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Summary

1. Effects of high nutrient input on the longevity and viability of buried seed are
examined. Seeds of 17 fen-meadow species were buried in nylon mesh bags at four
sites in the Netherlands and one site in Great Britain in plots to which N, P, K fertilizers
are applied. Prior to burial germination tests were conducted on the seeds of each
species. This paper describes the results of the viability tests on the seeds that were
exhumed after one and 2 years of burial.

2. The percentage of seeds that germinated after 1 year of burial was significantly
lower than the pre-burial percentage for the majority of the species. After 2 years of
burial the germination percentage further decreased. A few species, suclCarethe
species, did, however, show an increase in germination percentage indicating that the
burial conditions allowed dormancy controls to be broken.

3. Differences in the edaphic conditions between the sites appeared to affect germina-
tion percentages after 1 year of burial. A difference in germination response between
sites was observed f@arex acutiformisFilipendula ulmariaandLychnis flos-cuculi

4. A significantly higher germination percentage was found at the Great Britain site
for F. ulmariain the phosphate treatment compared with the potassium treatment and
the control after 1 year of burial. In contrast to many literature assessments no signifi-
cant effects of fertilizer application was found after 2 years.

5. For all sites, except one in the Netherlands, the total number of seeds that germi-
nated was lower in 1996 than in 1995.
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Introduction bank, buried seeds can play an important role in con-
servation and restoration management. Research has
Intensification of grassland exploitation throughout shown that species of fen-meadow and hay-meadow
western Europe has resulted in a dramatic reduction afystems often appear to be poorly represented in the
biological diversity within the agricultural landscape. soil seed bank (Chippindale & Milton 1934; Bakker
The decrease in floristic diversity in temperate grass1989; Bekkeret al 1997; Thompson, Bakker &
lands is mainly influenced by soil nutrient availability Bekker 1997). This could be the result of a reduced
(Grubb 1987; Bakker 1989; Hodgson & Grime 1990). survival of buried seeds in the soil or a reduced seed
The enhanced nutrient availability as a result of highrain owing to a species-poor vegetation, both of which
fertilizer inputs is a major cause of low plant speciescould be either directly or indirectly influenced by
diversity and a key factor limiting the restoration of enhanced soil nutrient availability derived from for-
biological resources when extensification takes placener intensive agricultural exploitation. For example,
(Bakker 1989). However, experiments have showrthe presence of nitrate ions is known to stimulate ger-
that de-intensification of agricultural practices by amination in several plant species (Cavers & Benoit
reduction in fertilizer input and the adoptation of tra- 1989; Pons 1989, 1991, 1992; Karssen & Hilhorst
ditional management regimes, such as hay makingl992) and this may be a factor causing depletion of
often fail to achieve a recovery in floristic diversity the seed bank under intensive management. Also, dif-
(Tallowin 1996; Oomes, Kuikman & Jacobs 1997).  ferences in temperature, light and/or moisture content
Where plant species have disappeared from thef the soil, i.e. the storage conditions that the seed are
established vegetation but possibly survive in the seedxposed to, can have major impacts on seed viability
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674 (Roberts 1972; Baskin & Baskin 1992; Jansen & Isonorganic soil overlying sandy subsoil in a nutrient-
R. M. Bekker 1995). Murdoch & Ellis (1992) found that under oxic rich inundation system. The site is inundated for at
etal. storage conditions a high moisture content of lettucdeast 6 months of the year. None of the sites, NL1,
seeds can increase viability but under anoxic condition®L2, NL3 nor NL4, has received fertilizer in the past
longevity declines rapidly with an increasing moisture 20 years.
content. Much of this research is carried out on species A fifth site (GB1) is located on &Centaureo—
of commercial value. With the focus on difficulties in Cynosuretuncommunity on the Somerset Levels in the
restoration of species-rich communities it is thereforesouth-west of England (51° 21' N, 2° 49'W). The soil
important to identify the persistent components ofconsists of deep peat overlying silty clay, fed with cal-
species-rich grassland seed banks to understand tleareous infiltration water from limestone hills surround-
mechanisms by which they are lost or longevity ofing the area (Kirkham, Mountford & Wilkins 1996).
seeds declines. The aim of the present study is to deter- Soil sampling was carried out within each site, and
mine the effects of the application of different fertilizers the following chemical analyses were preformed: pH
to seeds buried under species-rich communities at diftH,O), volumetric moisture content, organic matter,
ferent sites and to estimate the effects of these treatetal nitrogen (N), total phosphate (P), total potassium
ments on the longevity of the seeds of a wide range ofK) and exchangeable potassium (exchangeable K).
wet grassland species in a long-term experiment. The soil chemical analyses of the NL sites were car-
ried out on soil dried at 95 °C (stove dry) with excep-
tion of the moisture content analyses, which were
performed on soil dried at 30 °C (air dry). The sall
SITES DESCRIPTION chemical analyses of the GB1 site were all carried out
on soil dried at 30 °C in a force draft oven to constant
mass. Results of soil chemical analyses for the differ-
ent sites are summarized in Table 1.

Materials and methods

Two sites, (NL1 and NL2), are located in species-rich
Calthion palustriscommunities situated in the brook
valley system of the Drentse Aa (53°5'N, 6°42'E) in
the Netherlands. Both sites are on organic soil overly-
ing a sandy subsoil within a deep seepage system withXPERIMENTAL DETAILS
caIC|_um—r|ch grOl_Jndwate_r. Sl.te NL1 s undrained andThe experimental design is a randomized block with
relatively wet. Site NL2 is situated near the edge of . .
; four replicates. At each site an area of 225was
the brook valley and has been degraded owing to L . . .
. . R subdivided into 2 mx 2 m plots which were spatially
drainage in the past and is still disconnected from the . .
Separated by untreated buffer strips 0-5-m wide to
deep seepage flow.

. . . - avoid interference. At sites NL1-4 fertilizer treat-
A third site, NL3, is located on @aricion curto- . . . .
. Lo . ments consist of applying either 200 kg nitrogen (as
nigrae community situated in the same brook valley

o e
as NL1 and 2. NL3 is on an organic soil overlying aureum, 39% wiw .N) h& annually (N), 80 kg
o o phosphate (as calciumbiphosphate, 17% w/w P) ha
sandy subsoil in an infiltration system where the . .
. S annually (P), 200 kg potassium (as potassiumsulphate,
groundwater is poor in minerals. 37% wiw K) ha* annually (K) or a combination of all
A fourth site (NL4) is located close to the River y

Reest near Meppel (52° 40' N, 6° 13' E) in the Nether_three N, P and K treatments (NPK) and an unfertilized

. S L control (Ctrl). The above fertilizer amounts were
lands in aVlagnocaricioncommunity situated on an . ! . \ -
applied in the form of a ‘slow release’ fertilizer

‘Osmocote pellets’ at a single dressing in the spring of
Table 1. Soil chemical analyses for each of the seed burial sites. The soil character$93: %994’ 1995, 1996 and 1997. . .
tics of NL1-NL4 are given per 100 g stove-dried soil (95 °C), except moisture contentAt site. GB1 the treatments consist of applying

[100 g air-dried soil (30 °C)]. The chemical analyses of the GB1 site are preformed either 200 kg nitrogen (as soluble granular ammonium
100 g oven-dried soil (30 °C). For the units of the parameters see subscript table pjtrate fertilizer) hat annually (N), 75 kg phosphate

(as soluble granular triple  superphosphate

Parameters NLL NL2* NL3* NL4* GB1 . )

fertilizer) ha™ annually (P), 200 kg potassium (as sol-
pH-H,0? 5.7 5.6 4.9 5.8 5.9  uble granular muriate of potash) hannually (K) or
Moisture conterit 5.5 6-5 2-8 8-1 a combination of all three N, P and K treatments
Orgar’l\ilg mattef 34-8 499 239 44-3 62:8  (NPK) and an unfertilized control (Ctrl). The fertilizer
Total 1-49 2:25 0-92 158 1771 s applied in four equal amounts at weekly intervals in
Total P 872 353 228 844 79 . . . .
Total K 0.06 0.03 0.05 0.05 the spring to avoid the risk of such high doses scorch-
Exchangeable & 1.7 ing the foliage of the established vegetation.

ISites: NL1,Calthiort NL2, drainedCalthior; NL3, Caricion curto-nigrae NL4,

Magnocaricion GB1, Centaureo—Cynosureturi.pH-H,O: — log (H) in filtrate.®  SPECIES
Moisture content: g KD/100 g air-dry soil? Organic matter: g/100 g stove-dry soil; . . .
GB1 g/100 air-dry soil® Total N: g N/100 g stove-dry sofi Total P: mg BOg/100 g The species .us.ed in this study (Tab_le 2) were Chosgn
stove-dry soil” Total K: g K,0/100 g stove-dry soif Exchangeable K: mg/100 g air- as characteristic elements of the site flora and their
dry soil. seeds known to have a longevity of at least more than
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1 year in the soil seed bank (Chippindale & Milton The seeds were stratified at 4°C in the dark for
1934; Roberts & Neilson 1981; Stieperaere & 4 weeks prior to the test. The germination test was car-
Timmerman 1983; Meredith 1985; Fix & Poschlod ried out in a controlled environment cabinet providing
1993; Thompsoet al. 1997). 16 h light at 25 °C and 8 h darkness 15 °C (Thompson
The majority of the seeds was collected at the buria&k Grime 1979; Bekker & Zandvoort 1993).
sites in the summer of 1993. The seedd.yafhnis
flos-cuculj buried in the sites NL3 and NL4, origi-
nated from a comparable community at ‘Lange Sane
c.50 km from the sites. The seedsRuftentilla erecta  The seed bags were exhumed by lifting the + 5 cm
andL. flos-cuculiburied at GB1 were purchased com- deep turf of two randomly selected subplots in March
mercially, whereas the seedsFifipendula ulmaria (NL) and May (GB) in 1995 and 1996. The bags were
buried at GB1, were collected at the sites NL1 andstored in the dark at 4 °C in a refrigerator at a relative
NLZ2 in the Netherlands. air-humidity of 40-50% for a maximum of 3 weeks
Prior to burial the collected seeds were stored darlprior to germination testing. The outside of the seed
and cold (4 °C) with a relatively low air-humidity of bags was washed and cleaned of any soil or seeds.
40-50%. Fifty seeds per species were mixed withThey were then cut open and the content was washed
20 cn sterilized potting compost or sterilized soil of the onto a 1-mm sieve that was placed over a 0-212-mm
wet NL1 site and put into colour-marked nylon bags. sieve (Ter Heerdét al. 1996). This procedure washed
Each experimental plot was subdivided into 16 subthe seeds free of sand and soil particles. The seeds
plots and five seed bags, each containing 50 seeds wfere then placed on moistened filter paper in Petri
one of the five species that were used per site (Table 2)lishes (9-cm diameter). The number of seeds was
were buried in each of 10 randomly selected subplotschecked and if appropriate the remains of seed coats,
The burial procedure involved lifting the turf of a sub- indicating possible early germination or decay, were
plot with a spade and inserting the five bags in a fixedecorded. The Petri dishes were placed in an illumi-
pattern, at + 5 cm depth. The burial of the seed bagsated controlled environment cabinet providing the
took place in February and March 1994 at the five sitessame day and night conditions as used in the pre-burial
germination test, which, according to Bekker &
Zandvoort (1993), was suitable for the germination of
all the species used in this study. The Petri dishes were
In autumn 1993 a pre-burial germination test was carchecked for germination every 2—-3 days. The filter
ried out on three replicates of 50 seeds of each specigsaper was kept moist throughout the germination test
period. Seeds were counted and removed when at least
one leaf had developed. After 30 days the germination

EXHUMATION, WASHING AND GERMINATION

PRE-BURIAL GERMINATION TEST

Table 2. Origin of seeds, burial site and persistence in the soil of the 17 buried specitsst was terminated and the remaining seeds were
The persistence classes of the species are basedl@necords of the seed bank tested for viability by squeezing the seed onto a hard

database of Thomps@hal. (1997). The persistence classes: transient, persist < 1 yeqy,
in the soil; short-term persistent, persist > 1 but <5 years in the soil; long-term persis-
tent, persist 5 years in the soil; —, < 10 records available (Thomesah 1997)

rface. The seeds which were soft, i.e. easy to squash,
and brown in colour were considered not viable/dead.

Species

Site Persistence
STANDING CROP

Anthoxanthum odoratum NL2
Carex acutiformis

Carex curta
Carex echinata
Carex flacca
Carex hostiana
Carex nigra

Crepis paludosa
Filipendula ulmari&
Lychnis flos-cuculi
Lychnis flos-cucufi
Lychnis flos-cucufi
Pedicularis palustris
Potentilla erecté
Potentilla palustris
Ranunculus flammula
Scirpus sylvaticus
Senecio aquaticus

Viola palustris

transient/short-term persistent e gianding crop on each experimental plot was

NL1 NL2 - . .

NL3 _ measured in July 1994 by cutting a 60 80 cm

NL3 - area (1= 5) at 5 cm above ground level and recording
GB1 short-term persistent the dry mass yield.

GB1 -

NL4 transient/short-term persistent

NL1 - DATAANALYSIS

NL1 NL2 GB1 short-term persistent . .

NL1 NL2 long-term persistent The mean number of germinated seeds in the pre-
NL3 NL4 burial test B) was determined and used to test
GB1 changes in germination success owing to burial and
NL4 - . treatment effects.

GB1 long-term persistent The total b f d ies that

NL3 short-term persistent he total number of seeds per species that were
NL4 long-term persistent retrieved TR) from each treatment at each exhuma-
NL1 NL2 - tion was divided into the number of seeds that subse-
NL‘3‘r - guently germinatedT(G), the number not germinated
NL —

Sites: NL1,Calthior; NL2, drainedCalthiory NL3, Caricion curto-nigrage NL4,

Magnocaricion GB1,Centaureo—CynosuretumSeed from the Netherlands (NL1 and

NL2). 3 Seed from the Netherlands (Lange Sah&eed purchased commercially.

but still had a hard seed coat and was not infected by
fungi (viable), and the number not germinated but
had a soft seed coat and/or was strongly infected by
fungi (dead).



676 The difference between the 50 seeds in each bag anmdtrieved off uImaria(Chiz-test,P < 0-001),L. flos-
R. M. Bekker TR represents seedsst owing to processes such as cuculi (P < 0-001),Pedicularis palustrigP < 0-05),P.
etal. deterioration, early germination and predation. Bhe erecta(P<0-01) andRanunculus flammul@<0-001)
andTR data were tested for homogeneity of variancecompared with the 50 seeds that were buried. In 1996
and where necessary arcsin or square root transformaignificant seed losses occurred in almost all species
tions were carried out to homogenize the variancegompared with the initial 50 seeds, exceptGorurta
before conducting statistical analyses. One-way analyandCarex echinataFrom the species. odoratumand
sis of variancenova was used to examine the differ- Crepis paludosaonly a few seeds per bag were
ences between 1995 and 1996 1uB, viable and  retrieved in 1996.
dead A two-way AnovA for the detection of fertilizer
effects was carried out with the factors treatment and
. ; . _ PRE-BURIAL-POST-BURIAL GERMINATION
species with year as covariable. For site effects per
species a two-waynova was carried out with the fac- The following species showed a significantly lower
tors treatment and site with year as covariable. Thgermination percentage after burial compared with
contrasts were determined with a one-wayva, and  their germination percentages prior to burial (Fig. 1):
a Tukey's Pairwise Comparison of Means test wasA. odoratun(NL2 in 1996),C. paludosgNL1 in 1995
used to indicate differences between group means. Alnd 1996)F. ulmaria(NL1 in 1995 and 1996, NL2 in
ANOVAS were carried out usin§G with a rejection 1996, GB1 in 1995 and 1994), flos-cuculi(NL3,
level of P < 0-05 with the program SPSS + version 5-0.NL4, GB1 all in 1996) an&enecio aquaticudNL4 in
1996). Carex nigra(NL4 in 1995 and 1996) ang.
erecta(GB1 in 1995), however, showed significantly
higher germination percentages after burial compared
STANDING CROP with their initial germination percentages (Fig. 1).

Results

The supply of the combined NPK treatment had a sig-
nificant effect on standing crop across all sites excepeATE OF SEEDS
NL1 and NL3 after 2 years of nutrient application In 1995 most of the seeds that remained ungerminated

_(Table 3). The effects of th_e c_>t.her nutrients on ?tandéfter 30 days were still viable with the exceptiorAof
ing crop were either not significant or not consistent

. . S . odoratum C. paludosa F. ulmarig L. flos-cuculj

across the different sites. For detailed information SR o i . . - .

edicularis palustrigndS. aquaticusyhose ungermi-
Van Dureret al. (1997). . .

nated seeds were rapidly decayed and/or colonized by

fungi. After 2 years of burial the germination percent-
PRE-BURIAL GERMINATION TEST AND RECOVERY OF ages had declined significantly compared with the per-
BURIED SEED centages obtained after 1 year’s buriallfoflos-cuculi

. . — (NL1 and NL3,P<0-01, NL2P < 0-05, NL4 and GB1,
The majority of the species showed germination per-

centages ranging from 31%drex nigrg to more than P < 0:001)Pedicularis palustrigNL4, P < 0-001) S.
. . aquaticugNL4, P<0-001)F. ulmaria(GB1,P<0-01
95% (Carex curta L. flos-cuculj Viola palustrig; the q < )F ( )

. : andP. erecta(GB1, P < 0-001). The germination per-
0,
speciesAnthoxanthum odoratu24%) andPotentilla fCarex hostiana(GB1, P < 0-05) had

i 0, i i -
palustris(1%) showed very low germination percent ir&creased significantly between 1995 and 1996.

ages although the ungerminated seeds were classifie Focusing on the difference between the percentage

stil viable (Bekker & Zandvoort 1993), of still viable seeds between 1995 and 1996, a signifi-

During the process of exhumation nearly all Seedcant decrease was found foarex acutiformigNL1

gs o e dfernt st ore VRS 10 bt s <0 T 5,7 <0.05) Care
9 o lacca (GB1, P<0.001), C. hostiana (GB1,

and 1996. In 1995 significantly less seeds were, 0-001),L. flos-cuculi(NL1, P < 0-01),P. erecta
(GB1,P < 0-01),Potentilla palustrigNL3, P < 0-05)
Table 3. The mean yield of standing crop (g#hnin July 1994 for each treatment at andV. palustris(NL3, P < 0-001).
each site. Within a site yields with different letters indicate a significant difference at In 1995 more than 50% of the ungerminated seeds of
P <0-05 (Van Dureet al. 1997) C. paludosa89-6% at site NL1)F. ulmaria (86-7%;
NL1) andA. odoratum(71:6%; NL2) were dead. After

Treatment NLi NL2* NL3* NL4* GB1 . .

reatmen two years of burial (1996) all species showed a percent-
Control 563-84ab  270-82 ab 397.41 a 259.30 a 552.29 g&ge of dead seeds after the termination of the germina-
N 649-90ab  207-83a 608-42a  457-90 bc 66855 b tion test varying from 0-5%C( curta NL3) to 34-0%
P 507-31a 264'44;;1 350-73a  285-85ab 673-95bb(F. ulmaria NL1). In 1996 the category of lost seeds
K 543-68 a 418-08 bc 509-77 a 232:15a 691-59b ; i ; ; ;

increased significantly owing to an increase in the num-

NPK 434-81b 773-73 ¢ 306-31a 559:60 ¢ 893-55¢ g y 9

ber of already deteriorated dead seeds.

1Sites: NL1,Calthion; NL2, drainedCalthior; NL3, Caricion curto-nigrae NL4, The percentage of seeds lost varied from 2-8% (
Magnocaricion GB1,Centaureo—Cynosuretum flacca GB1) to 24:7%R. flammula NL4) in 1995,
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Ranunculus flammula - NL4

Scirpus sylvaticus - NL1
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Viola palustris - NL3
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——1995—— L——1996 ——
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B cd N P KNPK ctd N P K NPK
—1995—— ——1996——
treatment

] lost

dead
viable

B germination

Fig. 1. Changes in the number of germinated se&@g for 1995 and 1996 compared wils of the pre-burial germination
test ) for all species buried. The bars represent, respectively, the amount of seed that was germinated, theiales still
that wasdeadand that watost, given per treatment in percentage of the initial 50 seeds. TreatBgmts:burial germination
test;Ctrl, control, no fertilizer application, nitrogen;P, phosphorusK, potassiumNPK, full treatment. Each two columns
with the same letter do not differ significantlyTi® (1995 characters+ b; 1996x +y). Contrast obtained by one-wayova.
Level of significance: *P < 0-05, ** P < 0-01, *** P < 0-001. Significant differencegnthoxanthum odoraturh996***;

© 1998 British
Ecological Society,
Functional Ecology,
12,673-682

Carex nigral995*** 1996*; Crepis paludosd 995***, 1996***; Filipendula ulmarial995*, 1996***; Lychnis flos-cuculi
1996***; Potentilla erectal 995***; Senecio aquaticus996***.



678 whereas in 1996 the percentage of lost seeds varie®PECIES
R. M. Bekker from 5-9% Potentilla palustris NL3) to 99:1% C.

etal. paludosa NL1). Only for Scirpus sylvaticu¢NL1), ber of seeds lost were found between different species

C. curta (NL2), C. echinata(NL2), R. flammula 5 yitferent sites and between the sites (Tables 4 and
(NL4) andP. erecta(GB1) were no significant losses gy N interactions between species and treatment

found in 1996 compared with 1995. were found foilTG andlost seed (Table 4).

Significant differences in seed survival and total num-

YEAR
_ o SITE
For all sites, except NL3, there was a significantly

compared with 1995. At all sites a significantly cuculiandS. sylvaticusburied at more than one site,
higher total number of seeds was lost in 1996 than iite differences were found over the control treatment

1995 (Table 4). This, not surprisingly, means that(Ctrl) and over the 2 years of burial (Table 5). Only for
seeds died at all sites. F. ulmariaandL. flos-cuculiwas a year effect found

(Table 5). The meanG in 1995 forF. ulmariaat the
sites NL2 and GB1 was significantly higher compared
with NL1 (Fig. 2). This trend is continued in 1996
No treatment effects were found on the total numbealthough not significant any more owing to too much
of seeds that germinated within any of the sites fowvariation in the dataset. Far flos-cuculiin 1996 a
any species (Table 4) with one exception. In 1995, asignificantly higher mearmG was found for NL2
site GB1,F. ulmaria showed a significantly higher compared with NL3, NL4 and GB1 (Fig. 2). There are
germination in the P treatment compared with eithemo significant differences iTG between the sites
the K or unfertilized control (Table 5; Fig. 1). No NL1 and NL2 and between NL3 and NL4 (Fig. 2).
treatment effect was found for the total number of Also for C. acutiformisa higherTG was found for
seeds lost (Table 4). NL2 compared with NL1 over 2 years of burial but the

TREATMENT

Table 4. Results from two-wayNovas for changes in (1) total germinationQ) and (2)lost, conducted separately for the
sites.ANOvAS tested with covariate year for effects of treatment, species and an interaction effect. Level of significance:
* P<0-05, *P<0-01, ** P<0-005

Site* (F-values)

Effect NL1 NL2 NL3 NL4 GB1

(1) Total germination
Year (covariate) 15-86*** 43-44%+* 1.87 174.50%*+* 63-64*+*
Treatment 0.29 0.070 1.20 1-40 3:90
Species 434.92%** 403-43*** 391.-05*** 23-47%** 2.54%%*
Treatmeni species 0.92 0.90 0.90 0.90 0.74

(2) Lost
Year (covariate) 394.38*** 279.57*** 70-34%** 251-67** 329:43***
Treatment 0.86 0.66 0.13 2.0 1-50
Species 41-68*** 55.59%** 117-98*** 30-09*** 40-44***
Treatmenix species 0.92 0.26 0.56 0.73 0.566

ISites: N1 Calthiory NL2, drainedCalthior; NL3, Caricion curto-nigrae NL4, Magnocaricion GB1,Centaureo—Cynosuretum.

Table 5. Results from two-waynovAs for changes ifG conducted separately for the four species buried at more than one
site. ANOVAS tested with covariate year for effects of treatment, site and their interaction effect. Level of significance:
* P<0-05, *P<0-01, ** P<0-005

F-values
Year Interaction
Species Site df? covariate Site Treatment treatsite
L. flos-cuculi NL1 NL2 NL3 NL4 GB1 14416 183-76*** 31-91 % 1-65 0.74
F. ulmaria NL1 NL2 GB1 1428 86-15*** 67.-72%** 2:42* 2:39*
B C. acutiformis NL1 NL2 1414 0.20 5.5* 0.09 3-56**
© 1998 British S. sylvaticus NL1 NL2 1414 0.16 0.78 0.78 0.85

Ecological Society,
Functional Ecology,  'Sites: NL1Calthior; NL2, drainedCalthion NL3, Caricion curto-nigrae NL4, Magnocaricion GB1,Centaureo—Cynosuretum.
12,673-682 2 df, Degrees of freedom for covariate year, treatment, site and interaction.
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Filipendula ulmaria Lychnis flos-cuculi Carex acutiformis Scirpus sylvaticus
b a a XY X yz z z
100} - — L
80} - =
F viable F F
° 60} B germination| | L L
$ o0 I S0 ]
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i

Fig. 2. Changes in mean number of germinated seE@$ in the control treatmen€trl ) of different species buried at differ-

ent sites buried over 1995 and 1996. Sites: NCAlthion, NL2, drainedCalthiory NL3, Caricion curto-nigrae NL4,
Magnocaricion GB1,Centaureo-Cynosureturiihe diagram bars represent, respectively, the amount of seed that germinated,
that did not germinate but was stilable, that wasdead and the amount of seetisst given as a percentage of the initial
amount of 50 buried seeds (% seed). Each two columns with the same letter do not differ signific@n(ll985, characters

a+b; 1996,x +y). Contrast obtained by one-wayova. Significant differenceszilipendula ulmarial995,P < 0-01;Lychnis
flos-cuculil996,P < 0-001. FoCarex acutiformigndScirpus sylvaticuso significant differences were found.

differences were not significant in either 1995 or 1996during the pre-burial germination tests the majority of
(Fig. 2). There was no site effect found frsylvati-  the seeds of the selected species had in fact germinated.
cus(Table 5; Fig. 2). Significant interactions between A possible reason for the lack of germination of appar-
treatment and site effects were founiracutiformis  ently viable seeds after exhumation could be that they
andF. ulmarig however, the two species did not show were in an induced state of dormancy. This is a mecha-
a consistent pattern in these interactions. However, ihism that prevents germination under unfavourable cir-
all four species are considered, the germinatiorcumstances, for example, insufficient moisture, light or
response at site NL1 is always lower, although not sigunsuitable temperature (Fenner 1985; Baskin & Baskin
nificant, than at site NL2. 1989, 1992; Murdoch & Ellis 1992).

Germination in the soil possibly accounts for most
seed losses in the seed bank (Roberts 1972; Fenner
1985; Baskin & Baskin 1989; Rice 1989; Lunt 1995)
The objective of this seed burial experiment was totherefore an attempt was made to check the total num-
establish whether enhanced availability of nitrogen,ber of seeds and seed coats before washing. This was
phosphorus or potassium, or a combination of all threéound to be almost impossible to do owing to the pres-
nutrients, could affect the longevity of seeds of keyence of the sand and soil particles obscuring seeds.
species of species-rich wet grasslands. To date, th€ounting was therefore carried out in the Petri dishes
only indication of an effect was found in 1995 at siteafter washing. This means that no direct evidence of
GB1 where a significantly lower total numberf the loss of seed from the seed bags as a result of ger-
ulmaria seeds germinated in plots to which high mination could be found. The counting by hand after
amounts of potassium fertilizer had been applied comwashing revealed that there were lower numbers of
pared with phosphate fertilized plots. Significant dif- seeds compared with the initial number placed in the
ferences were found between the pre- and post-burideed bags. It was not possible to determine whether
germination percentages in some of the different ferlosses of seed were the result of lethal germination in
tilizer treatments for some of the species. Somehe seed bags or solely owing to death and decay as
species showed a higher germination percentage aftageing followed by decay is also a major factor of
1 year of burial compared with their pre-burial germi- seed bank depletion (Villiers 1972). Nitrate can break
nation indicating that dormancy controls were over-dormancy in many species, either on its own or in
come during the burial period. combination with temperature or light and darkness

(Bliss & Smith 1985; Cavers & Benoit 1989; Pons

1989, 1991, 1992; Hilhorst 1990; Baskin & Baskin

1992; Karssen & Hilhorst 1992; Bouwmeestéral.
At the end of the 30-day period for testing the germina-1994). In this present experiment there was no evi-
tion of the exhumed seeds most of the ungerminatedence found for early germination in the soil caused
seeds were still viable. It might therefore be argued thaby nitrate. Also the moisture content of the burial
30 days was too short to obtain a measure of the actuahvironment is mentioned to be of importance in
potential germinability of the exhumed seeds. Inbreaking dormancy of the seeds in the soil seed bank
defence of the procedure it has to be pointed out thgRoberts 1972; Cook 1980; Jansen & Ison 1995).

Discussion

FATE OF SEEDS
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However, as it is difficult to identify the sources of high as from the NL1 and NL2 sites; we did not expect
mortality, these judgements remain highly speculalarge differences between the two seed lots.
tive. In general, the rates of losses and depletion from The germination success of the seedd .oflos-
the seed bank are dependent upon the different germ¢uculideclined significantly after 1 year and declined
nation and dormancy characteristics of the speciesven further after 2 years of burial. Milberg (1994)
buried (Grimeet al. 1981). found that after 25 months of burial there was a signif-
A possible explanation for the decrease in seedcant increase in the number of non-viable seeds of
numbers in the seed bags could also be that they wefls-cuculibut the percentage of dead seeds was much
removed by predation (granivory: e.g. Fenner 1985jower compared with the results presented in this
Jansen & Ison 1995). Literature on seed predatiorarticle. Milberg (1994) buried seeds lof flos-cuculi
suggests that predation can have a significant effect oim polyester bags with no medium at 15-cm depth in
the seed bank (Louda 1989). No direct evidence fowooden boxes containing peaty soil, whereas in this
this was found in the present experiment. study the seeds were buried in the field in seed bags
The direct loss of seeds through the nylon mesh o€ontaining sterilized potting compost or soil from a
the bags could have been another possible cause Gflthion community. Research from Milberg (1994)
poor recovery. If this was the case then it might beand Thompsoet al. (1997) indicate thdt. flos-cuculi
assumed that such losses would be more likely to haps long lived and has the potential to accumulate a
pen with small rather than large seeds. In fact no difpersistent seed bank but the results presented here
ferences in recovery were found between small andnhdicate the opposite.
large seeded species that would have supported this We have to state that a weakness of the design of the
contention; no significant loss of seed<Cofcurtg C. present experiment is the few species that were buried
echinata P. erecta R. flammulaor S. sylvaticusvas  at more than one site and the use of seeds from up to
found during the 2 years of burial. three seed sources. In defence of this we put forward
that for a burial experiment of this design a large
quantity of seeds were required, which was not avail-
able at the time of burial. Unfortunately, owing to
A significant site effect was found after one andtechnical problems, some species buried at the GB1
2 years burial foriC. acutiformis F. ulmaria and L. site had to be collected at comparable sites and seed of
flos-cuculi After 1 year’s burial the seeds &t L. flos-cuculiandP. erectahad to be purchased com-
ulmaria from the wet NL1 showed a significantly mercially.
lower germination percentage compared with the seed Beforehand the main aim was to investigate the fate
exhumed from GB1 or the degraded NL2 site. Thisof seeds of as many species belonging to the commu-
effect could not have been caused by inherent differnity under study as possible because accurate data on
ences between the buried seeds, because the seadgd longevity for many of the species are missing
were collected from the same site at the same time an@ee also Table 2) . From this experiment we can con-
the seed bags from all three sites contained the sanmdude that all species still have some viable seeds after
medium. The only distinction is that the NL1 site has2 years of burial. This means that all species can be
been flooded for a long time during the spring. It hascategorized as being at least short-term persistent. The
been suggested that seeds may remain viable longerspeciesA. odoratumand C. paludosashow a very
the soil is waterlogged (Villiers 1972; Howe & drastic decline in viable seed numbers after 2 years
Chancellor 1983; Cavers & Benoit 1989; Murdoch & which might support transient behaviour as was found
Ellis 1992; Bewley & Black 1994). An excessive sup- in the database of Thompsenhal. 1997. The results
ply of water may, however, limit the availability of for C. nigraandS. sylvaticushow that these species
oxygen for seed respiration with the consequence thadre at least short-term persistent, contrary to the
the longevity of seeds declines rapidly with anmajority of the records in the database.
increase in moisture content (Murdoch & Ellis 1992).
This would suggest that the site difference observed
. . NUTRIENT AVAILABILITY
for F. ulmariawas probably a result of the relatively
long period of anaerobiosis at NL1. Some evidenceThe supply of NPK has shown a big influence on
could be drawn from the fact that all four speciesstanding crop after nutrient application at three of the
buried at the wet NL1 site seem to germinate less thafive sites. Analyses of NPK nutrient yield of plant tis-
in the dryer NL2 site. sue of two sites, NL1 and NL2, showed significantly
The purchased seedslofflos-cuculiburied at site  raised concentrations of phosphorus and potassium
GB1 showed a significantly lower germination com- compared with the controls in the established treat-
pared with NL1 and NL2 in 1996. This obviously ments (results not shown, see Van Dweal. 1997).
results from the different origin of the seeds. BetweerA significantly raised nitrogen concentration could
seeds buried at different sites, but derived from theonly be detected in NL2. This means that the avail-
same origin, no significant differences were found. Asability of phosphorus, potassium and nitrogen in the
the initial pre-burial germination percentage was assoil solution of these sites has remained enhanced and

SITE
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that we achieved large differences in the nutrientBewley, J.D. & Black, M._(19_94)Sdeeds: Physiology of
availability of the soil environments of the buried —Development and Germinatio2™ edn. Plenum, New

. . York.
seeds at the different sites. Bliss, D. & Smith, H. (1985) Penetration of light into the soil

After 2 years of burial there was no direct measur-  anq jts role in the control of seed germinatiefant, Cell
able effect of the different nutrient applications to the and Environmen8, 475-483.
buried seeds. The decline in viability of the seeds an@®ouwmeester, H.J., Derks, L., Keizer, J.J. & Karssen, C.M.
the increased numbers of lost seeds appeared to be thésliggé)briEr:f]e%tfiicigfallég?a?jgsezcr)]user?liti:latﬁoncc;?]tgnéorm
result of decompoa_tlon processes in the sc_nl and/or mar}:cyActa Botanica Neerlandioag,sg—so.
premature germination or death of the buried seedcayers, P.B. & Benoit, D.L. (1989) Seed banks in arable
Nevertheless, the fertilization treatments had a great |and.Ecology of Soil Seed Bankeds M. A. Leck, V. Y.
influence on the established vegetation, both on Parker & R. L. Simpson), pp. 309-328. Academic Press,
species composition and total phytomass. It is very San Diego, CA.

probable that mineralization rates will be influenced CMPPindale, H.G. & Milton, W.E.J. (1934) On the viable
. G seeds present in the soil beneath pastulestnal of

by the treatments. Enhanced nutrient availability Ecology22,508-531.

owing to fertilizer inputs will have a large impact on Cook, R. (1980) The biology of seeds in the soil.

the soil biota and decomposition processes which, in Demography and Evolution in Plant Populatiofes!. O.

turn, may have either a direct or indirect influence on T Solbrig), pp. 107-12®Botanical Monographsyol. 15.

. . : o Blackwell Scientific Publications, Oxford.
the longevity of _seeds in the soil. The cc_;mpﬂanon ofFenner’ M. (1985)Seed Ecology Chapman and Hall,
effects could still eventually lead to soil seed-bank | ohqon.

deterioration in the long run, which may be foundFix, K. & Poschlod, P. (1993) Extensivierung von
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