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We monitored the fluxes of nitrogen (N) compounds in throughfall (TF) and in percolation
water (PW) in Scots pine and Norway spruce stands in Finland, and explored their depend-
ence on N bulk deposition (BD) rates and general site and stand characteristics. During
1998-2004, N fluxes in BD, TF, and PW were low and remained relatively constant. Inor-
ganic N was retained in the ecosystem (BD > TF > PW) more effectively in spruce stands,
while the fluxes of dissolved organic nitrogen (DON) correspondingly increased. The
canopy retention of inorganic N was correlated with the net increase in TF DON. BD DON
was relatively constant, while the TF DON and BD deposition of inorganic N increased
towards the south. DON accounted for 14% of the BD N, 48% of N in TF in spruce and
31% in pine stands, and 80% of the total N in PW. Stand characteristics (e.g. stand age)
affected the TF fluxes of both inorganic N and DON, while only the NH,-N flux in PW was
related to deposition rates.

tions by stimulating the sequestration of carbon
in biomass (Townsend et al. 1996, Magnani et

Increased fossil fuel combustion and intensified
agriculture have, since the latter half of the 20th
century, resulted in a distinct increase in emis-
sions of biologically active nitrogen (N) to the
atmosphere (Schopp et al. 2003). When depos-
ited on typically N-deficient boreal coniferous
ecosystems, these inorganic N compounds have a
growth increasing fertilization effect (Viro 1965,
Hogberg et al. 2006). This can, to some extent,
mitigate the rise in atmospheric CO, concentra-

al. 2007). However, excessive N deposition may
lead to the detrimental situation of N saturation, in
which the excess N is leached from forest ecosys-
tems with serious consequences for surface and
ground water quality (Aber et al. 1989, Matson
et al. 2002). Furthermore, even low N inputs
are known to result in changes in the composi-
tion of the vegetation (Nordin et al. 2005, 2006).
Knowledge about the quantity and composition
of deposited N compounds, and about transfor-
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mations in these N compounds during passage
through the canopy, understorey vegetation, and
uppermost soil layers, is thus of utmost impor-
tance for understanding the potential impact of
anthropogenic N deposition on the structure and
functioning of boreal forest ecosystems.

Emission rates of inorganic N compounds
are fairly well known, but there is limited infor-
mation about the rate, sources and forms of
organic N emissions (Holland et al. 2005). The
main emission sources of NO_ are traffic and
energy production, while most of the ammo-
nia (NH,) emissions originate from agriculture
(Anon. 2006a). Internationally ratified protocols
on the abatement of emissions of acidifying
compounds have resulted in a dramatic reduc-
tion in sulphur emissions since their peak in the
1980s, but they have been less successful in the
case of acidifying N compounds (Ruoho-Airola
et al. 2004). During 1998-2004 the mean annual
emissions of NO_and NH_compounds in Fin-
land were 216 000 000 and 33 000 000 tonnes,
respectively (Anon. 2006a). Nitrogen emission
sources in Finland and in neighbouring countries
are concentrated in the southern part of the coun-
try, leading to a clearly decreasing N load with
increasing latitude.

Due to its reactivity and large surface area,
the coniferous forest canopy effectively inter-
cepts airborne N compounds in wet, dry and
gaseous forms (Parker 1983, Ulrich 1983, Bre-
demeier 1988, Lindberg et al. 1989). Dry N
deposition is normally assumed to be washed
off as the rainwater passes down through the
canopy. However, in boreal coniferous forests
under low N deposition conditions, much of
the N is taken up by the forest canopy through
absorption into the needles or utilized by the
microflora and mosses/lichens present on the
surface of the foliage, leading to the typical
reduction in N deposition in throughfall (Ferm
and Hultberg 1998). The capture of airborne
pollutants by the canopy is primarily a physi-
cal process that is influenced by the wind speed
and turbulence, aerosol droplet size and canopy
surface characteristics, which are related to tree
size, density and species (Pdivinen 1966, Cronan
and Reiners 1983, Lovett and Lindberg 1984).
Several studies have shown clear differences in
foliar N uptake (Wilson 1992, Janson and Granat
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1999) and in the quantity and composition of
throughfall deposition between Norway spruce
and Scots pine (Hyvérinen 1990, Robertson et
al. 2000, Lindroos et al. 2006). In addition, the N
retention capacity has been reported to decrease
with increasing tree age (Parker 1983).

The topsoil in coniferous forests acts as a
buffer between atmospheric inputs and the under-
lying ground water; especially the organic layer
has been shown to be a long-term sink for N in
undisturbed boreal forests (Berg and Dise 2004).
However, several factors are involved in soil-
water interactions and, together with the N input
flux, influence the composition and amount of
the output flux of N. While percolating down
through the soil profile, the chemical composi-
tion of the water is modified by a number of soil
processes, including nutrient uptake, weathering,
ion exchange, adsorption/desorption, decomposi-
tion, mineralization and immobilisation. These
biological and chemical soil processes are mainly
driven by climatic factors (precipitation, tempera-
ture), the physical and chemical characteristics
of the organic and inorganic soil horizons, and
the type of vegetation cover. Earlier studies have
shown that nitrate leaching in forest ecosystems is
strongly related to the C/N ratio of the forest floor
(e.g. Gundersen et al. 1998). Moreover, Seely et
al. (1998) reported that the N retention capacity of
the mineral soil was most likely related to changes
in percolation rates and the surface area of soil
particles (i.e. soil texture). Many soil processes
are pH dependent and, therefore, there are strong
grounds to assume that the characteristics of the
N output flux would be related to the prevailing
pH conditions. Earlier studies in field conditions
have, however, generated relatively ambiguous
results, making it difficult to draw general con-
clusions about this relationship (Michalzik &
Matzner 1999, Solinger et al. 2001).

Most of the N in percolation water is incor-
porated in organic compounds (Piirainen et al.
1998). These compounds are also predominant
in the input N fluxes in areas of low N deposition
(Fahey et al. 1985, Stuanes et al. 1995, Currie
et al. 1996, Campbell et al. 2000, Weathers et
al. 2000). However, most studies on forest N
cycling have focused on the fluxes of inorganic N
(i.e. NH, and NO,) only, despite the fact that dis-
solved organic nitrogen (DON) apparently plays
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an important role in N cycling especially in
background areas (Neff e al. 2002). In this study,
we focused on the fluxes of both organic (DON)
and inorganic nitrogen (NO,-N and NH-N) in
boreal forest ecosystems typically dominated by
either Scots pine or Norway spruce. The first
aim was to quantify the latitudinal and temporal
variation in the input and output fluxes in these
ecosystems and to compare the N fluxes between
the two types of forest stand. Earlier studies
indicated that there is a decreasing gradient in N
deposition with increasing latitude, while tem-
poral trends were expected to be non-significant.
It was hypothesized that the N fluxes in Scots
pine and Norway spruce stands differ due to
differences in their canopy structure and the site
conditions where the two tree species typically
grow. Secondly, we also tested whether the flux
of N compounds in throughfall and in percolation
water could be modelled, using linear regression
models, separately for the two types of stand
using N deposition rates and general site and
stand characteristics as predictors. The modelling
exercise was based on the following hypotheses:

1. the throughfall N flux is related to the bulk
deposition N flux and the surface area and
age of the stand, and

2. the percolation water N flux is related to the
pH, the characteristics of the input water flux,
N uptake by the tree stand, the N concentra-
tion of the organic layer, and climate.

The study was carried out using the empirical
data collected on plots belonging to the intensive
monitoring programme (EU/Forest Focus and
UN-ECE/ICP Forests Level II) in Finland. The
majority of the monitoring plots are located in
background areas, where the dry deposition of
N compounds can be assumed to be minor, and
correlated with the N flux measured in bulk
deposition.

Materials and methods
Monitoring plot network

The data were collected from eight Scots pine
(Pinus sylvestris) and eight Norway spruce
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Fig. 1. Location of the Scots pine and Norway spruce
plots.

(Picea abies) stands during 1998-2004 (Fig. 1
and Table 1). The sites belong to the Finnish net-
work of intensively monitored forest plots (Level
IT), established as a part of the EU/Forest Focus
and UN-ECE/ICP Forests forest condition moni-
toring programmes (Merili et al. 2007). Of these
plots, 13 are located in semi-natural, even-aged
stands subjected to conventional forest manage-
ment, and three (plots 19, 20 and 21, Table 1)
in relatively natural, old-growth stands situated
in nature conservation areas. The spruce stands
are located on herb-rich and moist site types and
the pine sites on less fertile dryish and dry sites
(Derome et al. 2007). The soil texture on the
spruce plots is till and on the pine plots sorted
glaciofluvial material. The soil type on all the
plots is podzol. The clay and silt content is typi-
cally higher on the spruce plots. Selected stand,
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climatic and soil characteristics are presented in
Table 1.

Sampling

We collected bulk deposition (BD) and through-
fall (TF) deposition at 4-week intervals during
winter and spring, and at 2-week intervals (com-
bined in the laboratory to give one sample per 4-
week interval) during summer and autumn. Bulk
deposition was collected in an open area adja-
cent to the corresponding forest plot using three
precipitation collectors (J 0.2 m, & = 0.4 m)
during the snow-free period, and two snow col-
lectors (J 0.36 m, h = 1.8 m) during winter.
The throughfall samples were collected with
20 precipitation collectors and 6—10 snow col-
lectors located systematically within the stand.
The bulk and throughfall deposition samples
from the individual samplers were combined and
weighed in the field during the snowfree period,
and weighed and combined (after first thawing)
in the laboratory during the snow period. The
design of the monitoring plot is described in
detail in Meriléd et al. (2007). The effect of the
tree canopy on the fluxes of N was estimated as
the net canopy throughfall (NTF), i.e. TF — BD.
This gives only a minimum estimate of the N
retained in the canopy because the dry deposi-
tion captured by the canopy is not included.

Soil percolation water (PW) was collected
from 6 spruce and 8 pine plots (Fig. 1) at 4-
week intervals during the snow-free period using
five zero tension lysimeters located on each plot
at a depth of 40 cm from the ground surface.
The zero-tension lysimeters consisted of a plastic
funnel (J 20 cm) and a collection bottle attached
to the bottom of the funnel. The lysimeters were
installed on the plots in 1995/1996 by first remov-
ing an intact soil core (& 30 cm) using a specially
designed auger, and then inserting the lysimeter at
a depth of 40 cm. The soil core was then carefully
returned to its original position. The bottom of
the funnel had a plastic sieve, and the upper part
of the funnel was filled with washed quartz sand.
The number of spruce plots from which percola-
tion water was collected was six (and not eight
as for deposition) because lysimeters could not
be installed on plot 19 (Evo) owing to extreme
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stoniness of the site. Furthermore, the results for
plot 23 (Uusikaarlepyy) were not included in the
study because it is located on an acid sulphate
soil and therefore the sulphate budget method
could not be used to calculate the water flux. The
PW samples were weighed in the field, and each
sample analysed separately.

Chemical analyses

The deposition and percolation water samples
were pre-treated and analysed according to the
sub-manuals of the ICP Forests Programme
(Anon. 2002, 2006b). The pH was measured in
unfiltered samples. Prior to the chemical analy-
ses, the samples were filtered through membrane
filters (0.45 ym, Whatman, ME 25, mixed cel-
lulose ester) under positive pressure by means
of a peristaltic pump. Total nitrogen (N _) was
determined, after digestion of the samples in
closed vessels in a mixture of K (SO,),/NaOH
in an autoclave, by flow injection analysis (FIA).
NH,*, NO,” and SO,* were determined by ion
chromatography (IC). Dissolved organic nitro-
gen (DON), was calculated as N — (NH,-N +
NO,-N).

Flux calculations

The 4-week deposition fluxes of NH,-N, NO.-N,
N, and DON were calculated by multiplying the
amount of precipitation on each sampling occa-
sion by the corresponding (volume weighted)
concentration, and the annual deposition fluxes
were determined as the sum of the 4-week depo-
sition fluxes. As the calculation of DON includes
three sources of analytical uncertainties (three
different analyses) and N deposition in Finland is
low, some negative values were obtained for the
DON concentration. These values were substi-
tuted by zero when calculating the DON fluxes.
We calculated the water fluxes using the same
technique as e.g. Nilsson et al. (1998) in a study
on N retention in coniferous forest ecosystems
in Sweden. In this approach, it is assumed that
the annual amount of SO, deposited on the forest
floor in stand throughfall is equal to the amount
of SO, leached from the surface layers in perco-
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Fig. 2. Annual water fluxes (mean + SD, 1998-2004) for the Scots pine and Norway spruce plots. The plots are
arranged from left to right running from northern to southern Finland (latitude of the plot below the plot number). BD
= bulk deposition, TF = stand throughfall, PW flux = estimated water flux at the depth of 40 cm.

lation water. It is possible, using this mass bal-
ance assumption, to calculate the annual water
output flux (mm a™') in percolation water on the
basis of the annual input of water (throughfall,
mm a™'), the mean annual SO , concentration
(mg 1"") in throughfall, and the mean annual SO,
concentration (mg 17" in percolation water.

We used the SO, budget method to calculate
the water fluxes in percolation water (mm a™')
instead of the actual volume of water collected
by the zero-tension lysimeters for two main
reasons: (1) only 5 replicate lysimeters (total sur-
face area 0.16 m?) can, under no circumstances,
be considered to give a reliable estimate of the
water flux on a 30 x 30 m plot, and (2) during
snowmelt in the spring the amount of percolation
water is normally considerably greater than the
amount of water that can be stored in the col-
lection bottle located below the lysimeter. As a
result, the water flux in the spring will clearly be
underestimated.

The fluxes of NH4-N, NO3-N , total N and
DON in PW were determined by multiplying the
mean (arithmetical) annual concentration of these
variables by the estimated annual PW flux (see
Fig. 2 for measured BD and TF fluxes and esti-
mated PW fluxes; see also Lindroos et al. 2008).

Stand characteristics

Tree species, diameter (at 1.3 m above ground
level), tree height and the crown length were
recorded on every tree with a breast height
diameter of at least 4.5 cm. These data enabled
accurate estimation of the individual tree vol-

umes and basal areas, as well as the respective
stand level characteristics (Table 1). The KPL
programme (Heinonen 1994) was used for cal-
culating the characteristics of individual trees
and for transforming them into stand level char-
acteristics (Table 1). Taper curve functions by
Laasasenaho (1982) were used for estimating the
stem volumes of individual trees.

Needle biomass estimates for individual trees
were calculated using the functions of Mark-
Iund (1987, 1988). These functions describe the
biomass components (living and dead branches,
stem wood, bark and needles) as a function of
tree species, diameter, tree height and crown
length. The needle mass function for Scots pine
also includes the latitudinal coordinate. Stem
surface area was defined as the surface area of
the above-ground tree stem. The taper curve
of each stem was determined using functions
by Laasasenaho (1982), and then dividing each
stem into 10-cm-long sections. The surface area
for each section was then calculated using cylin-
drical approximation.

Fine root biomass

Twelve root cores were taken from each stand
with a cylindrical soil auger (diameter 40 mm).
The cores were divided into sections consisting
of the organic layer, and the 0-5, 5-10, 10-20
and 20-30 cm mineral soil layers. Both under-
storey and tree roots were separated from the soil
by washing and sorted into living and dead roots
(Persson 1983). Roots smaller than 2 mm were
regarded as fine roots (Persson 1983, Vogt et al.
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1983) including mycorrhizal root tips, and roots
with a diameter of 2-5 mm were classified as
small roots. The samples were dried at 70 °C for
48 h and weighed. The sampling and analysis of
the fine roots is described in detail in Helmisaari
et al. (2007).

Statistical analysis

Trends in N deposition were tested for each
plot separately by calculating linear regressions
between the years and deposition fluxes.

To explore the relationship between N deposi-
tion and site characteristics and to study whether
we could construct the regression models to pre-
dict N fluxes in TF, we calculated Spearman rank
correlation coefficients (r ) between the N fluxes
in TF, N fluxes in BD and the stand characteris-
tics given in Table 1. As the temperature and pre-
cipitation, as well as the length of the growing
season, all decrease towards the north, the effects
of climatic variables were studied using latitude
as the predictor. The same method was used to
identify relationships and to construct the mul-
tiple regression models for predicting the fluxes
of NO3-N, NH 4-N and DON in PW using the BD
and TF N rates of N_, DON, NH,-N and NO.-N,
together with the C/N ratio of the organic layer,
fine root biomass, pH of PW and TF and latitude
as predictors.

In order to model N in throughfall and to
study the relationships between BD and TF and
stand characteristics, as well as N in PW and
soil properties, pH and latitude, we computed
multiple linear regression models using SAS
(ver. 9.1.3) procedure PROG REG with the “best
possible subsets” method to find the best fitting
model with one, two or three of the best predic-
tive variables. The highest R’ . value was used
as the selection criterion. These models also had
the lowest Akaikes Information Criteria (AIC),
which tests the difference between a given model
and the “true” underlying model (Akaike 1973).
In addition to sample size, this information cri-
terion estimates the effects of the number of
variables added to the model. Models with more
than three predictors were not reported as they
were not feasible owing to the small number of
data points.
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Results

A number of plots in southern Finland had sig-
nificant (p < 0.05) decreasing trends in the nitro-
gen deposition fluxes (BD and TF) (Fig. 3): No.
11 (NO,-N, ), No. 12 (NO,-N,,), No. 13 (NO,-
N,.), and No. 18 (NO,-N_ . N NH,-N_ and
N, ) (data not shown).

The bulk (BD) and throughfall (TF) mean
annual depositions of ammonium (NH,-N) and
total nitrogen (N ) increased southwards for
both tree species (Fig. 3), but of nitrate (NO,-
N) only on the pine plots. DON in TF increased
with decreasing latitude on both the spruce and
pine plots, while DON in BD was not related
to latitude (Fig. 3). The DON:N_ ratio in TF
decreased towards the south only on the spruce
plots (n=38,r =0.84,p <0.01).

The inorganic N TF fluxes were generally
lower than those of BD, and on the spruce plots
they were 55% lower than on the pine plots (Table
2 and Fig. 3). Plot No. 23 on the western coast was
an exception: the deposition rates of N on this plot
were relatively high — as compared with those
on the other plots — due to ammonia emissions
from local fur farms. TF deposition of inorganic
N exceeded the BD deposition on this plot (Fig.
3a and b), and it was therefore excluded when
calculating the mean annual deposition values and
correlations on the spruce plots. In contrast to the
situation for inorganic N, the DON flux increased
by 116%, on the average, as precipitation passed
down through the canopy (Table 2 and Fig. 3c).

The effect of the tree canopy on the fluxes
of N was estimated by calculating net canopy
throughfall: NTF = TF — BD. This gives only
a minimum estimate of the N retained in the
canopy because it does not include all of the dry
deposition retained in the canopy. The spruce
canopies retained 25% more NH,-N and 45%
more NO,-N than the pine canopies, when plot
No. 23 was excluded (Table 2). The canopy
uptake of N when calculated as the relative net
throughfall (NTF, = (TF — BD)/BD X 100%) of
both NH,-N and NO,-N was higher on the spruce
plots than on the pine plots (spruce: 61% + 3%
and 42% =+ 4%, pine: 43% + 4% and 23% + 4%
for NH,-N and NO,-N, respectively).

There was a significant negative correlation
between net canopy throughfall of inorganic

BD” ~ "totBD’
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OBD MTF
N (NH-N_,. + NO,-N_ ) and the net canopy
throughfall of DON (Fig. 4). However, some
of the N was retained in the canopy because the
N, in precipitation decreased on passing down
through the forest canopy (Fig. 3d and Table 2).
The proportion of DON in the total TF N flux
was higher on the spruce plots (48% + 3%) than
on the pine plots (32% + 1%).
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Norway spruce
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Fig. 3. Stand mean (+ SD)
(a) ammonium, (b) nitrate,
(c) dissolved organic nitro-
gen, (d) and total nitrogen
deposition in bulk depo-
sition (BD) and in stand
throughfall (TF) during
1998-2004 on eight Scots
pine and eight Norway
spruce plots.

21 23 11 17 19 12

In general, the net canopy throughfall of inor-
ganic N decreased and of NTF DON increased
towards the south with increasing inorganic N
deposition (Table 3). An exception to this was
NO3-NNTF, which was not related to inorganic
N in BD on the pine plots. DON in NTF on
the spruce plots and the canopy uptake of NH,-
N increased with increasing stem surface area
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(Table 3). Needle biomass, stem number or stem 7: 160 . o Scots pine
volume were not correlated with canopy N uptake o 401 © Norway spruce
r DON_._on either the spruce or pine plots. On 5 2| P13 531
o NTF one P P p . 2 100+ p>0.001
° R2=0.803

the pine plots, NO,-N_ . (Table 3) and N_ .. (n
=8, r,=-0.861, p <0.01) showed a significant
negaﬁve correlation with stand age. The NTF, of
NH,-N or NO,-N were not related to latitude or
the N deposition rate, but on the pine plots they
decreased with increasing stand age (NO,-N
n=8,r =-0.766,p <0.01; NH-N
-0.766,p <0.01).

The PW fluxes of all forms of N, except of
NO,-N, were higher on the pine plots than on the
spruce plots (Table 2 and Fig. 5a). The main form
of N in percolation water was DON, represent-
ing, on the average, 82% * 5% of the N flux on
the pine plots and 80% + 7% on the spruce plots.
The mean annual fluxes of inorganic N in PW
were very small (Table 2 and Fig. 5b).

Thus the fluxes of inorganic N decreased
(BD > TF > PW), while those of DON increased
(BD < TF < PW), as water passed down through
the forest ecosystem. Overall, the N budget (BD
—PW at 40 cm depth) was positive and increased
towards the south (Fig. 6). However, the mean
annual N budget was negative on the northern
pine plots, Nos. 1 and 6.

NTFr’

NTFr’n = 8’rs =

Predicting nitrogen fluxes in throughfall
and in percolation water

On the pine plots, the most predictive single
variable for both NH4-N_ - and DON_ was N

totBD

y=-0.63x—-14.46

DON net throughfall (
N
o

-20

-250 —260 -1 "50 -1 E)O —5'0 0

NH4-N + NO3-N net throughfall (mg m-2 a-1)

Fig. 4. Correlation between the net inorganic N (NH,-N
and NO,-N) and dissolved organic N (DON) fluxes in
throughfall.

(Table 4, model INH N and model 4DON). NH 4-NBD
and needle biomass resulted in an even higher
R2adj for NH,-N . (Table 4, model 2, ) The
second model for the DON, deposition flux
included stem volume and N - (Table 4, model
SDON), and the third, which included diameter and
basal area of the stands, had an even higher coef-
ficient of determination (R2a dj) (Table 4, model
6,00+ Linear regression model 3. ., which
included NO,-N_  and stand age, best predicted
NO,-Nin TF.

On the spruce plots N predicted NO,-N
relatively well (Table 4, model 7, ), and adding
stem number to the model further increased
its fit (Table 4, model 8, ). The best single
predictor for DON . on the spruce plots was
latitude (Table 4, model 9, ), but the best model
included NH,-N_ = with tree diameter (Table 4,
model 10

DON) :

Table 2. Means (+ SD) of ammonium (NH,-N), nitrate (NO,-N), dissolved organic nitrogen (DON), and total nitrogen
(N, fluxes in bulk deposition (BD), canopy throughfall (TF), net canopy throughfall (TF — BD) and percolation water
(PW) (mg m=a") in Scots pine (n = 8) and Norway spruce (n = 7 [plot no. 23 excluded] except in PW n = 6) stands

for the period of 1998-2004.

NH,-N (mg m= a™)

NO,-N (mg m?a)

DON (mg m=2a™) N, (mg m2a™)

Pine
BD 116 £ 50 134 £ 48 42 £13 288 + 99
TF 64 + 27 104 £43 75+23 239+ 89
TF-BD 52+ 27 -31+£17 32+18 —49 £ 30
PW 22+9 4+2 114 £ 52 140 £ 53
Spruce
BD 114 £ 45 123+ 4 44 £ 14 275 + 91
TF 39+12 69 +24 110 £ 53 217+ 84
TF - BD —-69 £ 37 —56 + 31 70 £ 30 -50 £ 20
PW 102 3x2 57 £ 37 70 £ 38
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a Scots pine Norway spruce
plotno. 1 6 9 20 10 16 13 18 3 5 21 23 11 17 19 12
lat. (°N) (69) (66) (64) (63) (61) (61) (60) (60) (67) (66) (66) (63) (61) (61) (61) (60)
04
10
T 204
o 30
E 40
g 504
% 60
- ;g: O NH,N B NO,N
. b
Fig. 5. The mean (+ _SD) plotno. 1 6 9 20 10 16 13 18 3 5 21 23 11 17 19 12
annual inorganic nitro- lat. (°N) (69) (66) (64) (63) (61) (61) (60) (60) (67) (66) (66) (63) (61) (61) (61) (60)
gen (NH,-N and NO.-N) 04
fluxes (a) and total (N, ) 50
and dissolved organic "o 1001
(DON) nitrogen fluxes (b) & 150
in percolation water during 2 200
1998-2004 on eight Scots % 250
pine and six Norway & 300
spruce plots. 3504 O Ny 8 DON
4007 Scots pine Norway spruce
x 300
Fig. 6. The mean (+ SD) 5k 200
annual net output flux of SN‘E 100
o
nitrogen (bulk deposition zo ﬁ &| I & |I'|
flux — percolation water = 0 I{.I|{| . . T r rTFErro T T
pz4
flux at depth of 40 cm) —-100-
on eight Scots pine and 2004
six Norway spruce plots plotno. 1 6 9 20 10 16 13 18 3 5 21 23 11 17 19 12

during 1998—-2004.

The fluxes of DON in percolation water were
not correlated with any of the variables tested
(NO,-N in BD and TF, amount of precipitation,
NH,-N, N or DON, pH in TF and PW, C/N
ratio in the organic layer, latitude and fine root
biomass). Because the NO,-N fluxes were only
correlated with the amount of BD precipitation
(n=8,r =0.714, p < 0.05), we could not con-
struct a regression model to predict the leaching
of DON or NO,-N.

The inorganic N fluxes in PW on the pine
plots were more strongly related to NH,-N and
NO,-N in BD than the corresponding values in
TF (Table