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Abstract. Effects of nitrogen addition on the growth of the
salt marsh grasBlymus athericusvere studied under green-
house conditions. The addition of inorganic nitrogen (in the
form of nitrate or ammonium and ranging from 0 - 24 g §/m
stimulated the growth dElymus athericust the highest addi-
tion. Addition of nitrogen led to an increase of the soil nitrate
concentrations both in the nitrate and ammonium treated soil in
the first period of the experiment, whereas no differences were
present at the end of the experiment. Ammonium in the ammo-
nium treatments was transformed to nitrate within 15 days.

In another experiment the values of the stable isotope
nitrogen-15 — expressed @&°N — in nitrogen compounds
used as fertilizer, in salt marsh soil andefmus athericus
were measured. TIE5N of the N-compounds added (between
— 3.2 and + 2.6 %o) were lower than the soil (ca. +10 %0) and
plants (ca. + 8 %o). During growth in water culture feN of
the leaves, stems and root&tfmus athericudecreased from
+ 9%o to — 1 %o. The latter value was close to&R#\ of the N-
compounds used in the water solution. Addition of N-com-

high deposition of organic matter and the increased
nutrient availability. However, Bakker (1989) reported
alarge increase in abundance of this plant species on the
Oosterkwelder salt marsh on the Wadden island of
Schiermonnikoog (northern Netherlands) in ungrazed
areas outside the flood mark zones. OIff (1992) assumed
that this spread d&. athericuss related to the accumu-
lation of nitrogen in the soil due to sedimentation on the
salt marshE. athericusmay be a better competitor for
light than other plant species with the progress of nitro-
gen accumulation in the soil (OIff 1992). However, as
yet there is no experimental evidence that growth of this
species is strongly stimulated by nitrogen.

It is difficult to separate effects of nitrogen on the
vegetation caused by natural enrichment from that by
anthropogenic sources. Part of the N-input into the
Wadden Sea and the salt marshes will originate from

pounds in soil culture, however, did not lead to such a decrease industrial, agricultural and domestic sources. In some

of thed'®N of Elymus athericusThe difference id'°N between

studies natural variation in nitrogen stable isotope ratios

soil nitrogen and the N-compounds added may be too small to was used to trace the various N-sources (Heaton 1986;

be used successfully in ecological studies of nitrogen fluxes in
the salt marsh environment.

Keywords: Ammonium; &5N; Greenhouse; Nitrate, Nitro-
gen uptake; Plant growth; Water culture.

Introduction

Lindau et al. 1989). The rati®®N/1*N is expressed
relative to the ratio under standard conditions, i.e. at-
mospheric Ywith a!>N abundance of 0.3663%*N =
1000 RsampléRstandaray~1, wWhereR is the 15N/14N
ratio.The 15N abundance of atmospheric nitrogen is
globally uniform and has a value of 0.3663%{=0 %o)
(Junk & Svec 1958). In general, tA# isotope value is
lower than in other N-pools, like soil and plants. Sall
nitrogen shows more variation than atmospheric nitro-

During the last decades, the Wadden Sea has beengen, but on average a value of 0.36 99N = + 9 %o)
loaded with large amounts of nitrogen and phosphorus of is found (Shearer & Kohl 1989). Since N-compounds
anthropogenic origin (van der Veer et al. 1989; de Jonge and fertilizers are in general synthesized from atmos-

1990), which will have reached the salt marshes in this
area. Jefferies & Perkins (1977) and Valiela (1984) showed
that fertilization of salt marsh vegetation with nitrogen

pheric nitrogen, the#®N abundance is almost similar to
the atmospheric value (Shearer et al. 1974).
In a situation where an N-fertilizer is added k¢

leads to an increase in plant biomass production and to avalue of the plant will approach tH&N value of the

reduction of the number of plant species.

fertilizer if all plant nitrogen is derived from the ferti-

One of the vegetation changes in the Wadden Sea lizer. The difference iA®N abundance between atmos-
area that may be related to enhanced nutrient input is the pheric nitrogen and other N-pools, like soil and plants, is

recent increase of the graBfymus athericugLink)
Kerguélen. This species is mainly found in the flood
mark zone (Beeftink 1977), where it profits from the

used in ecological research for estimating the amount of
nitrogen derived from atmospheric nitrogen fixation
(Shearer & Kohl 1989). If a plant derives all its nitrogen
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from nitrogen fixation, th&>N value of the plant will be
similar to the value of atmospheric nitrogen. If a plant
derives all its nitrogen from the soil, tH& value will be
similar to the value of the soil. From intermediate values
the amounts derived from nitrogen fixation and from the
soil can be calculated (Shearer & Kohl 1989). In theory, it
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through a 0.5 mm sieve. Dry weight of leaves, stems and
roots was determined after drying at’8Xor at least 48 h.
The dried phnt material was homogenized by use of a
mill (Retsch Schwungmuhle MM2) whereafter the N-
concentration was measured on an automatic nitrogen
analyser (Roboprep-CN/ Europascientific, Crewe, UK)

should be possible to use the same approach to estimatefor the treatments 0, 6 and 24 g N/m

the amount of nitrogen in plants derived from the natural
soil source and from chemically synthesized N-com-
pounds and fertilizers.

The growth and N-uptake & athericusvas meas-
ured in a greenhouse with different levels of N-supply to

test the response of the species to an increase in avail-

ability of inorganic nitrogerk. athericusvas expected

to take up nitrogen mainly in the form of nitrate, since in
the flood mark zone, where the species is frequently
found, nitrate is the dominant inorganic nitrogen form
(Rozema et al. 1982, 1983). To test whekheathericus
actually has a preference for either nitrate or ammonium
as N-source, nitrogen was applied in both forms. In
another experiment th#°N in soil, in plant parts dE.
athericus and in N-compounds was measured in order
to investigate whethébN values can be used to differ-
entiate between soil-derived and fertilizer-derived ni-
trogen in the plants.

Methods

Experiment 1

In February 1992 rhizomes Bfymus athericuand
salt marsh soil were collected on a mainland salt marsh
near Holwerd (Friesland, The Netherlands). The salt
marsh soil had a total N-concentration of 0.19 %, a
salinity of 12 g Ci/l and a pH (KCI) of 7.92. The rhi-
zomes were transferred to commercial potting soil in a
greenhouse under supplementary ligh8Q0pmol nr2
s1, PAR) from 400 W Philips HPI/T lamps for a period
of 14 h daily. Day temperature was 2%° and night
temperature was 181 °C; relative humidity varied from
60 to 75 %. After 14 days, 114 plants were transferred to
1.75 | pots (soil surface 147 é)filled with the salt marsh
soil, one plant per pot. After seven days six plants were
randomly chosen for an initial harvest. The remaining
108 plants were randomly divided into nine groups of 12
plants each, and subjected to addition of nitrogen in the
form of potassium nitrate or ammonium chloride at rates
of 0, 3, 6, 12 and 24 g NArWater was added regularly
to the pots to maintain a moisture content of 30 - 35% of
fresh weight of the soil.

Six plants of each treatment were harvested on day

35 and day 70. The plants were separated into leaves,

stems andoots. Roots were sampled by rinsing the soil

Soil samples of three pots per treatment were taken on
day 15, 35 and 70 using a corér 8 cm). About 20 g of
the fresh sample was weighed in 250 ml polyethylene
pots and shaken for 1 h at 75 rpm with 50 mIMfKICI.

The pots were incubated overnight (18 h?Q}, centri-
fuged for 15 min at 12000 g and filtered through a paper
filter and a membrane filter (0.45m, Schleicher &
Schuell). The solutions were frozen (—Z5 until analy-

sis of nitrate and ammonium was performed using an
auto-analyser (SKALAR SA 40). The remaining amount
of each soil sample was oven-dried af80n order to
determine the soil water content.

The data of biomass and N-concentrations of the
plants and of the nitrate and ammonium concentrations
of the soil were tested by One-way Analysis of Vari-
ance. Biomass and nitrogen data were log-transformed
to obtain homogeneity of variances (Sokal & Rohlf
1981).

Experiment 2

Two soil 0-5cm) and three leaf samples bf
athericusfrom three study sites in the Wadden Sea area
(sampling and sites described in Leendertse 1995) were
chosen in order to measure 8l abundance of soil
and plants in the field situation. Furthermore 12 plants,
precultured as described in experiment 1, were grown
under similar greenhouse conditions in water culture.
The plants were grown in 5 litres of a nutrient solution
containing

3.0 mM KNG, 2.0 mM Ca(NQ),.4H,0
1.0 mM NHH,PO, 0.5 mM MgSQ.7H,0
25uM KCl 12.5uM H4BO;,

1.0pM MnSG,.H,O 1.0uM ZnSQ,.7H,0
025“M CuSQ,.5H,0 OZSHM (NH4) §M07054.4H,0
10puM Fe(Na)EDTA.3HO; pH 5.5.

The solution was renewed weekly. Plants were har-
vested on days 0, 35 and 57 (four plants per harvest).
The plants were separated in leaves, stems and roots and
oven-dried at 80C for at least 24 h. Furthermore, a
number of samples from experiment 1 was selected to
measure thé®N abundance (roots, leaves and stems of
three plants of the control, the 6 g N/treatments and
the 24 g N/rAtreatments).

All plant and soil samples were homogenized by use
of a mill (Retsch Schwungmiihle MM2), 4 mg of each
sample was weighed in tin cups and ¥ abundance
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Table 1.Soil ammonium and nitrate concentrations (KCl-extractable) (mg/kg dry soil) on day 0 and after 15, 35 and 70 days. Values
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are means of three replicates. Letters indicate significant differences within a column (Tukey’s H5®@e35). Added amounts

of KNO3 and NHCI per kg dry soil on day 0 were derived from the total amount of dry soil per pot and the amount of nitrogen added

per pot (treatment).

Day O Day 15 Day 35 Day 70
Treatment (g N/ added NQ/NH, NO; NH, total NO; NH, total NGO, NH, total
Control 0 2 3@ 52 12 8 R 12 28b 3@
39 KNG, 25 13 3 16° 1a 6° 7a 1a 2ab 32
NH,CI 25 19 3 18 8 32 112 1a 5ab 62
69 KNG, 50 4P 4ab 45 1520 22 1» 12 5b 62
NH,CI 50 2P 4ab 260 22 42 62 12 3ab 42
12¢g KNG, 100 9F b 100 510 22 53 12 28b 3@
NH,CI 100 116 15%c¢ 125 5% 3@ 620 IS 28b R
249 KNGO, 200 320 4p 324 113 1a 1160 50 2ab 7
NH,CI 200 146 43  18Z 1160 6° 120 100 1a 112

of the sample was measured on an automatic nitrogen

and carbon analyser-isotope ratio mass spectrometer for

solid and gas samples (Roboprep-CN and Tracermass,
Europascientific, Crewe, UK). The results were expressed
as N (%o). ThelN abundance in the N-compounds
KNO3;, NH,CI, Ca(NG),.H,O and NHNO; was also
measured.

The data of'>N abundance of the soil and leaves
collected in the field were tested for significance of
differences between sites by one way analysis of vari-
ance. The data 8N abundance of plants of the water
culture and of the soil culture were tested for signifi-
cance of differences in time by one way analysis of
variance (Sokal & Rohlf 1981).

Results

Experiment 1

The addition of nitrogen led to an increase in inor-
ganic nitrogen concentrations of the soil on day 15 and
day 35 (Table 1p <0.05). On day 70 no differences
between treatments in inorganic nitrogen concentra-
tions were found. In both the ammonium and nitrate
treatments the inorganic nitrogen of the soil was mainly
present in the form of nitrate, indicating the transforma-
tion of ammonium to nitrate (nitrification) in the first
weeks of the experiment.

There was a positive effect of the highest nitrogen
addition of 24 g N/rhon the above-ground biomass of
E. athericusafter 35 days and 70 days< 0.05; Fig. 1).

A significant increase in the nitrogen concentration of
the leaves and stems Bf athericuswas found on day
35 and day 70 at the highest nitrogen addition, both in
the form of nitrate and of ammonium< 0.05; Table 2).

Experiment 2

The soil samples collected in the field had an aver-
aged™N value of +9.6 %and there were no significant
differences between sitéSable 3). Thed>N of the
leaves oE. athericugollected in the field had an average
value of +8.0 %dTable 3). Only thed>N of the E.
athericusleaves of the salt marsh at Terschelling were
significantly lower compared to the other sites 0.05).

The &SN of various chemically synthesized N-com-
pounds (Table 4; between — 3.2 and +2.6 %0) was Sig-
nificantly lower than the values found in the soil and
leaves (Table 3; +9.6 % and +8.0 %o respectively).
There was a significant decrease in & values of
the plant parts dE. athericusultivated in water culture
from +9.1 %o at the start of the experiment to — 5.90%o
day 35and - 1.3 %n day 57§ < 0.05; Table 5). These
values were close to the values of the N-compounds
used in the nutrient solution (KNO-0.4 %oand
Ca(NGy),.4H,0: — 3.2 %0; Table 4). No difference was
observed in théN of the plants between the nitrogen
treatments in the soil culture (Table 6). Addition of

Table 2. Nitrogen concentrations (g N/kg dry weight) of the
leaves, stems and roots Blfymus athericu85 and 70 days
after the start of the experiment. Values are means of three
replications. Letters indicate significant differences within a
column (Tukey's HSD tesp < 0.05).

Day 35 Day 70

Treatmen{g N/m?) leaves stems roots leaves stems roots

0g Control 280 2310 11.% 208 9.9 118
69 KNG, 38.2 28.0° 19.4 18.2 10.00 108
NH,CI 253 172 15% 15.¢0 6.9 9@
24 g KNG 406 305 23.1 324 18.00 16.2
NH,CI 40.4 297 18.2 32.0 184 140
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0,628y 35/shoats Day 35/roots Table 4.5"N values (%.) — means and standard deviations of
E o5) B M z 2 - 6 replicates — of various inorganic nitrogen compounds.
=3 B Ammonium
= )
=} Nitrogen compound 05N (%o)
g KNO;4 —04+ 22
3 NH,CI +26 % 26
Ca(NQy),.4H,0 -32+ 06
NH,NO; +12 + 06
Treatment (g N/f ) Treatment (g N/f )
% / . .
2 Day 70/shoots Day 70/roots Discussion

Effects of nitrogen in plants and soil

The increase dElymus athericusn salt marshes in
the Wadden Sea (Bakker 1989; Leendertse 1995) may
4| E i [ B3 be related to an increased supply of nitrogen to the salt
Treatment (g Nift ) Treatmeﬁl(g NAr ) marshes. In the present study, addition of inorganic
nitrogen led to an increase in above-ground biomass of
E. athericusin the highest treatment of 24 g Ninn a

Biomass (gDW/plant)
N

Fig. 1. Shoot and root biomass &lymus athericugg dry

weight per plant) after 35 and 70 days of growth at increasing field study on Schiermonnikoog, addition of 6 g R/m
nitrogen addition in the form of nitrate or ammonium. Mean '

and standard deviations are given. The initial dry weight was also led to an increase in grov_vth. Bf athericus .
0.020 g for shoots and 0.0075 g for roots. Note that different (Leendertse 1995). These results indicate that the aerial

Y-axes are used for 35 and 70 days. * indicates a significant biomass ofE. athericusis increased after addition of
difference from the control (Tukey’s HSD tepts 0.05). inorganic nitrogen. Not only the biomass but also the
distribution of the species seems related to accumula-
tion of nitrogen in the soil (OIff 1992). The yearly N-
nitrogen in the form of potassium nitrate (— 0.4 %0) and input to Wadden Sea salt marshes via flood water is
ammonium chloride (+2.6 %o), with lowe#5N com- estimated to be 50 - 200 g Nfrand via atmospheric
pared to the soil (+9.6 %o) (Tables 3 and 4), did not lead deposition 3 g N/f(Leendertse 1995). There is a large
to lower &N in the plants (Table 6). On the contrary, input of anthropogenic nitrogen into the Wadden Sea
there was an increase®#fN in the plants from +9.3 %o and the inorganic nitrogen concentrations in parts of the
to +17.2 and about +28 %uring the experiment inthe ~ Wadden Sea have increased during the last decades due
control and nitrogen treatments, respectively. These to anthropogenic input (van der Veer et al. 1989). It is
values were well above those of the original soil and the not known, however, which part of the total yearly input
supplied inorganic N-compounds. into the salt marsh is from anthropogenic sources. There-
fore, an effect of nitrogen on the plant species due to
natural nitrogen enrichment cannot easily be separated

Table 3. 515N values (%o) of the top soiD(- 5 cm) and of f.rom an effect due to anthropogenic N-input. A_;tlmgla-
leaves oElymus athericuat three different salt marsh sites in tion of growth of .salt marsh plants after N-fertilization
the Wadden Sea (as described in Leendertse 1995), and of soilON Salt marshes in Europe and the USA was also found
and leaves at the start of experiment 1 (Friesland). Soil values for other plant species in a number of studies (e.g. Tyler
are means and standard deviations of two samples collected in 1967; Valiela & Teal 1974; Valiela 1984), which indi-
May 1991. Leaf values are means and standard deviations of cates that nitrogen is often a plant growth limiting factor
three samples per site, one collected in May 1991 and two in the salt marsh environment.

collected in September 1991. Leaf and soil samples at the start

of experiment 1 were collected in February 1992. Letters o
indicate significant differences within a column (Tukey’s  Table 5. 5N values (%0) (means and standard deviations of

HSD testp < 0.05). three replications) ilymus athericugrown in water culture
after 0, 35 and 70 days. Each plant value is the mean of root,

Salt marsh site Soil Leaves stem and leaf — since there were no significant differences in

Schiermonnikoog +10.3 0.12 +81 + 2.8 0N between these plant parts. Letters indicate significant

Terschelling +10.2+ 0.12 +42 + 1.5 differences within the row (Tukey’s HSD teptx 0.05).

Groningen +6.4+ 2. +10.7 £+ 1.5

Friesland (exp. 1) +115 1.8 +9.2 + 0.6 Day 0 Day 35 Day 57

Mean of four sites +9.6 2.2 +8.0 + 0.6 ON +9.1+2.12 —-5.9+1.1p —-1.3x1.4
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Table 6. 33N values (%o) inElymus athericugrown in soil
culture after 0, 35 and 70 days (experiment 1). Values are
means and standard deviations of three replicates. Each plant
value being the mean of root, stem and leaf since there were no
significant differences iM!>N between these plant parts.
Letters indicate significant differences within a row (Tukey’s
HSD testp < 0.05).

Treatment (g N/§) Day 0 Day 35 Day 70
0g Control 493+ 2.2 +147+ 2P 4172+ 12>
69 KNO; 493 + 2.2 +181#13.®  +195+ 0.6
NH,4CI +9.3 + 2.2 +19.2+ 0.7 +21.3+ 1.2
24 g KNG, +9.3 £ 2.2 +95% 2.4 +256+13.
NH,CI +9.3 + 22 +92+ 43 +302+ 8.8

E. athericugnay show a preference for nitrate as N-
source, since this is the dominant inorganic nitrogen
form in the flood mark zone, where the species is found
(Rozema et al. 1982, 1983). In the present study there
were no differences in growth response and N-uptake of
E. athericushetween addition of inorganic nitrogen ei-
ther as an ammonium or nitrate salt. Due to the rapid
oxidation of ammonium to nitrate in the treatments with
NH,CI (Table 1), however, the results cannot be used to
test a preference &. athericudor nitrate.

Addition of inorganic nitrogen initially led to a large
increase of the inorganic nitrogen concentration in the
soil. There was, however, a significant loss of inorganic
nitrogen from the soil during the experiment. A first
explanation for this loss may be the washing out of
nitrate from the pots due to the addition of water. A
second explanation may be the uptake of nitrogen by the
plants. From biomass and nitrogen concentrations at the
start and end of the experiment the uptake of nitrogen by
plants can be estimated. In the control pots there was a
plant uptake of 35 mg N per pot, whereas at the highest
nitrogen addition (24 g N/&this was 70 mg N per pot.
This means an increase in uptake by the plants of 35 mg
N per pot while the addition of nitrogen was 350 mg N
per pot at the highest treatment. The conclusion is that
the large decrease in ammonium and nitrate concentra-
tions in the soil at the highest nitrogen addition cannot
just be explained by increased N-uptake by the plants
since the maximum uptake is only in the order of 10% of
the added amount. A third explanation may be the
transformation of nitrate to atmospheric nitrogen by the
process of denitrification. The high nitrate concentra-
tions at the beginning of the experiment were favourable
for high denitrification rates, although the rapid oxida-
tion of ammonium to nitrate suggest oxidized condi-
tions in the soil. The shifts ifPN values in the plants
also suggest that denitrification was an important flux
(see below).
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Use of d°N values in ecological studies

This study showed that th&°N values of the N-
compounds analysed were close to the atmospheric
value (0 %o0), as was also found by Shearer et al. (1974).
The N values were also lower than the values of other
N-pools like the soil and the plant partskofathericus
(about +9 %o). It might be possible to differentiate be-
tween the amount of nitrogen derived by the plants from
the natural soil source and that derived from chemically
synthesized N-compounds. Paerl & Fogel (1994) showed
this for phytoplankton. In their growth experiments the
ON of phytoplankton decreased from +4.586¢2 %o if
rain water with @'>NH,* value of — 4 %o, was added in
bioassays with coastal water, indicating that the phyto-
plankton took up nitrogen from the rain water.

In a situation where only chemically synthesized N-
compounds (e.g. fertilizers) are taken up @l of the
plants should decrease to teN value of the fertilizer.

In the present study this was true for the water culture
experiment, since th&°N of E. athericusdecreased to
the value of the N-compounds added to the nutrient
solution. In water culture, the N-compounds added to the
nutrient solution represent the only N-pool available for
the plants. In soil culture, however, the situation is more
complex. Although calculations make clear that the plants
took up N from the added KNGnd NH,CI in the soll
culture, thed'>N of E. athericusdid not decrease to the
0N of the fertilizer. Probably fractionation &N/

1N played a role. Handley & Raven (1992) made clear
that fractionation for the lighter N-isotope is found for
many N-transformation processes. An important process
showing relatively large fractionation is denitrification.
The micro-organisms involved in denitrification show a
preference for the lightéfN isotope (Handley & Raven
1992). In fact, this preference is assumed to be the main
reason for the lowa}°N in atmospheric N, compared to
soil and plants. In the present study the N-concentrations
in the control pots decreased between day 0 and day 35
from 2 to 1 mg N/kg dry weight and in the treatment with
6 g N/n¥ from 40 to 15 mg N/kg dry weight (Table 1).
Due to N-transformations th&°N in the soil in both
treatments might have increased, leading to an increase in
ON of E. athericusrom 9 %o to 17 %o (Table 6). In the
treatment with 24 g N/Athe nitrate concentrations in the
soil after 35 days is still high (115 mg N/kg dry weight).
This nitrate originated from the added potassium nitrate
with a 3N of — 0.3 %o.

The available nitrogen fd£. athericudn this treat-
ment may not have changed 3PN over this period,
which explains why there was no shift &N in E.
athericus Between day 35 and day 70 the nitrate con-
centration in the treatment with 24 g N/akecreased
from 115 to 5 mg N/kg dry weight. This loss may have
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led to the increase i®5N in the soil and, as was 59: 87-102.

measured, in the plants. These results confirm the find- Hogberg, P. 1990. Forests losing large quantities of nitrogen
ings of Bergersen et al. (1988), who also reported an have elevated 15N:14N ratio®ecologia (Berl.) 84:
enrichment of plan®'SN, relative to the nitrate source, 22_9‘231- .

when growing soybeans in pots. In field experiments the JETeres: R.L. & Perkins, N. 1977. The effects on the vegeta-
shift to higherN in the soil due to denitrification might tion of the additions of inorganic nutrients to salt marsh

. . . ) soils at Stiffkey, NorfolkJ. Ecol.65: 867-882.
be less obvious, since fractionation effects are often masked Junk, G. & Svec, H.V. 1958. The absolute abundance of the

by the complexities of nitrogen pathways in nature nitrogen isotopes in the atmosphere and compressed gas
(Handley & Raven 1992), although Hogberg (1990) found from various sourcesGeochim. Cosmochim. Actbd:
an increase id°N in a heavily fertilized forest soil. 234-243.

The small difference between tBN value of N- Leendertse, P.C. 199Bnpact of nutrients and heavy metals
compounds and plants may be useful for N-uptake stud- ~ on salt marsh vegetation in the Wadden.Jgactoral
ies in water cultures. It will be difficult to use the small Thesis, Free University, Amsterdam.

Lindau, C.W., Delaune, R.D., Patrick Jr., W.H. & Lambremont,
E.N. 1989. Assessment of stable nitrogen isotopes in
fingerprinting surface water inorganic nitrogen sources.

differences ind**N value between soil nitrogen and N-
compounds in ecological studies in the salt marsh en-
vironment since thé'>N of nitrogen added to the soil or Water Air Soil Pollut48: 489-496.

presentin the.SOIl can change due to_fragtlonatlon during OlIff, H. 1992.0n the mechanisms of vegetation succession
N-transformation processes. For studies in soil culturesor  poctoral Thesis, University of Groningen.

in the salt marsh artificiall{°N labelled N-compounds  paerl, H.W. & Fogel, M.L. 1994. Isotopic characterization of
may be more useful. These labelled N-compounds are  atmospheric nitrogen inputs as sources of enhanced pri-
strongly enriched (witl*>N values of at least +12650 %o!) mary production in coastal Atlantic Ocean watéfar.

or depleted in®N (with N values of — 970 %.) and Biol. 119: 635-645.

differ much more from th&'sN of natural pools like soils ~ Rozema, J., Bijl, F., Dueck, T. & Wesselman, H. 1982. Salt-
and plants than the normal N-compounds used in the ~ SPray stimulated growth in strand-line spectsysiol.
present study. An example of the usel®f labelled Plant. 56: 204-210. ) .
(NH_),SO; (with artificially enhanced®N values of +30 Rozema, J., Dueck, T., Wesselman, H. & Bijl, F. 1983. Nitro-

\ . gen dependent growth stimulation by salt in strand-line
5 5\ =
atom %N i.e.d'™N = 80900 %o) is the study of Delaune speciesActa Oecol. Oecol. Pland: 41-52.

et al.(1983) who described the N-cycle in a Louisiana  gpearer, G. & Kohl, D.H. 1989, Estimates of nitrogen fixation

Gulf Coast salt marsh. in ecosystems: the need for and basis of-thenatural
abundance method. In: Rundel, P.W., Ehrlinger, J.R. &
Nogy, K.A. (eds.)Stable isotopes in ecological research.
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