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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

Bulletin ofthe Geobotanical Institute ETH (2000), 66, 11-24

Bulletin of the Geobotanical Institute ETH. 66, 11-24 11



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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