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During 1985-90, effects of N deposition to a beech forest floor in south Sweden were
studied by supplying 12 and 36 kgN ha', as NH,NO;, on 25 occasions, i.e. 60 and
180 kg ha=' yr~', corresponding to ca. 3 and 9 times the ambient deposition rate. Treat-
ments raised the output of NO5 and several base and metal cations from the soil. There was
some increase in the total N content of the leaves and a considerable increase in the contents
of free amino acids, whereas phenols decreased. Leaf concentrations of Ca, P and K were
lower than in controls. Throughfall chemistry was generally little influenced by the treat-
ments. There was no measurable change in the wood production. Fruitbody production of
ectomycorrhizal fungi almost ceased, whereas that of major decomposer species increased
considerably. The biomass of most field layer species was reduced to some extent in the
treated plots and no new vascular plant species appeared during this five-year period as a
result of the treatments. Key words: Fagus sylvatica, nitrogen, forest, soil, soil solution
chemistry, nutrient, deposition, flux, biological effects, wood production, plants, macrofungi.

The deposition of NH; and NO; over central and northern Europe is a question of great
environmental concern. There are indications that the availability of mineral N no longer
limits the primary productivity of many forest sites in this area. This surplus of sufficiency,
characterizing the state of N saturation, may bring about structural and functional changes
of natural ecosystems.

Forest dominated by beech (Fagus sylvatica L.) plays an important role in the landscape
of southwestern Scandinavia. Changes in structural properties and vitality of the beech have
been observed in Sweden during the last 1015 years (Nihlgard, 1985). Retrospective work
has documented floristical changes in the beech forest floor (Falkengren-Grerup, 1986;
Falkengren-Grerup & Tyler, 1991) and comparative studies have indicated diversity changes
in the macrofungal flora of Scanian deciduous forests (Riihling & Tyler, 1990).

Increased supply of mineral N to soils may alter the mineralization rate of soil organic
matter. Nitrogen application is often known to increase the C mineralization rate, e.g. of
compost, but reduced rates have been reported in fertilization expériments in coniferous
forest soils (Nohrstedt er al., 1989). Increased N deposition to the forest floor might influence
the fruitbody production and the diversity of litter decomposer and mycorrhizal macrofungi
(Hora, 1972; Ohenoja, 1978). '
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The primary production of forests usually increases as a result of N application. However,
a stage of ‘N saturation’ might have been attained in some sites or areas in central Europe
and, possibly, south Sweden. This implies that tree production is no longer primarily limited
by the N supply. What ‘N saturation’ actually will imply for the normal functioning of the
forest ecosystem is not well known, though misfunction of the ectomycorrhiza (Richards,
1965), leading to mineral nutrient deficiencies, might be a consequence, as well as leaching
losses of NOj to the subsoil and surface water (Grennfelt & Hultberg, 1986).

Nutrient concentrations in beech leaves exposed to different amounts of pollutants or
supply of N, may vary within rather wide ranges (Bergmann, 1988; Le Tacon & Toutain,
1973; Wohler, 1988). In a study of leaf chemistry of beech in Scania (Balsberg Péhlsson,
1989) the mean N concentrations proved to be higher than usually reported in this species.
Nitrogen in excess may change the carbohydrate metabolism (Givan, 1979; Haynes, 1986),
considerably increasing soluble form concentrations of N, e.g., some free amino acids (Zedler
et al., 1986; Van Dijk & Roelofs, 1988; Nisholm & Ericsson, 1990), whereas the content of
phenolics may decrease (Tuomi et al.,, 1990). These metabolic changes might increase the
susceptibility of the plant to diseases and parasites.

The vegetation of the forest floor may change as a result of increased N supply. The forest
vegetation is made up of species representing a wide variety of N demands (Ellenberg, 1979).
A gradual change in the proportions of the currently occurring species might take place as
a result of a higher N deposition or otherwise increased supply of mineral N (Tyler, 1987).
A rapid colonization of ‘new’ species from the seed bank is another possibility. In open land,
species diversity is often lowered by N application, as some grasses seem to be efficient
competitors at a high N supply (Thurston et al., 1976; Heil & Diemont, 1983). Nitrogen
effects on species diversity of forests are less apparent and probably sometimes even positive.

During 1985-90, a study on the effects of artificially increased N deposition to a beech
forest floor was carried out by the Soil and Forest Ecology Groups at the University of
Lund. The objectives of this coordinated work were to characterize structural, functional,
and chemical changes caused by an increase in the deposition of NH} and NO5, correspond-
ing to about 3 and 9 times the current deposition rate. To simulate this, NH,NO; was
supplied at the rate of 60 and 180 kg N ha~!yr~', i.e. 12 and 36 kg N ha~' on 25 occasions
during this 5-year period. Observations were made on changes in (a) throughfall and litterfall
chemistry and amounts, (b) soil and soil solution chemistry, (c) amounts of soil organic C
and N, (d) leaf chemistry and nutrient dynamics in the canopy, (e) tree growth and
performance, (f) fruitbody production of macrofungi, and (g) vegetation of the forest floor.

MATERIALS AND METHODS

Site description and climate
The experimental site is situated within a large beech forest, Maglehems Ora (55°45'N,
14°07' E) in eastern Scania, ca. 4km from the Baltic Sea. Elevation above sea-level is
76-78 m, i.e. well above the highest coastline since the last glaciation. The bedrock is a
finegrained gneiss, which is covered by a deep delta deposit of glacifluvial sand, only slightly
mixed with moraine. The texture is mainly fine sand (dominating fractions 0.06—0.6 mm)
with a low clay (2-4%) and a low boulder content. The study area is level, very well drained,
the soil profile a dystric cambisol, transitional to a cambic arenosol, with less distinct
horizons. The reaction is acidic, pH-KCl being 3.5-3.9 in the upper horizons (Table 1). The
humus type is a weakly aggregated sandy mull with little or no transitional characters to
moder.

The area has been covered mainly by deciduous forest for at least three centuries and by
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Table 1. pH-KCI (X) of the soil at the start (1985) and at the end (1990) of the experiment

Control 60kg N ha='yr! 180 kg N ha=! yr™!
Horizon 1985 1990 1985 1990 1985 1990
Al 349 3.62 3.60 3.61 3.55 3.58
A2 3.64 3.70 3.61 3.57 3.57 3.59
Bl 3.86 3.78 3.84 3.77 3.76 3.73
B2 3.89 3.82 3.84 3.78 3.84 3.76

beech for at least two centuries, according to local maps. The present beech stand is
even-aged, 120 yr, established after an ample beech mast production in the late 1860’s. The
canopy is closed and no thinning of the stand has occurred during the last decade. The
number of trees (only beech occurs) is ca. 210 ha~!, mean height being 32 m and the total
basal area of stems at breast height ca. 30 m? ha~'. The shrub layer is rather sparse and the
forest floor vegetation not completely closed, dominated by Oxalis acetosella, Anemone
nemorosa, and Dentaria bulbifera, with some Maianthemum bifolium, Viola riviniana and V.
reichenbachiana, Rubus idaeus, and a few other species.

The climate of the site may be characterized as temperate suboceanic and subhumid. The
mean annual precipitation is ca. 600 mm, rather evenly distributed throughout the year,
though somewhat lower during the spring months. Mean temperature of the warmest month
(July) is +17°C and of the coldest month (February) ca. —1°C. The years, in particular the
winters, of 1985-87 were colder than average, whereas there were positive temperature
anomalies in 1989-90, e.g. +5.5°C in February, 1990. Annual precipitation figures were
close to (1986—87) or above (1985, 1988) normal, except in 1989, when only 427 mm was
measured at Vitemolla, the most adjacent meteorological station, ca. 7 km away. The total
precipitation sum for 1985-90 was normal. Cumulative temperature and precipitation
curves, calculated from national Swedish meteorological statistics for the most adjacent
stations, are illustrated (Fig. 1).

Design of the experiment

The experimental area covers ca. 1.3 ha. One block of nine 25 x 25 m plots, with 5 m buffer
strips between the plots, was laid out in 1985. Controls and two levels of N treatment were
randomized in triplicates. Finely granulated commercial NH,NO; (27.7% N), containing 4%
Ca and 2% Mg as carbonates to counteract acidification effects on the soil, was distributed
by hand on 25 occasions, once per month during May to September, between August 1985
and September 1990. Two treatment levels were used, 12 and 36 kg N per ha and occasion
(60 and 180 kg N ha='yr~").

Methods of sampling and analysis

Precipitation, throughfall, soil solution and litterfall. Open-field precipitation (bulk deposi-
tion) was collected in four shaded samplers (funnels, diam. 20 cm, equipped with sieves,
connected to bottles, all in polyethylene PE) placed 2 m above ground in a clear-cut area
0.7 km from the site. In each plot, throughfall was collected in five shaded samplers (funnels
as above) placed ca. 50 cm above ground and randomly distributed in the central 10 x 10 m
to avoid border effects. In these funnels litterfall was also collected. Bulk deposition and
throughfall volumes were determined in the field. Bulk deposition liquids were treated as
single samples, whereas the five throughfall samples were pooled before analysis.

Soil solution was collected using ceramic cup lysimeters (P 80; tension —0.8 bar). Four
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lysimeters were installed at 30 cm soil depth in a regular pattern in the central 10 x 10 m of
each plot. Collecting bottles (Duran glass) were placed in a container with cover, below
ground to keep samples dark and cool. The lysimeters were allowed to equilibrate with the
soil solution for about 2 months prior to the first sampling.

Bulk deposition, throughfall, litterfall and soil solution were sampled continuously during
eighteen periods from May 1989 to November 1990. Period duration was 12—39 d during the
growing season, otherwise 40-46 d.

The aqueous samples were frozen at —20°C in the laboratory. After thawing, throughfall
samples were filtered (filtering paper OOR), whereas bulk precipitation and soil leachates
were not. Subsamples for determination of NH;, NOj, SO3~, Cl~ and dissolved organic
carbon (DOC) were analyzed without further treatment. Aliquots (700—1 000 ml) for metal
analysis were transferred to a 11 Erlenmeyer flask which was sealed with a hood of filtering
paper and evaporated at 105°C. The residue was treated with 10 ml conc. HNO; to destruct
organic matter and convert the metals into a chemically uniform and soluble state. The
volume was reduced by evaporation to ca. 2 ml and diluted to 25 ml prior to analysis.
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The litterfall samples, stored at —20°C, were dried at ca. 40°C, separated into leaf
litter and other litter and weighed. Samples from November 1989 to November 1990
were pooled. Leaflitter subsamples were digested in conc. HNO;, evaporated, filtered and
diluted.

For the determination of inorganic and organic N compounds, carbohydrates, phenols and
DOC, throughfall water was collected both monthly and at four rain events (May-October)
in both 1989 and 1990. Ten gauges were placed at random in the inner 20 x 20 m area of
each plot. Every gauge consisted of a PE bottle and a funnel fitted with a filter. For event
sampling the bottles were also equipped with an inner plastic bag and the funnels with a glass
wool stopper which were replaced at every sampling event. Between the collection events the
funnels were covered.

The following analytical methods were used. pH was determined electrometrically
in untreated aqueous samples. Ammonium was determined by flow injection analysis,
NOj3, SO2-, ClI- and F~ by ion chromatography, Rb (at 2000 mg K1-! as KCl in
solutions) by flame emission, Cd by AAS, P, Al, Ca, Cu, Fe, K, Mg, Mn, Na and Zn
by ICP-EMS. DOC in aqueous samples was analyzed by IR technique. Litter C was
determined by IR technique following combustion in a C determinator, and N by Kjeldahl
analysis.

Total sugars and phenols were determined colorimetrically by the anthrone method and
the Folin—Denis method, respectively (Hansen & Mopller, 1975; Swain & Hillis, 1959).

Soil organic carbon and nitrogen

The amounts of C and N were measured in the humus horizon (sampling depth 0—10 cm) at
the end of the experiment in November 1990. Twelve cylinder samples, volume 395 cm?, were
taken according to a regular pattern in every 25 x 25 m plot, thus totally 36 samples per
treatment. They were sifted (6 mm) and dried at 105°C to constant weight. Carbon content
was determined using the C determinator, and organic N+ NHJ N (considered as organic N
due to the very low share of NH;) by a semi-micro Kjeldahl procedure. The amounts were
calculated as gm~2 of the 0—10 cm layer.

Plant material from beech

For the analysis of N and organic compounds beech leaves were sampled in August 1989.
Leaves were taken from trees in the centre of each plot, 10-12m above ground, and
immediately frozen on dry ice. Analysis was carried out on the freeze-dried and finely ground
leaves. Nitrogen was determined by a semi-micro Kjeldahl method, NH; and NOj colori-
metrically from aqueous ethanolic extracts. Soluble carbohydrates, phenols and protein were
estimated according to Hansen & Moller (1975), Swain & Hillis (1959) and Bradford (1976),
respectively. High-performance liquid chromatography and fluorescence detection were used
for the free amino acid analysis, as described by Einarsson et al. (1983) and Nésholm et al.
(1987).

For sampling of crowns of mature beech trees, a 30 m sky-lift was utilized. Trees chosen
for the study had to be within the working range of the lift standing in the buffer areas
surrounding the plots, though border trees were avoided. Six trees from each treatment
were sampled in order to study the nutrient dynamics within the crown. One branch was
cut in each of the four cardinal points of the compass, in the upper, middle and lower
level of the crown, and from the centre of the crown. Sampling took place in August 1989,
when the leaves were fully developed but still retained a high photosynthetic capacity. In
studying the nutrient dynamics over the summer months, six trees in each plot were chosen.
In one of the high-N plots only three trees were reached by the lift. In June, July and August
















































