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Abstract

Enhanced nitrogen inputs to both terrestrial and aquatic ecosystems affects biodiversity at all its levels. Grasslands provide a
complex range of functions, due to their wide representation throughout terrestrial ecosystems. Numerous studies demonstrate
soil acidification, eutrophication and species richness reduction as a result of elevated reactive nitrogen availability. The present
study aims to assess soil nitrogen stocks and transformations for two Romanian grasslands during November 2011 — November
2013, integrating the microbial population dynamics of two important functional groups involved in terrestrial nitrogen cycle:
ammonifiers and denitrifiers. Our research focused on pristine systems, as well as on an experiment that simulated high nitrogen

inputs of 100 kg N/ha/year (during 2012 and 2013) for one of the two selected study areas.
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1. Introduction

Nitrogen is one of the essential macronutrients
for biological system, being included in wital
biomolecules such as proteins, nucleic acids,
chlorophyll, amino sugars, vitamins (Coleman et al.,
2004). The Earth’s atmosphere is the main reservoir
of this element, containing about 78% molecular
nitrogen, which is unavailable for organisms in this
form. The reactive nitrogen exists in various
compounds and oxidation stages, ranging from -3 to
+5. Living organisms have an average nitrogen
content of about 6.25% dry weight (Bothe et al.,
2007).

Although the total amount of nitrogen in
terrestrial biomass is relatively small as compared to
that in atmosphere (Schlesinger and Bernhardt,
2013), biological systems represent the most active
component of its global cycle. Reactive nitrogen
derived primary from nitrogen fixation is available to
biota in the range of 60-195 TgN/year (Cleveland et

al., 1999, cited by Schlesinger and Bernhardt, 2013).
In consequence of the rapid uptake of nitrogen by
organisms and high mobility of its inorganic ions
(especially nitrate), the pool of reactive nitrogen in
soil is small. Nitrogen is a limiting factor for plant
growth in many terrestrial systems.

The exponential growth of human population
led to increased demands for resources. Large
amounts of fertilizers have been added to soils in
order to improve their fertility and enhance crop
production. The intensification of anthropospheric
metabolism resulted in the magnification of nitrogen
fluxes. Some estimates indicate that industrial
production contributes with more than 130 TgN/year
to reactive nitrogen fluxes (Schlesinger and
Bernhardt, 2013).

Nitrogen biological fixation almost doubled as
a consequence of human activities, reaching about 60
TgN/year (Herridge et al., 2008, cited by Schlesinger
and Bernhardt, 2013). As a conclusion, the
contribution of anthropic activities to nitrogen inputs

* Author to whom all correspondence should be addressed: e-mail: carmen_postolache83@yahoo.com; Phone: +40744495917,

Fax: +40213181571



Postolache and Botez/Environmental Engineering and Management Journal 13 (2014), 9, 2201-2210

in terrestrial ecosystems exceeds that of natural
processes (Vitousek et al., 1997). Some estimations
account for an increase of anthropogenic nitrogen
fixation rate of about 60% by 2020 (Galloway et al.,
2004).

The anthropic emissions of nitrogen mostly
consists of reactive nitrogen compounds, of which
some are atmospheric pollutants (nitric oxide, nitric
dioxide, ammonia) and can enter terrestrial
ecosystems via wet and dry depositions. The largest
emissions of gaseous nitrogen are from industrial
developed countries but due to transboundary nature
of atmospheric pollution, nitrogen deposition is a
widespread problem. In most European countries
(more than 70%) more than a half of the ecosystems
are affected by atmospheric nitrogen depositions
(Dise and Stevens, 2005). It is estimated that these
depositions will further increase with population
growth (Tilman et al., 2001).

The spatial distribution of oxidized and
reduced nitrogen would vary depending on the point
and diffuse emission sources. The largest amount of
excessive reactive nitrogen is in the form of
ammonia, while about 30% of total nitrogen
emissions are the oxidized species (Oliver et al.,
1998). Agriculture is the major contributor to
ammonia emissions through its volatilization from
domestic animal wastes (Bouwman et al., 2002) and
the use of fertilizers. Some NH; results from catalytic
conversion of nitrogen oxides formed during the
combustion of fossil fuels in automobiles
(Emmenegger et al., 2004). Smaller emissions arise
from biological processes in soils (Ganzeveld et al.,
2002) and biomass burning (Kaiser et al., 2012).

The increase of reactive nitrogen emissions by
human interventions was followed by changes in the
pathways, rates and efficiency of nitrogen cycling. In
the last 60 years the global nitrogen input to
ecosystems has more than doubled (Smil, 2000) and
soil fertility was considerably improved. A higher
nitrogen input initially leads to an increased net
primary production and a rise of carbon sink for
vegetation (Schlesinger and Bernhardt, 2013). Direct
toxicity of some nitrogen species (ammonia, nitrite)
leads to foliar damage, physiological changes and
growth limitation (Britton and Fisher, 2010).

Primary productivity and litter production
increase with nitrogen availability, but after a certain
load, plant diversity decreases favoring nitrophilous
species. Grasslands are vulnerable habitats in this
respect, as they usually comprise species adapted to
low nutrient levels and sensitive to acidification
(Sutton et al., 2011). Species composition is also
affected by acidification, with a shift towards acid
loving plants. Subsequently, faunal diversity is
affected by changes in plant communities. A fraction
of the nitrogen entering terrestrial ecosystems
remains sequestered in the biosphere, especially in
agricultural and forest ecosystems, which can store
up to 40% excess nitrogen (Stevens et al., 2005), but
the excessive supply of this nutrient at large scale
could not be retained and recycled locally. Due to its
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extremely high mobility, reactive nitrogen is lost to
ground waters and surface waters through leaching
and runoff, effecting water quality. A major threat of
reactive nitrogen on soil is acidification, organic
matter depletion and biodiversity loss linked to
eutrophication (Sutton et al., 2011). The issues of
acidification and eutrophication are of great concern
at the European level. In this respect, the Nitrate
Directive (Council Directive 91/676/EEC) aims to
identify areas contributing to nitrogen pollution of
ground water and surface water and to control N
losses (EC, 2007).

However, changes induced by increased
nitrogen deposition are difficult to detect due to large
number of interacting factors that control plant
community composition and long time scale over
which changes occur. Plant diversity decrease was
observed within a wide range of nitrogen deposition,
between 2-44 kg N/ha/year, but these changes occur
over a period of years. As microorganisms’ life cycle
is shorter than that of superior plants, a much rapid
response is to be expected from this biological
compartment. The effect of nitrogen on soil
microorganisms’ diversity as well as effects of
changes of soil biodiversity on nitrogen emissions
towards other environmental compartments are not
fully understood (Butterbach-Bahl et al., 2011, Laslo
et al., 2012). Detailed knowledge of processes
involved in nitrogen cycling in terrestrial ecosystems
is needed to better understand the impact of nitrogen
depositions on ecosystems functioning and to predict
ecosystems’ response to increased levels of reactive
nitrogen (Butterbach-Bahl et al., 2011).

The aim of this study is to determine what
correlations exist between different levels of nitrogen
inputs and soil processes in grassland ecosystems
from Southern Romania. The conceptual background
consists of an integrated approach of the issue,
analyzing the main compartments of a grassland
ecosystem. In this first step of the study, changes in
soil chemistry rates of nitrogen fluxes and
microbiological communities are investigated.

2. Materials and method
2.1. Study area

Two grassland ecosystems were selected
using historical nitrogen deposition data provided by
the EMEP database, overlapping remote areas
isolated from direct human impact from agricultural
and industrial activities and roads. Both systems are
located in Giurgiu County in Gavanu-Burdea Plain, a
sub-unit of the Romanian Plain.

Study area has a temperate climate, mean
temperatures range from -3.3°C (winter) to 29.1°C
(summer). Volume of precipitation is similar to both
grasslands with mean annual values of 700-800 mm.
Analysis of soil maps indicate different soil types,
chromic luvisols (Bolintin) and fluvi-calcareous
fluvisols (Vadu Lat) (FAO-UNESCO  soil
classification).
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2.2. Experimental design

The main compartments analyzed in this study
were bulk atmospheric depositions and topsoils.
Physical, chemical and microbiological analyses
were carried out with a monthly frequency. From
each study case five topsoil samples were sampled
for analyses and a subsample was field incubated to
determine in sifu mineralization rates. For a better
understanding of nitrogen input impact on grassland
nitrogen biogeochemical cycle, an experiment of
nitrogen addition (NH4NO3) was carried out for Vadu
Lat grassland, simulating a contribution of 100 kg
N/ha/yr. Two plots with an area of 2 m’ were
delimited and one was used as a reference and
“fertilized” with distilled water in order to simulate
the effect of nitrogen solution used for the fertilized
plot.

The experiment consisted of five annually
additions of nitrogen, using the same concentration
for each month. From each plot three topsoil samples
were monthly analyzed for the same parameters used
for the topsoils of monitored case studies.

2.3. Bulk deposition monitoring

Bulk deposition (wet and dry deposition) was
sampled using an international standard method
using an open funnel and a collector buried below
ground in order to mitigate the effects of heat and
sunlight on the samples (CLRTAP, 2010). For each
site a system was installed with the surface of the
collecting funnels set at 1 m above ground.
Furthermore, the components used were HDPE
materials that have no interaction with the sample.
Samples were analyzed with a monthly frequency for
volume, pH, conductivity and inorganic nitrogen
species. A subsample was continuously homogenized
with a magnetic stirrer and used to determine
conductivity and pH (measured with Hanna 3000
field instrument). The remaining sample was filtered
using Whatman 0.45 um filter paper and the filtered
and non-filtered solutions were wused for
determination of available nitrogen species using
spectrophotometric methods.

2.4. Soil sampling and analyzing

Analysis of soils required five sample units
for each grassland system and three sample units
from the experimental plots that were monthly
collected (November 2011 to November 2013,
respectively July 2012 — November 2013 for the
experimental nitrogen addition). In addition, each
sample unit had a corresponding sample that was
used for the determination of in sifu mineralization
rates. As a result, there were ten sample units for
both grasslands and six sample units for the
experimental plots that were bulked for chemical
analysis. Samples were transported in a cooling unit
to the laboratory within three hours. Each sample was
cleared from roots prior to analysis and separated in

two parts, one used for determination of available
nitrogen species and the other for the mineralization
potential.

Field-moist soil samples were prepared for
analyses of inorganic nitrogen forms (ammonium,
nitrite and nitrate), moisture, pH and organic matter
content. Soil pH was measured with glass electrode
(soil:water ratio - 1:4) and soil moisture was
measured gravimetrically. Determination of nitrogen
species required the extraction of approximately
20.00 g of soil using 0.2 M KClI (e.g. Keeney and
Nelson, 1987) then analyzed for NO5-N, NH, -N and
NO,-N wusing a Thermo Helios y UV-VIS
spectrophotometer. Ammonia was determined using
indophenols-blue method (Bremner, 1965), NO,-N
was determined by nitrite diazotizing with
sulfanilamide and coupling with N-(1-naphthyl)-
ethylenediamine dihydrochloride to form a highly
colored azo dye (e.g. Moorcroft et al., 2001) and
nitrate was quantified by the phenol disulphonic acid
method (e.g. Jagessar and Sooknundun, 2011). All
data is reported on dry soil weight. Soil organic
matter was estimated by incineration of oven-dry
soils at 550°C for four hours.

In situ mineralization rate was estimated using
the buried bag technique (e.g. Westermann and
Crothers, 1980) by incubating approx. 150 g field-
moist soil sample in sterile flasks at 0—15 cm depth
for circa a month. Available nitrogen species were
measured colorimetrically (as above) both at the
beginning and the end of the incubation.
Mineralization potential was estimated by incubating
field moist samples for two weeks at 37°C in an
oxygen and light deprived system to allow complete
organic nitrogen mineralization (Waring and
Bremner, 1964). At the end of the period nitrogen
was extracted using 2 M KCl and distilled water was
added to attain a concentration of 0.2 M KCI of the
extracting solution. In this case, only ammonium
nitrogen was determined, because the time frame
allowed complete mineralization and reduction of
nitrogen species to ammonium.

Soil  microbial analyses included the
numerical abundance of two important groups in soil
nitrogen cycle: ammonifying and denitrifying
bacteria. Sample handling was performed in a sterile
environment (either flame proximity or laminar flow
hood). For each group, population density was
estimated using MPN (Most Probable Number)
technique, with a three test-tube system.
Approximately 1.0000 g of field moist soil was
weighted in a sterile tube and 10 ml of sterile
distilled water was added. After mechanical
homogenization, four serial dilutions with a factor of
10 were produced in order to inoculate specific
growth media: peptone water for ammonifying group
and Pochon media for denitrifying group. Due to the
higher numerical abundance of ammonifiers, the
starting dilutions in this case were with a factor of
100. Inoculated media was then incubated for 24
hours at 37°C and the presence of the functional
groups was groups was tested using specific reagents:
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Nessler reagent for ammonifying bacteria and
sulfanilamide in concentrated H,SO,, Griess reagents
and Nessler for denitrifying bacteria.

3. Results and discussions

A major nitrogen source for natural and semi
natural ecosystems is atmospheric deposition.
Reactive nitrogen mainly comes from fossil fuel
combustion (as NOx) and agriculture (NH3 and
related compounds) and can be deposited hundreds of
kilometers from emission sources. The distribution of
nitrogen deposition reflects the intensity of different
anthropic activities. The results of atmospheric
deposition monitored in the study areas showed low
nitrogen inputs for both sites, with monthly values
not exceeding 1 kg N/ha. For the study period, total
inorganic nitrogen depositions reached 6.62 kg N/ha
for Bolintin and 6.79 kg N/ha for Vadu Lat site. The
contribution of different sources is revealed by the
ratio of reduced to oxidized nitrogen species (Fig. 1).
The reduced form of nitrogen surpassed the oxidized
ones in Vadu Lat site during 2012 and was lower
than the latter only accidentally between August-
October 2013. This can be explained by the
predominant contribution of emissions from the
breeding farms located in the proximity of Vadu Lat
(nearest at 4 km) and of the industrial complex for
fertilizer production from Calugareni (about 35 km).
Fertilizer manufacture and application as well as
fermented animal food, such as tillage, have an
important role in ammonia emissions (Pearson and
Stewart, 1993).

Ammonia has a relatively short lifetime,
ranging from a few hours to a few days and therefore
it deposits rapidly (Oliver et al., 1998). Contrary to
information from literature attesting seasonal
variation for ammonia, peaking in spring and lower
in winter (ApSimon et al., 1987), our monitoring data
shows higher concentrations both in winter and
spring. Bolintin grassland is characterized by a
predominance of oxidized nitrogen forms versus
reduced forms with the exception of the period:
December 2012 - April 2013. This site is closer to
larger urban areas with heavy traffic and industry
which can account for the dominance over
agricultural emissions.
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Fig. 1. Reduced versus oxidized nitrogen species ratio from
bulk depositions from Bolintin (B) and Vadu Lat (V)
during June 2012 — November 2013

2204

The yearly inputs of all inorganic nitrogen
forms through bulk depositions are of 5.29 kg N/ha
for Bolintin site and 5.02 kg N/ha for Vadu Lat in
2013. These depositions are in the range of 3-10 kg
N/ha/year established at the European level as critical
loads for grassland ecosystems (Metcalfe et al.,
1998), in order to prevent soil nitrogen saturation.

The impact of nitrogen depositions of these
ecosystems is influenced by the height of the input,
exposure time, soil buffering capacity and land
management (Dise and Stevens, 2005). Due to the
complexity of these factors at different space scales,
grassland ecosystems’ sensibility varies (Bleeker et
al., 2011). On an ecosystem scale, soils are not only
the main reservoir for nitrogen (Davidson, 1994;
Batjes, 1996), but also the compartment where most
of its transformations occur. Physico-chemical
processes like diffusion, leaching, volatilization lead
to nitrogen transfer at local and regional scales
(Erisman et al., 2008). Nitrogen turnover in soil is
affected by soil properties such as texture and clay
content. Soils with fine texture retain to a greater
extent moisture and organic carbon and become
anaerobic more easily after rainfall events. On the
other hand, sandy soils favor nitrate leaching. Soil
ionic exchange capacity is essential for its buffering
capacity which affects nitrogen retention.

Data regarding soil types and traits was
obtained by analyzing maps provided by the
European Soil Data Center, using Google Earth files
(http://esdac.jrc.ec.europa.eu/). Soil  taxonomy
according to this data is different for the study areas,
Bolintin soil is chromic luvisol and Vadu Lat is
calcaric fluvisol, which suggests a finer texture of
this grassland soil.

Dominant surface textural class supports this
statement, with a medium fine texture for Bolintin
soil (<35% clay and <15% sand), whereas Vadu Lat
soil presents a fine texture (35% < clay < 60%). Both
grassland soils exhibit low organic carbon levels (1-
2%) and high base saturation (>50%) of topsoils, but
differ in regards to soil cationic exchange capacity,
which is lower for Bolintin (<15 cmol’/kg) and
average for Vadu Lat (15-40 cmol’/kg). Another
important information regarding soils from study
area is the physical degradation susceptibility -
crustification and erodability, which are higher for
Bolintin.

Soil pH is influenced by nitrogen deposition
and nitrate leaching, both processes leading to
acidification. Acidic soils are more sensitive to
nitrogen deposition. The investigated sites are
characterized by a similar pH dynamics, the
fluctuations ranging between 6.19 — 7.76 for Bolintin
and 5.74 — 6.85 for Vadu Lat. The slightly lower pH
values recorded for Vadu Lat can be explained by a
more intense decomposition process of the higher
organic matter content. This hypothesis is supported
by the results obtained for in situ mineralization
rates. After circa a month of incubation, all soil
samples showed lower pH values compared to initial
levels.
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Plant nutrient availability is dependent on soil
organic matter content and its decomposition rate
(Parton et al., 1988). According to literature data
(Schlesinger, 2013), nitrogen fixation accounts for
less than 20% of the necessary nitrogen for plants,
the rest being supplied by soil organic matter
decomposition and internal recycling.

Significant  differences were  observed
between the two investigated sites in respect to
organic matter content. Elevated levels were
observed for Vadu Lat soil samples as a consequence
of both higher density of plant cover and fine soil
texture (Fig. 2). The mean soil organic matter content
in 2012 was 8.89% for Bolintin and 11.51% for Vadu
Lat. A slight seasonal variation was perceived, with
accumulation tendencies during fall and winter when
dead plant material builds up and decomposition
rates decline at lower temperatures. The storage and
release of reactive nitrogen from organic matter is
driven by litter production, its decomposition rates
and the balance between these processes. The
importance of soil organic matter content in nitrogen
cycling was highlighted in a study focused on
nitrogen fluxes in a semi-arid grassland ecosystem
(Machon et al., 2010). The authors emphasized that
organic matter, pH and temperature are the most
important factors influencing soil nitrogen flows.
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Fig. 2. Soil organic matter content from Bolintin (B) and
Vadu Lat (V) during November 2011 — November 2013

One of the assumptions of existing knowledge
on nitrogen cycling until 1990s was that plants take
only inorganic nitrogen species. Many studies
performed in the last 20 years showed that plants are
able to take up organic nitrogen as well, in the form
of amino acids (Rennenberg et al., 2009). Other
studies showed that when nitrogen is not in limited
amounts, its organic compounds remain the major
source of nutrients for plants (Jackson et al., 2008).
Harrison and collaborators showed for British
grassland that most plant species preferred inorganic
nitrogen compounds over amino acids (Harrison et
al., 2007). Therefore we looked to determine whether
nitrogen is a limiting factor for plant growth in our
study sites and tried to appraise its dynamics in
relationship with key cycling processes.

Similar to organic matter dynamics, soil
ammonium content showed smaller variations for

Bolintin, between 0.05 — 4.25 mg N-NH,'/kg dry
weight. Wider variation range was observed for
ammonium nitrogen from Vadu Lat soil samples,
from 0.45 to 7.83 mg N-NH, /kg dry weight. Some
studies attested an optimal soil ammonium nitrogen
level of 2.5 — 3 mg N-NH,/kg dry weight, higher
values being detrimental to plant species richness
(Jones and Chapman, 2011). The range of
ammonium levels we determined fits this interval for
Bolintin grassland, but approximately about two
times greater for Vadu Lat. Same pattern was
observed for nitrate, reaching a maximum of 16.50
mg N-NO;/kg dry weight in Vadu Lat and only 8.99
mg N-NO;/kg dry weight for Bolintin, while nitrite
was about one order of magnitude lower in both sites.
As a consequence, dynamics of available inorganic
nitrogen for plant uptake is characterized by much
higher levels for Vadu Lat and numerous
fluctuations, with a slight tendency of accumulation
during fall (Fig. 3).

S0 B

INORGANIC NITROGEN (M

Fig. 3. Soil inorganic nitrogen (mg/kg dry weight) from
Bolintin (B) and Vadu Lat (V) during November 2011 —
November 2013

Trying to explain these dynamics, we have to
stress out that there are many driving factors which
can affect the conversion between reduced and
oxidized nitrogen species, therefore the availability
of soil inorganic nitrogen varies considerably among
different ecosystems. The most important processes
interfering in soil inorganic nitrogen dynamics are
plant uptake, immobilization and transformations
mediated by microorganisms (mineralization,
nitrification, ammonification and denitrification),
leaching, absorption to clay particles (Johnson et al.,
2000). At any given time, the loads of extractable
inorganic nitrogen compounds are the results of all
these processes.

The higher nitrate levels as compared to
ammonium observed for Vadu Lat suggests that this
nutrient is not a limiting factor for primary
production, situation in which ammonium would be
prevailing, as literature data indicates (Jackson et al.,
1989; Stark and Hart, 1997). We also must mention
that plant preference for either nitrogen species
depends on plant identity and abiotic factors
(temperature, pH). When both reduced and oxidized
nitrogen occur with similar levels, most plants prefer
ammonium. There are studies showing that this
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nitrogen species implies lower energy costs
(Butterbach-Bahl et al., 2011). This case is
presumably happening for Bolintin grassland, where
the two nitrogen species are comparable.

Apart from plant uptake, a key role in nitrogen
retention and loss was attributed to ratios between
mineralization and ammonium immobilization, as
well as between nitrification and nitrate microbial
immobilization (Stockdale et al., 2002). These ratios
were used as indicator of potential nitrogen loss and
nitrogen  retention capacity of  ecosystems
(Dannenmann et al., 2006). The results of in situ
mineralization rates indicate a more intense process
for Vadu Lat site as compared to Bolintin (Fig. 4).
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Fig. 4. In situ mineralization rates (mg N/kg dry
weight/day) from Bolintin (B) and Vadu Lat (V) during
November 2011 — October 2013

This can be explained by the richer soil
organic matter content for this site, which is the
substrate ~ of ammonification  process. The
dependency of mineralization on soil organic matter
content but also on the carbon bioavailability is
widely reported in literature (Accoe et al., 2004;
Booth et al., 2005; Perakis and Sinkhom, 2011). Few
negative values were obtained for both sites meaning
that after one month of in situ soil incubation the
content of mineral nitrogen was smaller than the
initial levels, which indicates nitrogen gaseous loss.
Losses of nitrogen can occur during the experiment
because incubation depletes oxygen availability,
favoring denitrification. Mean values of net
mineralization rates were 0.12 mg N/kg dry weight
soil/day for Bolintin and 0.38 mg N/kg dry weight
soil/day for Vadu Lat grassland. The variability of
this process is very high even at an ecosystem level
due to the complexity of interacting factors that
govern it, as it can be easily observed from the plot in
Fig. 4. A simple computation of the yearly topsoil net
mineralization based on the determined mean rate
provided us a rough estimation of 70 kg N/ha/year,
which is in accordance with levels mentioned Hatch
et al. (1990) as typical for grasslands, ranging from
40 to 90 kg N/ha/year.

Quantification of soil samples mineralization
potential highlighted the importance of microbial
communities in performing this process. Much higher
rates of mineralization potential were obtained for
Vadu Lat ecosystem (Fig. 5).
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In order to quantify the contribution of
microbial communities on nitrogen cycling we
proceeded to assess population sizes of ammonifiers
and denitrifiers during the study period. Experimental
data analysis showed big fluctuations of
ammonifiers’ density for both grasslands, between
100 — 12000 individuals/g d.w. soil. Although there
are significant differences of soil organic matter
content for both studied sites, which is the
ammonifiers’ substrate the ranges of population
densities and their dynamics are similar. This
suggests that the driving forces of mineralization
process are more complex, including substrate
availability, temperature, humidity. A deeper data
analysis revealed a good correlation between soil
ammonium levels and ammonifiers’ population size
for both grasslands (Fig. 6), indicating that
ammonium acts like a regulating factor of this
microbial group. The effect is similar with that of an
inhibitor of a biological process.

MINERALIZATIONPOTENTIAL
(MG N/KG D. W./ DAY)
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Fig. 5. Mineralization potential rates (mg N/kg dry weight/
day) from Bolintin (B) and Vadu Lat (V) during November
2011 — November 2013
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Fig. 6. Ammonifiers’ density dependency on ammonium-
nitrogen from Bolintin (B) during April 2012 — November
2013

Positive correlation was obtained between
mineralization  potential rate and microbial
population size. A plateau is reached at higher
densities, indicating that the process is dependent on
substrate quantity and accessibility (Fig. 7).

A paradigm  which  dominated the
understanding of nitrogen cycles until 1990s asserted
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that mineralization is the limiting step of nitrogen
cycling. The new paradigm takes into account two
steps of mineralization process: depolymerization of
organic macromolecules to smaller, bioavailable
molecules (dissolved organic nitrogen), followed by
ammonification of bioavailable organic nitrogen to
ammonium (Jackson et al., 2008). In this new view,
the rate determining step is the depolymerization
process, which is carried out by fungal and bacterial
enzymes (Jackson et al., 2008). Both depolymerizing
and ammonifying microbes are carbon limited, which
sustains the hypothesis we inferred for the plateau
reaching and also illustrates carbon and nitrogen
cycles coupling.

Mineralization potential
{mg N-NH4/kg d.w./day)

4 A y=127In(x) - 2.61
2= 0.40

0 5000 10000 15000 20000
Ammonifiers (ind/g d.w.)

Fig. 7. Mineralization potential (mg N-NH4+/kg dry
weight/day) dependency on ammonifiers’ density
(individuals/g dry weight) for Vadu Lat during April 2012
— November 2013

As we already stressed out, in situ
mineralization is partially influenced by the overlap
with denitrification process. The end result is the
decrease of soil inorganic nitrogen content and a
decline of mineralization rate is to be expected
alongside denitrification intensification. This was
confirmed by the correlation we obtained between in
situ mineralization and denitrifiers’ population size
(Fig. 8).
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Fig. 8. In situ mineralization rate (mg N-NH4+/kg dry
weight/day) dependency on denitrifiers’ density
(individuals/g dry weight) for Bolintin during April 2012 —
November 2013

In order to complete gathered information
through field measurements of soil nitrogen stocks
and fluxes, an experiment of supplementary nitrogen
fertilization was performed on Vadu Lat grassland.

The intention was to perceive answers of ecosystem
biodiversity components to increased nitrogen inputs.
To better discriminate the occurred changes as a
result of enhanced reactive nitrogen bioavailability,
the level of added nitrogen was 100 kg N/ha/year,
previously mentioned in literature as a limit above
which detectable changes of bioavailable nitrogen
stocks were observed (Bai et al., 2010). Same
monitoring program was applied for the reference
and fertilized plot as for the sites under investigation.
First obtained response was a slight soil acidification,
from a mean pH value of 6.33 for the reference plot
(V0) to 6.08 for the fertilized one (V10). Similar
resulted were mentioned by Zhang et al. (2012).

Soil organic matter content decreased as a
consequence of increased nitrogen input, the decline
being more significant after the fertilization ceased
(Fig. 9). Over the period of the experiment, about
15% organic matter decrease was recorded. The
negative effect of nitrogen depositions on carbon
sequestration was also reported by other scientists
(e.g. Pilkington et al., 2005).
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Fig. 9. Soil organic matter content from reference plot (VO0)
and fertilized plot (V10) during July 2012 — November
2013

A clear tendency of inorganic nitrogen
accumulation was observed for the fertilized plot,
particularly in the second period of the experiment
(Fig. 10). Both reduced and oxidized nitrogen forms
increased, from 2.53 mg N/kg to 7.03 mg N/kg soil
for N-NH4+ and from 3.90 mg N/kg to 11.83 mg
N/kg for N-NO3-. Nitrogen excess decrease was
shown to be a slow process (Bobbink et al., 2010).
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Fig. 10. Soil inorganic nitrogen (mg N/kg dry weight) from
reference plot (VO0) and fertilized plot (V10) during July
2012 — November 2013; dash arrows represent the months
in which fertilizer was applied
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Changes in soil organic matter content and
available inorganic nitrogen induced modifications at
microbial communities’ scale, as they have been
stressed out by other researchers (e.g. Johnson et al.,
2005). The decrease of ammonifiers’ density was
observed in response to fertilization. This finding
supports our previous assumption that ammonium,
the end product of ammonification process, has a
regulating effect on microbial population (Table 1).

Contrary to the dynamics of this group, the
denitrifiers’ density increased over three times in the
fertilized area (Table 1). These changes were better
observed during fertilization months, indicating an
immediate response of microbial communities to
increased nitrogen inputs. Stimulation of population
densities of denitrifiers after nitrogen addition was
also noticed by Avrahami et al. (2002), as a result of
higher levels of available nitrate, the substrate of
denitrification process.

Table 1. Mean microbial population densities of
ammonifiers and denitrifiers from experimental plots:
reference (VO0) and fertilized (V10) during July 2012 —

November 2013
Group Ammonifiers Denitrifiers
(ind./g dry weight) | (ind./g dry weight)
Plot

Date (miit: Vo Vio Vo Vio
07.12 5216 969 98 175
08.12 5124 5306 18 61
09.12 5837 3747 47 336
10.12 543 1967 50 239
11.12 322 324 10 38
12.12 5353 1608 4 7
01.13 2316 569 60 27
02.13 7458 4592 44 21
03.13 16565 11123 76 434
04.13 462 1615 79 93
05.13 4092 929 10 60
06.13 16527 7065 22 114
07.13 9038 7488 38 232
08.13 744 1835 34 182
10.13 6575 360 122 373
11.13 10804 972 182 38

In situ denitrification process is affected by
numerous “factors, being higher in nitrogen -
fertilized soils and soils with increased nitrate
availability, but is difficult to predict denitrification
rates based on our current understanding” (Groffman
et al., 2009). It was concluded that plot studies are
still needed to improve our knowledge in this respect
(Butterbach-Bahl et al., 2011).

Additional fertilization induced an
intensification of in situ mineralization, which is
resulted in the observed decline of soil organic matter
(Postolache et al., unpublished data). Similar findings
were reported in a grassland ecosystem after
fertilization with 80 kg N/ha/year (Zhang et al.,
2012). The increased nitrogen input induces complex
changes in soil stocks and fluxes of this element.
Regulation of nitrogen cycling occurs at different
space and time scales and implies microbial activities
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to a great extent. Our experiment clearly shows rapid
changes of microbial communities and nitrogen
fluxes mediated by specific functional groups under
enhanced inputs of this nutrient.

4. Conclusions

Our research on selected grassland ecosystems
tried to answer several questions:

e What changes occur over soil nitrogen stocks of
grassland ecosystems under different nitrogen inputs?

e How are key nitrogen fluxes influenced by biotic
and abiotic factors?

e What are the responses of microbial communities
to experimental addition of reactive nitrogen?

The results of the monitoring program
revealed the importance of local
hydrogeomorphological characteristics upon nitrogen
species stock and dynamics, as well as on its
transformation rates.

Mineralization process is more intense for
Vadu Lat site, which has a higher organic matter
content and mineralization potential, and lower
denitrifiers’ density. An inhibitory effect of
ammonium on the mineralization rate and
ammonifiers was observed. Good correlations were
obtained between mineralization process and
population densities of ammonifiers and denitrifiers.

Increase of reactive nitrogen stocks was
noticed as a consequence of higher nitrogen inputs.
Changes were observed in soil organic matter content
and rate of its mineralization. Microbial communities
were differently affected by fertilization, consisting
in a growth of population densities of denitrifiers and
decrease of ammonifiers. Microbial communities
proved to be indicator of enhanced nitrogen inputs
due to a short time response and good sensitivity at
changes of nitrogen levels.

Plant cover requires an extended time scale in
order to respond to changes of available nitrogen
amounts and further investigations will be completed
in this regard.
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