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Abstract: Due to their particular physiology and life
history traits, bryophytes are critical in regulating
biogeochemical cycles and functions in alpine
ecosystem. Hence, it is crucial to investigate their
nutrient utilization strategies in comparison with
vascular plants and understand their responses to the
variation of growing season caused by climate change.
Firstly, this study testified whether or not bryophytes
can absorb nitrogen (N) directly from soil through
spiking three chemical forms of 15N stable isotope
tracer. Secondly, with stronger ability of
carbohydrates assimilation and photosynthesis, it is
supposed that N utilization efficiency of vascular
plants is significantly higher than that of bryophytes.
However, the recovery of soil N by bryophytes can still
compete with vascular plants due to their greater
phytomass. Thirdly, resource acquisition may be
varied from the change of growing season, during
which N pulse can be manipulated with 15N tracer
addition at different time. Both of bryophytes and
vascular plants contain more N in a longer growing
season, and prefer inorganic over organic N.
Bryophytes assimilate more NH4+ than NO3— and
amino acid, which can be indicated from the greater
shoot excess 15N of bryophytes. However, vascular
plants prefer to absorb NO3— for their developed root
systems and vascular tissue. Concerning the uptake of
three forms N by bryophytes, there is significant
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difference between two manipulated lengths of
growing season. Furthermore, the capacity of
bryophytes to tolerate N-pollution may be lower than
currently appreciated, which indicates the effect of
climate change on asynchronous variation of soil N
pools with plant requirements.

Keywords: Plant functional groups; N pulse; Alpine
meadow; N uptake; N recovery

Introduction

The alpine ecosystem is strongly influenced by
climate change (Thuiller 2007), and vegetation at
high elevation is more sensitive to pronounced
effects of climate change (Kérner 1994). Therefore,
it is expected that a range of alternatively
phenological patterns may be disturbed by the
responses of plant phenology to future climates,
but they are species specific (Woodward and
Cramer 1996; Chapin et al. 2000; Chmielewski and
Rotzer 2001; Penuelas and Filella 2001; Badeck et
al. 2004; Cleland et al. 2006; Sherry et al. 2007). A
longer growing season has been indicated at the
community and biome levels across most areas of
the Northern Hemisphere (Steltzer and Post 2009).
Moreover, shifts in resource availability caused by
climate change can also disturb plant community
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structure and stability (Kelly and Goulden 2008;
Tylianakis et al. 2008), which may induce
difficulties to study intensively and precisely due to
ecosystems’ complexity. Because of reducing the
complex and uncharted characteristics of species
diversity and being connected with complicated
community structure and compositions, plant
functional groups can be a general device to project
plants’ responses to global perturbation
(Woodward and Cramer 1996; Diaz and Cabido
1997). For their different N utilization strategies
and aboveground biomass proportions, plants in
alpine meadows can be divided into two functional
groups, vascular plants and bryophytes. The former
is best known as assimilating nutrient primarily
from soil with developed root systems (Chapin
1980; vonWiren et al. 1997; Miller and Cramer
2005), while the latter is thought to access its
major nutrient source from atmospheric deposition
due to lack of developed root and vascular systems
(Vantooren et al. 1990; Ayres et al. 2006).
Although bryophytes generally appear to rely
mainly on atmospheric deposition, the previous
research  of  Polytrichum  alpinum  and
Racomitrium lanuginosum through 15N tracer
applications demonstrated that bryophytes can
directly derive N from the soil (Ayres et al. 2006).
As one non-vascular cryptogam and the
second most diverse group of plants on the earth,
bryophytes play important roles in ecosystems
where environmental stress limits the distribution
of vascular plants (Lindo and Gonzalez 2010).
Thick layers of live and dead bryophytes control the
hydrology of vast peatland areas (Beringer et al.
2001; Blok et al. 2011), and preserve permafrost
through their temperature-insulating capacity
(Gornall et al. 2007; Blok et al. 2011). N (N) is the
most limiting nutrient to net primary productivity
in many terrestrial ecosystems, particularly in
temperate and boreal regions (Chapin 1980;
Vitousek and Howarth 1991; Elser et al. 2007;
LeBauer and Treseder 2008). Alpine ecosystems
are also characterized by nutrient limitation, low
temperature and long winter (Atkin et al. 1996;
Korner 2003). Bryophytes often serve as effective
traps for water and nutrients, and they are
especially efficient in assimilating N (Turetsky
2003; Krab et al. 2008). The N fixation capacity of
some bryophytes is crucial in boreal ecosystems
where N (N) availability is low (Solheim et al. 1996;
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Turetsky 2003). It is also notable for Polytrichum
commune with uptake of glycine and aspartic acid
in the lab, but negligible or no uptake in the field
(Krab et al. 2008). Furthermore, amino acid as one
kind of organic N forms has been found to
represent another important N source for plants in
‘cold biomes’ (Kielland 1995; Raab et al. 1996, 1999;
Persson et al. 2003; Krab et al. 2008). It is
proposed that differences between species to utilize
particular N sources can be an important feature of
plant community composition (Kielland 1994;
Schimel and Bennett 2004; Cambui et al. 2011).
Therefore, further studies are required to test how
N utilization of different plants vary, which would
be another significant issue to explore the
differentiation of N utilization, especially at
functional groups level (Ayres et al. 2006; Krab et
al. 2008).

Resources in alpine ecosystems exhibit
seasonal variability in availability (Kérner 2003).
Dynamics of soil N availability have synchronism
with plant and soil microbial acquisition capacity
for their growth and development, which can make
coupling of N budgets and contribution to plant
community stability (Jaeger et al. 1999; Bardgett et
al. 2007; Xu et al. 2011). Nevertheless, climate
change may lead to asynchronous variation of soil
N pools with plant requirements, which is the
potential effect of altered plant phenology on the
plant’s acquisition of soil resources (Nord and
Lynch 2009; Smith et al. 2009). As a result of
longer growing season, resource acquisition can be
raised. Plant community might be disturbed, and
its N strategy would also be altered. However, there
is no empirical evidence so far for both bryophytes
and vascular plants in alpine belts to show the
same trend in resource acquisition under the
influence of different durations of growing season.

In the current study, we aimed to examine N
utilization strategies of bryophytes in comparison
with vascular plants, and understand their
responses to the variation of growing season
caused by climate change. Stable isotopic
techniques (15N) were adapted in situ at different
times to quantify the uptake and recovery of N by
bryophytes and vascular plants. The duration of
growing season was manipulated utilizing 5N
tracer spiking at different time and then test
whether the uptake and recovery of N by
bryophytes and vascular plants could be disturbed



by “time mismatch” N pulse. The specific objectives
were as follows: (1) this study tested whether or not
bryophytes can absorb N directly from soil utilizing
an 15N stable isotope tracer approach; (2) the study
compared N utilization efficiency and the recovery
of soil N between vascular plants and bryophytes;
(3) the study tested, with 15N tracer addition at
different times to manipulated N pulse, the
variation of resource acquisition triggered by the
change of growing season.

1 Material and Methods

1.1 Site description

The field site is located in KAKA Valley (32°
59' N, 103°40' E, 3,950 m a.s.]), which belongs to
the middle section of Minshan Mountain, eastern
Tibetan Plateau. The area has a mean annual
precipitation of 720 mm and seasonally- varied
precipitation distribution. More than 70%
precipitation falls in summer from June to August.
The annual average temperature is 5.7°C. The
average temperature in January and July is -7.6°C
and 9.7°C respectively. There is no absolute frost-
free period. Snowfall usually occurs from the end of
September to early May. Vegetation presents a
typical alpine meadow with numerous and unique
alpine plants. The bryophyte layer is dominated by
Polytrichum swartzii and Trematodon acutus c.
mull. Vascular plants include species mainly
belonging to Kobresia and Carex. Other common
species are grasses and forbs in Festuca, Gentiana
and Leontopodium. The main soil type is Mat
Crygelic Cambisols (Chinese Soil Taxonomy
Research Group 1995).

1.2 Experimental design

In the mid-May 2011, 24 plots were set up at
the fenced alpine meadows, which were
approximately uniform in coverage and species
composition. Intact soil was encircled by PVC
(polyvinyl chloride) pipes as circular micro-plots,
with 18 ¢cm diameter and 15 cm height, whose top
edges were at ground level. 24 plots were randomly
located and separated from each other no less than
1 m. With 2 15N isotope spiking times and 2 harvest
time being considered to manipulate 2 growing
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season lengths, 12 PVC plots as one group were
divided into 3 chemical forms of 15N isotope labeled
treatments and control treatment. Each treatment
had three replicates. In this model simulation, two
different growing seasons were artificially created
at different time (i.e. September 24t and October
4th), and three forms of 5N stable isotope solution
were injected at different time, which could
generate simplified ‘time mismatch’ of N pulse.
Plants in each plot were separated as two
functional groups (bryophytes and vascular plants).
To trace how bryophytes and vascular plants
differing in uptake of different soil N sources, 5N
(98.42-99.19 atom% 15N) in solution (11 m mol L)
was injected as ammonium chloride, potassium
nitrate and glycine carefully to avoid ®N
contamination.

For the majority (70%-80%) of plant roots
distributed above 10 cm depth (Xu et al. 2011), 15N-
labeled N were injected into the soil layer within 4
cm depth on May 12th and May 22nd 2011 separately.
The aboveground biomasses were harvested on
September 24t (the first group, 12 plots) and
October 4t (the second group, the other 12 plots)
separately. A syringe with a four-side port needle
was applied to deliver 4 ml to the desired depth (4
cm) at each of 16 injection sites per plot (McKane
et al. 2002). The injection sites were spaced in a 2
cm by 2 cm cell (the diffusion radius were 1 cm to
1.2 cm around injection points), with alternate
rows offset to spread 5N evenly within the soil. 15N
atom% excess was calculated as atom% of N
difference between injected treatments and control
treatments. Bryophytes’ growing part during the
experiment period was determined by marking the
tips of bryophytes with red paint after the 5N
tracer added immediately, i.e. paint mark (Pouliot
et al. 2010). Bryophytes above the marked symbols
and vascular plants were cut with scissors to
measure N content in aboveground tissues.
Meanwhile, quadrat survey of alpine meadow
community was carried out in the study site, and at
least 10 quadrates (1/4 m2) were placed in each
transect. The total phytomass was investigated and
then divided into four components including litter,
bryophytes, lichens and vascular plants
respectively.

The mean seasonal concentration of
dissolvable inorganic N (DIN) in soil is about 16.88
mg N/g dry soil, with approximately equal
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quantities of nitrate and ammonium, whereas the
seasonal average for total dissolved organic N
concentration for this alpine meadow is 16.74 mg
N/g soil. The exchangeable pool was extracted with
2 M KCl while soil solutions were extracted by
centrifugal drainage (Jones et al. 2004).

Soil temperature was logged per hour by using
iButton-thermometer  (Dallas  Semiconductor
Company, USA) in the middle plot of each
treatment at soil depth of 5 cm. After the soil was
sieved with 2 mm x 2 mm mesh and dried in an
oven, soil water content was measured. N and
carbon concentrations of the dried and ground
plant samples were determined using an elemental
analyzer (Vario MICRO cube, ELEMENTAR,
Germany). N concentrations and atom percent of
15N were determined in separate runs for N using
an K-o5-Automatic kieldahl apparatus (Hongshen,
Shanghai, China), coupled with a continuous-flow
isotope ratio mass spectrometer (Delta Plus,
ThermoQuest Finnigan, Bremen, Germany).

1.3 Data analysis

15N atom% excess was calculated as the atom%
5N difference between the treated and control
plants. 15N recovery by plants was calculated by
multiplying the N content in the pool by its mass
per square meter and 5N atom% excess, divided by
total added 15N per square meter. In the figures and
tables, information is presented as the means and
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Figure 1 Soil temperature, soil water content (SWC)
and two different durations after stable isotope N
injection. “1” and “2” indicate “time mismatch” of N
pulse in manipulated shorter and longer growing
season, while “3” and “4” indicate sampling at different
dates to generate two growing season lengths,
respectively.
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the standard errors of means. One-way ANOVA
(Analysis of Variance) was applied to compare N
content of bryophytes and vascular plants during
two mismatched periods, phytomass, N and carbon
concentration, and 3N abundance in bryophytes
injected with different 5N forms. Post hoc multiple
comparisons were adopted when there were no less
than three groups. Multivariate ANOVA was
calculated to estimate the effects of N forms, period
(the time from injection till sampling), plant
functional groups (PFGs, i.e. bryophytes and
vascular plants) and their interactions on 5N atom%
excess and 5N recovery by bryophytes and vascular
plants using the SPSS 16.0 software package (SPSS
Inc., Chicago, IL, USA). The normality of data
tested with One-Sample K-S test and Q-Q plot, or
else log-transformation was adopted to meet the
normality requirement. Homogeneity of variance
test was also utilized during the analysis process.
All differences were tested at P=0.05 level.

2 Results

2.1 Soil temperature, soil water content and
15N tracer spiking dates

The experiment was conducted from May 12th
till the early October (October 4th). Soil
temperature and soil moisture content were
presented in Figure 1, which also included two
different manipulated lengths of growing season
and stable isotope 5N injection dates. Dry season
and the maximum soil temperature appeared in
August synchronously. There were two wet seasons
during experiment period including an early wet
season from early May to mid-June due to snow
melting, and a late wet season from early
September till the end of experiment period for
rainfall. Soil temperature increased at the early
stage of growing season, reached its climax in
August, and then dropped (Figure 1).

2.2 Phytomass and chemical properties of
bryophytes and vascular plants

Bryophytes and vascular plants were
accounted for 77.83% and 21.28% of total biomass
(litter not included) respectively. Shoot biomass of
higher plants was significantly less than that of



bryophytes (Table 1; F=119.75, P<0.0001). Carex
atrofusca, Kobresia humilis and Kobresia
kansuensis were the co-dominant species in term
of shoot biomass. For bryophytes, Polytrichum
swartzii and Trematodon acutus c. mull. were two
co-dominant species, and Entodon concinunnus
(De Not.) was common but not dominant species.

Table 1 Quadrat survey about the aboveground
biomass of different fractions

Variable Aboveground biomass (g/m?)
Total phytomass 637.49+22.21
Litter 165.88+14.77b
Mosses 367.06+23.73a
Lichens 4.18+1.16d
Vascular plants 100.36+5.57¢C
Table 2 3N (ug/g), N concentration, carbon

concentration (% dry wt.), TC and TN per unit area,
C/N in the shoot of bryophytes and aboveground
biomass of vascular plants. Different lowercase letters
mean significantly difference between bryophytes and
vascular plants at p=0.05 level (the same below)

Contents Bryophytes ;71?;; lar F P

5N (ug/g) 56.82+0.76  54.24+1.42 3 2.56 0.18
N (%) 1.55+0.04 1.5240.04 4 0.56 0.48
C (%) 38.56+0.71b  42.10+0.23a 4 22.79 0.00
C/N 24.84+0.23a 27.89+0.57b 4 24.49 0.00
TN (g/m2) 2.19+0.14a 0.64+0.04b 10 113.25 0.00

TC (g/m2) 141.54+9.15a 42.25+2.35b 10 110.46 0.00

There was no significant difference of N
content (N%) (F=0.56, P=0.48, Table 2) and
isotopic 5N abundance (F=2.56, P=0.18, Table 2)
between bryophytes and vascular plants. Carbon
content (C%) was significantly different between
bryophytes and vascular plants (F=22.79, P<0.01,
Table 2), and bryophytes had less carbon content
than vascular plants. C/N ratio of vascular plants
was significantly higher than bryophytes (F=24.49,
P<0.01, Table 2). Although there was no significant
difference of N concentration in ‘per dry weight’
biomass, total carbon (TC) and total N (TN) per
unit area were different significantly (TC: F=110.46,
P<o0.001; TN: F=113.25, P<0.001) between
bryophytes and vascular plants for their distinct
biomass difference.

2.3 Comparison of 5N abundance in
bryophytes with injection of different
15N forms

There were significant differences among the
15N abundances in bryophytes with forms of NO;,
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15NH,*, ®N-glycine injected respectively and
control treatment (CK) (F=10.60, P<0.0001;
Figure 2). The 15N abundance labeled with nitrate-
N in shoot of bryophytes was higher than
treatments labeled with ammonia-N (P=0.830)
and glycine-N (P=0.294). For the different
preferential uptake of 15N forms by two PFGs, there
were variations of 3N abundance values for each
treatment, and ®N-glycine was absorbed least
although there is no significant difference. To sum
up, bryophytes can take N in different forms from
soil, and the 5N abundance is 54.24+1.42 ug/g of
no labeling treatment. All of the treatments with
15N tracer injected are significantly different to
control treatments whose 1N abundances are
235.62+30.27 pg/g (P<0.001), 211.91+18.22 ug/g

(P<0.01) and 160.86+8.60 ug/g (P<0.05)
respectively.
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Figure 2 The variations of N abundance in bryophytes
shoots labeled with different chemical forms 5N
(Mean+SE, n=6).

2.4 N content, shoot excess 15N, and 15N
recovered by bryophytes and vascular
plants after growing season prolonged

Bryophytes and vascular plants had a different
N content significantly (F=6.91, P=0.001) between
two different lengths of growing season (Figure 3).
They were evidenced by the greater N contents in a
longer growing season (F;»=1.046, P=0.314 for
interaction of two functional groups and 2 growing
season lengths). With respect to different ability in
uptake of N forms, there were also significant
differences (F=4.26, P=0.047) in N content
between two different functional groups in each
kind of growing season length. Although three
forms of 15N added at different times conducted a
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“time mismatch” of N pulse, there were neither
significant differences of bryophytes nor vascular
plants between shorter growing season and longer
growing season (Figure 4).
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Nitrogen Content (%)
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0.0 .

Bryophytes Vascular Plants

Figure 3 N content of bryophytes and vascular plants
in two different growing season length (n=3). Different
lowercase letters indicated significantly different
between two growing season lengths (the same below).
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Figure 4 Shoot excess 5N concentration of bryophytes
and vascular plants, applied with labeled three chemical
forms of dissolved 5N in soil. Vertical bars represent
standard error (n=3), and ns meant not significantly
different between two growing season lengths while
different capital letters indicated significant difference
between bryophytes and vascular plants at P=0.05 level
tested with Turkey’s test (the same below).

The evidence of variation in preference for N
forms found that both of bryophytes and vascular
plants preferred the inorganic over organic N form
(Table 3; F=0.168, P=0.685 for plant functional
groups and 2 different length of growing season
interaction. The same result was found for plant
functional groups and 3 1N form treatments
interactions, F=0.15, P=0.86). There was
significant difference of variation in preference for
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N forms across growing season length (F=7.549,
P=0.011) and N forms (F=9.946, P=0.001),
respectively. There was no significant difference in
shoot 5N content at plant functional groups level
(F=0.018, P=0.895). Bryophytes assimilated NH,*
more preferentially over NO;- and glycine (F=4.129,
P=0.021). In addition there was no significant
difference about the interaction of PFGs and 3
treatments (F=0.150, P=0.862) However, a
marginally significant difference of 15N content was
detected in vascular plants between treatments
(F=2.635, P=0.078), demonstrating that they
assimilated more 5N from NOj in shoot material

Table 3 Multifactorial analysis of variance for the
effects of 5N spiking date, PFGs, 5N forms and their
interactions on N recovery by plants. P values for
significant effects and interactions are in bold.

15N recovery by
Source of variation 15N atom% excess vascular plants
u and bryophytes
Fvalue Pvalue Fvalue Pvalue
15N spiking date  7.549 ©0.011 5523 0.027
PFGs 0.018 0.895 137.778 <0.001
15N forms 0.946 0.001 7.019 0.004
15N spiking date
*PFGs 0.168 0.685 2481 0.128
LSIIS\II\IS ?cl)llflnrllf date 4.152 0.028 2.502 0.096
PFGs*BN forms  0.150 0.862 2.982 0.070
15N spiking date
*PFGs*5N forms 0.598 0.558 1128 0.340
than that from NH,*and glycine.
In addition, considering their different

phytomass (Table 3), 5N recovery by bryophytes
and vascular plants from three forms of 5N in soil
at two spiking time was calculated and presented in
Figure 5, and the effects of 5N spiking date, PFGs,
15N forms and their interactions on 15N recovery
were concluded in Table 3. Although there was no
significant difference in three forms of 5N between
bryophytes and vascular plants being in different
lengths of growing season, N recovery by
bryophytes showed a different pattern to vascular
plants with 5N injection at different dates (Figure
5). Because of more phytomass per unit area, 15N
recovery by bryophytes of three forms N was
significantly = greater than vascular plants
(F=137.778, P<0.001). The values of 5N recovery
by Dbryophytes and vascular plants were
significantly different between three different
forms of N with spiking date (F=7.019, P=0.004).
There were no interactions of spiking date, PFGs



and N forms except a marginally significant
difference of interaction from PFGs and 5N forms
(F=2.982, P=0.070).
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Figure 5 5N recovery by bryophytes and vascular
plants (% of added 5N) from »»NH,*, NO3" and 5N-
glycine) of two spiking dates from May to October.

3 Discussion

Uptake of N by bryophytes from soil directly
was testified by spiking three forms of stable
isotope N tracers in this study. In boreal
ecosystem Ayres et al. (2006) also demonstrated
uptake of N by bryophytes from soil not just from
atmosphere deposition. However, compared with
no 5N tracer added control treatment, there are
significant differences among the uptake of
different chemical forms of N by bryophytes
(F=10.60, P<0.0001). Rather, no significant
difference of N uptake across three chemical forms
by bryophytes might indicate that bryophytes
adapted to scarcity of available N in alpine
ecosystem. Furthermore, since many ecosystems
are  experiencing increased anthropogenic
atmospheric N deposition (Vitousek et al. 1997),
absorption of soil N by widespread bryophytes may
have consequences for their ability to tolerate N
pollution and potentially species specific negative
impacts (Potter et al. 1995; Nilsson et al. 2002;
Zvereva and Kozlov 2011), which will have some
cascade effects upon alpine ecosystems.

N utilization efficiency of vascular plants is
significantly higher than bryophytes (Table 2,
F=24.49, P<0.01) due to their stronger capacity in
assimilating carbohydrates and photosynthesis.
Bryophytes have less carbon content than vascular
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plants, because bryophytes synthesize greater
concentrations of phenolics and nonpolar
compounds in tissues rather than lignin (Turetsky
2003; Eskelinen et al. 2009). Moreover, N
utilization efficiency of bryophytes is at least partly
related to N recycling during senescence, while
vascular plants differ from bryophytes in their N
assimilation strategy, mainly relying on N
mineralized from litter or soils, and absorbed
through roots and vascular tissue (Malmer et al.
1994). Thus, vascular plants can acquire nutrients
during the growing season with developed vascular
tissue and larger root volume enabling their uptake
of resources from deeper soil layer. Besides, soil
structure of alpine meadow is loose, whose
leaching will have a great effect on the soil N
distribution. Consequently, during a longer
growing season, N can be supplied to vascular
plants from subsoil. Instead, without “regular”
developed root system, bryophytes just distributed
their rhizoid in shallow soil.

Generally, bryophytes are very efficient in
assimilating N, which are competitive scavengers of
N and can reduce N availability of vascular plants,
because bryophytes can not only absorb N from soil
directly but can also fix atmospheric N, by forming
facultative symbioses with cyanobionts (DeLuca et
al. 2002; Turetsky 2003; Ayres et al. 2006). In
addition, bryophytes absorb more ammonium-N
than nitrate-N and glycine-N. It was had been
demonstrated that nitrate must be converted to
ammonium before it is combined with carbon
compounds (Haynes and Goh 1978; Margeson et al.
1980). After the exposure of bryophytes to both
ammonium and nitrate, nitrate reductase activity
can be lowered by inhibiting NR-enzyme induction
or by enhancing degradation of the induced
enzyme because of the ammonium accumulation in
tissues (Jauhiainen et al. 1998). Therefore, vascular
plants absorbmore nitrate-N which indicates that
for the nutrient competition ability from soil,
vascular plants may be favored over non-vascular
plants (Aerts et al. 2006; Nord and Lynch 2009).
As some previous work illustrates, nitrate-N is
highly soluble and mobile in soil, acquired in the
transpiration-driven bulk flow of soil solution
(Rengel 1993; Cardon and Gage 2006). On the
contrary, ammonium-N is a low-mobility resource
(Nord and Lynch 2009), whose acquisition is
primarily influenced by root length duration, and
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the lower use efficiency of glycine-N can be mainly
for its larger molecular size. However, by being
relatively independent of ammonium or nitrate for
their N nutrition, bryophytes also have the ability
to short-cut the N cycle, which would give them a
great ecological advantage in soils with low
available N.

15N recovery of three forms 5N by bryophytes
was significantly greater than vascular plants for
their different aboveground phytomass.
Furthermore, this study supports the view that
widespread bryophytes species in “cold biomes”
may derive a significant proportion of their N
demand from free amino acids. It might give them
a competitive advantage for not merely depending
on inorganic N sources. Niche differentiation
reduces competition for soil N, and its signature
should be evident in patterns of species dominance
(e.g., productivity). That is, dominant species
should use the most available forms of soil N and
subordinate species less available forms (McKane
et al. 2002). Different functional groups follow
different N use strategies to meet their N demands
(Kahmen et al. 2006), and different responses by
different functional groups in a community may
buffer changes in community-level resource

acquisition and net primary productivity (Cole et al.

2008; Rich et al. 2008).

N acquisition is altered due to seasonal
resource dynamics. Plants responded to the
asynchrony of resources availability between
bryophytes and vascular plants. Plant productivity
and patterns of N retention can be altered by a
prolonged growing season for the variation of soil
available N. In spring, plant activity in alpine
ecosystems is primarily initiated by temperature,
while the end time of a growing season it can be
triggered by temperature, photoperiod and other
issues (Shaver and Kummerow 1992; Oberbauer et
al. 1998). Thus, early spring is critical to plant
development and even a short period of ‘time
mismatch’, e.g. 10 days can trigger the alteration of
N uptake. In addition, mineralization rates
generally increase with temperature, which would
enhance nutrient availability (Rustad et al. 2001).
However, nutrient availability may also be
indirectly affected by temperature for the variation
of soil moisture or the input of organic matter to
soil (Cassman and Munns 1980; Zaman and Chang
2004). Therefore, prediction of the changes in N
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availability and plant community structure is
complicated and difficult.

4 Conclusion

This study aims to verify the direct uptake of
soil N by bryophytes at plant functional group
levels, explores the potential effects of manipulated
alteration of growing season length, and compares
the acquisition of soil N between bryophytes and
vascular plants. Based on soil N pulse in different
time, all of the objectives were conducted through
injection of stable isotope 5N with three different
chemical forms. The conclusions are as follows:

a) In alpine meadow habitats, bryophytes can
directly derive not only inorganic N but also small
molecule organic N (i.e. amino acids) from soil,
which may indicate their capacity to tolerate N-
pollution to be lower than that currently
appreciated. Thus, bryophytes can be used as one
of indicators monitoring not only environmental
pollution, but also the alteration of soil N
availability triggered by prolonged growing season.

b) Vascular plants may be favored over non-
vascular plants in seasonal resource dynamics and
nutrient cycling, but the recovery of soil N by
bryophytes is greater than vascular plants owing to
greater phytomass of bryophytes. Therefore,
bryophytes are also crucial to soil N dynamic or
pulse caused by the variation of growing season
duration. Besides, the trophic niche
complementarity, i.e., the differences of
preferential N absorption between bryophytes and
vascular plants or diversified N forms, could
contribute to the formation of community structure
and stability in alpine ecosystems.

This study does not conduct all the possible
cases in which resource acquisition might respond
to duration variation of growing season, because
shifts of plant phenological range can alter the
availability of water and N in complicated ways.
Instead, it aims to explore some potential effects of
prolonged growing season induced by global
change on the nutrients acquisition of plants.

Acknowledgement

We thank the National Natural Science



Foundation Youth Project of China (Grant No.
31100358), the “Strategic Priority Research
Program-Climate Change: Carbon Budget and
Related Issues” of the Chinese Academy of Sciences
(Grant No. XDA05050307), Key Projects in the
National Science & Technology Pillar Program

Reference

Aerts R, Cornelissen JHC, Dorrepaal E (2006) Plant
performance in a warmer world: General responses of plants
from cold, northern biomes and the importance of winter and
spring events. Plant Ecology 182:65-77. DOI: 10.1007/s11258-
005-9031-1.

Atkin OK, Botman B, Lambers H (1996) The relationship
between the relative growth rate and nitrogen economy of
alpine and lowland Poa species. Plant Cell and Environment
19:1324-1330.

Ayres E, van der Wal R, Sommerkorn M, et al. (2006) Direct
uptake of soil nitrogen by mosses. Biology Letters 2:286-288.
DOI: 10.1098/rsbl.2006.0455.

Badeck FW, Bondeau A, Bottcher DK, et al. (2004) Responses of
spring phenology to climate change. New Phytologist
162:295-309. DOI: 10.1111/j.1469-8137.2004.01059.X.

Bardgett RD, van der Wal R, Jonsdottir IS, et al. (2007)
Temporal variability in plant and soil nitrogen pools in a
high-Arctic ecosystem. Soil Biology & Biochemistry 39:2129-
2137. DOI: 10.1016/j.50ilbi0.2007.03.016

Beringer J, Lynch AH, Chapin FS, et al. (2001) The
representation of arctic soils in the land surface model: The
importance of mosses. Journal of Climate 14:3324-3335. DOIL:
10.1175/1520-0442(2001)014<3324:troasi>2.0.co;2.

Blok D, Heijmans MM, Schaepman-Strub G, et al. (2011). The
Cooling Capacity of Mosses: Controls on Water and Energy
Fluxes in a Siberian Tundra Site. Ecosystems 14:1055-1065.

Cambui CA, Svennerstam H, Gruffman L, et al. (2011). Patterns
of Plant Biomass Partitioning Depend on Nitrogen Source.
Plos One 6. DOI: 10.1007/510021-011-9463-5.

Cardon ZG, Gage DJ (2006) Resource exchange in the
rhizosphere: Molecular tools and the microbial perspective.
Pages 459-488 Annual Review of Ecology Evolution and

Systematics. DOI: 10.1146/annurev.ecolsys.37.091305.110207.

Cassman KG, Munns DN (1980) Nitrogen mineralization as
affected by soil-moisture, temperature, and depth. Soil
Science Society of America Journal 44:1233-1237.

Chapin FS (1980) The Mineral-Nutrition of Wild Plants. Annual
Review of Ecology and Systematics 11:233-260. DOI: 10.1146/
annurev.es.11.110180.001313.

Chapin FS, McGuire AD, Randerson J, et al. (2000) Arctic and
boreal ecosystems of western North America as components
of the climate system. Global Change Biology 6:211-223. DOI:
10.1046/j.1365-2486.2000.06022.X.

Chmielewski FM, Rotzer T (2001) Response of tree phenology to
climate change across Europe. Agricultural and Forest
Meteorology 108:101-112.D0I1:10.1016/s0168-1923(01)00233

-7.

Cleland EE, Chiariello NR, Loarie SR, et al. (2006). Diverse
responses of phenology to global changes in a grassland
ecosystem. Proceedings of the National Academy of Sciences
of the United States of America 103:13740-13744. DOI:
10.1073/pnas.0600815103.

Cole L, Buckland SM, Bardgett RD (2008) Influence of
disturbance and nitrogen addition on plant and soil animal
diversity in grassland. Soil Biology & Biochemistry 40:505-
514. DOI: 10.1016/j.50ilbi0.2007.09.018.

DeLuca TH, Zackrisson O, Nilsson MC, et al. (2002)

J. Mt. Sci. (2014) 11(2): 475-484

during the Twelfth Five-year Plan Period-
“Vegetation Stabilization Techniques of Alpine
Forest-Grassland Ecotone” (Grant No. 2011BACo9
B04-02-03) and International Science &
Technology Cooperation Program of China (Grant
No. 2013DFR90670) for fund support.

Quantifying nitrogen-fixation in feather moss carpets of
boreal forests. Nature 419:917-920. DOI: 10.1038/natureo10
51.

Diaz S, Cabido M (1997) Plant functional types and ecosystem
function in relation to global change. Journal of Vegetation
Science 8:463-474. DOI: 10.2307/3237198.

Elser JJ, Bracken M, Cleland EE, et al. (2007) Global analysis of
nitrogen and phosphorus limitation of primary producers in
freshwater, marine and terrestrial ecosystems. Ecology
Letters 10:1135-1142. DOI: 10.1111/j.1461-0248.2007.01113.X.

Eskelinen A, Stark S, Mannisto M (2009) Links between plant
community composition, soil organic matter quality and
microbial communities in contrasting tundra habitats.
Oecologia 161:113-123. DOI: 10.1007/500442-009-1362-5.

Gornall JL, Jonsdottir IS, Woodin SJ, et al. (2007) Arctic
mosses govern below-ground environment and ecosystem
processes. Oecologia 153:931-941. DOI: 10.1007/500442-007-
0785-0.

Haynes RJ, Goh KM (1978) Ammonium and nitrate nutrition of
plants. Biological Reviews of the Cambridge Philosophical
Society 53:465-510.DOI: 10.1111/j.1469-185X.1978.tb00862.x.

Jaeger CH, Monson RK, Fisk MC, et al. (1999) Seasonal
partitioning of nitrogen by plants and soil microorganisms in
an alpine ecosystem. Ecology 80:1883-1891. DOI: 10.1890/
0012-9658(1999)080[1883:sponbp]2.0.co;2.

Jauhiainen J, Wallen B, Malmer N (1998) Potential NH4+ and
NO3- uptake in seven Sphagnum species. New Phytologist
138:287-293. DOI: 10.1046/j.1469-8137.1998.00110.X

Jones DL, Shannon D, Murphy DV, et al. (2004). Role of
dissolved organic nitrogen (DON) in soil N cycling in
grassland soils. Soil Biology & Biochemistry 36:749-756. DOI:
10.1016/j.s0ilbi0.2004.01.003.

Korner C (1994) Impact of atmospheric changes on high
mountain vegetation, in M.Beniston (ed.), Mountain
Environments in Changing climates, Routledge, London. pp
155-166.

Korner C (2003) Alpine plant life : functional plant ecology of
high mountain ecosystems. 2nd edition. Springer, Berlin;
New York.

Kahmen A, Renker C, Unsicker SB (2006) Niche
complementarity for nitrogen: An explanation for the
biodiversity and ecosystem functioning relationship? Ecology
87:1244-1255.D01:10.1890/0012-9658(2006)87[1244:ncfnae]
2.0.0;2.

Kelly AE, Goulden ML (2008) Rapid shifts in plant distribution
with recent climate change. Proceedings of the National
Academy of Sciences of the United States of America
105:11823-11826. DOI: 10.1073/pnas.0802891105.

Kielland K (1994) Amino-acid-absorption by arctic plants-
implications for plant nutrition and nitrogen cycling. Ecology
75:2373-2383. DOI: 10.2307/1940891.

Kielland K (1995) Landscape patterns of free amino acids in
arctic tundra soils. Biogeochemistry 31:85-98.

Krab EJ, Cornelissen JHC, Lang SI, et al. (2008) Amino acid
uptake among wide-ranging moss species may contribute to
their strong position in higher-latitude ecosystems. plant and
soil 304:199-208. DOI: 10.1007/s11104-008-9540-5.

483



J. Mt. Sci. (2014) 11(2): 475-484

LeBauer DS, Treseder KK (2008) Nitrogen limitation of net
primary productivity in terrestrial ecosystems is globally
distributed. Ecology 89:371-379. DOI: 10.1890/06-2057.1.

Lindo Z, Gonzalez A (2010) The Bryosphere: an integral and
influential component of the earth's biosphere. Ecosystems
13:612-627. DOI: 10.1007/510021-010-9336-3.

Malmer N, Svensson BM, Wallen B (1994). Interactions between
sphagnum moses and field layer vascular plants in the
development of peat-forming systems. folia geobotanica &
phytotaxonomica 29:483-496.

Margeson JH, Suggs JC, Midgett MR (1980) Reduction of
nitrate to nitrite with cadmium. Analytical Chemistry
52:1955-1957. DOI: 10.1021/ac50062a039.

McKane RB, Johnson LC, Shaver GR, et al. (2002) Resource-
based niches provide a basis for plant species diversity and
dominance in arctic tundra. Nature 415:68-71. DOI: 10.1038/
415068a.

Miller AJ, Cramer MD (2005) Root nitrogen acquisition and
assimilation. Plant and Soil 274:1-36. DOI: 10.1007/s11104-
004-0965-1.

Nilsson MC, Wardle DA, Zackrisson O, et al. (2002) Effects of
alleviation of ecological stresses on an alpine tundra
community over an eight-year period. Oikos 97:3-17. DOI:
10.1034/j.1600-0706.2002.970101.X.

Nord EA, Lynch JP (2009) Plant phenology: a critical controller
of soil resource acquisition. Journal of Experimental Botany
60:1927-1937. DOI: 10.1093/jxb/erpo18.

Oberbauer SF, Starr G, Pop EW (1998) Effects of extended
growing season and soil warming on carbon dioxide and
methane exchange of tussock tundra in Alaska. Journal of
Geophysical Research: Atmospheres (1984—2012) 103:29075-
29082.

Penuelas J, Filella I (2001) Phenology - Responses to a warming
world. Science 294:793-795. DOI: 10.1126/science.1066860.
Persson J, Hogberg P, Ekblad A, et al. (2003) Nitrogen
acquisition from inorganic and organic sources by boreal

forest plants in the field. Oecologia 137:252-257.

Potter JA, Press MC, Callaghan TV, et al. (1995) Growth
responses of Polytrichum commune and Hylocomium
splendens to simulated environmental change in the sub-
arctic. New Phytologist 131:533-541. DOIL: 10.1007/s00442-
003-1334-0.

Pouliot R, Marchand-Roy M, Rochefort L, et al. (2010)
Estimating moss growth in arctic conditions: a comparison of
three methods. Bryologist 113:322-332. DOI: 10.1639/0007-
2745-113.2.322.

Raab TK, Lipson DA, Monson RK (1996) Non-mycorrhizal
uptake of amino acids by roots of the alpine sedge Kobresia
myosuroides: Implications for the alpine nitrogen cycle.
Oecologia 108:488-494. DOI: 10.1007/bf00333725.

Raab TK, Lipson DA, Monson RK (1999). Soil amino acid
utilization among species of the Cyperaceae: plant and soil
processes. Ecology 80:2408-2419. DOI: 10.1890/0012-9658
(1999)080[2408:saauas]2.0.co;2.

Rengel Z (1993) Mechanistic simulation models of nutrient
uptake-a review. Plant and Soil 152:161-173. DOI: 10.1007/
bfo0029086.

Rich PM, Breshears DD, White AB (2008) Phenology of mixed
woody-herbaceous ecosystems following extreme events: Net
and differential responses.Ecology 89:342-352.DOI: 10.1890/
06-2137.1.

484

Rustad LE, Campbell JL, Marion GM, et al (2001) A meta-
analysis of the response of soil respiration, net nitrogen
mineralization, and aboveground plant growth to
experimental ecosystem warming. Oecologia 126:543-562.

Schimel JP, Bennett J (2004) Nitrogen mineralization:
Challenges of a changing paradigm. Ecology 85:591-602. DOI:
10.1890/03-8002.

Shaver GR, Kummerow J (1992). Phenology, resource allocation,
and growth of arctic vascular plants. Arctic ecosystems in a
changing climate: an ecophysiological perspective:193-211.

Sherry RA, Zhou X, Gu S, et al. (2007) Divergence of
reproductive phenology under climate warming. Proceedings
of the National Academy of Sciences of the United States of
America 104:198-202. DOI: 10.1073/pnas.0605642104.

Smith MD, Knapp AK, Collins SL (2009) A framework for
assessing ecosystem dynamics in response to chronic resource
alterations induced by global change. Ecology 90:3279-3289.
DOI: 10.1890/08-1815.1.

Solheim B, Endal A,Vigstad H (1996) Nitrogen fixation in Arctic
vegetation and soils from Svalbard, Norway. Polar Biology
16:35-40.

Steltzer H, Post E (2009) Seasons and Life Cycles. Science
324:886-887. DOI: 10.1007/bf02388733.

Thuiller W (2007) Biodiversity-Climate change and the
ecologist. Nature 448:550-552. DOI: 10.1038/448550a.

Turetsky MR (2003) The role of bryophytes in carbon and
nitrogen cycling. Bryologist 106:395-409. DOI: 10.1639/05.

Tylianakis JM, Didham RK, Bascompte J, et al. (2008). Global
change and species interactions in terrestrial ecosystems.
Ecology Letters 11:1351-1363. DOI: 10.1111/j.1461-0248.2008.
01250.X.

Vantooren BF, Vandam D, During HJ (1990) The Relative
Importance of Precipitation and Soil as Sources of Nutrients
for Calliergonella-Cuspidata (Hedw) Loeske in Chalk
Grassland. Functional Ecology 4:101-107.

Vitousek PM, Aber JD, Howarth RW, et al. (1997) Human
alteration of the global nitrogen cycle: Sources and
consequences. Ecological Applications 7:737-750. DOLI:
10.2307/2269431.

Vitousek PM and Howarth RW (1991) Nitrogen Limitation on
Land and in the Sea - How Can It Occur? Biogeochemistry
13:87-115.

vonWiren N, Gazzarrini S, Frommer WB (1997) Regulation of
mineral nitrogen uptake in plants. Plant and Soil 196:191-199.
DOI: 10.1023/a:1004241722172.

Woodward FI, Cramer W (1996) Plant functional types and
climatic changes: Introduction. Journal of Vegetation Science
7:306-308.

Xu XL, Ouyang H, Richter W, et al. (2011) Spatio-temporal
variations determine plant-microbe competition for inorganic
nitrogen in an alpine meadow. Journal of Ecology 99:563-571.
DOI: 10.1111/j.1365-2745.2010.01789.X.

Zaman M, Chang SX (2004) Substrate type, temperature, and
moisture content affect gross and net N mineralization and
nitrification rates in agroforestry systems. Biology and
Fertility of Soils 39:269-279. DOI: 10.1111/].1365-2745.2010.
01789.x.

Zvereva EL, Kozlov MV (2011) Impacts of Industrial Polluters
on Bryophytes: a Meta-analysis of Observational Studies.
Water Air and Soil Pollution 218:573-586. DOI: 10.1007/
$11270-010-0669-5.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


