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Abstract Plant communities around penguin rookeries
were studied during the Antarctic summer. Antarctic hair
grass Deschampsia antarctica was examined. The abun-
dance of this grass around penguin rookeries demonstrat-
ed a characteristic distribution. Eight UV screens were
installed on a transect leading away from the rookeries.
Nitrate reductase activity was measured below and out-
side of the screens. The activity varied between the
measurement sites and also changed with the distance
from rookeries. Fifteen cycles of nitrate reductase activity
were conducted during the experiment. The highest
values of nitrate reductase in the leaves of plants
protected from UV radiation, which occurred in well-
fertilized sites close to the rookery, reached 743.1
(SD=789.7) nmol of nitrite synthesized g~ of dry
mass h™'; the lowest occurred in the poorly fertilized sites
77.2 (SD=41.2) nmol g ' of dry mass h™'. Nitrate
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reductase activity in unprotected plants growing in am-
bient conditions reached up to 843.8 (SD=894.5) in well-
fertilized sites and 159.5 (SD=257.6) nmol g ' of dry
mass h™', respectively. The greatest abundance of D.
antarctica occurred in the middle of the transect. The
influence of ultraviolet radiation caused the induction of
NR activity in poorly fertilized sites, but this effect was
not visible in sites that were well fertilized. Total nitrogen
concentrations in the plant tissues varied between 1.4 %
in poor sites and 3.4 % in sites that were situated close to
the rookeries. In addition, the concentrations of total
nitrogen in the soil varied between the sites and ranged
from 0.2 to 3.3 %.

Keywords Nitrate reductase activity - Ultraviolet
radiation - Deschampsia antarctica - King George
Island - Maritime Antarctic

A. Wincenciak

Department of Plant Ecology and Nature Protection,
Institute of Ecology and Environmental Protection,
Nicolaus Copernicus University, Gagarina 9,
87-100 Torun, Poland

e-mail: wincent@stud.uni.torun.pl

M. Krywult - J. Smykla - A. Wincenciak

Department of Antarctic Biology, Polish Academy of
Sciences, Ustrzycka 10/12,

02-141 Warszawa, Poland

@ Springer



1563, Page 2 of 12

Water Air Soil Pollut (2013) 224:1563

1 Introduction

Antarctica has some of the most difficult conditions
for plant growth on Earth; 98 % of the continent and
the surface of the Antarctic islands are covered by
glaciers. Ice-free habitats only occur as isolated
patches of ground scattered around the Antarctic con-
tinent, along the continent coasts and a relatively few
are also found inland. Human activity is low in
Antarctica and therefore the local anthropogenic im-
pact on the environment is minimal. The conditions
for vegetation growth are difficult due to the low
temperatures, gusting winds, the small amount of soil,
and high UV radiation due to the depletion of strato-
spheric ozone that occurs there (Xiong and Day 2001)
due to global human activity. As a result, the Antarctic
ecosystems are periodically exposed to enhanced solar
UV-B. The enhanced UV-B radiation that is a result of
the depletion of stratospheric ozone may cause dam-
age to plants, although the protective mechanisms of
plants can mitigate these effects. It is remarkable that
research on these consequences is so scanty (Rozema
et al. 2001). Antarctic soils are usually poor in nutri-
ents, but in certain locations there is a high nutrient
input from sea animals such as seals and sea birds
(Tatur 2002). Penguin rookeries play an important role
in the circulation of organic matter between the sea
and land (Pietr et al. 1983). These communities, espe-
cially those that have existed in the same place for a
long time, create specific conditions around them.
Accumulated penguin guano changes the nutrient bal-
ance in the soil and may also change the metabolism
of plants that exist there. It is known that a specific
zonation of plant communities exists around the rook-
eries. It has been described that the plant composition
and coverage of a particular species changes rapidly
with an increasing distance from the rookery. The sites
nearest to a rookery are mainly dominated by green
algae Prasiola crispa and some individuals of vascular
Deschampsia antarctica may also occur. D. antarctica
begins to dominate further from a rookery and with
increasing distance from a rookery Colobathus
quitansis begins to appear. The lichen Usnea antarc-
tica is dominant at great distances from the rookeries
and individuals of D. antarctica and Colobanthus
quitensis may occur (Smykla et al. 2006, 2007).
Nitrogen is known to be one of the growth-limiting
factors in terrestrial ecosystems (Lindberg et al. 1986). A
high concentration of nitrogen compounds may have
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negative impact on the growth dynamics and develop-
ment of plants, even though nitrogen compounds are
known to be the most abundant factor that influences
terrestrial ecosystems (Lindberg et al. 1986). It is known
that human activity may have a harmful influence on the
environment, which is mainly due to industrial and traffic
pollution. Nitrogen species are an important part of that
pollution (Krywult and Bytnerowicz 1997), and the most
of terrestrial plants are sensitive to the presence of these
species in the environment (Norby 1989). These harmful
species occur in high concentrations in the unique
Antarctic ecosystem. Therefore, it can be assumed that
plants that grow there have developed specific physio-
logical adaptations (Barcikowski et al. 2005).

Nitrate reductase (NR), the enzyme that is responsi-
ble for reducing nitrate into nitrite, plays a key role in the
nitrogen metabolism pathway. The induction of this
enzyme mobilizes a whole metabolic pathway of nitrate
reduction and assimilation that through nitrite reductase
is responsible for reducing nitrite to ammonia and glu-
tamine synthetase which incorporate ammonia into ami-
no acids (Berg et al. 2007). The synthesis of all of these
enzymes and then their activity are energy-consuming
processes (Norby et al. 1989). The permanent exposure
of these plants to the presence of nitrogen species can
cause the continuous activation of this metabolic path-
way, which in over-fertilized conditions may have a
negative influence on energy balance of plants. This
may cause a decrease in the growth dynamics of plants
(Norby et al. 1989; Krywult and Bytnerowicz 1997).
Although this enzyme is substrate inducible, its activity
is dependent on many other factors such as temperature,
plant water status, the intensity of light and ultraviolet
radiation, acidity, the presence of ammonia, etc. (Norby
1989). In spite of that, it was found that NR activity may
be used as a factor to indicate the saturation of nitrogen
species in the environment (Krywult et al. 1996), al-
though the enzyme activity differs between plant species
(Krywult and Klich 2000; Krywult et al. 2002).
Enzymes demonstrate a higher level activity in the
presence of species such as nitrate, nitrogen oxides and
nitric acid vapor (Krywult et al. 1996; Krywult and
Bytnerowicz 1997). It was also found that light and
ultraviolet radiation induce enzyme activity (Krywult
and Bytnerowicz 1997; Sinha et al. 1998).

The NR activity, total amount of nitrogen in the
plants that were studied and soil from all of the sites
were measured during this research.

The aims of this study were as follows:
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1. Does the gradient of the concentration of nitrogen
compounds at an increasing distance from pen-
guin rookeries have an impact on the NR activity
in plants?

2. Does the total nitrogen content of plants correlate
with the activity of NR?

3. Is NR activity dependent on exposure to solar
ultraviolet radiation?

2 Material and Methods
2.1 Study Area

The research was conducted on King George Island
(South Shetland Islands, Maritime Antarctic) near the
Polish Research Station “Henryk Arctowski” (62°10’
S, 58°28" W) within the Antarctic Specially Protected
Area No. 128 Western Shore of Admiralty Bay
(Fig. 1).

King George Island, the largest in the South
Shetland archipelago, is located between latitude
61°50'—62°15" S and long. 57°30'-59°01" W. The
island lies approximately 770 km south-east of Cape
Horn, from which it is separated by Drake Passage and
about 160 km north of Trinity Peninsula, the northern-
most part of the Antarctic Peninsula. The cold climate
with mean annual temperature of —1.7 °C (2.4° in
January and —6.8° in July), high humidity (84 %) with
a strong oceanic influence and high precipitation
(530 mm) is typical of the northern part of the
Maritime Antarctic. A major climatic feature of this
area is the strong katabatic winds which often reach
hurricane force (Kejna 1999). Despite the harsh envi-
ronmental conditions, ice-free areas, which constitute
only about 10 % of the island, provide conditions
favourable for supporting a relatively diverse terrestrial
biota.

The vegetation of the island is typical for the
Maritime Antarctic. It is almost exclusively crypto-
gamic, comprising mostly lichens, mosses, liverworts,
algae and cyanobacteria, with the vascular flora being
represented by only two native species, the Antarctic
hair grass D. antarctica Desv. (Poaceae) and the
Antarctic Pearlwort C. quitensis (Kunth) Bartl.
(Caryophyllaceae). The most extensive vegetation is
found in the sheltered areas of the west shore of
Admiralty Bay, the largest embayment of the island.
This south-facing bay is enclosed on three sides by

mountain ranges, which vary in height from 150 to
680 m, and which afford good protection from the
prevailing north-westerly winds. The ice-free areas
on the west shore of Admiralty Bay are significant in
that they are one of the richest botanical areas in the
entire Antarctic (Ochyra 1998; Krzewicka and Smykla
2005).

These ice-free areas on the west shore of Admiralty
Bay also provide a breeding ground for large populations
of Pygoscelis penguins: Adelie (Pygoscelis adelie),
Gentoo (Pygoscelis papua), and Chinstrap (Pygoscelis
antarctica). The entire population of penguins nesting in
this area ranges between 30,000-50,000 pairs (Tatur
2002). The presence of these colonies and their attendant
nutrient supply is crucial in determining the distribution
and abundance of the terrestrial vegetation (Tatur et al.
1997; Smykla et al. 2006, 2007) as well as the function-
ing of the entire terrestrial ecosystem around the bay
(Tatur 2002; Barcikowski et al. 2005).

More detailed descriptions of this area have already
been presented in several publications (Rakusa-
Suszczewski 1993; Ochyra 1998; Beyer and Bolter
2002).

2.2 Experimental Design

Eight study sites were selected around colonies of
Adelie and Gentoo penguins for the UV exclusion
field experiment (Fig. 1). Vegetation was surveyed
on each site and the percentage of the coverage of
vegetation was recorded. In general, the experimental
study sites were distributed on a transect representing
increasing distances from active penguin colonies.
Particular sites represented plant assemblages corre-
sponding to the zonations of vegetation that were
related to different degrees of the influence of a pen-
guin colony (see Smykla et al. 2006, 2007 for details).
In addition, one of the study sites was established on a
relict penguin colony. A detailed description of the
sites that were studied is given in Table 1.

Two plots with relatively homogenous vegetation
representing a plant assemblage characteristic for a
particular vegetation zone were established at each
study site. Then, the ultraviolet exclusion chambers
were placed over one of the two established plots and
the second plot represented the ambient conditions at
each study site. The individual treatment chambers
placed over the UV experimental plots consisted of
aluminum frames (1.20%1.20 m) covered with a clear
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Fig. 1 Topographic map of the SSSI No. 8, King George Plot UV represents a fertilized place close to the rookery of the
Island, West Antarctica (Pudetko 2003). Plots from UV8 to Adelie penguins that is always well moistened. Plot UV2 was
UV3 represent the transects set up due to the decreasing fertility situated on the relicts of ornithogenic soil below an abandoned
gradient that was influenced by the rookery of Gentoo penguins. penguin rookery
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Table 1 Description and char-

acteristics of the plots that were

studied

Plots arranged due to fertility gradient from the highest to the lowest nutrients saturation

Plot Description Existing species Cover %
Uve Directly to penguin rookery Deschampsia antarctica 5
Prasiola crispa 80
uv7 Turf zone, behind nitrphylic D. antarctica 97
algae zone P, crispa 1
Mosses 2
uUveé Turf zone D. antarctica D. antarctica 95
Colobanthus quitensis 2
P crispa 3
Mosses 15
Sanionia georgico-uncinata 10
Syntrichia princeps 5
UVvs Carpet mosses zone with significant D. antarctica 50
part D. antarctica C. quitensis 10
Mosses 60
Therein
S. georgico-uncinata 20
S. princeps 40
uv4 Carpet and tuft mosses zone D. antarctica 15
C. quitensis 10
Mosses 45
Therein
S. georgico-uncinata 15
Ditrichum hialinum 10
Polytrychastrum alpinum 20
Uv3 Macrolichenes zone (poor in biogens) D. antarctica 20
C. quitensis 5
P. crispa 0.01
Mosses
P, alpinum 20
Macrolichens 45
Therein
Usnea antarctica 40
Bryoria sp. 5
Bryophytic lichens mainly 20
Ochlorecha frigida
UVl Close to penguin rookery, nitrophilic D. antarctica 5
algae zone, always well moistured P, crispa 60
Phormidium sp. 5
uv2 Turf zone D. antarctica, below D. antarctica 20
relics rookery of penguins C. quitensis 5
Mosses mainly Brachytecium 40

austrosalebrosum
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acrylic filter 2.00 mm thick. In addition, two acrylic
curtains were added to the chamber sides that were
exposed to the NW and NE to avoid the penetration of
the solar radiation below the screens. The screens were
adjusted approximately 40 cm above ground level in
order to avoid the greenhouse effect and to allow
proper air ventilation and moisturizing. The filters
excluded UV radiation below the 350-nm waveband
and absorbed less than 8 % of the visible photosyn-
thetic active radiation. The spectral characteristic of
the filters and their relative wavelength transmission
were tested using a spectrometer in the laboratory. The
results are illustrated on Fig. 2.

Green tissues of plants were collected during the
Antarctic summer period on sunny days at around
noon. Samples were taken from under and outside
the screen simultaneously.

2.3 Experimental Plots Description

Eight plots in the study area were selected (Fig. 1). Six
plots were situated in relation to the gradient of the
decreasing influence of a penguin rookery and two
additional plots, UV1 and UV2, were set up. Plot
UV1 was set up close to a rookery, in a place that
was always well moistened. Plot UV2 was situated on
the relicts of a penguin colony on old ornithogenic
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soil. A detailed description of the sites that were
studied is shown in Table 1.

2.4 NR Activity

NR activity is typically assayed in vivo by measuring
nitrite production in tissue that has been vacuum infil-
trated with a buffered nitrate solution (Downs et al.
1993). For this study, a NR assay was adapted from a
number of studies (Jaworski 1971; Al Gharbi and
Hipkin 1984; Norby et al. 1989) with our own modi-
fications (Krywult and Klich 2000; Krywult et al.
2002).

The measurements were taken from green leaves of
D. antarctica that were collected inside the UV exclu-
sion experiment chambers and in the control plots
outside the UV chambers at the same time. At each
plot several leaves were collected from a few different
grass specimens to form a composite sample for each
plot. The leaves from the UV experiment plots were
collected from grass growing in the central part of the
chamber in order to avoid collecting leaves that were
exposed to any direct solar radiation. The experimen-
tal period and NRA measurements continued through
the austral summer season. The sampling and mea-
surements were only carried out on sunny days be-
tween the hours of 11 a.m. and 1 p.m. of the solar time.
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Fig. 2 Characteristics of the transmittance of the acrylic plates used in this study. The material cut off radiation below 350 nm, and
radiation between 360 and 800 nm passed through the material at between 90 and 95 %
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Immediately after collection, the leaves were dis-
sected into ca. 2-mm segments and placed into test
tubes with a buffer solution. The leaf tissue was then
subjected to vacuum infiltration (with a manually op-
erated vacuum pump) at 0.33 atm. for 10 min and
incubated in the buffer for 4 h at 20 °C in the dark.
The composition of the incubation buffer was 0.1 M
KNOs;, 0.1 M K,HPO,, and 0.6 % 1-propanol, adjust-
ed to pH 7.5 with HCI.

After incubation, the enzyme activity was terminated
by adding 1 % sulphanilamide in 8 % HCI. The concen-
tration of synthesized nitrite in the incubation buffer was
determined colorimetrically upon diazotization and the
formation of azo dye following the addition of 0.02 %
N-(1-naphthyl)ethylenediamine-dihydrochloride to the
reaction mixture (Keeney and Nelson 1982). Optical
density was measured colorimetrically after 10 min at
540 nm using a spectrometer (Shimadzu UV-120). A
mixture of the incubation buffer with 1 % sulphanilamide
in 8 % HCl and 0.02 % N-(1-naphthyl)ethylene-diamine-
dihydrochloride in the same proportions as those used in
creating the diazo compound was used as a blank. All of
the chemicals were supplied by Merck (Germany). The
leaf samples were removed from the test tubes and
weighed after oven-drying to a constant weight at
60 °C. NR activity was calculated on the basis of a
calibration curve for KNO,. The results were expressed
as the amount of nitrite synthesized in nanomoles per
gram of plant tissue dry weight per hour.

2.5 Total Nitrogen Analysis

The total nitrogen concentrations in the D. antarctica
leaves and soil samples were determined using the
Kiejdahl method. The samples for those analyses were
collected at the end of the summer season. The col-
lected samples were dried at room temperature and
shipped to Poland for the analyses. Once in the lab,
the grass leaves were washed with double distilled
water to remove any contamination from their surface.
Then, the leaves were oven-dried at 60 °C to a con-
stant weight and homogenized to a fine powder. The
soil samples were first oven-dried and then sieved to a
particle size of 1 mm. After that, the samples were
mineralized in concentrated sulphuric acid with
CuSO, addition at 440 °C the total nitrogen amount
was analyzed using Kieltec 2300 Foss Tecator. The
results were expressed as the percentage of N-content
per gram of sample dry weight.

2.6 Statistical Analyses

The differences in NR activity between protected and
nonprotected plants were examined using the paired-
samples Wilcoxon test (Sokal and Rohlf 1995). The
Spearman rank correlation test was applied to analyze
the relationship between total nitrogen concentrations
and the total average value of NR activity in D. ant-
arctica leaves. The accepted level of significance was
p <0.05 throughout entire work. All statistics were
calculated using the R language and environment
(R Development Core Team 2011).

3 Results

The NR activity in D. antarctica tissues varied signifi-
cantly among the study sites and between the treatments.
The mean NR activity in the D. antarctica leaves ranged
160-3146 and 31-2,340 nmol g ' DWh™' in grass
growing in ambient conditions and under the UV exclu-
sion chambers, respectively. In general, the values of
NR activity showed a decreasing trend along the gradi-
ent of the decreasing influence of a penguin colony. The
highest values of NR activity were recorded in plants
growing within active penguin colonies (sites UV1 and
UV8) and in plots located close to the colonies (sites
UV7 and UV6). Plants growing on the relict colony (site
UV2) also had high enzyme activity values, whereas
plants growing on sites at a distance from the influence
of penguin colonies had the lowest values of enzyme
activity (sites UVS5, UV4, and UV3) (Figs. 3 and 4).

It is interesting that D. antarctica occurred in all of
the sites that were studied (well, moderate and poorly
fertilized). This may show that plants demonstrate
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Fig. 3 NR activity in D. antarctica leaves recorded through the

fertility gradient from well-fertilized to poorly fertilized plots.
Standard deviation values were added
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Fig. 4 NR activity in D. antarctica leaves recorded in a well-
moistened and well-fertilized place (UV1), relict ornithogenic
soil (UV2) compared with a well-fertilized plot from gradient
(UV8). Standard deviation values were added

specific adaptations to environments that are either
rich or poor in nitrogen forms.

UV treatment did not show a uniform pattern of
influence on the NR activity. On sites located within
active and relict penguin colonies, the enzyme activity
in the grass leaves was higher in the UV exclusion
plots than in the ambient plots but the differences were
not statistically significant. There was no evidence of
any difference in NR activity between plants growing
in ambient conditions and those that were protected.
However, on sites that were at a distance from penguin
colonies that had little or no influence from the colo-
nies, the enzyme activity showed a different relation-
ship. It was lower in the UV exclusion plots than in the
ambient plots however, the difference was statistically
different on only two sites (UV6 and UV3).

Total nitrogen concentrations in plant leaves differed
between the sites. The lowest values were found in
plants growing on the sites that were most distant from
penguin colonies (plots UV4 and UV3, 1.4 and 1.5 % of
dry mass of leaves, respectively). The highest values
were recorded in plants growing on sites located within
active penguin colonies (plots UV8 and UV1) and in
plants growing on the relict penguin colony (plot UV2),
which ranged up to 3.9 % (Fig. 5). Total nitrogen con-
centrations in D. antarctica leaves correlated with the
total average value of NR activity in the respective plots:
rs=0.31; p=0.009, and this dependence was significant
only for UV protected plants (Fig. 6). Concentrations of
the total nitrogen in soil ranged from 0.09 to 3.08 %.
Although the highest values of the total nitrogen were
found in soil from a penguin colony (site UV8) and
although sites that were at a distance from penguin

@ Springer
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Fig. 5 Total nitrogen percentage value in dry mass of D. ant-
arctica leaves recorded on all of the plots that were studied

colonies demonstrated low values, the decreasing trend
was not statistically significant. This can probably be
explained by the high degree of variability in the data
related to substrate type and by biogens being washed
away by water run-offs on some of the sites that were
studied. There was also no significant relationship in the
total nitrogen concentration between the soil and the
grass leaves.

4 Discussion and conclusions

The results obtained during this study demonstrate a high
diversity of NR activity on the plants among the plots that
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Fig. 6 Correlation between the total average of NR activity (in
nanomoles per gram dry mass per hour) in D. antarctica leaves
recorded during the entire time period of the experiment and the
total amount of nitrogen in D. antarctica leaves collected at the
end of experiment (in percentage of plant mass). The enzyme
activity is presented as nanomoles of nitrite synthesized per gram
of dry mass of leaves per hour and the total nitrogen amount is
shown as the percentage of nitrogen in dry mass of tissue
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were studied. The highest values of enzyme activity in D.
antarctica correspond with high concentrations of nitro-
gen compounds on the plots. The chemical composition
of omithogenic soils in the Admiralty Bay area has been
relatively well examined (Pietr et al. 1983; Tatur and
Myrcha 1984; Tatur et al. 1997; Juchnowicz-Bierbasz
and Rakusa-Suszczewski 2002). All of the research
conducted in previous years indicated that the nitrogen
compounds that exist here are mainly in a reduced form,
especially in plants growing close to a penguin rookery.
However, D. antarctica demonstrated a high enzyme NR
activity in these areas. This may suggest impossibility of
excluding these metabolic pathways due to the presence
of nitrate in the soil and also precipitation, or on the
automatic activation of this reaction, which some authors
have suggested (Norby 1989). These may have a negative
influence on the energy balance and growth dynamics of
the plants that were studied. This deduction appears to
confirm deployment and percentage of the coverage of D.
antarctica on plots that were studied. D. antarctica was
present on all of the examined plots but in different pro-
portions. The following relation was found. The percent-
age of coverage of hair grass on the plots that were studied
was the lowest in both the well and the poorest fertilized
sites (Smykla et al. 2006, 2007). The activities of the
enzyme NR in these plots were high and low, respectively.
The NR activity reached medium values in the plots
where the percentage of coverage was the highest
(Figs. 3 and 4). In the opinion of the authors, this indicates
that this is the optimal habitat for this species. It was
concluded that hair grass needs a moderate but constant
influx of nitrate for optimal development. It was found
that the mineralization of penguin guano occurs quickly in
this area and that biogens are quickly transported within
the area both by running water and through atmospheric
deposition (Pietr et al. 1983; Tatur and Myrcha 1984;
Nedzarek and Rakusa-Suszczewski 2007; Zhu et al.
2009). Moreover, these mechanisms are similar in the
entire maritime Antarctic, which was confirmed by the
results obtained by other authors (Allen et al. 1967;
Juchnowicz-Bierbasz 1999; Rankin and Wolf 2000;
Zubel 2005; Zhu et al. 2011). Therefore, biogens of an
ornithogenic origin are available even at a far distance
from rookeries. However, the differences in the soils and
precipitation form a strong gradient with an increasing
distance from rookeries (Juchnowicz-Bierbasz and
Rakusa-Suszczewski 2002; Rakusa-Suszczewski 2003).
The results obtained during this study are also in agree-
ment with this finding,

Table 2 Wilcoxon signed rank test comparing the nitrate reduc-
tase activity between the green tissues of Deschampsia antarctica
growing on experimental plots protected from UV and unprotected
plots

Probability values

Plots on transect

Uvs 0.9697
uv7 0.1726
Uve 0.02744*
uvs 0.3757
Uv4 0.6772
Uv3 0.002441*
Additional plots

UVl 0.5566
uv2 0.09058

# Statistically significant differences

The influence of ultraviolet radiation on NR activ-
ity was most visible on some poorly fertilized plots.
Although the induction of NR activity was statistically
significant only on plots UV3 and UV6 (Table 2), this
trend was also visible on the other poorly fertilized
plots (Figs. 3 and 4). This may suggest a subservient
role of UV as a signal factor in proportion to the
presence of nitrate. On the poorly fertilized plots,
factors other than UV signaling or distressing factors
such as drought, temperature changes, different expo-
sure to winds and the presence of other nutrients may
prevent any clear identification of the influence of UV.
Many authors have identified factors that are known to
have a strong influence on changes in NR activity
(Remmler and Cambell 1986; Norby et al. 1989;
Foyer et al. 1998; Krywult et al. 2002; Strohm 2007,

3,5

uvs uve uvzy uva

14

B I I

M N m N
uvi uvz uvs uva

Fig. 7 Total nitrogen percentage value in soil collected from all
of the plots that were studied

@ Springer



1563, Page 10 of 12

Water Air Soil Pollut (2013) 224:1563

Krywult et al. 2008). It was found that exposure to
UV-B radiation caused a decrease in the growth rate of
D. antarctica. Leaves on plants exposed to UV-B were
denser, thicker, and had higher concentrations of pho-
tosynthetic and UV-B absorbing pigments, although
the rates of photosynthetic gas exchange on a leaf area
basis were not affected by exposure to UV-B and
cannot explain these reductions in growth (Xiong
and Day 2001). On the other hand, it was found that
a single ultraviolet radiation in controlled laboratory
conditions is a factor that can induce NR activity
(Sinha et al. 1998). The fact that the area that was
studied has a large spatial variability may also be of
major importance. The results of the soil analysis did
not demonstrate any trend through the investigated
transect (Fig. 7). It is possible that the investigated
area resembles a mosaic. D. antarctica, which grows
on all of the plots that were studies is distinguished by
its ability to adapt (Barcikowski et al. 1999). This
ability does not ensue from genetic diversity; it was
found that this species demonstrates a low genetic
variability (Holderegger et al. 2003). Antarctic hair
grass demonstrates a high anatomical diversity
(Chwedorzewska et al. 2008). In addition, D. antarc-
tica demonstrates a higher level of sucrose and
fructans as compared with other gramineae (Zuniga
et al. 1996). It was also found that Antarctic hair grass
has the ability to successfully compete with soil mi-
crobes and moss for proteinaceous nitrogen at an early
stage of decomposition (Hill et al. 2011). All of these
processes, which are connected with the efficient ac-
quisition of nitrogen compounds, may be the key to
the evolutionary success of Antarctic hair grass.
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