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Contribution of nitrogen fixation to nitrogen nutrition
in an alpine sedge community (Caricetum curvulae)
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Summary. In situ acetylene reduction assays (ARA) were
carried out over two growing seasons at 2550 m in the upper
alpine zone of the Tyrolean Central Alps of Austria. For
comparative purposes, some Fabaceae species introduced
into the upper alpine zone from lower elevation (2000 m)
were subjected to ARA. At the end of the growing season
the potted plants were transferred to the laboratory where
their acetylene reducing activities were measured again. In
situ nitrogenase activity is very low. The highest values were
found in association with Leucanthemopsis alpina and Ver-
onica bellidioides (150 and 217 nmol ethylene 24 h~! per
pot respectively). Higher levels of activity were detected
in pots transferred to the laboratory (maximum value
750 nmol ethylene 24 h™* per pot; assay temperature about
12° C higher than in the field) and in the Fabaceae trans-
ferred to the upper alpine zone (14 x 10° nmol ethylene
24 h™ 1 per pot of Trifolium badium and T. pallescens). Max-
imum nitrogen input in the field is in the range of 8 mg m™2
a~ . Therefore, under natural circumstances biological ni-
trogen fixation contributes only very small amounts of ni-
trogen to this alpine vegetation system, the process being
inhibited by low soil temperatures. Possible alternative
sources and patterns of N acquisition are discussed in rela-
tion to the overall nitrogen economics of plants of the upper
alpine zone.
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Biological nitrogen fixation has previously been investi-
gated in several nutritionally and climatically stressed
arctic, subarctic, and alpine environments. The results indi-
cate that in most cases biological nitrogen fixation is low,
and primarily due to the activity of cyanobacteria asso-
ciated with mosses or fungi (Blasco and Jordan 1976; Jor-
dan et al. 1978; Henry and Svoboda 1986), or rhizobia in
symbiosis with plants (Labroue and Carles 1977; Tosca
and Labroue 1981). The estimated N inputs reached up
to 460 mg N m~2 a~!. Haselwandter et al. (1983) working
in the nival zone (3100-3200 m) of the Central Austrian
Alps showed that N, fixation yielded only small quantities
of N compared with those obtained from snow-melt water,
and that the latter source was sufficient to meet the require-
ments of nival zone plants during their short growing sea-
son. At lower elevations with longer growing seasons plant
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communities dominated by grasses and sedges are found
and it is possible that there, in the upper alpine zone
(24002700 m), biological nitrogen fixation may be more
important. In studies of a Carex curvula community on
acid soils of the upper alpine zone Rehder and Schifer
(1978) showed that rates of N mineralization were low.
Under these circumstances biological fixation could repre-
sent an important additional source of nitrogen for the
plants. In this study we aimed to determine the role of
nitrogen-fixing microorganisms in the nitrogen budget of
the upper alpine zone.

In addition to studies of the natural population of the
Caricetum curvulae, we also analysed the N, fixing activity
of some Fabaceae which were transferred into the Carice-
tum curvulae for comparative purposes.

Materials and methods

Study site

The Caricetum curvulae studied is located at Obergurgl
(46°52'N, 11°2’E) near to the summit of Hohe Mut (eleva-
tion 2550 m) in the Tyrolean Central Alps of Austria. A
detailed description of the vegetation is provided by Grab-
herr et al. (1978). Thirteen plant species (with their sur-
rounding rhizosphere soil) characteristic of this association
were selected for the present study: the dominant sedge
Carex curvula, the subdominant grasses Festuca halleri, Or-
eochloa disticha, Avena versicolor, Luzula lutea, Poa alpina,
and the herbs Veronica bellidioides, Geumn montanum, Ho-
mogyne alpina, Leucanthe mopsis alpina, Potentilla aurea,
Primula glutinosa, Silene acaulis, and Minuartia sedoides.
Soil temperatures were recorded continuously at 5cm
soil depth in summer 1978 and 1979 by means of Pt resis-
tance thermometers. Temperature profiles are presented in
Fig. 1. For calculation of polynomial regression lines daily
means of maximum or minimum temperature were used.
While acetylene reduction assays (ARAs) were carried out
soil temperature (5 cm soil depth) was registered under mid-
day radiation conditions inside and outside the reaction
chamber using a maximum-minimum thermometer. From
these measurements we calculated a mean difference of
1.5° C between undisturbed soil (8.6° C+4.1) and soil en-
closed in reaction chambers for ARA (10.1° C+4.7).

Acetylene reduction assays

Nitrogenase activity in soils associated with plants of the
Caricetum curvulae was measured in situ during the growing
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Fig. 1. Soil temperature profiie (at 5 cm soil depth) for the growing
seasons 1978 and 1979

seasons of 1979 (27-29 August, 18-20 September, 21 Oc-
tober) and 1980 (29-31 July, 14-16 August, 6-7 and 27—
28 September) using the acetylene reduction assay. Cores
containing soil and plants of various dominant species of
the Caricetum curvulae were excavated and transferred in-
tact to plastic pots (13 cm diameter, 11 cm high) 4 weeks
before the first ARA in 1979. The pots were sunk in the
ground and exposed to the natural environment for the
duration of experimental period.

For the ARA clear plastic domes (plant propagator
No 312, Stewart Plastics, Ltd., Croydon, England) were
sealed onto the rims of all pots using adhesive tape. The
drainage holes of the pots were plugged with rubber stop-
pers. A syringe was inserted through the stoppers to with-
draw 10% by volume of the air from each pot. This volume
was replaced by injecting acetylene into the pots. Immedi-
ately after injecting acetylene, gas samples were taken from
the sealed chambers using evacuated 5 ml vacutainer tubes
(B-D Vacutainer, 4507F, Becton, Dickinson-France S.A.
38043 Grenoble, France) fitted with double needles (B-D
Vacutainer needle no 05741-11). Following this initial sam-
pling the sealed systems were incubated in the presence of
acetylene for up to 48 h, further sampling of the gas within
the pots being carried out at intervals during the incubation.
Pots receiving no acetylene were included as controls as
recommended by Postgate (1972) in order to determine nat-
ural levels of ethylene production. Vacutainers containing
the sampled gas were transported to the laboratory where
they were stored at 4° C prior to analysis by the standard
GC method.

Transfer experiments

The Fabaceae Trifolium badium, T. pallescens and Lotus
alpinus, which occur naturally at altitudes below the Carice-
tum curvulae zone, were carefully excavated from their habi-
tat at 2000 m, potted and transferred to the Caricerum cur-
vulae. They were then subjected to the ARA procedure as
described above.

When the in situ analyses were completed at the end
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Table 1. Maximum values for nitrogenase activity (nmol ethylene
production per pot 24 h™*) of intact systems under laboratory and
field conditions

Plant species® Laboratory Field
Naturally occurring:

Carex curvula 525 <1
Festuca halleri 24 <10
Avena versicolor <1 <10
Veronica bellidioides 135 217
Geum montanum 180 <1
Homogyne alpina 105 <1
Leucanthe mopsis alpina 750 150
Potentilla aurea 150 75
Silene acaulis <1 <10
Minuartia sedoides 360 <10
Transplanted:

Trifolium badium - 14 x 103
T. pallescens - 14%x10°
Lotus alpinus - 12 %103

* nomenclature follows Flora Europaea

of the 1980 growing season, all pots except those with Faba-
ceae plants were transferred to the laboratory where further
ARAs were carried out at higher temperatures (22°-25° C).

Soil and plant analyses

Soil cores with representative groups of individual plant
species were collected at three different locations during
the growing season of 1980 and were transported in cool
boxes to the laboratory for analysis. Water content, pH,
nitrate, and ammonium levels of the soil were determined.
Nitrate was extracted with distilled water and determined
by the phenol disulfonic acid method. Exchangeable ammo-
nium was extracted with 2N HCI, distilled in the presence
of MgO and determined by the Nessler procedure. All these
procedures foliowed Allen et al. (1974). Organic nitrogen
of soil and plant materials was determined by a modified
semimicro-Kjeldahl method (Bremner 1960). After soil
samples had been air-dried, sieved and ground to a fine
powder, 200 mg portions of each sample were digested at
350° C on a metal block heater. Prior to analysis plant
material was freeze-dried for 24 h and ground to a fine
powder in a mortar mill. 25 mg of each sample were di-
gested as described above.

Results

Nitrogenase activity of intact plant-soil systems

in situ

A total of about 600 samples were analysed for ethylene
content. The resulis are summarized in Table 1. Only 5%
of all samples contained ethylene. The highest values were
obtained in pots of L. alpina and V. bellidioides where levels
of ethylene production reached 150 and 217 nmol 24 h™*
per pot respectively. In contrast, pots containing F. halleri,
A. versicolor, S. acaulis, or M. sedoides produced only traces
of ethylene (<10 nmol 24 h™! per pot). Using the maxi-
mum values for L. alpina and V. bellidioides and extrapolat-
ing from the rate per pot to a square meter, and a conver-
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Table 2. Chemical characteristics of plants and soil. Values without standard deviation are averages of duplicate determinations of
pooled samples from 3 different locations. Samples were taken at time of presumptive biomass peak (30 July) except where otherwise

noted

Plant Soil
Organic N (% dw)

Plant species

Organic N NH,-N NO;-N2 pH? Water content®

Shoot Root (% dw) (ug/g dw) (ng/g dw) (0.01M CaCl,) (% dw)
Carex curvula 1.98 0.58 0.90 4.8 1.264-0.03 4.2 34+ 7.5
Oreochloa disticha 2.14 1.05 0.84 2.4 - 3.6 36+10
Avena versicolor 2.52 0.88 1.42 114 - 4.0 30+ 8
Luzula lutea 2.93 0.85 - 3.8 0.46+0.08 4.0 274 5
Veronica bellidioides 1.90 0.99 1.07 2.8 - 3.9 34+ 58
Geum montanum 3.35 1.62 1.39 - - 3.6 36+ 1.9
Homogyne alpina 2.40 1.69 1.15 2.2 - 3.8 424 5.9
Leucanthe mopsis alpina 2.68 - 0.99 1.8 0.5940.04 38 38+ 34
Potentilla aurea 3.86 2.06 1.13 8.2 0.76 +0.06 37 40+ 7
Primula glutinosa 2.76 0.80 0.56 2.2 0.594+0.02 39 31+ 8
Silene acaulis 1.52 1.19 - 1.5 - 39 33+ 6
Minuartia sedoides 1.54 1.32 0.82 - — 41 344 7
216 August, n=6
b7 September, n=2
° mean (22 and 30 July, 16 August, 7 September) over growing season
sion factor of 3, the possible extent of N input attributable  Discussion

to N, fixation was calculated. Assuming a N, fixation rate
of 60 nmol N 24 h™! per pot, the maximum possible N in-
putis 8 mg N m™2 a~!. The Fabaceae species transplanted
into the Caricetum curvulae showed, in contrast, high levels
of acetylene reduction. The highest rates for 7. badium were
as high as 14 x 103 nmol C,H, 24 h™?! per pot, equivalent

to a Ninput of 790 mgm % a™*.

Nitrogenase activity in the laboratory

When ARA levels were measured in the laboratory at
22°-25° C, considerable increases in fixation rates were ob-
served (Table 1). About 60% of the gas samples from labo-

ratory assays contained ethylene. For L. alpina a maximum °

N, fixation rate of 30mg Nm ?a~! can be calculated.
The control chambers, which received no acetylene, showed
no evidence of ethylene production.

Soil and plant analysis

Soil pH was in the range of 3.6 to 4.2 within the study
site (Table 2). Water content of soil varied from 27% to
42% of dry weight. Concentration of inorganic nitrogen
is very low. Amounts of extractable NH,-N were between
1.5 and 11.4 pg g~ ' dry weight, while extractable NO;-N
reached levels between 0.5 and 1.3 ng g~ dry weight. Levels
of organic nitrogen were between 0.6% and 1.4% of dry
weight. This is in contrast to results from a nival ecosystem
where about half of the nitrogen sources are present in
mineral form (Haselwandter et al. 1983).

All plants showed high tissue nitrogen contents. In
roots, nitrogen levels varied from 0.6% to 2.1% of dry
weight, whereas shoot nitrogen content was between 1.5%
and 3.9% of dry weight. Highest concentrations were found
in root as well as shoot tissue of P. aurea and G. montanum.
The level of organic nitrogen content of root and shoot
tissue of the dominant species C. curvula is lower than in
most of the other plant species occurring at the same site.

Nitrogen fixation studies

Soil temperature may be one of the main factors limiting
asymbiotic nitrogenase activity in the Caricetum curvulae,
as indicated by the increase in acetylene reduction rate from
field to laboratory measurements (Table 1). Similar conclu-
sions have been reported by Basilier et al. (1978) for a sub-
arctic mire, by Alexander et al. (1974) for the arctic tundra,
and by Jordan et al. (1978) for arctic areas in general.

Both seasonal fluctuations and annual differences in soil
temperature (Fig. 1) may have important effects on nitro-
gen fixation. In years when soil temperature is higher, the
nitrogen input through asymbiotic nitrogen fixation may
contribute more to the nitrogen nutrition of planis than
in others.

Under field conditions, despite the low soil temperature,
the Fabaceae plants transferred to the alpine sedge com-
munity showed remarkably high levels of nitrogenase activi-
ty. This may be of particular relevance for revegetation
programmes at high elevation (Johnson and Rumbaugh
1986), in which seeds of Fabaceae might be included in
the seed mixtures applied. Once established, a plant cover
with nitrogen-fixing Fabaceae, even growing beyond their
natural area of distribution, may become less dependent
upon nitrogen fertilization than a community without
plants with symbiotic nitrogen fixation.

Soil and plant analyses

Chemical analyses indicate low soil pH and low levels of
extractable inorganic nitrogen. In nutrient turnover studies
in alpine grass and sedge communities in the Central Alps
of Austria it was shown that in the Caricetum curvulae the
net mineralisation of N was very low (Rehder 1976; Gok-
¢eoglu and Rehder 1977; Rehder and Schifer 1978). How-
ever, plants of the Caricetum curvulae have high levels of
organic N in root and shoot tissues (Table 2). It has been
observed previously that plants from high latitudes and alti-



tudes exhibit higher tissue nitrogen contents than plants
from temperate zones (Chapin et al. 1975; Babb and Whit-
field 1977; Korner et al. 1986; Korner and Diemer 1987).
A higher nitrogen content in leaves will enhance photosyn-
thetic performance, a direct mechanism to increase annual
carbon gain and to compensate for the low temperatures
(Chapin 1983).

Nitrogen economy in the Caricetum curvulae

Rehder and Schéfer (1978) reported that the net mineralisa-
tion rates in the Caricetum curvulae are very low and by
far the lowest for alpine grass and sedge communities. Min-
eralisation yields about 110 mg (ammonium 4+ nitrate)-N
m~2a”! (Grabherr and Rehder, pers. communication).
Precipitation might provide an additional nitrogen input
in the range of 85 mg inorganic Nm~2a~!. In arctic and
subarctic ecosystems nitrogen input through precipitation
reaches 56 mg ammonium-N and 70 mg nitrate-Nm~2a~!
(Kallio and Veum 1975). Rosswall et al. (1975) give a simi-
lar figure for a subarctic mire (about 100 mg N m “Za7l,

The net primary production rate in the Caricetum curvu-
lae community at Obergurgl is in the range of 100160 g
m~2 GS™! (Grabherr et al. 1978). Assuming that 1.5% of
plant dry weight is nitrogen the annual requirement for
this element is about 2 g m ™~ 2. This is similar to the amount
required for annual plant growth in a subarctic mire (Ross-
wall et al. 1975). All this indicates that the nitrogen budget
in the alpine Caricetum curvulae is tight. Tt seems likely
that the annual nitrogen supply per unit ground area pro-
vided by nitrogen fixation (8 mgm™?), mineralisation
(110 mg m~?) and precipitation (85 mg m™~2) is not suffi-
cient to support the reported annual plant growth. Nitrogen
analyses of plant material, however, show no evidence of
nitrogen deficiency (Table 2).

Specific adaptations of alpine and arctic plants to multi-
ple environmental stresses have been reported by Chapin
etal. (1975) and Larcher (1983). Towards the end of the
growing season N is translocated from the shoot into the
root system (Chapin et al. 1975; Holzmann, in preparation)
from which it is released at the beginning of the next grow-
ing season supporting new plant growth.

An increment in the root/shoot ratio may also be of
ecological significance. Kdrner and Renhard (1987) found
a fourfold increase in root length of high as compared to
low altitude plants. This may not only provide a bigger
absorbing system (Chapin 1980), but also a bigger nutrient
reservoir into which nutrients such as N are translocated
at the end of the growing season (see above).

Plant nutrition is strongly affected by mycorrhizal infec-
tion (Harley and Smith 1983; Moser and Haselwandter
1983). The majority of the plants in the Caricetum curvulae
is infected with vesicular-arbuscular mycorrhizal fungi (Ha-
selwandter and Read 1980; Hofmann 1983; Haselwandter
1987). It has been demonstrated that vesicular-arbuscular
mycorrhizal infection enhances not only P (Sanders 1975)
but also N supply to the plant (Ames et al. 1983).

All these various adaptations to cold environments, in-
cluding seasonal translocation of nutrients within plants
and increase in the root/shoot ratio, as well as mycorrhizal
infection, are likely to have signiﬁcant effects on the nutri-
tion of alpine plants. In comparison to the annual N supply
provided by mineralization and prempltatlon the N input
through asymbiotic N fization in the rhizosphere of the
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Caricetum curvulae plants is small. Under conditions of low
N availability even small amounts may be valuable for plant
nutrition (Giller and Day 1985), although the extent to
which asymbiotically fixed N is translocated from the rhi-
zosphere to the plant has yet to be quantified.
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