

Rubus saxatilis L.

Ficaria verna Huds,.
Aegopodium podagraria L.
Phaegopteris dryopteris (L)F
Equisetum pratense Ehrh.

Dgsopteria spinulosa (Miill.)
« Kuntze

Equisetum silvaticum L.

Athyrium filix-femina (L.)
Roth.

Lathyrus vernus (L.) Bernh.
Cardamine amara L.
Taraxacum officinale Web.

Betula spe.

Melica nutans L.
JUNCcUs SPe.

Epilobium sp.

Viclia spe.

Fragaria vesca L.

Alnus glutinosa (L.) baertn.

Salix spe.

Cirsium sp.

Carex remota L.
Ce silvatica Huds.
Deschampsia sp.

Ranunculus repens L.

Stachys silvatica L.

Solanum dulcamara L.

Polygonum sp.

Festuca rubra L.

Species non determinated

Number of
aboveground
shoot

per m

0.19| 0.24
5.08( 2,10
0.19| 0.24
0.65| 0.26
0.08| 0.08
]

Number of sgpdlingo

per m

0.02

0.04
0.02

L ]
s S By

-

Total
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Table I continued

Seed bank, number Ef diaspores

per m

Number of seedlings

from seed_bank

per m

1979 autumn

1980 spring

1980 autumn

_1

1980 spring

.

1980 autumn’

|3997.97 +

365,25 +

| 17.69

191.33

il
. 11.79 . ‘
. . 0e2 0.25
. . Oe3 Se24 # 2,72
162.77 |1969.80 + 622.79|1887.24 + 668.79 | 34.72 + 13.72 | 0.25
‘ 11.79 0.2 .
p 11.79 0.5 0.5
‘ 58,98 " 0.25
: 11.79 0.2 :
23,60 . . A
47 .20 . : ’
23,60 . > g
. . 1.4 3.00
; " 0.2 0425
o - 0.2 :
4 - 0.2 y
. " 02 2
: . 0.2 .
X . 03 .
o . 0.2 .
254,900 224,21 : 3.50
13115.12 + 1963.,91|189.79 + 31.52| 24,00 # 7.32]

789.10| 6074.,54 + 1223.3
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Urtica dioica
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Fig. 2. Percentage participation of diaspores of particular spe-
ciles in the seed bank

tly less than half of all selected diaspores were seeds of herba-
ceous plants and shrubs. The rest of the seed bank were tree
seeds. At all three dates of investigations, among the diaspores
of herbaceous plants and shrubs, in the seed bank dominated three
species: Oxalis acetosella, Moechringia trinervia and Rubus idae-
us., Less numerous were the seeds of Imgatiens'noli-tanggcg and Ur=-
tica dioica, and in the autumn of 1980 also Carex remota. The

similar contribution to the seed bank of species of herbaceous
plants and shrubs at all three dates of investigations is strik=-
ing (Fig. 2).

Voody species behaved differently in the seed bank. The num=
bers and contribution of particular species to the seed bank in
the period between autumn 1979 and autumn 1980 greatly fluctuated.
But at all three dates 80} of tree seeds in soil were Carpinus be=-
tulus and Betula sp. In autumn the contribution of hornbeam was
higher than that of birch, and in spring there were more birch
seeds. Apart from species mentioned, seeds of Acer platanoides,
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Seedlings
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Fig. 3. Contribution of species of flowering plants (1n per cents)
to the structure of the herb layer, production of offspring ?se-
edlingss and the seed bank
Contribution of seedlings of particular species, ,which developed
from seeds in soil under laboratory conditions (1ast column?

Tilia cordata, Fraxinus excelsior, Picea excelsa, Alnus glutinosa
and Salix sp. were found (Fig. 3, Table I).

3.2 Horizontal and vertical distribution of seeds in soil

The highest frequency in samples was that of seed bank domi-
nants - Carpinus betulus, Betula sp., and Oxalis acetosella.
Seeds of birch and hornbeam were found in 67-97% of samples,

whereas seeds of Oxalis acetosella in 65-80% samples. This proves

the quite even horizontal distribution of seeds of species men-
tioned. Seeds of Rubus idaeus and Moechringia trinervia had
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Fig. 4. Frequency and density of diaspores per m2 of species do=-
| | minant in the seed bank

1 - Carpinus betulus, 2 -~ Betula sp., 3 - Oxalis acetosella, 4 =~
Moechringia trinervia, 5 - Rubus idaeus, 6 - Impatiens noli-tange-
re, 7 - Acer platanoides, 8 = Urtica dioica, 9 = Carex pilosa

10 - C, digitata, 11 -~ Millium effusum, 12 - C. remota, 13 - uni=-
dentified species

a much lower frequency - 25-50%. Diaspores of Acer platanoides
and Impatiens noli-tangere were found in several per cents of sam-
ples. Other species from the seed bank had a very low frequency
(Fige 4). The character of the distribution of these species was
more or less aggregational. Isolation of seeds from soil samples
taken at two different depths (0.4 cm and 4-8 cm) at all dates
showed that over 74% of undamaged seeds were from the surface
soil layer. In the deeper layer sbout 26% of diaspores were found
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(Fig. 5). There was no significant difference in the vertical

distribution of seeds in spring and in autumn.
The top soil layer contained main-

ly hornbeam end birch seeds. More even-
ly were distributed seeds of Oxalis

acetosella, but%— of seeds of this

species were in the top soil lavyer,

Seeds of Rubus idaeus and Moechringia

trinervia occurred numerously both in

the top and lower soil layer, whereas

Impatiens noli-tangere occurred almost

exclusively in the top so0il 1layer

e (Fig. 6). |

~ Attention should be paid to the

40- fact that in the top soil layer there

were more damaged seeds. In the spring

o bank %-of damaged seeds were found in

the top layer, whereas in the autumn
one almost all damaged diaspores were
b il found in the top soil layer. In spring
1980, the seed bank contained 5355 of

— e . |
o | R
g) > e
B Q¥ 9
_— -— b
w 5 1D
~] e
w e SRR .

°/o
100

AL BEZ | 2
damaged diaspores per m~ of soil,where-
Fig. 5« Vertical dis- as in autumn of the same year =~ 5744,
tribugion of seeds_in
oeyiis {in per cents)ht At both dates almost 50% of all segre-
different dates gated diaspores were damaged ~ 53)% in

A - depth O=-4 cm, B =

depth 4-8 cm spring and 41% in autumn.

3ede Gerhination capacity of seeds from dried and cooled soil

In ten soil samples, each of a volume 350 ml, kept at nega-
tive temperature (O- -1OQC), seedlings of 7 species appeared. The
most numerous were seedlings of Betula sp. Quite numerous were se-
- edlings of Rubus idaeus and Carpinus betulus (Table II). Other
species occurred in small numbers. From seeds in soil dried at
room temperature 50% less seedlings were obtained than from the
cooled soil. These were seedlings to six species. Seeds of Impa-
tiens noli-tangere and Carpinus betulus did not germinate (Table

.
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Fig. 6. Number of diaspores of chosen species in soil at differ-
ent depths
1 - Carpinus betulus, 2 - Betula sp., 3 - Oxalis acetosella, 4 -
Moechringia trinervia, 5 - Rubus idaeus, 6 - Impatiens noli-tange-~
re, 8 - Urtica dioica, A - depth 0-4 ¢cm, B = epth 4-8 cm. Ordi-
nal numbers as in Figure 4

The most resistant to unfavourable conditions were seeds of
Betula sp., Rubus idaeus, Moechringi_a trinervia, Urtica dioica and
Carex sp. = species which are not connected with the phytocoenosis
of hornbeam forest. From soil dried at negative temperature also
seeds of Carpinus betulus germinated. The cooling and drying of
soil over the period of three months resulted in death of all
seeds of the species of the Tilio-Carpinetum community. Other spe-
cies of the seed bank germinated better under laboratory condi-
tions immediately after being brought from the forest than in the
soil exposed for germination.
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Table II. Seedlings from seed bank developing under
different conditions
| Vi | Number of seedlings
Number of| OEE?;Ead fromiﬁifds |
List of species Sgggg min siS?OIZ%tr 3?00 ml 3000 @1
of soil | for ger- iedcggzl Ofsg;ied
- mination
Carpinus betulus 169 54 | 7%%
Betula sp. 137 2.4 326 8.6
Oxalis acetosella 47 1.3
Rubus idaeus 29 2.4 11.1 3.4
Moechringia trinervia 44 %5 1.7 4,3
Impatiens noli-tangere 15 0.8 ﬂ 1.7
Fraxinus excelsior 1
Acer platanoides 14
Milium effusum 3 0.8
Anemone nemorosa 2 -
Picea excelsa 2
Urtica dioica 5 0.4 1.7 1.0
Asperula odorata 7
Geranium robertianum S 0.4 150
Galeobdolon luteum 3
Carex pilosa 4 0.9 B 1.0
Taraxacum officinale 0.2
Carex remota 4P
Luzula pilosa 0.2
Mycelis muralis 0.2
Melica nutans 0.2
Epilobium montanus 0.4
Stachys silvatica 1 0.2
Unidentified species 2.6 1.0
- +— . 1 !
Number of species 16 87 7 6
Total 504 | 18 58 .2 20.3
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3.4, Development of seedlings from the seed bank
under laboratory conditions

Seedlings in cuvettes with soil samples from the phytocoeno~
sis investigated were under observation in order to examine the
abilities of seedlings development from seeds in the soil.

In the so0il under conditions allowing for seed germination
seedlings of 32 species appeared. The proportion betwen the num~-
ber of herbaceous plant species and tree species was similar to
that in the seed bank obtained by isolating the diaspores from
soil (Table I).

Under laboratory conditions 24-190 seeds per n- germinated
from soil in particular seasons. Similarly as in the case of seed
isolation, among herbaceous plants and shrubs dominated: Rubus
idaeus, Moechringia trinervia and Oxalis acetosella. But almost
as numerous were the seedlings of Carex pilosa, C. remota and C.
digitata. Only some per cent of seeds in soil procuded sedlings
under laboratory conditions. Seeds of accessory species in the
stabilized Tilio-Carpinetum phytocoenosis - Rubus idaeus and Ca-
rex rémoga - germinated abundantly under laboratory conditions
and very rarely germinated under natural conditions. A relatively
high number of tree seedlings were found in cuvettes. Similarly
as among selected seeds decidedly most numerous were the seed-
lings of Carpinus betulus and Betula sp. (Table Lo FLO o 4), Sin-
gle seedlings of Acer platanoides and Tilia cordata germinated in
laboratory soil samples.

The frequency of seedlings in cuvettes with soil sampled from
plots of a surface area 0.25 m= varied at both dates. In the
spring seed bank in 1980 seedlings of Carpinus betulus and Oxalis
acetosella had frequency of almost 100%, whereas of Betula sp. =~
over 90%. In about 60% of samples, seedlings of Moechringia tri-
nervia, Rubus idaeus and Carex pilosa appeared, whereas in about
50% of samples - Impatiens noli-tangere. Carex digitata, Urtica
dioica, Viola sp. and Anemone nemorosa occurred in over 20% of
samples. In soil sampled in autumn 1980 the seeds germinated very
poorly under laboratory conditions, which explains the rather low
frequency of particular sgpcies (Fig. 4).
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3.5« Appearance of seedlings in the herb layer

During the two seasons of investigations in the herb layer of
Tilio-Carpinetum phytocoenosis seedlings of 31 species of herba -
ceous plants and of 6 woody species were found (Table i

In 1980, in the herb layer there was 141 + 24  seedlings of
all species per m2, and in 1981 -~ 238 + 23. The percentage of se=-
edlings of herbaceous plants in the herb layer was much different
from the seed bank composition (Fig. 3). Over 50{; of seedlings in
both vegetation seasons were Impatiens noli-tangere and Oxalis
acetosella. Less abundantly occurred seedlings of Anemone nemoro-

o — e — ———

sa and Moechringia trinervia (Fig. 3).

In the herb layer of phytocoenosis examined tree seedlings
were less than half of all seedlings, although the soil contained
more diaspores of trees than of herbaceous plants. This differ=-
ence was due to total lack of birch seedlings under natural con-
ditions. In the vegetation season 1981, apart from seedlings of
Carpinus betulus, there were also quite numerous seedlings of

Picea excelsa.

3.6. Comparison of the seed bank
with the species structure of phytocoenosis

The herb layer of Tilio=Carpinetum ecosystem consisted of 36
species of seed plants. The seed bank contained 33 species, in cu=
vettes under laboratory conditions seedlings of 32 species germi=-
natecd from the seed bank and in the herb layer seedlings Y -
species appeared. The highest density in the herb layer had the
following populations: Anemone nemorosa, Oxalis acetosella, Impa-

tiens noli-tangere and Carpinus betulus. The seeds of these spe-

cies were in the soil, but no correlation was observed between
the population density and the density of the seed bank. Two spe=
cies are worth pointing out - Carpinus betulus and Oxalis aceto=-
sella. They were dominants in the herb layer and in the seed bank.

In the herb layer a group of plant species could be distin-
guished, the seed of which were not found in soil, but few seed-
lings occurred under natural conditions. These were  Ranunculus

lanuginosus, Adoxa moschatellina, Circaea alpina, Corylus avel-

lana and Quercus robur (Table I).

11 — Ekol pol, 31, ]
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Furthermore, there was a distinct group of seed plants, not
represented either in the seed bank nor producing seedlings under
natural conditions in the ecosystem. These were Majanthemum bifo-
lium, Stellaria nemorum, Geum urbanum, Polxgpnatum' multiflorum,
Rubus saxatilis, Ficaria verna and Aegopodium podagraria.

In the seed bank diaspores of 17 species were identified,
which did not occur in the herb layer of the ecosystem examined.
Most numerous were the seeds of the genus Betula. The diaspores

of other species occurred sporadically.

4, DISCUSSION

Numerous studies on the seed bank have shown the seed reserve
in the soil depends to a considerable extent on the production
rate of diaspores in the ecosystem examined. Thus the ecosystems
abundant in therophytes have a2 much richer bank: midland dunes =
48 thous. seeds per m2 (s vyvmondides 1978), arable fields
- 38 thous. per m2 (Branchley and Warington 1930 after Har p=
er 1977). Ecosystems more abundant in perennial plants have a
smaller seed bank. On meadows with Geranium pratense the reserves
of seeds have been estimated as 17 thous. seeds per m2 (R abo=-
t nov 1956)., Equally abundant seed banks are found in non-sta-
bilized forest ecosystems. K ar pov (1969) has found in the
birch bush woods of southern part of the taiga 14 thous. seeds of

herbaceous plants per mz.

The seed bank in stabilized forest ecosystems is much smaller
than in the above discussed ones, The seed bank of the Tilio-Car-
pinetum ecosystem (3989-8115 seeds per m2) has a similar abundan-
ce as the banks of other forest ecosystems - alder forest Car-
ici elongatae-Alnetum from 2000 to 3000 per m2 (F.a 1l i A ek e
1981 ) and Carpathian beechwood Dentario glandulosae-Fagetum =
from 1770 to 2000 seeds per e (g v Z y ¢ k»i 1964).

A several times higher result has been obtained in the Tilio-
-Carpinetum ecosystem disturbed by economical management in The
Biatowieza Forest (Dziermaﬁska 1980)1. Numerous ohservations indi-

1Dzier' anska T. 1980 - Seed bank in the sofi of oak hornbeam
ecosystem (Tilio-Carpinetum) - manuscript.
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cate that the cultivation treatments such as thinning the forest
stand create better conditions for generative reproduction in the
herb layer than in the undisturbed ecosystems.

Studies on the numbers of seedlings developing from seeds in
soils of stabilized ecosystems have provided slightly higher re-
sults than in the present paper. In mesophilus deciduous forests
with linden in' the European part of the USSR (Moscow surroundings)
450-900 seedlings germinated per n< (R .8l 'n dniiand "Ry '8 %=
nina 1965). A similar result has been obtained for the natu-
ral forest with Pinus strobus L. in New England - 350 seedlings
per n= (Livingston and Allessio 1968 after Har per 1977).

The very low numbers of seeds in the soil of stabilized for-
est ecosystems is mainly due to the relatively low production of
generative diaspores (F alinseka 1971a, 1971b). In the ma-
jority of cases these species have a low fraction of generative
shoots (5-30%), and studies on the vitality of seeds in so0il
point to the faint chance of the majority of species to  retain
their germination capacity for longer than 2-3 vears (Falin-
s k a 1981). |

Still, there are stabilized forest ecosystems having a much
higher number of seeds with a germination capacity. From the soil
"of taiga forests 1300-3200 seeds of herbaceous plants germinated
per m2 (K &l p.O N 1900, 1969). The most numerous were the se=-
edlings of Rubus sp. - up to 2400 per m2 of soil.

Many scientists point out that the seed bank is more abundant
in species than the plant cover and that its numbers exceed thpse
of the individuals growing in the phytocoenosis (K arpov 1969,
H:a r P e 2977, &'y ao'nides 1978). In the case of sta-
bilized forest ecosystems this regularity is not confirmed. In
the Tilio~Carpinetum ecosystem in the herb layer, similarly as in
the seed bank there was over 30 species - 32 in the benk and 36
in the herb layer.

It is worth pointing  out that in  all ecosystems examined
there have been very few forest species in the seed bank (R y s i-
n'd A" ‘and R vy s Stind'n a 1965, K'&'r pov 1969, F g

t rov 1977). In the present paper the main part of seed bank
(apart from dominants) consists .of forest species. The locality

of the Tilio-Carpinetum ecosystem examined in a large, dense and
natural forest complex, not much penetraipd by people, far from
the forest margin, creates a faint possibility for the migration
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of diaspores from other ecosystemé beyond the forest border. The
forest is a natural barrier for seed migration,

The results presented confirm the thesis that species proper
for communities of early succession stages contribute more to the
seed bank than species dominant in communities which attain the
stage of maturity (K ar pov 1969, Har per 1977). Simi=-
larly as in other forest ecosystems the seed bank is formed main-
ly by two species, which are accessory in the ecosystem examined.
Numerous seeds of Rubus idaeus are transferred to the Tilio-Car-

pinetum ecosystem in the alimentary canals of small birds - white-
-throats (Sylvia sp.) and thrushes ([yrdus Sp.). The considerable
frequency of penetration of ecosystems of deciduous forests and

of shrubs abundant in raspberries by numerous groups of individ-
uals of these genera of birds in late summer results in seed
transfer (M. Piotrowska - unpublished data). These seeds do not
germinate under natural conditions of linden-hornbeam forest, but
cumulate in the soll. Several years of observations on the gerni-
nation of seeds from the bank in the Tilio-Carpinetum ecosystem
indicate that seeds of this species remain in so0il many vyears
without losing their germination capacity. The seeds of the sec-
ond dominant in the bank - Betula sp. - are carried by wind from
the closer and further neighbourhood (P a ¢ z 0 s k i 1951, F a-
14168k a 1971b). |

But many species of the ecosystem examined are not represen=-
ted in the seed bank. The comparison of the contribution of par-
ticular populations of the ecosystem examined to the production
of generative diaspores with the contribution of these species to
the seed bank is very interesting. The highest production of di=-
aspores in the Tilio~Carpinetum herb layer from vear to vyear is
that to Anemone nemorosa and Ranunculus lanuginosus (Falin =
s k a 1971a). According to this a seed density in soil of sever=-
al thousands or at least of several hundreds per m= can be expec=-

ted, whereas in the seed bank these species are rare.

In the Tilio-Carpinetum herb layer 10 species produce practi=-
cally the generative diaspores. In the seed bank 26 species of
herbaceous plants have been identified, but only 6 species con-
tribute significantly - some of them do not produce many genera-
tive diaspores in the ecosystem examined. These are: Rubus idaeus,

Oxalis acetosella, Moechringia trinervia, Impatiens noli-tangere.

The reason for such disproportion between the herb layer produc~
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tion and their density in soil is the great seed loss due to con-
sumption by small rodents (6 ebczyrnska 1976)., The stud-
ies on the gut contents of red bank vole (glethrionomys glareolus
(schreber)) in the same fragment of the Tilio-Carpinetum ecosys-
tem, where previously the production rate of seeds in the herb
layer and tree stand has been determined (F il iy a:K & 1971a,
1971b), and at present the seed bank has been investigated, indi-
cates that the contribution of seeds of herbaceous plants to the
food of this most abundantly occurring rodent in the linden-horn-
beam forest ecosystem, is considerable. The gut contents of this
rodent contain mostly the seeds of Oxalis acetosella, Anemone ne~
morosa and Ranunculus lanuginosus. Seeds of herbaceous plants and
trees are food combonents of animals examined in all seasons of
the year. Numerous observations confirm the fact that bank voles
show preference for seeds of Hepatica nobilis. According to stud-
iesof Falifhska (1969) seeds of this species have a very
high energetic value of the order 600 cal per gramme (2542 - O
per g).

In studies on the seed bank in forest ecosystems the very low
contribution of tree seeds of mature succession stages is strik-
ing (K 8 Pp OoNLADSGY, M- TP oAb, P 6.8 POV 1977).
Studies on the tree seeds production on the discussed surface
area of Tilio-=Carpinetum point to a quite high tree seeds produc-
tion from year to year., It is estimated as 829~4235 seeds per m
(Falinska 1971b). The distinctly highest contribution is
that of seeds of Carpinus betulus. Ouite numerous are also the
seeds of Tilia cordata and Acer platanoides. The two latter spe=
cies are not abundant in the seed bank. According to the studies
on gut contents of the bank vole, tree seeds, in spring, autumn
and winter, are 21-36% of food mass (Gebczyhska1976).
Many tree seeds are also consumed by other animals, which
probablyfexplains why so few seeds, apart from hornbeam seeds,
are found in soil. This may be also due to the fact that
the studies on the seed bank did not cover the "seed peak" of
none of the trees of the Tilio-Carpinetum ecosystem. Numerous se-
edlings of Picea excelsa, which appeared in the herb layer in
1981 were from seeds sown in winter of 1980 -~ already after the
soil samples were taken. The low number of tree diaspores in the
bank proves the low durability of seeds of these species in soil.

Many scientists point to the considerable variability of the
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seed bank as a result of many modifying factors (R abotnov
1964, 1972, Kar pov 1969). The studies presented have not
shown such great difference as could be expected judging by the
variability of seed production in the herb layer and tree stands
of the ecosystem under discussion, and also the fluctuations in
numbers of animals living in this ecosystem, as well as the low
durability of seeds in soil. However, the too short period of in=-
vestigations does not allow to give a definite opinion. The lat-
est investigations on the dynamics of the seed bank indicate
though a2 considerable stability of the seed reserves in soils of
stabilized ecosystemé (T ompson and Grime 1979).

Comparison of the data obtained with those of other authors
has created some difficulties, because the seed bank in different
ecosystems has been investigated using three different methods:
isolation of seeds from soil samples having a determined volume,
keeping the soil under laboratory conditions allowing for the ger-
mination of seeds from the bank, counting and identifying the ap-
pearing seedlings, and uncovering soil fragments in the ecosysten
and leaving them till they become overgrown by seedlings. Informa-
tion about the seed reserves obtained using particular methods al-
lows to solve various reseerch problems. The choice and segregs-
tion of seed from soil provides information about their species
composition and numbers of generative diaspores in soil, and also
about their wvertical end horizontal distribution. Nevertheless,
this method does not give grounds for deciding about the germina-
tion capacity o7 seeds found in the soil. Many times it has DbDeen
observed that numerous undamaged seeds found in soil are dead
(H ar per 1977). Also the control of germination capacity of
seeds taken from the soil of Tilio-=Carpinetum does not provide
full information about the number of live seeds in the bank. Out
of 500 seeds placed for germination in Petri dishes only several
seedlings germinate. |

When leaving soil samples under laboratory conditions allow-
ing for germination of seeds it is possible to assess their germi-
nation capacity from the seed bank and the germination dynamics.
Also this method is useful for discovering species having very
fine seeds, difficult to distinguish from sand grains. From the
noint of view of an ecologist this information is of greater val=-
ue than the knowledge of the species composition and the numbers
of diaspores in soil, because it allows to predict the possibili-
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ties of reconstructing the plant cover, when the first one is da-
maged. Still, this method cannot be considered as the only useful
one in investigating the seed benk, because in the laboratory the

conditions are not cppropriate for the germination of &2ll live
seeds simultaneously. When investigating the seed bank for the Ti-

lio-Carpinetum ecosystem, numerous seedlings of accessory species
for the phytocoenosis examined have grown 1in the laboratory,
seeds of some species germinating well in the forest did not grow
into seedlings under laboratory conditions (Table I). According
to Har per (1977) unnatural break of the resting stage of
seeds under laboratory conditions is the reason why so few seeds
develop into seedlings. |

Too low data have been obtained when leaving the soil in the
laboratory under conditions allowing for germination of seeds
from the bank of autumn 1980. Despite very good light conditions,
moisture and thermal ones, mass germination of seeds has not been
recorded. Thus the laboratory does not fulfill in this case the
conditions necessary for germination. Also the cooling of soil in
winter has bDeen unfavourable for the germination of numerous seed
species. -

Russian scientists have suggested that the seed bank in phyto-
coenosis conditions could be analysed by uncovering fragments of
soil by means of removal of litter and herb layer (K arpoyv
1969, P e tr ov 1977). This allows for obtaining more credi-
ble results than in the laboratory. However, in the majority  of
forest phytocoenoses the tree crowns: take so much 1light that
seeds of some species do not germinate at all.

Studies on the seed bank in the Tilio-Carpinetum ecosystem
and in other forest ecosystems (F a 1 i n s k a 1981) allow to
assume that the seced reserve in soil mey be estimated adequately
only on the basis of an analysis of material collected by the two
already discussed methods and completing them with data on the
composition and numbers of seedlings appearing in unchanged con-
ditions in the phytocoenosis. The variety of mechanisms interrup-
ting the resting stage of seeds belonging to the seed bank does
not allow for the exposure of all species under uniform condi-

tions.

5. SUMMARY

The paper presents results on the numbers and species composi=-
tion, and also on the distribution of diaspores in the gsoil of a
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stabilized Tilio-Carpinetum ecosystem in the BiaXowieZza National
Park.

The aim of the investigation has been to find whether the
floristic composition of the herb layer is reflected by the seed
benk. The seed reserve in soil has been determined by isolating
the diaspores from samples of soil of a volume 200 ml. The number
of seedlings, which developed in the seed bank, hes been determi-
ned by leaving the soil from plots of a surface area 0.25 m2 un =
der conditions allowing for the germination of seeds in the labo-
ratory.

The following regularities have been determined:

1. In the soil of the ecosystem examined there are seeds of
32 plant species, 27 species of herbaceous plants, 5 tree species,
and in the herb layer there are 36 species of seed plants (inclu-
ding 30 herbaceous plants) (Table %)%

2. The list of species from the seed bank differs from the
species composition of seedlings in the herb layer of the ecosys-
tem examined, but the bank has relatively many forest species.
The contribution of these species is much higher than in forest
ecosystems examined by other authors.

3., Some of the species of the herb layer are not components
of the seed bank (Table L, Flgs (335

4, The seed bank of the Tilio-Carpinetum ecosystem, as re-
gards numbers, reminds those of other forest ecosystems. A rela-
tively low number of seeds in the bank of these ecosystems is due
to low seed production, their low durability in soil and to the
consumption of diaspores by animals.

5. The greatest contribution to the seed bank is that of spec=-
ies characteristic of early succession stages - Rubus idaeus eand

Betula sp. (Fig. 435

6. The majority of seeds in soil do not show the capacity to
develop seedlings under laboratory conditions (Fig. 4),

7. Cooling of soil in the winter results in the death of seeds
of almost all species of herbaceous plants typical of the ecosys-
tem, but has stimulated the germination of tree seeds and seeds
of some accessory species in the Tilio-Carpinetum (Table 1)

8. In the ecosystem examined-%-of seeds are in the top soil
layer (0-4 em). The seeds have not shifted down to lower parts of

soil between the autumn and spring (Fig. 5).
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9., The contribution of particular species of herbaceous

plants in the seed bank is quite constant from year to year, de-
spite considerable fluctuations in the seed production of partic-

ular populations in different seasons of the year (Fig. 2).

6. POLISH SUMMARY

Praca zawiera wyniki badan nad liczebnoscia i sktadem gatunko-
wym oraz rozmieszczeniem diaspor w glebie ustabilizowanego ekosys-
temu Tilio~Carpinetum w Biatowieskim Parku Narodowym.

e — S e e i

Celem badan by*o stwierdzenie czy skiad florystyczny runa
jest odzwierciedlony w banku nasion.. Zapas nasion w glebie okres-
lono na podstawie izolowania diaspor z préb gleby o objetosci
200 ml. Liczbe siewek, ktdére rozwineiy sie w banku nasion, okresd=
lono przez pozostawienie gleby zebranej z poletek o powierzchni
0,25 m2 w warunkach umozliwiajacych kieikowanie nasion w labora-
torium.

Ustalono nastgpujgce prawidiowosci:

1. W glebie badanego ekosystemu znajduja sie¢ nasiona 32 gatun-
kow roslin, 27 gatunkéw zielnych i 5 drzewiastych, zas w warst-
wie runa stwierdzono 36 gatunkéw roélin nasiennych (w tym 30 zie~
lnych) (tab. I).

2, Lista gatunkdéw banku nasion rézni si¢ od skiadu gatunkowe=-
go siewek pojawiajacych sig¢ w runie badanego ekosystemu, jednak
okazato sig¢, ze bank zawiera stosunkowo duZo gatunkow lesnych.
Stwierdzono znacznie wy2§2y udziaz tych gatunkdw niz w ekosyste=-
mach lesnych badanych przez innych autordw.

3 Czeéé'gatunkéw warstwy runa nie wchodzi jednak do banku na-
sion (tab. I, rys. 3).

4. Bank nasion ekosystemu Tilio-Carpinetum nawigzuje liczeb-
noscia do innych ekosystemow lesnych. Stosunkowo niska liczebnosc
nasion w banku tych ekosystemow jest spowodowana maza produkcja
nasion, ich niewielka trwaZoscia w glebie oraz konsumpcja diaspor
przez zwierzgta.

5. Najwigkszy wkiad do banku nasion wnosza gatunki charakte=-
rystyczne dla wczesnych faz sukcesji - Rubus idaeus i Betula sp..

(rys. 4).
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6., Wiekszo$C¢ nasion znajdujacych sig¢ w glebie nie wykazatlo
zdolnosci do rozwinigcia sig¢ w siewki w warunkach laboratoryjnych
(rys. 4). '

7. Przechiadzanie gleby przez okres zimowy spowodowalo obumar-
cie nasion prawie wszystkich gatunkéw roslin zielnych typowych
dla ekosystemu, natomiast okazato sig¢ stymulujace dla kieikowania
nasion drzew i niektérych gatunkéw akcesorycznych w Tilio-Carpine-
tum (tab. 5.

Se W badanym -ekosystemie-%-nasion znajduje sie¢ w gérnej war-

stwie gleby (od O do 4 cm). Nie stwierdzono przemieszczanisa na=
sion do dolnych partii gleby od jesieni do wiosny (rys. 5).

9. Stwierdzono, Zze udziai poszczegdlnych gatunkdéw roslin zie-
lnych w banku nasion jest dosc¢ staiy z roku na rok, pomimo zna-
cznych wahan produkcji nasion przez poszczegoOlne populacje w roz-
nych sezonach (rys. 2).

7 « REFERENCES

i.C sapody V, 1968 -~ Keimlings Bestimmungs Buch der Diko=
tiledonen - Académai Kiadd, Budapest, 286 pp.

2, El1lenberg H. 1978 - Vegetation Mitteleuropas mit Al-
pen in 6kologischer Sicht - Eugen Ulmer, Stuttgart, 981 pp.

3. Falinska K. 1968 - Prelimninary studies on seed produc-
tion in the herb layer of the Querco-Carpinetum association =~
Ekol. pol. 19: 396-409,

4. Falinska K.1969 - Znienno$é wartosci kalorycznej na-
sion niektdérych gatunkéw gradowych w Biaxowieskim Parku Naro-
dowym /Variation in the calorific value of some plant species
of the community Querco=Carpinetum in the BialowieZza National
Park/ = Acta Soc. Bdt. Pol. 38: 425-436,

Se Falinska K. 1971a - An estimate of diaspore production
in the ecosystem of mixed oak=hornbeam forest (Querco-Carpine-
tum) in the Bialowieza National Park - Ekol. pol, 19: 525-561.

6 Falinska K. 1971b - Produkcja nasion réznowiekowego
drzewostanu zbiorowiska gradu w Biaiowieskim Parku Narodowym
/Seed productian of uneven-aged and composed of numerous spec-
ies stand of the association Tilio=Carpinetum in the Biaiowie-
za National Park/ - Sylvan, 6: 17-23.



8.

9

10.

11.

1%

13.

14.

15.
16,

27 e

18.

19,

20,

Seed bank in the forest soil 173

Falinska K. 1981 - Eksperymentalne
populacji wieloletnich ro$lin zielnych /Eksperimental
ies of perennial plant populationg/ - Wiad. bot. 25: 209-230.
Je Be 1966 =~ Plant communities of the Inter-
national Biological Program study area in Biaiowieza National
Park - Mater. Zaki, Fitosoc. UW, 14: 3-23,

Je Bo,
grady i czarne bory Bialowiezy /Green
black spruce forests of BiaXowieza/ -~ Instytut Wydawniczy Na-

badania biologii
stud=-

el en G R R e |

1977 - Zielone
forests and

Fias Jodin weok! & B Poaasiz n AR T

hornbeam

sza Ksiegarnia, Warszawa, 67 pp.
G € Ze 1976 =~ Food habits of the
and phenological phases of plants in an oak hornbeam forest -
Acta theriol. 21: 223-236.

Harper Je. L. 1977 -~ Population biology of plants = Aca=~
demic Press, London-=New York-San Francisco, 892 ppe.
Karpov V.G. 1960 - O vidovom sostave zivych
zapase ich v poéve jelnika-éernika - Trudy mosk. Obsé. Ispyt.
Prir., Oddz., Biol. Sek., Bot. 3: 131-140.,
Karpov V. G. 1969 - Eksperimentalnaja

tiemnochvojnoj tejgi - Izd. Neuka, Leningrad, 230 ppe.

b e 2y s K8 bank vole

semjan 1

fitosociologija

Matuszkdiewdicz W, 1952 - Zespoiy lesne Biaiowies~
kiego Parku Narodowego /Die Waldassoziationen von Biaiowieza
Nationalpark/ - Ann. Univ. M., Curie~Skzodowska, Sec. C,

Suppl. 6: 1-218.
Olmsted N.W,,
forest floor - Ecology, 28: 49-52,

Paczoeki J. 1951 - Dziela wybrane /Selected works/ =
Pannistwowe Wydawnictwo Naukowe, Warszawa, 392 pp.

Petrov V. V. 1977 = O zapase ziznesposobnych semjan v vierch-
lese

C'U % 408 Js De1947 = Seed  of the

nom sloe pocvy pod pologom chvojnogo i melkolistvennogo
- Vestn. Moskov. Univ. 1977, Sek. Biol., 4: 43-56.

T. A. 1956 - Nekotorye dannye o soderzanii

RiaBD TRV
semjan v podve lugovych soobsdestv (In: Akademiku V. N. Suka=-
gevu k 75 letju so dnja rozdenija, Ed. V. B. Sofava) - Akad.
Nauk SSSR, Moskva-Leningrad,'481-499.

R:a.B'0o.% noiv T, A, 1964 = Opredelenie éislennosti
semjan 1 plodov v poéve i na ego poverchnosti - Polev. Geobot,
3: 133-140,
Rabotnov Te. A, 1972 - Izucenie fluktuacii (raznogodiE-

noj izmendivosti) fitocenozov - Polev. Geobot. 4: 95-130.

Zivych



172

21,

24 .

295

20 o

27

Ewa Piroznikow

Ry s dniin LMy RiySETNIN & 164'Pe 1965 -] "Podvet«
nyj zapas semjan travjanistych rastenij v lesu i faktory vli-
jajuS&ie na ich prostranenie (In: Lesa Podmoskovja, Ed. V. N.
Sukaéav) - Izd. Nauka, Moskva, 5=-28,

Schermann S. 1966 - Magismeret - 2 - Académai Kiado,
Budapest, 209 ppe. '

S *tomka J. 1967 - Uwagi o bioklimacie lasu (materialy 2
biotopu gradu) w Bialowieskim Parku Narodowym /Remarks on the
bioclimate of the interior of a forest (material from a Car-
pinetum typicum biotope) in the Bialowieza National Park/ =
Ekol. pol, B, 13: 309=323,

Symonides E. 1978 - Numbers, distribution and speci-
fic composition of diaspores in the soils of plant associa~-
tion Spergulo-Corynephoretum - Ekol. pcl. 26: 111-122,
Tompson KeyGrime J. Pe 1979 -~ Seasonal variation
in the seed banks of herbaceus species in contrasting habi-
tats - J. Ecol. 67:,893-921.

Wilkon-Michalska J. 1976 - Struktura i dynamikea
populécji Salicornia patula Duval-Jouve /Structure and dy-
namics od the populations of Salicornia patula Duval-=Jouve/ -
Uniw. Mikolaja Kopernika, Rozprawy, Torun, 156 ppe.
Zarzyckiyi K. 1964 - Biologiczal and ecological studies
in Carpathian beechwood - Bull. Acad. pol. Sci. Cl. II, Sér.
SCl. 'Diol, 321 15«1,




	Contents

