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Abstract Nitrogen (N) addition can affect soil organic mat-
ter (SOM) decomposition by enhancing soil enzyme activ-
ity, increasing labile organic carbon (C) fractions and
decreasing litter C/N ratio. This study was designed to
investigate the short-term effect of N addition on litter and
soil chemical and biological properties in Calamagrostis
angustifolia freshwater marshes. A field experiment was
conducted in which soil was treated with N addition of
0 (NO), 12 (N1), and 24 (N2) g N m ~ year ', respectively.
Above-ground biomass increased by 40 % and 32 % for N1
and N2 treatment, respectively. Added N increased litter C
and N concentrations as well as 3-glucosidase and invertase
activities. However, litter C/N ratio decreased with N addi-
tion. N1 treatment increased microbial biomass carbon
(MBC) in both topsoil and subsoil, but no changes in
dissolved organic carbon (DOC) were observed. Total N
concentrations in subsoil increased both in N1 and N2
treatments; NH, -N decreased in the N1 treatment, while
NOj3 -N increased in the N2 treatment in topsoil. N2 treat-
ment increased 3-glucosidase, invertase, and urease activi-
ties in both soil layers. The differences in litter and soil
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characteristics caused by N addition suggest that N addition
has the capacity to increase soil C transformation rates in
marshland.
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Introduction

Nitrogen (N) is a key element controlling the species com-
position, diversity, dynamics, and functioning of many ter-
restrial, freshwater, and marine ecosystems (Vitousek et al.
1997). Anthropogenic emissions of N in the past several
decades have resulted in a global increase in atmospheric
deposition that threatens the structure and function of N-
limited ecosystems (Galloway et al. 2002). In China, an-
thropogenic reactive N emissions to the atmosphere have
increased dramatically due to rapid agricultural, industrial
and urban development (Liu et al. 2011a). According to
Galloway et al. (1996), China’s contribution to the global
total N emissions will increase from about 20 % in 1990 to
about 25 % in 2020.

Nitrogen addition can induce alterations to a wide range
of litter and soil characteristics (Smaill et al. 2008). Greater
N availability leads to changes in nutrient uptake and pho-
tosynthetic efficiency by plants, ultimately controlling the
quantity and biochemistry of litter inputs to the soil and
altering substrates that can be leached or microbially
decomposed (Smemo et al. 2006). The decomposition rate
of litter is controlled by litter quality. Many studies have
shown that litter with higher N content, microbial enzyme
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activity and lower C/N ratios decomposes faster and that
increased rates of litter decomposition would speed up the
rates of nutrient cycling and enhance soil fertility (Saiya-
Cork et al. 2002; Kim et al. 2004; Zhang et al. 2012). The
effects of N addition on litter decomposition differ depending
on the stage of decomposition. Nitrogen addition stimulates
the initial litter decomposition; however, chronic N addition
generally has either no effect or negative effect on decompo-
sition rates (Magill and Aber 1998; Fang et al. 2007).

Nitrogen addition can significantly impact soil carbon
(C) and N dynamics (Salinas-Garcia et al. 1997). Fontaine
et al. (2007) and Huang et al. (2011) have shown that the
effect of N addition on soil organic matter (SOM) decom-
position depends on the chemical composition of SOM and
the availability of labile C substrates. Changes in soil or-
ganic C may be revealed by variations in soil labile organic
carbon (LOC) fractions in short-term experiments (Chen et
al. 2012). Thus, it is important to investigate how N addition
influences soil LOC fractions. Elevated N addition can also
alter the N cycle of terrestrial ecosystems, especially soil N
transformations. Studies have shown marked effects of both
short- and long-term N addition, which resulted in increase
of net N mineralization and nitrification rates, and also
shown evidence of increased rates of leaching of NO;  ions
and soil acidification (Carroll et al. 2003; Vestgarden et al.
2003; Chen and Hogberg 2006).

Microbial enzymes play important roles in the biochemical
functioning of soils, including SOM formation and degrada-
tion, nutrient cycling, and decomposition of litter (Acosta-
Martinez et al. 2007; Tripathi et al. 2007; Guo et al. 2011).
Nitrogen addition is able to directly affect microbial produc-
tion of soil enzymes, and may have indirect effects on the
activities of soil enzymes via changes in soil properties
(Iyyemperumal and Shi 2008). Previous studies found that N
addition altered the activities of soil -glucosidase, invertase,
and urease which are involved in C and N cycling in grassland
and forest ecosystems (Ajwa et al. 1999; Saiya-Cork et al.
2002; Iyyemperumal and Shi 2008; Dalmonech et al. 2010).
Furthermore, such changes in soil enzyme activities have been
found to be correlated with the degradation of SOM and plant
litters in response to N addition.

The content of inorganic N in wetland soil is typically
low, and N is commonly the most limited nutrient which
directly affects the productivity of wetland ecosystem
(Mitsch and Gosselink 2000). In recent decades, reclama-
tion of natural wetlands has been one of the major land use
changes in Northeast China. Sanjiang Plain, the largest
freshwater marshland in China, has experienced intensive
and extensive cultivation over the past 50 years (Zhao
1999). More and more marshes have been drained for con-
version into agricultural lands, and the natural marshes have
received N input from the adjacent agricultural lands due to
the fertilization. Nitrogen addition might affect the
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ecosystem C balance, and alter the C storage as well as C
cycling rate in wetland soils through biological and chemi-
cal changes (Min et al. 2011). Studies have shown that
exogenous N significantly increased the CH, emission rate
and N,O fluxes (Zhang et al. 2007a, b) and increased the
litter decomposition rate (Song et al. 2011) in the freshwater
marshes in the Sanjiang Plain, and thus may cause substan-
tial losses of soil C in these wetlands. However, the mech-
anism of the impact of N on the stability and turnover of soil
C is not well understood. More studies are needed to better
understand the effect of N addition on microbial enzyme
activity and thus nutrient dynamics in wetland ecosystem.
The primary objective of this study was to assess the
short-term responses of aboveground biomass and enzyme
activities of C. angustifolia litter in the freshwater marsh in
the Sanjiang Plain of Northeast China. For a better under-
standing of the effect of N addition on marshland C cycling
in this ecosystem, we also examined the soil chemical and
microbial properties and their complex interactions with N
addition. The changes of microbial enzyme (i.e., 3-
glucosidase, invertase, and urease) activity both in soils
and litter following one growing season of N addition were
investigated. Soil microbial biomass carbon (MBC),
dissolved organic carbon (DOC) as well as soil N (i.e.,
NH,"-N, NO; -N, and total N) were also examined. The
hypothesis was that N addition to N limited marshland
ecosystems would promote marshland vegetation growth
and change the litter C/N ratio due to the elevated soil N
availability. We also expected stimulation of soil microbial
activities (enzyme activities and MBC) under N addition.

Materials and Methods
Site Description

The freshwater marsh is located in the Sanjiang Marsh
Wetland Experimental Station, Chinese Academy of Sci-
ences (47°35°N, 133°31°E), in Sanjiang Plain, Northeast
China. The study area features an annual average tempera-
ture of 2.5 °C with a growing season of 125 days. The
annual precipitation is 550-600 mm, more than 60 % of
which concentrates in the period from June to August. The
typical type of seasonal waterlogged C. angustifolia (90 %
area coverage; few other plants included) marsh was select-
ed as the field experiment. The soil in the study site is
primarily meadow marsh soil.

Experimental Design
The experimental setup was designed with two levels of N

fertilization and one control (i.e. no N addition). Each ex-
perimental treatment had triplicate plots, giving a total of 9
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experimental plots. Board walks giving access to the whole
experimental area were installed to minimize further impacts
to the plots. Plastic frames (PVC 1.5x 1.5 m and 0.8 m deep)
were installed to prevent horizontal movement and lateral
loss of the added N, and each plot was separated by a 1-m
buffer zone. In order to imitate the exogenous N addition
found in nature, ammonium nitrate (NH4NO;) was applied
every month (from May to September) during the whole
growing season of 2011, with a rate of 0 (NO), 12 (N1), and
24 ¢ N'm > year ' (N2), respectively. At the same time, the
unfertilized plots were watered with the same amounts (1 L) of
surface marsh water. The freshwater marsh may receive some
inputs of N leached from agricultural activities (approximately
5.8 gN'm *year '; Zhang et al. 2007a) and from atmospheric
deposition (0.8 g N m 2 year '; Sun and Liu 2007), but the N
addition levels used in this study were greater than the current
total exogenous N input to this ecosystem.

Sample Collection and Analysis

Soil samples were collected from 0-15 cm and 15-30 cm
layer by taking four soil cores from each plot on 3 October
2011 (about 30 days after the last N addition in September).
After removal of plant and organic debris, soil samples were
sieved through a 2-mm sieve, mixed thoroughly, and then
divided into two subsamples. One subsample was stored at
4 °C until determination of MBC, DOC, NH,"-N and NO; -
N contents, and the second subsample was freeze-dried and
used to determine activities of soil enzymes ([3-glucosidase,
invertase, and urease). Freeze drying of samples is a
recommended procedure prior to the biochemical analysis
of flooded soil (Liu et al. 2009) and the freeze-drying
procedure maintains stable enzyme activity (Sundari et al.
2000). All the biological and biochemical analyses were
conducted within 2 weeks of soil collection.

Soil MBC was measured using the fumigation—extraction
method (Wu et al. 1990). Fumigated and non-fumigated
soils were extracted with 0.5 mol L' K,SO, solution by
shaking for 30 min. Organic C in the extracts was analyzed
using high-temperature combustion method (Multi N/C
2100 TOC analyzer, Analytik Jena, Germany). The MBC
was calculated using the following equation: MBC=E/0.
45, where E. was the difference in organic C between
fumigated and non-fumigated samples.

Soil DOC was assayed following the procedures
presented by Ghani et al. (2003). Soil samples were
extracted with 30 mL of distilled water by shaking for
30 min. Next, the samples were centrifuged for 20 min
at 3500 rpm. All supernatants were filtered through a 0.
45 um filter into separate vials for C analysis. Total
dissolved C and inorganic C in the water were mea-
sured using a Multi N/C 2100 analyzer (Analytik Jena,
Germany). Soil DOC was calculated by determining the

difference between total dissolved C and dissolved in-
organic C.

Soil mineral N (NH,"-N+NO; -N) was extracted
with 2 mol L' KCI solution. After extraction, NH,"-
N was analyzed using the indophenol blue spectropho-
tometric method, and NO; -N was analyzed by UV
spectrophotometry at 220 nm and 275 nm (Lu 2000).
The measurement at two wavelengths allows correction
for the interference due to dissolved organic matter, by
calculating the difference between both absorbance read-
ings. Soil pH was determined in a soil: water slurry
(1:2.5, w/w; PHS-3C, Rex Shanghai, China).

Soil invertase and urease activities were assayed follow-
ing the methods of Guan (1986). Urease activity assay was
based on the determination of the NH,"-N released when 1 g
soil was incubated with 10 mL of 10 % aqueous urea, and
20 mL of citric acid buffer (pH 6.7) at 37 °C for 24 h. The
NH, '-N released was determined by the indophenol blue
method. Results were expressed as mg NH,-N g ' 24 h™".
Invertase activity was determined by incubating 1 g soil
with 15 mL of 8 % sucrose solution and 5 mL of phosphate
buffer (pH 5.5) at 37 °C for 24 h, and measuring reducing
sugars as glucose by the colorimetry at 578 nm with 3,5-
dinitrosalicylic acid. The results were expressed as mg glu-
cose g ' 24 h™". Soil B-glucosidase activity was assayed by
the method of Tabatabai (1994). One gram soil was weighed
into a 50 mL flask, mixed with 0.25 mL of toluene, 4 mL of
modified universal buffer (MUB) (pH 6.0), and 1 mL of 0.
5 mol L™ p-nitrophenyl--D-glucoside (pNG) solution, and
incubated for 1 h at 37 °C. The reaction was terminated by
adding 1 mL of 0.5 mol L™ CaCl, and 4 mL of 0.1 mol L™
pH 12 tris(hydroxymethyl)aminomethane (THAM) buffer.
The soil suspension was allowed to develop a yellow color,
and the color intensity was determined using a spectropho-
tometer at 410 nm. Soil 3-glucosidase activity was
expressed as pug pNG g ' h™'. Each analysis was done in
triplicate. All the enzyme activities were expressed on a per-
gram dry soil basis.

The above-ground biomass in the sampling site was
sampled by using a 0.25 m? quadrat at the end of the
growing season. Plant material was clipped above the soil
surface and divided into two subsamples. One subsample
was oven-dried at 80 °C until constant weight. Above-
ground biomass was calculated using the following equa-
tion: above-ground biomass=B/0.25, where B is the bio-
mass obtained from the 50 cmx50 cm area, the unit of 0.
25 is m%. The second subsample was freeze-dried and used
for determination of enzyme activities. (3-glucosidase, in-
vertase, and urease activities in C. angustifolia litter were
determined according to the above methods described for
soil samples. The total C amount was determined by the dry
combustion method using a Multi N/C 2100 analyzer
(Analytik Jena, Germany). The total N amount was
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measured by the Kjeldahl method using the Kjeltec Auto
Analyzer (Behr Labor Technik, Germany).

Statistical Analyses

Statistical analyses were conducted with SPSS 11.5 pack-
age. Means (n=3) and standard errors (SE) were calculated.
One-way analysis of variance (ANOVA) was used to deter-
mine the differences between different N treatments. All
data were normally distributed and met the assumptions of
the ANOVA (data not shown). Significance for all statistical
analysis was accepted at the x=0.05 level.

Results

Above-ground Biomass, C, N Concentrations, and Enzyme
Activities of C. angustifolia Litter

Added N affected the growth of C. angustifolia, which
was reflected in the changes of biomass. The average
increase for the two N treatments was 40 % (N1) and
32 % (N2), respectively, in comparison to the control
(Table 1). The biomass was not significantly different
between the N1 and N2 treatments (P<0.05). Litter C
and N concentrations both increased in response to N
addition. The higher content of N in the litter for the N
addition treatment led to significant decrease in C/N
ratios, from 152.9 (NO) to 102.3 (N1) and 73.7 (N2).
The N addition resulted in a significant increase of litter
[-glucosidase (Fig. 1a) and invertase (Fig. 1b) activities
in comparison to the control. The activities of [3-
glucosidase in the litter of N addition treatments were
all markedly higher than that of control treatment, but
there were no significant differences between N1 and
N2 treatments (P>0.05). Litter invertase activities in-
creased with increasing N addition level, and reached
the maximum value for N2 treatment (1390 mg glucose
g ' 24 h''), 2.42 times of control treatment (575 mg

Table 1 Effects of N addition on above-ground biomass and concen-
trations of C, N, and C/N ratio of C. angustifolia litter after one
growing season of N addition. NO, N1, N2 represent applications of
0, 12, and 24 g N m 2 year ', respectively, applied over the entire
growing season. Values in parentheses are standard errors of the means
(n=3). Means with different lowercase letters in the same row are
significantly different at P<0.05

Above-ground TC (mg g 1) TN C/N
biomass (g m?) (mg g "
NO 850.5(x38.0) b 461.8(£10.4)b  3.0(=0.1)c 1529
N1 1191.0(x115.9) a 487.0(+6.7) ab  4.8(x0.5)b  102.3

N2 1125.4(265.0) a 497.1(+26.8)a  6.8(x03)a  73.7
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Fig. 1 Effects of N addition on a 3-glucosidase, b invertase, and ¢
urease activities of C. angustifolia litter after one growing season of N
addition. NO, N1, N2 represent applications of 0, 12, and
24 g N m 2 year |, respectively, applied over the entire growing
season. The different lowercase letters on the bars indicate significant
differences at P<0.05 level between the different treatments

glucose g ' 24 h™"). However, there was no effect of N
addition on litter urease activities (Fig. lc).

Soil MBC and DOC Concentrations

The MBC concentrations ranged from 861.8 to 1977.
8 ug g ! in the topsoil (0-15 cm) and from 330.3 to 895.
6 ug g ' in the subsoil (15-30 cm) (Fig. 2a). The N1
addition resulted in an increase in soil MBC, 2.3 and 2.7
times of control in the topsoil and subsoil, respectively.
However, no difference was observed in MBC between
N2 addition plot and control plot. Soil DOC concentrations
ranged from 131.4 to 166.4 pg g ' in the topsoil and from
78.6 to 131.4 pg g ' in the subsoil. One growing season of
N addition did not significantly change DOC concentrations
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Fig. 2 Changes in a soil microbial biomass C (MBC) and b dissolved
organic C (DOC) in the 0-15 cm and 15-30 cm layers after one
growing season of N addition. NO, N1, N2 represent applications of
0, 12, and 24 g N m 2 year ', respectively, applied over the entire
growing season. The different capital letters and lowercase letters on
the bars indicate significant differences at P<0.05 level between the
different treatments in topsoil and subsoil, respectively

compared with the control treatment in both soil layers (Fig.
2b).

Soil NH4"-N, NO;-N, and Total N Concentrations

After one growing season of N addition, NH,"-N concen-
trations in the topsoil decreased for N1 treatment but did not
significantly change for N2 treatment. The N2 addition
significantly increased NH, -N concentrations in the sub-
soil, 2.4 times of the control treatment (Fig. 3a). NO; -N
concentrations increased with increasing N addition level in
the topsoil, but did not alter in the subsoil (Fig. 3b). Topsoil
total N did not change after N addition; however, significant
increase of total N in subsoil for N addition was observed
(Fig. 3c¢).

Soil Enzymatic Activities

Our results showed that responses of soil enzyme activities
to N addition varied with different N addition levels and soil
depth (Fig. 4). Compared with the control, soil 3-
glucosidase, invertase, and urease activities significantly
increased for N2 treatment in the topsoil (Fig. 4a, b, c).
However in the subsoil, there were no significant changes
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Fig. 3 Changes in soil a NH,"-N, b NO;"-N, and ¢ TN concentrations
in the 0—15 cm and 15-30 cm layers after one growing season of N
addition. NO, N1, N2 represent applications of 0, 12, and
24 ¢ N m 2 year ', respectively, applied over the entire growing
season. The different capital letters and lowercase letters on the bars
indicate significant differences at P<0.05 level between the different
treatments in topsoil and subsoil, respectively

in (3-glucosidase activities for N addition treatment; inver-
tase activities reached the highest value for N1 treatment
(16.3 mg glucose g ' 24 h™") but decreased significantly as
N addition level increased (Fig. 4b); urease activities in-
creased with increasing N addition level and reached the
maximum value at N2 treatment (0.7 mg NH,"-N g!
24 h™"), 3.5 times of control treatment (0.2 mg NH,'-
N g ' 24 h™") (Fig. 4c).

Soil pH
The soil pH ranged from 5.57 to 5.68 in the topsoil and

ranged from 5.71 to 6.02 in the subsoil. Nitrogen addition
had a significant effect on soil pH in the subsoil, following
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Fig. 4 Changes in soil a 3-glucosidase, b invertase, and ¢ urease
activities in the 0—15 cm and 15-30 cm layers after one growing season
of N addition. NO, N1, N2 represent applications of 0, 12, and
24 ¢ N m 2 year ', respectively, applied over the entire growing
season. The different capital letters and lowercase letters on the bars
indicate significant differences at P<0.05 level between the different
treatments in topsoil and subsoil, respectively

the decreasing order of: NO (6.02)>N1 (5.85)>N2 (5.71).
However, it only reached the significant level for N2 treat-
ment (5.57) compared with control treatment (5.68) in the
topsoil.

Discussion

In the C. angustifolia freshwater marsh, N addition over one
growing season led to increased vegetation productivity, as
reflected by significant increases in above-ground biomass.
This was consistent with our initial hypothesis and other
studies in which the amount of standing dead material and
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litter was higher in N addition treatments than in the control
plots (Berendse et al. 2001; Zhang et al. 2007a). Increase of
the aboveground biomass indicated that the added N had
been readily available for plant growth. The C. angustifolia
litter in the N addition plots contained significantly higher
concentrations of C and N, agreeing with the results of an
earlier study (Zhang et al. 2007a). The significant increase
in litter N concentration and decrease in C/N ratio were
likely the result of increased N availability in the fertilized
plots, allowing greater N uptake and accumulation by the
vegetation biomass (Manning et al. 2008).

Nutrient mineralization from plant litter occurs via the
enzymatic activities of the microbial communities that be-
come established on the litter surfaces (Kourtev et al. 2002).
In this study, we found that N addition over one growing
season increased C. angustifolia litter invertase and f3-
glucosidase activities. Both enzymes are responsible for
the breakdown of plant litter and involved in the C cycling.
Invertase catalyzes the hydrolysis of sucrose (one of the
most abundant soluble sugars in plants) to glucose and
fructose (Frankenberger and Johanson 1983). f3-
glucosidase is responsible for the degradation of cellobiose
(a disaccharide produced during the enzymatic hydrolysis of
cellulose) to glucose (Eriksson and Wood 1985). Addition
of N has also been observed to increase invertase activities
in aspen litter (Chigineva et al. 2011) and (-glucosidase
activities in Acer saccharum (Saiya-Cork et al. 2002), dog-
wood and maple litters (Carreiro et al. 2000). The stimula-
tion of litter invertase and [3-glucosidase activities may
result in positive effects of N addition on litter decomposi-
tion rate in marshland systems. Similarly, Magill and Aber
(1998) and Fang et al. (2007) found that high concentrations
of N stimulate litter degradation rates initially; however,
chronic N addition generally has either no effect or negative
effect on litter decomposition. Therefore, future study is
needed for the long-term effects of N addition on litter
decomposition.

High litter quality and quantity would improve soil phys-
ical and chemical properties, and exert an important influ-
ence on soil biological activity and nutrient cycling (Cross
and Schlesinger 1999; Li et al. 2004; Carrera et al. 2005).
MBC is an important index of biological status in soil since
it is both a source of labile nutrients and an agent of
transformation and cycling of organic matter and plant nu-
trients in soil (Sicardi et al. 2004; Xue et al. 2006). The
MBC concentrations were significantly higher in N1 addi-
tion plot than in the control plot in both soil layers. The
results of Zhang and Zak (1998) and Wang et al. (2010) also
indicated that N addition typically increased microbial bio-
mass shortly following initial addition, and soil microbial
biomass has been shown to be increased by optimum and
balanced fertilization (Shen 2010). Therefore, increased
MBC could be caused by the N enrichment and litter
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accumulation. This may be because N addition could pro-
vide N that is essential to microbial cell synthesis (Geisseler
et al. 2010). Meanwhile, recently added C (via root exuda-
tion or root death) was a readily available source of substrate
for microbial activity (Salome et al. 2010). In contrast to our
results, Chen et al. (2012) reported that N addition over
4 years significantly decreased soil moisture and led to soil
acidification, which would suppress microbial activity and
decrease the soil MBC.

Dissolved organic matter comprises only a small part
of soil organic matter. The concentration of DOC can
decrease as a result of sorption, precipitation or miner-
alization by soil microorganisms (Mavi et al. 2012).
Furthermore, sorption of DOC to mineral surfaces is
the primary sink for DOC in mineral soil (Currie et
al. 1996; Cory et al. 2004). The Harvard Forest exper-
iment showed that after 4 years of sampling, there were
small changes in the DOC concentrations (McDowell et
al. 1998). In our study, N addition showed no signifi-
cant impact on soil DOC concentrations except for N1
treatment in subsoil. The lowest DOC concentration was
accompanied by the highest MBC and NOj; -N concen-
trations in this soil. In addition, NO3 -N could compete
directly with DOC for adsorption sites, thus NO; -N
accumulation decreases sequestration of DOC into soil
organic matter (Pregitzer et al. 2004; Smemo et al.
2006).

Our results showed that soil total N concentrations in
topsoil did not significantly change after one growing sea-
son of N addition, confirming the observations of Moscatelli
et al. (2008) in a poplar plantation. This was because that the
external N may leach into the subsoil. Pregitzer et al. (2004)
found that 65-70 % of experimentally added N annually
leached out in a chronic N deposition treatment. Subsoil
total N concentrations significantly increased in N1 and N2
plots, which may have been caused by the retention of the
added N in this soil layer. Soil NH4 -N concentrations
decreased for N1 treatment in topsoil. One explanation for
this decrease is that along with the external N, greater NH, -
N is absorbed and immobilized by plants and soil microbes
or adsorbed to cation exchange surfaces in soils (Gundersen
and Rasmussen 1995; Moldan et al. 1995). However, the
higher concentration of added NH4"-N in the N2 plots alone
could meet the plant and microbial requirements, thus not
leading to a decrease in soil NH,"-N concentrations in these
plots. Added N increased NO5 -N concentrations in topsoil
probably because the N application might have stimulated
microbial nitrification (Carroll et al. 2003; Xue et al. 20006)
and consequent accumulation of NO3™ -N in this soil layer.
However, soil NO5; -N concentrations in the subsoil did not
significantly change after one growing season of N addition.

Soil enzyme activity was measured as an indicator of
microbial activity in our study. Activities of 3-glucosidase,

invertase, and urease were significantly greater in the topsoil
than in the subsoil. Increases in soil enzyme activities were
evident for the higher level of N addition, and several
studies have reported that N addition increased the activities
of [3-glucosidase (Manning et al. 2008; Liu et al. 2011b),
invertase (Wang et al. 2008; Shen et al. 2010), and urease
(Saiya-Cork et al. 2002; Xue et al. 2006; Wang et al. 2010).
The increase in soil enzyme activities was potentially a
microbial response to increased litter (fresh organic) C, the
higher soil N availability could also have played a role
(Manning et al. 2008; Salome et al. 2010). Nitrogen addition
may cause a shift in soil microbial community composition
and subsequently alter microbial production of enzymes
(Liu et al. 2011b). Allison et al. (2008) found that adding
N to the soil stimulates the synthesis of (3-glucosidase by
saprotrophic microbes to meet the microbial demand for C.
Invertase plays a critical role in releasing low molecular
weight sugars that are important as energy sources for
microorganisms (Zhou et al. 2012), and it was one of the
degradative enzymes found to be primarily responsible for
litter decomposition in a coniferous forest fertilized with N
(Wang et al. 2010). Microbial production of urease in soils
may be repressed through end product inhibition or by-
products formed from the microbial assimilation of exces-
sive N (McCarty et al. 1992). However, the large quantity of
protein-rich litter entering the system was probably more
important than mineral N availability in determining urease
production (Allison et al. 2006; Wang et al. 2008). Our
study suggests that N addition may stimulate the decompo-
sition of organic matter and reduce the stabilization of
organic C in soil by increasing enzyme activities.

Conclusion

Our study shows that in C. angustifolia freshwater marshes,
N addition could promote vegetation growth and increase C
and N concentrations in above-ground litter. The decreased
C/N ratios and increased (3-glucosidase and invertase activ-
ities in litter caused by N addition generally stimulated litter
decomposition. Soil MBC significantly increased because of
low level of N addition. Soil (3-glucosidase, invertase, and
urease activities significantly increased in response to high
level of N addition. As the enhanced enzyme activity in the
context of N enrichment apparently accelerates decomposi-
tion of SOM, this might result in long-term reductions in the
capability of these marshlands to store carbon.
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