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S. Güsewell et al.

Mowing in early summer as a remedy to eutrophication in Swiss
fen meadows: are really more nutrients removed?

Sabine Güsewell, Alvaro Zorzi & Andreas Gigon
Geobotanisches Institut ETH, Gladbachstrasse 114, 8044 Zürich, Switzerland;

guesewell@geobot.umnw.ethz.ch

Summary
1 Nutrient enrichment threatens plant species diversity in many wetlands. More
frequent mowing is commonly recommended as a measure to enhance nutrient exports
and thus to restore low-productive fen vegetation. While the effectiveness of the measure

has repeatedly been verified in severely eutrophicated vegetation, it is still uncertain
whether more frequent mowing is also recommendable for fens that are only moderately

affected by eutrophication and still support characteristic fen plant communities.
2 To test the effect of more frequent mowing on the vegetation of fens in the Swiss

lowlands, mowing experiments were established in 1995 or 1996 in three meadows in

nature reserves near Zurich. All experimental plots were mown every year in September

(traditional management, control treatment); treated plots were additionally mown
in June. Total biomass yields, total amounts of exported N and P, and plant tissue N and

P concentrations in late June or late August were compared between treatments in 1999

(4* /5' treatment year). The same comparison was made for plots established in 1999

(1st treatment year).
3 Both in the 1SI and in the 4' /5* treatment year, additional mowing in June did not
affect total biomass yield, but this treatment slightly enhanced the amount of exported N
(difference < 29%) and significantly increased the export of P (difference < 113%). The
enhancement of nutrient exports was mostly due to higher nutrient concentrations in

September in the treated plots.
4 The effect of additional mowing in June on N and P exports was higher in the 1st than
in the 4' /51 treatment year (e.g. for P 113% vs. 68%), suggesting that the effectiveness of
the treatment decreases with time. However, comparison with data from 1997 (2n /3r

treatment year) showed that treatment effects on N exports fluctuated considerably

among years, probably due to the impact of weather conditions on the water level and

thus on nitrogen availability to the vegetation.
5 Additional mowing in June can be an effective measure to reduce the availability of
nutrients. However, the magnitude of the effects on nutrient exports and biomass
production is likely to depend on the nutrient limitation of each specific site.

Keywords: biomass yield, mowing regime, nutrient export, tissue nutrient concentrations,

wetland management
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Nutrient exports by mowing in fens

Introduction
Nutrient enrichment is one of the main
factors threatening the species diversity of
wetland vegetation in central Europe (Klötzli
1986; Verhoeven et al. 1993). Causes of
eutrophication include direct fertilisation (Bakker
& Olff 1995), atmospheric inputs (Bobbink et

al. 1998), agricultural run-off (Zelesny 1994),

abandonment (Dierssen & Schrautzer 1997),

flooding with polluted surface water (Koerselman

et al. 1993) or drainage (Grootjans et al.

1996). Measures to prevent or remedy
eutrophication must reduce inputs, enhance

outputs or reduce the rate at which nutrients
become available within the system (Koerselman

& Verhoeven 1995). It has been

suggested that management plans should primarily

focus on the availability of the most limiting

nutrient (Koerselman & Verhoeven 1995).

Many attempts have been made to prevent
nutrient inputs into vegetation ofhigh conservation

interest (Marti & Müller 1994; van
Düren et al. 1998), but this is often not
completely possible for technical or financial
reasons. Moreover, many nature reserves have

already been eutrophicated during the last

decades, with associated changes in productivity

and plant species composition (Fojt &
Harding 1995; Verhoeven et al. 1996;

Bobbink et al. 1998). Their species diversity
can only be maintained or restored if the

eutrophication process is reversed through
enhanced nutrient outputs (Pfadenhauer
1989; Klötzli 1991; Pfadenhauer & Klötzli
1996). The most commonly applied measures

are mowing and topsoil removal. Topsoil
removal may be most effective, but it is also

work-intensive and destructive (D. Ramseier,

pers. comm.), and therefore less suitable for
large-scale application in nature reserves if the

only purpose is to remedy eutrophication
(but see Beltman et al. 1996).

Several experiments have addressed the
effects of mowing regime on nutrient outputs
(amounts exported with the hay), nutrient

budgets or the productivity of the vegetation

(Oomes & Altena 1987; Kapfer 1988, 1994,

1996; Gryseels 1989; Schwartze 1992; Oomes

& van der Werf 1996; Prach 1996). Most of
these experiments took place in severely

degraded wetlands, e.g. drained and heavily
fertilised fens, eutrophicated reedbeds or meadows

abandoned for a long period of time. In
these experiments the effects ofmowing twice

or three times a year were generally positive,
with higher nutrient exports, reduced
biomass production and enhanced species

richness. The effects of frequent mowing are

likely to be less favourable at sites that are

only moderately eutrophicated and still
support the plant communities to be protected.
First, less nutrients will be exported since the

productivity is lower. Second, plant species

adapted to intensive management may be

promoted at the expense of species adapted

to extensive management (Höfner & Steiner

1987; Briemle & Ellenberg 1994; Kapfer
1994, 1996). Third, perennial species from
nutrient-poor sites often rely on internal

cycling ofnutrients to cover a large fraction of
their above-ground nutrient demands (Gan-
zert & Pfadenhauer 1986; Pfadenhauer &
Lütke-Twenhöven 1986; Bernard et al. 1988;

Aerts et al. 1999), and this cycling is

prevented by frequent mowing. Additionally,
reproduction by seeds may be inhibited

(Schopp-Guth et al. 1996). Therefore, Kapfer
(1987) recommended mowing fen meadows

more than once a year only if their biomass

yield exceeds 500 g m" or if characteristic fen

species are absent. However, the proposed
effects ofmore frequent mowing on moderately
eutrophicated fens must be substantiated by
experiments at appropriate sites to verify
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whether or not these recommendations can
be considered a general rule.

Long-term mowing experiments were
established in 1995 or 1996 in three litter fen
meadows near Zurich (Switzerland). Treated

plots, mown both in June and September,

were compared to control plots, mown only
in September, which is the traditional
management of these meadows. Contrary to the

experiments mentioned above, our sites were
not used agriculturally nor heavily fertilised,
but they have been subject to diffuse nutrient

inputs and underwent a short period of
abandonment before the traditional management
was re-introduced for conservation purposes.
Unfortunately, regular mowing in autumn has

proved insufficient to restore the former

mesotrophic conditions and the previous species

richness documented, e.g. in Klötzli
(1969). Therefore, governmental management
guidelines recommend that eutrophicated fen

meadows be mown in summer to export
more nutrients (Bressoud et al. 1992). The aim

of our experiments was to assess how
additional mowing in early summer would affect

nutrient exports.
Measurements of biomass yields and nutrient

exports carried out in 1997 (2nd/3rd year of
the experiment) showed that 44% more nitrogen

and 85% more phosphorus were
exported when plots were mown in June

compared to control plots (Güsewell 1998). However,

such results may vary from year to year.
In particular, the effect of additional mowing
in summer might be highest in the 1SI year of
treatment and then decrease progressively
because biomass production is reduced in the

treated plots (Güsewell 1998) until eventually
the same amounts of nutrients are exported
from treated and control plots. To test this

idea, we determined yields and nutrient
exports in 1999 in the experimental plots established

in 1995 or 1996 as well as in new plots,

mown in June for the first time in 1999. Our
hypotheses were (1) that additional nutrient

exports would be greater in the lst-year plots
than in the 4th/5,h-year plots, and (2) that the

results from 1997 (Güsewell 1998) would be
intermediate.

Methods

Study sites and experimental design

Experimental sites and the design have been

described in Güsewell (1998). Briefly, sites

were fens located on the Swiss Plateau near

Zurich, at an altitude of 430-440 m a.s.l., with
a long-term average temperature of 8-10 °C

and average rainfall of 1000-1100 mm yr"

Soils were calcareous humic gleysols
waterlogged or flooded in winter and early spring,
and relatively dry in summer. The vegetation

initially belonged to the phytosociological
alliance Molinion (dominated by Molinia
caerulea and various Carex species; nomenclature

according to Lauber & Wagner 1996),

but in some parts sites had become dominated

by tall forbs and grasses and by
Phragmites australis due to eutrophication
(alliance Filipendulion). Experimental plots (10

x 10 m2) were established in a randomised

block design so as to include both Molinion
and Filipendulion vegetation (two blocks for
each type). All plots were mown yearly in

early September as part of the normal
management and the litter was removed soon
after mowing. One plot per block was additionally

mown in late June every year while the

other plot, only mown in September, served

as control plot. Additional mowing started in
1995 in two blocks (one per vegetation type),
and in 1996 in the two others.

To compare the results of the long-term
experiment with the response of the vegetation
in the first year, biomass and nutrient exports

Bulletin ofthe Geobotanical Institute ETH. 66, 11-24 13



Nutrient exports by mowing in fens

were measured in plots that were mown in
June only in 1999. Four pairs of 6-m plots
were established in patches of homogeneous
vegetation with similar species composition
and structure to those in the long-term experimental

plots (one new pair per block). One

randomly chosen plot per pair was mown in
late June 1999 together with the long-term
experimental plots, the second one served as

control plot.

Measurement of biomass yields and
nutrient exports
To determine biomass yields, i.e. the total
amount of biomass removed by either
treatment, the above-ground biomass of the
vegetation was sampled in all plots just before

mowing. Thus, treated plots were sampled in
late June and late August, but control plots
only in late August. All vascular plants were
clipped at approximately 2 cm above-ground
level in three 0.16-m quadrats per plot.
Mosses were not sampled because they were

sparse in all plots. Quadrats were arranged

systematically at 1-m intervals within the

experimental plots. In treated plots the same

quadrats were clipped in June and in August
so that the sum of both harvests actually
represented the total yield of an individual
quadrat.

All plant material was dried at 70 °C,

weighed and ground. Total nitrogen and
phosphorus were extracted using a modified Kjel-
dahl method (lh digestion at 420 °C with
H2S04 98% and a copper sulphate-titane oxide

catalyst). Concentrations ofN and P in the

digests were determined colorimetrically on a

flow injection analyser (Tecator, Höganäs).
Nutrient (nitrogen or phosphorus) exports

in mg m'2 were then calculated as DWJmc *

Concentration iu„e + DWAugust * Concentration

August (treated plots), and DW/August

ConcentrationAugust (control plots; DW, dry

weight of the biomass in g m" ; Concentration,

tissue N or P concentration in mg g"1

DW)

Nutrient concentrations in
individual plant species

To determine whether additional mowing in
June over 4 or 5 years had affected the nutrient

economy of individual plant species,

nitrogen and phosphorus concentrations of the

six most frequent species (Carex acutiformis,

Filipendula ulmaria, Lysimachia vulgaris,

Molinia caerulea, Phalaris arundinacea and

Phragmites australis) were compared between

treatments in late June 1999 in the long-term
experiment. In treated plots, the plant material

harvested to determine biomass yields
was sorted to species before drying. Dry
weight and nutrient concentrations were
determined for the six species individually as

described above. The remaining species were

lumped together and their nutrient concentrations

were also determined, so that nutrient
concentrations of the whole sample could be

calculated (needed for the calculation of
nutrient exports and for comparison with the
1997 data). In the control plots, three 0.16-m2

quadrats per plot were clipped and the six
selected species were sorted. The remaining
fraction was not analysed because this was

unnecessary for the calculation ofnutrient
exports. Care was taken not to re-sample
locations clipped in June during the August
sampling in control plots, so that results on
biomass yields were not affected by the June

sampling.

Data analysis
Means of the three samples per experimental
plot were used for statistical testing. Data

were log-transformed if necessary to obtain

normally distributed residuals. Effects with

type I error probabilities of 0.05-0.10 were

14 Bulletin ofthe Geobotanical Institute ETH, 66, 11-24
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Nutrient exports by mowing in fens

Table 1. Additional amounts ofbiomass, nitrogen andphosphorus (means ± SEJ exported by mowing in June and
September as a percentage ofthe amounts exported by mowing only in September, with the significance ofdifferences

(two-way ANOVA; factors treatment and block, only results for treatments shown). Is'year, plots mown in
June in 1999for thefirst time; 4' /5" year, plots mown in Juneyearly since 1995 or 1996. Significance levels: **, P

<0.01;",P<0.1;m,P>0.1

Biomass Nitrogen Phosphorus

1 si
1 year 4,h/5'h year

1 st
1 year 4"75,h year 1st year 4th/5th year

Additional export (%)

ft3

5 ± 12

0.17ns

-2± 15

0.16ns

29 ± 16

4.9ns

12 ±21

0.30ns

113 ±19 68 ±30

83.8** 8.2°

considered to indicate tendencies which
might be relevant for conservation management.

Treatment effects on biomass yields and

nutrient exports, as well as on nutrient
concentrations in June or August were tested

separately for the long-term plots and the new
plots by means of two-way ANOVA with the

factors treatment and block. The block effect

was included in the model, but its significance

was not tested for the statistical reasons
explained by Sokal & Rohlf (1995, p. 347). Since

the June nutrient concentrations in control

plots had only been determined for six
selected species, weighted average concentrations

of these species were compared
between treatments here. Nutrient concentrations

in individual species were compared
qualitatively because missing values (plots in
which the species did not occur) prevented
statistical testing.

Results

Biomass yields and nutrient exports
Additional mowing in June did not increase

total biomass yields: neither in the 1st nor in
the 4lh/5,h treatment year did the amount of
biomass harvested differ between treated and

control plots (only mown in September; Fig.
la, Table 1).

Additional mowing in June slightly
increased the amount of nitrogen exported
when the treatment was applied for the first
time. In all four blocks N export was higher in
treated plots than in control plots (Fig. lb,
Table 1). However, the difference between

treatments varied considerably among blocks
and was marginal in two of them, and thus,
the treatment effect was not statistically
significant (P 0.12). After plots had been

mown in June for 4/5 years, the total amount
of N exported with the harvest was even
lower than in control plots in two of the four
blocks, and mean exports did not differ
between treated and control plots.

Additional mowing in June markedly
increased the export of phosphorus. In the Is'

treatment year, the amount of P exported
more than doubled (P< 0.01; Fig. lc, Table

1). After 4/5 years of treatment, P exports
from treated plots still exceeded those from
control plots in all four blocks (on average
68% higher), but because the magnitude of
the treatment effect varied considerably

among blocks, this effect was only marginally
significant (P= 0.07).

Nutrient concentrations
After 4/5 years of treatments, the N and P

concentrations in the above-ground biomass

of individual plant species in June did not differ

consistently between treated and control

16 Bulletin of the Geobotanical Institute ETH, 66, 11-24
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Table 2. Nitrogen andphosphorus concentrations and their ratio (mean ± SE, n 4) in the above-ground plant
biomass ofplots mown in June and September and ofplots mown only in September, determined (a)for individual

plant species in late June and (b)for the whole vegetation in late June and late August ofthe 1". 2" /3r and 4"/5'
treatment year

Nitrogen (mg g"') Phosphorus (mg g"1)

Treated Control

N:P ratio

Treated Control Treated Control

(a) Individual species (4,h/5th year, June)

Carex acutiformis

Filipendula ulmaria

Lysimachia vulgaris

Molinia caerulea

Phalaris arundinacea "

Phragmites australis

(b) Whole vegetation

1st year, Juneb

lsl year, August0

2°d/3rd year, Junec

2° /3r year, August0

4,h/5,h year, Junede

4lh/5th year, Augustd

14.3 ± 1.2 15.4 ± 0.6

16.0 ± 0.4 14.0 ± 1.2

12.7 ± 1.1 12.3 ± 0.6

11.8 + 1.0 13.1 ± 1.3

15.8 13.9

14.4 ± 0.8 13.8 ± 0.6

14.6 ± 0.6

17.7 ± 0.8 12.6 ± 0.8

15.4 ± 0.3 15.5 ± 0.3

16.9 ± 0.4 12.0 ± 0.4

13.0 ± 0.3 13.2 ± 0.3

18.3 ± 0.7 13.2 ± 0.7

1.33 ± 0.37 1.50 ±

1.45 ± 0.17 1.34 ±

1.38 ± 0.32 1.36 ±

0.98 ± 0.08 1.04 +

2.12 1.82

1.25 + 0.24 1.09 ±

1.39 ± 0.27

1.08 ± 0.07 0.63 ±

1.26 ± 0.04 1.25 ±

1.47 ± 0.07 0.80 ±

1.21 ± 0.02 1.23 ±

1.05 ± 0.04 0.76 ±

0.34 11.9 ± 2.0 11.2 ± 1.8

0.11 11.5 ± 1.2 10.5 ± 0.5

0.20 10.2 ± 1.3 9.5 ± 0.9

0.10 12.1 + 0.7 12.6 ± 0.2

7.5 7.6

0.20 12.4 ± 2.2 13.9 ± 2.0

11.4 ± 1.6

0.07 17.4 ± 1.1 21.7 ± 1.1

0.04 12.8 ± 0.3 13.3 ± 0.3

0.07 12.1 ± 0.8 16.0 ± 0.8

0.02 11.3 ± 0.4 11.4 ± 0.4

0.04 18.2 ± 0.4 18.9 ± 0.4

Only present in one block.

This study, long-term experiment.

This study, new experiment.
e

Weighted average of the six species in (a).

Data from 1997 (Güsewell 1998).

plots (Table 2a). Moreover, for Filipendula
ulmaria and Lysimachia vulgaris concentrations

were higher in the treated plot of some

block(s) and in the control plot of other(s),
and differences between plots were often
smaller than the variation among samples

within plots (data not shown). Thus, even
without statistical testing (cf. Methods), it was

apparent that additional mowing in June had

not affected the nutrient concentrations of
individual plant species. Accordingly, nutrient
concentrations of the whole vegetation in
June (approximated by the weighted average
of concentrations in the selected species) did

not differ significantly between treatments

(Tables 2b and 3).

Even in the absence of significant differences

in N and P concentrations, differences

in N:P ratios might have been significant,
since the N:P ratio would not be affected by
random variation in N and P concentrations

as long as this variation is similar for both
nutrients. Nevertheless, when compared for
June, N:P ratios differed little between

treatments, being higher in treated plots for three

of the species and in control plots for the

three other species (Table 2a), with large
variation among blocks. Likewise, N:P ra-

Bulletin ofthe Geobotanical Institute ETH, 66,11-24 17
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Table 3. Significance ofdifferences in plant tissue nitrogen andphosphorus concentrations (mg g and N:P ratios
between plots mown in June and September and plots only mown in September, tested with two-way ANOVA
(factors treatment and block, only results for treatments shown), f year, plots mown in June in 1999for thefirst
time; 4"'/5"' year, plots mown in June yearly since 1995 or 1996. Significance levels: ** P < 0.01; * P < 0.05; ft
P > 0.1; -, not tested. For means and SE see Table 2

Nitrogen Phosphorus

1st year 4"75th year

N:P ratio

1st year 4"75,h year
1 st
1 year 4"75,h year

Late June: Fu

Late August: Fl3 26.3*

3.9ns

37.8 **

1.2ns

48.9 ** 19.5 * 77.0 **

0.2™

0.9ns

tios of the whole vegetation in June did not
differ significantly between treatments
(Tables 2b and 3).

In late August, N and P concentrations
differed significantly between treated and control

plots, both in the 1st year and in the 4' /5'

year of treatment (Table 2b and 3). In the 1st

year the difference between treated and control

plots was greater for P than for N (in relative

terms), and therefore N:P ratios were

higher in control plots. N:P ratios did not differ

between treatments in the long-term ex¬

periment because differences between
treatments were approximately the same for N as

for P.

Discussion

Different effects of additional
mowing on biomass, N and P exports
The main results of this study are concordant
with those of Güsewell (1998). In both studies,

additional mowing in June did not
enhance the total yield, but it did enhance the

Table 4, Published results on additional amounts of biomass, nitrogen, phosphorus and potassium exported by

mowing morefrequently (June/July and September/October) as a percentage ofamounts exported by mowing only
in September/October

Vegetation type Year

Additional export (%)

Reference Biomass N P K

Kapfer (1987) Calthion 1982-85 22.5 55.1 60.0 10.6

Calthion' 1982-85 -3.2 18.5 41.7 0.0

Molinion 1982-85 16.7 27.9 22.2 33.3

Egloff (1986) Molinion 1981 6.7 49.8 50.2 58.0

Molinion 1982 -1.2 5.3 8.9 2.7

Schwartze (1992) Wet grasslands2 1987 41.4 25.3 59.1 76.6

Wet grasslands 1988 33.2 35.0 76.1 22.3

Wet grasslands2 1989 -0.73 10.2 not determined

Two different sites; data are means of 1982-1985.
' Means often sites supporting various plant communities (Cynosurion, Calthion, Magnocaricion).

18 Bulletin of the Geobotanical Institute ETH, 66, 11-24
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exports of nutrients with stronger effects for
phosphorus than for nitrogen. The higher
nutrient exports from treated plots were due to

higher nutrient concentrations in the hay of
treated plots compared with control plots.
Nutrient concentrations were higher for two
reasons. First, nutrients were "diluted" in the

increasing biomass between late June and late

August in control plots, whereas treated plots
were harvested for the first time in June
before this "dilution". Second, nutrient translocation

to below-ground parts already
occurred in July or August in the control plots
(see e.g. Warnke-Grüttner 1990) but not in
the treated plots, where no senescence of the

re-growth was observed until the second harvest

at the end of August.
The additional exports ofbiomass, N and P

found here were basically in the same order of
magnitude as those determined by other
authors in similar experiments, even though the

range of values was broad (Table 4). In these

other studies, additional mowing generally
enhanced nutrient exports but did often not
affect biomass yields, which is consistent with

our results. However, in some of the studies

total yield was enhanced more than the

export of N, and in some other studies the

export of N was enhanced more than the export
of P (Table 4). Thus the specific effects of
additional mowing on biomass yields, N and P

exports depend on the site and vary from year
to year, so that no general statement on their
relative importance is possible.

Temporal fluctuations in the
effects of additional mowing
Our first hypothesis, that treatment effects on
the exports of N and P would be stronger in
the 1st than in the 4lh/5Ih year, was confirmed:
In the 1st year, 29% more N and 113% more P

were exported from the treated plots, whereas

in the 4th/5,h year only 12% more N and 68%

more P were exported. However, this

decrease in treatment effect was only for a small

part due to reduced biomass production in
the treated plots: the ratio of yield in treated

plots to yield in control plots was only 7%

higher in the 1st than in the 4Ih/5Ih treatment

year. Higher nutrient concentrations in June,

as well as greater differences in nutrient
concentrations between treated and control plots
in late August, also contributed to the

stronger treatment effects in the 1st year (cf.

Table 2). All these differences were slight, and

only their cumulative effect resulted in a clear

difference between the 1st and 4' /51 year of
treatment.

Our second hypothesis that additional

exports in 1997, the 2" /3r treatment year,
would be intermediate between those for the
1st and for the 4lh/5th year was only confirmed
for phosphorus. For nitrogen, additional

exports in 1997 were higher than those in 1999

in both 1st- and 4th/5'h-year plots. Considerable

fluctuations in the effects of additional

mowing were also observed in other experiments

(Kapfer 1988; Bakker & Olff 1995;

Oomes et al. 1996). Weather conditions probably

caused the fluctuation in our experiment.

Spring 1999 was unusually wet, and our field
sites were flooded until the end of June. This

delayed the development of the vegetation, so

that yields in June were relatively low, and a

higher proportion of the annual growth
occurred in July or August. Flooding probably
also inhibited nitrogen mineralisation in these

base-rich fens (Hauschild & Scheffer 1995),

causing low N concentrations in the June

biomass in 1999 compared with 1997, and

therefore relatively low N exports with the

first harvest of treated plots. Higher availability

of N in the second part of the summer,
after soils became aerated, caused higher N
concentrations in August 1999 compared
with August 1997. This primarily enhanced N
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exports from control plots, since biomass

yields were much higher there. Higher N
availability in July and August would also

have strengthened limitation by P (Grootjans
et al. 1986), which was reflected in lower P

concentrations and higher N:P ratios in
August (again comparing 1999 with 1997).

We conclude that the effect of additional

mowing on the export of a specific nutrient

strongly depends on the seasonal pattern of
availability of that nutrient, which may be
affected by weather conditions. Because of the

resulting fluctuations in treatment effects,

repeated sampling over several years is necessary

to assess these effects with sufficient
reliability, as has been shown elsewhere for
effects on plant species composition (Bakker et

al. 1996; Güsewell étal. 1998).

NO CLEAR EFFECTS OF ADDITIONAL
MOWING ON NITROGEN AND PHOSPHORUS

AVAILABILITY

Since additional mowing affected P exports
more strongly than N exports in our experiment,

this treatment might modify the relative

availability of N and P to plants in the long
term. According to Koerselman & Meuleman
(1996), such a change should be reflected in a

higher N:P ratio in the plant biomass, but

contrary to this expectation, no difference in

N:P ratios was found between treated and

control plots in late June. Since N:P ratios are

a rather rough indicator of nutrient limitation

or relative nutrient availability (Wassen et al.

1995; Pegtel et al. 1996), the absence of difference

only means that additional mowing had

not yet depleted the nutrient pools sufficiently
to cause a clear shift in nutrient limitation.

This negative result is not surprising for
several reasons. First, the experimental plots
had already been mown regularly in September

before the experiments, so that plants

probably had no extensive below-ground
stores that could have been depleted by the

treatment, contrary to unmanaged sites (e.g.

Gryseels 1989). Second, total amounts of
nutrients stored in the soil greatly exceeded the

annual exports by mowing (Kapfer 1988;

Bakker 1989; van Oorschot et al. 1997).

Third, mineralisation rates, an important
determinant of nutrient availability in fens

(Koerselman & Verhoeven 1995) might even
have been enhanced in treated plots after the

June cut because of stronger fluctuations in

soil temperature and humidity (Schwartze

1992). Finally, nutrient inputs to our sites

remained unchanged, contrary to mowing
experiments where treatments were concurrent
with the cessation of fertiliser application
(Egloff 1986; Olff et al. 1994; Pegtel et al.

1996). If our sites received sufficient P inputs,

e.g. through run-off or ditch water, it seems

plausible that even the significant effects of
additional mowing on P budgets were in fact

marginal, and that nutrient availability for the

vegetation was hardly reduced by the
treatment.

Treatment effects on K exports or K
availability were not determined in this study. We

assumed K not to be limiting at our sites

because of their impermeable loamy soil, as K
limitation normally occurs only on drained

peat or permeable sandy soils (Koerselman &
Verhoeven 1995; Kapfer 1996). Absence of K
limitation was also suggested by the relatively
high plant tissue K concentrations and low

N:K ratios as determined in earlier studies at

the same or nearby sites with similar vegetation

(Brülisauer & Klötzli 1998; S. Güsewell,

unpubl. data). At sites where additional mowing

is likely to cause or strengthen K limitation,

it might rapidly reduce the biomass
production without enhancing the plant species

diversity (Kapfer 1994, 1996; Oomes & van
der Werf 1996; Oomes et al. 1996). Therefore,
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it is essential to determine K exports at potentially

K-limited sites.

Consequences for management
The following conclusions can be drawn for
the management of moderately eutrophicated
fen meadows: more frequent mowing
enhances nutrient exports, but the effect differs

among nutrients. The enhancement of nutrient

exports is still noticeable after several

treatment years, but its magnitude tends to
decrease over time and can moreover fluctuate

considerably from year to year.
In this study, the additional export of P

exceeded that of N in relative terms so that the

measure would affect the biomass production
more rapidly in P-limited than in N-limited
vegetation. Since it has been suggested that
biomass production in regularly mown
prealpine fens is primarily limited by P (and

possibly K) rather than by N (Egloff 1983,

1987; Zelesny 1994; Kapfer 1996), more
frequent mowing seems appropriate to remedy
eutrophication. However, additional nutrient

exports are small compared with the pools, so

that a return to oligotrophic conditions cannot

be expected within a few years (Kapfer
1994, 1996). In this experiment, the rapidly
reduced biomass production in treated plots
(Güsewell 1998) was probably due to the
direct effect of mowing on plant growth, and

not to nutrient depletion in the soil. Therefore,

it is to be expected that biomass production

would increase again as soon as the treatment

is discontinued. Whether continued

mowing in June is, indeed, desirable at a

particular site from the point of view of nature
conservation also depends on various other

aspects, such as possible damage to soils,

disturbance, costs, and the direct effects of mowing

on rare plant or animal species (Detzel
1984; Huemer 1996). These other aspects
also need to be considered in decisions on the

management ofmoderately eutrophicated fen

meadows.
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