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RESEARCH NOTE

The N:P ratio and the nutrient limitation of wetland plants
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*Geobotanisches Institut ETH Ziirich, Gladbachstrasse 114, 8044 Ziirich, Switzerland, 1Kiwa N.V.
Research and Consultancy, P.O. Box 1972, 3430 BB Nieuwegein, The Netherlands, and * Utrecht
University, Department of Plant Ecology and Evolutionary Biology, P.O. Box 80084, 3584 CA
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Summary

1 Nutrient enrichment is one of the main factors threatening biodiversity in wetlands.
Knowing which nutrient limits plant growth at a given site can help to predict the effects
of nutrient enrichment, and to choose adequate measures to prevent or to mitigate these
effects. The ratio of nitrogen to phosphorus concentration in aboveground plant
biomass (N:P ratio) is an indicator whether biomass production of a given site is limited
by nitrogen or phosphorus at the community level. We hypothesized that the same
prediction might also be possible at the individual species level.

2 To investigate whether data from previous investigations qualitatively support our
hypothesis we established a database with published data on (a) nutrient concentrations
of wetland plant species, (b) site conditions, and (c) effects of fertilization. The database
includes results from survey studies, and field and growth chamber experiments. A
preliminary analysis of these data is presented in this contribution.

3 The N:P ratios measured in field surveys varied strongly among species within sites
and among sites for a given species. Different study sites partly had distinct ranges of
N:P ratios, whereas the ranges of N:P ratios of different plant species overlapped con-
siderably. Data from fertilizing experiments in three Dutch fens suggest that species with
high N:P ratio responded stronger to P fertilizer than species with low N:P ratio, with
respect to both biomass and nutrient concentrations. Thus, the results appear to be
consistent with our hypothesis.

4 Field and greenhouse experiments are currently carried out to test the main hypo-
thesis more rigorously. Moreover, a detailed analysis of the database is planned once the
latter has become more comprehensive. Readers which have data on nutrient concen-
trations of wetland plants are therefore kindly requested to provide their data for inclu-
sion in the database.

Keywords: database, eutrophication, fens, fertilizing experiment, nature conservation,
nutrient concentration
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N:P RATIO OF WETLAND PLANTS

Introduction

Nutrient enrichment of sites with natural or
semi-natural vegetation is one of the main
problems for nature conservation in central
Europe (Klotzli 1986, 1987; Ellenberg 1989).
Indeed, nutrient enrichment causes increased
plant biomass production which often leads
to lower species richness (e.g. Vermeer &
Berendse 1983; Wheeler 1988). Moreover,
many rare or endangered plant species can
only subsist at low-productive sites (Ellen-
berg 1985; Dijk & OIff 1994). Maintaining or
restoring low productivity is, therefore, one of
the main targets of management in nature re-
serves. To reach this target most efficiently,
measures should primarily focus on reducing
the availability of the most limiting nutrient
(Koerselman & Verhoeven 1995). A nutrient
is called “limiting” if adding it increases the
productivity of a plant or a site, whereas add-
ing other nutrients has no effect. The limiting
nutrient in wetlands is most frequently nitro-
gen (N) or phosphorus (P) (Koerselman &
Verhoeven 1995; Wassen er al. 1995; Koersel-
man & Meuleman 1996; Boeye et al. 1997,
Lammerts & Grootjans 1997), but limitation
by potassium (K) also occurs, particularly on
drained peat (van Duren et al. 1997). Biomass
production can also be “co-limited” by two
nutrients. One of them is then generally “pri-
marily” limiting, i.e. more important than the
other one (Koerselman & Meuleman 1996).
Thus, management should aim to restrict the
availability of either N, P or K, depending on
the site. Since different measures are needed
in each of these cases (Koerselman &
Verhoeven 1995), knowing the most limiting
nutrient can help to maintain valuable plant
communities and rare wetland species.

A recent review of fertilization experiments
(Koerselman & Meuleman 1996) has shown
that the limiting nutrient in herbaceous

wetland communities can be determined
based on the N and P concentrations in the
aboveground plant biomass. In these experi-
ments, biomass production was limited by
phosphorus if the N concentration was more
than 16 times the P concentration (N:P ratio
>16), and by nitrogen if the N concentration
was less than 14 times the P concentration
(N:P ratio < 14). At intermediate values (N:P
ratio between 14 and 16) either nitrogen, or
phosphorus, or both nutrients could be limit-
ing. This relationship is, however, only valid
for sites that are not limited by potassium.

The relation established by Koerselman &
Meuleman (1996) is based on results obtained
at the vegetation level, i.e. on N:P ratios in the
aboveground biomass (pooling all species)
and on the response of the aboveground
biomass to nutrient addition. For nature con-
servation, predicting effects of nutrient en-
richment at the individual species level, i.e.
changes in species composition, would be of
particular interest. Increasing availability of a
limiting nutrient generally increases the domi-
nance of certain fast-growing species, where-
as the less competitive species decrease or
even disappear (e.g. Wheeler & Giller 1982;
Egloff 1986; Aerts & Berendse 1988). Chan-
ges in species composition can also occur if a
non-limiting nutrient is added to a site, even
though total biomass does not increase (di
Tommaso & Aarssen 1989; Verhoeven et al.
1996). Such changes cannot be predicted di-
rectly from the N:P ratio of the whole vegeta-
tion. This raises the question whether a pre-
diction might be possible based on the N:P
ratios of individual plant species (Shaver &
Chapin III 1995; Wassen er al. 1995;
Koerselman & Meuleman 1996; Lammerts &
Grootjans 1997).

The relation between the N:P ratio of a
given plant species at a given site and its
response to fertilization is complex (Fig. 1).
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Both of them can be

the relative amounts of N and P available to
the species at that site. But how this relative

nutrient availability is
tio of the species and

tion also depends on other factors which may
differ among species and/or among sites.

(A)

assumed to depend on  Thus, Hayati & Proctor (1991) stated that

“chemical analyses of plant material may be
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reflected in the N:P ra-  ent availability under natural conditions” be-
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take” and because “variation in uptake often
depends on interactions of diverse factors”.
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Fig. L Indirect and complex relation between (a) the NP ratio of individual plant species and (b} the response of
the biomass to fertilization with N or P. Both (a) and (b) depend on the availability of nutrients to the vegetation,

which is increased if the site is fertilized. But various factors (italic) determine which fraction of these nutrients is
available to the individual species, which fraction Is taken up and allocated to the aboveground biomass, and
whether increased availability of N or P results in higher biomass production. Interspecific and inter-site differences
with respect to these factors might lead to different relations between NP ratios and responses to fertilization.
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Boller-Elmer (1977), Kaul (in Klotzli 1986,
1987), Kellermann & Zelesny (1993) and
Briilisauer (1996) found rather inconsistent
patterns in the variation of nutrient concen-
trations along gradients in productivity. How-
ever, all these authors considered the concen-
trations of N and P (and other nutrients) sepa-
rately, not the N:P ratio.

Therefore, we are currently investigating
how the N:P ratio of individual wetland spe-
cies varies in response to differing N and P
availability and how this ratio is related to the
effects of fertilization with N or P. As a first
step we established a database with data on
nutrient concentrations published in previous
studies. In this research note we describe the
structure of the database and some patterns
emerging from the data. We discuss whether
they qualitatively support our hypothesis that
the N:P ratio of individual species can be used
to predict their response to nutrient enrich-
ment. We also present the experiments
planned to test this hypothesis more rigor-
ously, and end with a call for more data which
might be included in the database.

The database

Many studies have already investigated the
nitrogen and phosphorus concentrations of
wetland plants, including field surveys, field
experiments (e.g. Verhoeven & Schmitz 1991)
and more controlled growth experiments
(garden, greenhouse or growth chamber, e.g.
Mclannet et al. 1995; Perez Corona et al.
1996). In most field studies, only the
aboveground biomass was harvested, and it
was analysed as a whole; some studies also
analysed the belowground biomass (e.g.
Pfadenhauer & Liitke-Twenhoven 1986;
Marti 1994) or individual plant parts (e.g.
Hocking 1989b; Thompson et al. 1997). In
controlled growth experiments the whole

plants were generally analysed. The questions
addressed varied widely. They were mostly
related to nutrient availability and nutrient
limitation (e.g. Buttler 1987; Hayati & Proctor
1991; Verhoeven & Schmitz 1991; Koerselman
& Meuleman 1994; Zelesny 1994; Shaver &
Chapin III 1995; Wassen ef al. 1995), to nu-
trient allocation and nutrient cycling (e.g.
Ganzert & Pfadenhauer 1986, Pfadenhauer &
Litke-Twenhoven 1986; Hocking 1989a,b),
to relations between nutrient concentrations
and morphological, physiological or func-
tional attributes (e.g. Mclannet er al. 1995;
Thompson et al. 1997), or to the effects of
management (e.g. Warnke-Griittner 1990).
Accordingly, some studies measured other
important variables, such as the concentra-
tion of various nutrients, the chemical com-
position of soil or soil water, peak biomass or
biomass production, morphological traits, or
the effects of fertilization. The aim of our da-
tabase is to assemble all these data, both in
order to analyse them and to make them
available to other researchers on the world
wide web.

The structure of the database is presented
in Fig. 2. Data are included in five separate
files. One file contains species data. Three
files contain information on sites and/or ex-
perimental conditions for (a) survey studies,
(b) field experiments, and (c) garden, green-
house or growth chamber experiments, re-
spectively. Data in these files are related to the
species data through linking fields identifying
the site and/or the treatment. Finally, a “refe-
rence” file contains a standard literature data-
base and is linked to the other files through
the “reference” field. Thus, of the five files
building up the database, two are common to
all types of studies and three are specific to
each type. A particular data set always con-
sists of data contained in three of the five files.
This relational structure was chosen to reduce
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Species name
Date of sampling

concentrations

Species

Type of study or experiment
Plant part sampled for nutrient

Aboveground biomass (g m-2)
Belowground biomass (g m-2)
Fraction of total aboveground

Nutrient concentrations (mg g-7)
-N,P, K
- Ca, Mg, Na, Fe etc.

Nutrient ratios
- N:P, N:K, P:K

Physiological traits
(Growth rate, assimilation rate etc.)

biomass Morphological traits
(Leaf area ratio, specific root length, etc.)
. [
Survey Field Laboratory
studies experiments experiments
[Site & Treatment ) Treatment
Location Location Substrate type
Climatic dates Climatic dates Nutrient con-
Geology Geology centrations in
Vegetation type Vegetation type substrate
Soil type Soil type Temperature
Total aboveground Total aboveground biomass Light
biomass after fertilization (if controlled)

Total nutrient concen-
trations in sail

Extractable nutrients
in soil etc.

Fertilizer added

Extractable nutrients in soll
after fertilization

etc.

etc.

Fig. 2. Relational structure of the nutrient concentrations database. Nutrient and biomass data of individual
wetlands plant species are contained in the “species” file. Information on growth conditions is stored In three
separate files. Each of these files is particular to one type of study and linked to the “species” file by the “site”, “site/

Reference

Author(s)
Year

Title
Source
Keywords

treatment” or “treatment” field, respectively. The source of the data is indicated in the “reference” file.
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the number of empty fields, to avoid redun-
dancy within the database, and to facilitate the
separate analysis of data from surveys, field
experiments and more controlled experi-
ments.

The database currently contains data from
most of the above publications (those from
Hocking 1989a,b; Mclannet et al. 1995; Shaver
& Chapin III 1995; and Wassen et al. 1995
could not be incorporated yet). Some publi-
cations give only mean values for several sites
(Buttler 1987; Marti 1994; Thompson et al.
1997); on our request authors kindly pro-
vided the original data.

Data analysis

Only values of N:P ratios in the aboveground
biomass measured in the field during the
summer (June-September) were considered
in the preliminary analysis of the database.
The variation among and within sites was in-
vestigated using all sites in which at least five
species had been sampled; the variation
among and within species was investigated
with the species that had been sampled at five
or more sites. Thompson ef al. (1997) had de-
termined the nutrient concentrations in leaves
only; therefore, their data were analysed sepa-
rately.

The effect of fertilization was investigated
using unpublished data from the experiment
of Verhoeven & Schmitz (1991). This experi-
ment had been carried out in three fens where
small plots were fertilized with N, P, K or
NPK; control plots were unfertilized. Above-
ground biomass was measured at the vegeta-
tion level, but nutrient concentrations were
determined separately for each of the species.
The effect of fertilization on nutrient concen-
trations and on the N:P ratio was calculated
as the difference between fertilized and con-
trol plots, using log-transformed data, so that

relative differences were considered. Since
potassium fertilization had no effect on
biomass or nutrient concentrations at any of
the sites (Verhoeven & Schmitz 1991), differ-
ences between NPK-fertilized and N-ferti-
lized plots, as well as differences between
NPK-fertilized and P-fertilized plots were
also included in the analysis as the effects of
phosphorus and nitrogen fertilization, respec-
tively.

Preliminary results and further research
VARIATION IN THE N:P RATIO

The N:P ratio of individual plant species var-
ied considerably both among and within sites
(Fig. 3a), and likewise, both among and
within species (Fig. 3b,c). Some sites had dis-
tinct ranges of N:P ratios, and the variability
among sites was greater than within sites (Ta-
ble 1) but no systematic difference appeared
between rich fens, poor fens and dune slacks.
The ranges of N:P ratios of most species
overlapped considerably, particularly when
based on nutrient concentrations in leaves,
and the variability among and within species
was similar. In general, dicots tended to have
lower N:P ratios than monocots in total
aboveground biomass, but not in the leaves.
The within-site variation in N:P ratio was
similar for all sites, and the within-species
variation was fairly similar for most species.
The N:P ratios were, in general, more vari-
able than the N concentrations, but less vari-
able than P concentrations. However, N:P ra-
tios appeared to be relatively more variable
than both N and P concentrations when dif-
ferences among sites were considered.

The within-site variation in the N:P ratios
of individual species might be an indication
that the same site can be experienced as P-
poor for some species and as P-rich for others
(Koerselman & Verhoeven 1995), maybe due
to specific uptake mechanisms depending on
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Fig. 3. Variability of N:P ratios (a) among species growing together at the same site, and (b, ¢) among sites for the
same species. Each column along the x-axis represents one site in (a) and one species in (b) and (c), whereas the
individual symbols represent different species in (a) and different sites in (b) and (c). Horizontal lines indicate a N:P
ratio of 15. See text for the source of data for (a) and (b). Data in (a) and (b) are from various authors, data in (c)
Jiom Thompson et al. (1997).
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Table 1. Variability of the N- and P-concentration and

the N:P ratio in the aboveground biomass of individual

plant species. Variability *among”, is the coefficient of
variation of mean N:P ratios per species or per site; and
variability “within” the mean of the coefficients of vari-

ation calculated separately for each species or site

Coetficient of variation (%)

N conc P cone N:P ratl()
Among species 26.3 39.3 32.5
Within species 26.9 37.0 32.7
Among sites 29.3 38.7 40.6
Within sites 26.0 334 31.3

mycorrhizal infection or root exudations
(Perez Corona ef al. 1996; Schachtman er al.
1998). Whether the slight difference in N:P
ratio between monocots and dicots (Fig. 3b)
actually indicates some difference in nutrient
limitation still needs to be investigated.
Monocots (graminoids) and dicots were often
found to differ in their responses to fertilizer
treatments, but no consistent overall pattern
could be established (di Tommaso & Aarssen
1989).

The data, particularly those for leaf nutri-
ent concentrations (Fig. 3¢) suggest that dif-
ferences in N:P ratio reflect both differences
in growth conditions (e.g. in nutrient avai-
lability) and inherent physiological charac-
teristics of the species although the latter are
only of minor importance. Mclannet ef al.
(1995) found strong interspecific variation in
the N:P ratio of 41 wetland species grown
under identical conditions. In their study,
however, plants were grown at high light
and nutrient supply. It seems plausible that
physiological traits of the species determine
their pattern of nutrient uptake under opti-
mal conditions, whereas the relative avail-
ability of nutrients is decisive when the latter
are in short supply.

The main problem with the data presented
in Fig. 3 is that interspecific differences are

confounded with differences among sites be-
cause the several species were not sampled at
the same number and type of sites. Seasonal
changes have probably also affected the re-
sults. The N:P ratio is likely to change little in
early summer because it is not affected by the
“dilution” of nutrients in growing above-
ground biomass, but substantial change may
occur in late summer because of differences
between N and P in the time and extent of
translocation to belowground parts (e.g.
Pfadenhauer & Litke-TwenhOven 1986;
Hocking 1989a; Warnke-Griittner 1990).
Due to our rather broad range of sampling
dates (June-September) we may have over-
estimated the variation among and within
species as well as the variation among sites.
Therefore, the relative contribution of inter-
specific variation and growth conditions to
variation in the N:P ratio cannot be deter-
mined exactly based on these data. To deter-
mine the relative importance of these two fac-
tors we are currently growing cuttings of vari-
ous wetland species under differing condi-
tions and will measure their nutrient concen-
trations at the end of the summer. In a first
experiment we vary the N:P ratios of nutrient
solutions (five ratios: 1.67, 5, 15, 45, 135) as
well as the general nutrient level (simple,
threefold and nine fold) and light supply (c.
10% and 90% shade). Further experiments
are planned to investigate whether the type of
substrate and the water level also affect the
N:P ratio and whether such effects — if signifi-
cant — differ among species.

N:P RATIO AND NUTRIENT AVAILABILITY

In the experiment of Verhoeven & Schmitz
(1991) the nutrient concentrations of indi-
vidual plant species were determined in plots
fertilized with either N, P, K or NPK, as well
as in unfertilized plots. The N:P ratios were
on average 28% higher in N-fertilized plots

84
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Table 2. Meam N:P ratio in the aboveground biomass of individual plant species harvested on 16 July 1987 in
experimental plots with differing fertilizer treatment ( SD, if species were present in more than one of the five
replicates). Site abbreviations are Ho, Het Hol; Mo, Molenpolder; We, Westbroek polder. Unpublished data from

the experiment of Verhoeven & Schmitz (1991)

N:P ratio in the aboveground biomass

Species Site Control N P K NPK
Calamagrostis canescens Mo 12:7 29.9 3.7 13.9 6.9+ 05
Carex canescens We 19.4 21.2 8.4
Carex diandra We 14.5 19.1 £ 6.8 5.5 7.2

Mo 22.9 6.2 10.
Carex lasiocarpa Ho 17.6 32.2 9.7+£03 175+ 1.6 9.7
Carex paniculata Mo 10.7+1.9  28.1 7.2
Carex rostrata We 13.2+£0.5 139z 1.1 8208 125+ 1.8 7.9+0.5
Equisetum fluviatife We 99+£07 12116 83£04 10.1£0.2 8705
Equisetum palustre We 16.2+ 0.8 10.6 8.2 10.4+ 0.3 94
Erica tetralix Ho 25.5 265+ 11.0 28 267+ 1.6 8.1x0.6
Juncus subnodulosus Ho 22.0+£05 271 8.9 22007 139

Mo 10.1+£32  140+28 SuZid 1.1 10.1£2.1 59+34
Molinia caerulea Ho 31.7£48 450189 6.8+2.1 26.1+£99 8.9+ 1.0
Myrica gale Ho 287+41  324%+72 123+£27 31616 14915
Phragmites australis Ho 19.2 186+ 6.0 13.0£ 0.6 186+ 1.8 148+ 4.8

Mo 741206 103%£1.7 74+ 1.7 7.8+ 0.6 8.2+0.2
Potentilla palustris We 125+0.7 11.4x33 531208 16.1 7.4+ 08
Sphagnun spp. Ho 220+£56 1491638 44108 278%+12 104

Mo 159+23  235+2.1 37406 149+52 5.8+0.2

We 13.8+09 152+16 43+0.1 12,5 3.1 72+ 1.3
Thelypteris palustris Mo 11.0+2.8 248%6.5 6.8+0.2 12.0x3.2 9.3

than in the controls, 39% higher in NPK-ferti-
lized than in P-fertilized plots, 60% lower in
P-fertilized plots than in controls, and 55%
lower in NPK-fertilized plots than in the N-
fertilized plots (Table 2). Thus, the differences
in nutrient availability were reflected in strong
changes in the N:P ratio already in the same
growing season.

The effect of fertilizer on the N:P ratio, as
measured by these relative differences,
strongly differed among species at each of the
study sites and was correlated with the initial
N:P ratio (Fig. 4). The lower the N:P ratio of a
species in control plots or in P-fertilized plots
the more this N:P ratio increased under nitro-
gen fertilization (r=-0.42). The relation was
similar for the three sites in spite of their dif-

ferent nutrient limitation at the vegetation
level (Fig. 4a). Likewise, the higher the N:P
ratio of a species in control plots or in N-ferti-
lized plots, the more the ratio decreased
due to phosphorus fertilization (r=-0.67,
Fig. 4b). These correlations suggest that the
different initial N:P ratios reflected differen-
ces in relative nutrient availability and de-
mand of the various species, rather than in-
trinsic differences in chemical composition.
Because of their practical significance, rela-
tions between nutrient availability, nutrient
uptake by plants and nutrient concentrations
in biomass have been extensively studied in
agricultural research. Considerable differ-
ences were found not only among species,
but also among varieties (cultivars) (e.g.

Bulletin of the Geobotanical Institute ETH, 64, 77-90
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Fig. 4. Relation between the N:P ratio in unfertilized plots and the effect of (a) nitrogen fertilization, and (b) phos-
phorus fertilization on the N:P ratio of wetland plants. Effects of fertilizer were measured as differences between
logarithms of NP ratios in fertilized and in corresponding unfertilized plots. Unpublished data from an experiment

of Verhoeven & Schmitz (1991).

Gahoonia & Nielsen 1996; Horst ef al. 1996).
Spatial and temporal patterns of rooting as
well as differences in nutrient allocation and
translocation are important (Horst ef al. 1996;
van Vuuren et al. 1996; Wendt et al. 1996).
Moreover, the relations were influenced by
various other factors, such as soil type and
temperature (Hoffmann & Jungk 1996), wa-
ter conditions (Heckathorn 1997), or interac-
tions with other nutrients (Schjorring 1986;
Hartikainen & Yli-Halla 1996). A relation be-
tween the N:P ratio of plant species and their
nutrient limitation seems, therefore, more
likely to be found for a specific site and spe-
cific experimental conditions than for a broad
range of sites with much variation in these
other factors.

Experimental work in growth chambers
has shown that nutrient ratios of seedlings ex-
actly correspond to the ratio at which nutri-
ents are supplied, providing supply increases
exponentially at a constant rate which is lower
than the maximal relative growth rate of the
seedlings (Ingestad 1979; Ingestad & Lund
1979). There are various reasons why such a
correspondence cannot be expected for field
experiments: (1) Nutrient supply is not expo-
nential in the field. (2) Ingestad (1979) ana-

lysed whole plants, whereas only the
aboveground biomass can normally be sam-
pled and analysed in field experiments. Inves-
tigations in monodominant stands revealed
that N:P ratios vary considerably between
aboveground and belowground biomass
(Pfadenhauer & Lutke-Twenhoven 1986;
Marti 1994). (3) Nutrient storage in below-
ground parts may modify the relation be-
tween N and P availability and the N:P ratio
of individual species. For example, Phrag-
mites australis was found to store around 80%
of the phosphorus standing stock, but only
around 60% of the nitrogen standing stock in
its rhizomes (Granéli 1990). This means that
the N:P ratio of nutrient uptake must be
higher than the N:P ratio in the aboveground
plant biomass. It seems likely that in such a
situation the N:P ratio of the biomass reflects
the nutrient shortage experienced by the plant
more accurately than the N:P ratio of nutrient
supply by the site or of nutrient uptake by the
plant.

In our growth experiment we will investi-
gate how the N:P ratio in plants varies in re-
sponse to different N:P ratios in the nutrient
solution. Moreover, the manipulation of other
factors (light, productivity, soil type, water
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level, competitors) will indicate whether and
how these factors affect the relation between
nutrient availability and N:P ratio. If these re-
lations and effects differ among species, they
will be related to the morphological or physi-
ological attributes of the species.

NUTRIENT AVAILABILITY AND RESPONSE
TO FERTILIZATION

In their fertilizing experiment Verhoeven &
Schmitz (1991) did not determine the biomass
of the individual species, so that the relation
between N:P ratio and the effect of nutrient
enrichment on the biomass could not be in-
vestigated directly. In order to estimate the
effect of nitrogen fertilization indirectly, we
used the fact that at the community level, ni-
trogen fertilization partly increased the above-
ground biomass, but not the total uptake of
phosphorus (Verhoeven & Schmitz 1991).
This suggests that the vegetation took up
most of the available phosphorus both in
unfertilized and in nitrogen-fertilized plots
(“luxury uptake™). Higher biomass due to ni-
trogen fertilization would, therefore, be re-
flected by lower phosphorus concentration.

Assuming that this was also true for indi-
vidual species, we tested whether the effect of
nitrogen fertilization on phosphorus concen-
tration (i.e. presumably, on biomass) de-
pended on the N:P ratio in unfertilized plots.
There was, indeed, a certain correlation
(r=10.39, P<0.1). If our assumption is true,
this correlation would indicate that the
biomass of species with low N:P ratio in-
creased more strongly after nitrogen fertiliza-
tion than the biomass of species with high
N:P ratio, as we hypothesized.

No correlation was not found between the
N:P ratio and the effect of phosphorus fertili-
zation on nitrogen concentration (r=0.29,
P> 0.1). A possible explanation is that there
was no luxury uptake of nitrogen in the

unfertilized plots. This was suggested by the
fact that phosphorus fertilization increased ni-
trogen uptake at the same time as biomass at
the community level (Verhoeven & Schmitz
1991). The consequence would be that phos-
phorus fertilization could increase the
biomass of a species without decreasing its
nitrogen concentration.

The assumptions on which we based our
interpretation of the data are hypothetical and
so far not confirmed by experiments (e.g.
Vermeer 1986). Therefore, the relation be-
tween the N:P ratio and the effect of nutrient
enrichment needs more rigorous testing
through direct investigation. We plan to do
this in the field using similar methods as
Verhoeven & Schmitz (1991), but including
measures of the biomass of individual spe-
cies. Additionally, we will carry out glass-
house experiments in which plants are grown
at differing N:P ratios from March to June,
before being randomly assigned to one of
four fertilizer treatments (low N low P, low N
high P, high N low P, high N high P) for three
months. Thus, it can be examined whether
the biomass response of plants to these treat-
ments is related to their initial N:P ratios, and
whether effects differ among species. If rela-
tions are found to be significant, relatively in-
dependent of other factors (e.g. light condi-
tions, soil type), and similar across species,
and if they are further confirmed by field ex-
periments, we may assume that the N:P ratio
is a useful tool to predict short-term effects of
nutrient enrichment, not only at the vegeta-
tion level (Koerselman & Meuleman 1996)
but also at the level of individual species.

Call for data to add to the database

As already mentioned above, our preliminary
interpretation of the data from the literature is
still speculative because several factors were
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not taken into account. Much more attention
needs to be paid to the seasonal variation of
the N:P ratio, to its variation among plant
parts, and to its dependence on other site fac-
tors. The variability of the N:P ratio should
also be compared to the variability of other
ratios, particularly the N:K and P:K ratios.
We would then like to examine how these
various ratios are related to the relative abun-
dance of the species, to site productivity, and
to nutrient concentrations in the soil. The data
itself will be made available on the world wide
web for use by other researchers. For all this it
would be important that the database be-
comes as comprehensive as possible. We
therefore kindly request all readers who have un-
published data on nutrient concentrations of
wetland plants to send them to the first author, in
electronic or in paper form, to become included
into the database.
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