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direct and indirect effects
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In the coastal wetland, nitrogen is a limiting element for plant growth and
reproduction. However, nitrogen inputs increase annually due to the rise in
nitrogen emissions from human activity in coastal wetlands. Nitrogen additions
may alter the coastal wetlands’ soil properties, bacterial compositions, and plant
growth. The majority of nitrogen addition studies, however, are conducted in
grasslands and forests, and the relationship between soil properties, bacterial
compositions, and plant growth driven by nitrogen addition is poorly understood
in coastal marshes. We conducted an experiment involving nitrogen addition in
the Phragmites australis population of the tidal marsh of the Yellow River Delta.
Since 2017, four nitrogen addition levels (NO:0 g » m=2e yeart, N1:5ge m=2e year™?,
N2:20 g e m™ « year?, N3:50 g « m™ « year?) have been established in the
experiment. From 2017 to 2020, we examined soil properties and plant traits. In
2018, we also measured soil bacterial composition. We analyzed the effect of
nitrogen addition on soil properties, plant growth, reproduction, and plant
nutrients using linear mixed-effect models. Moreover, structural equation
modeling (SEM) was utilized to determine the direct and indirect effects of
nitrogen addition, soil properties, and bacterial diversity on plant growth. The
results demonstrated that nitrogen addition significantly affected plant traits of P.
australis. N1 and N2 levels generally resulted in higher plant height, diameter, leaf
length, leaf breadth, and leaf TC than NO and N3 levels. Nitrogen addition had
significantly impacted soil properties, including pH, salinity, soil TC, and soil TS. The
SEM revealed that nitrogen addition had a direct and positive influence on plant
height. By modifying soil bacterial diversity, nitrogen addition also had an small
indirect and positive impact on plant height. However, nitrogen addition had a
great negative indirect impact on plant height through altering soil properties.
Thus, nitrogen inputs may directly enhance the growth of P. australis at N1 and N2
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levels. Nonetheless, the maximum nitrogen addition (N3) may impede P. australis
growth by reducing soil pH. Therefore, to conserve the coastal tidal marsh, it is
recommended that an excess of nitrogen input be regulated.
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nitrogen addition, coastal wetland, soil properties, bacterial diversity, plant traits, SEM

Introduction

Agriculture and industrialization are major contributors to
the global release of reactive nitrogen into the environment. For
example, the utilization of nitrogen fertilizer in agriculture
increased from 12 Mt in 1961 to 110 Mt in 2014, and a
considerable proportion of nitrogen inputs ended up in
terrestrial and aquatic ecosystems, resulting nitrogen
enrichment and contamination (Bodirsky et al., 2014; Yu et al,,
2019). Then, nitrogen overloading may alter soil properties, soil
microorganisms, and plant compositions, including species
richness, and abundance, leading to a shift in ecosystem
functions (He et al., 2021a; Zhong et al., 2022). These
consequences will challenge ecosystem conservation and
management. Therefore, simulative nitrogen addition studies
have been done in numerous ecosystems, and outcomes from
these experiments can shed light on the consequences and
mechanisms of nitrogen enrichment on ecosystems.

Nitrogen enrichment can directly and substantially affect soil
physical and chemical properties. The experiments focus primarily
on measuring soil pH, which is a crucial and comprehensive
component. The soil pH responds sensitively to nitrogen
enrichment, particularly in acidic soils. Nitrogen addition can
reduce soil pH, because NH," is coupled with OH in the soil
and then released into the air as NH3; as a result of the depletion of
OH’ in the ground, the pH value decreases, and the earth becomes
more acid (Zhou et al, 2017). The drop of soil pH following
nitrogen addition caused variations in soil enzyme activity (Liu and
Zhang, 2019), microbial communities (Zhou et al., 2017), and plant
community composition (Liu et al., 2020). In addition, an increase
in nitrogen input resulted in stoichiometric imbalances (Li et al,
2016). For instance, nitrogen addition increased the amount of
available N (AN) but lowered the amount of soil available P (AP) in
the soil (Touhami et al., 2022), which might increase the N:P ratio
in the soil and hinder the growth of microorganisms or plants.
Yuan et al. (2019) reported that in the non-linear relationship
between nitrogen addition and C:N ratio, C:P ratio, and N:P ratio,
the greatest stochiometric imbalance occurred at the intermediate
nitrogen addition level, which promoted the microbial C limitation
but not P limitation.
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Nitrogen addition has detrimental effects on the microbial
community. For example, nitrogen addition decreased soil
fungal richness (Leff et al, 2015; Yuan et al, 2020) and
soil bacterial diversity (Lu et al., 2021). Furthermore, soil
acidification and the modification of resources by nitrogen
addition are recognized as the primary mechanisms
underlying the diversity in microbial communities. Chen et al.
(2015) demonstrated that nitrogen-induced soil acidification
was the primary factor inhibiting bacterial, fungal and
actinobacteria biomass. In a long-term nitrogen addition
experiment, Liu et al. (2020) also revealed that the decrease in
soil pH was attributable to the loss of soil bacterial diversity.
However, Zhou et al. (2017) demonstrated through a meta-
analysis that nitrogen addition promoted the increase of
resources, whereas soil acidification had no effect on
microbial communities.

Depending on the amount of nitrogen added, nitrogen
addition has both beneficial and negative impacts on plant
growth and community productivity. High and abrupt nitrogen
addition was toxic for plant growth (Gao et al., 2014) whereas,
intermediate nitrogen addition increased leaf nutrients, total leaf
biomass (Liang et al., 2020), and carbon in plant shoots (Sun
et al,, 2020; Wang et al.,, 2020), seedling performance (Shi et al,
2020), and the stability of aboveground net primary productivity
plant community (Chen et al., 2016b; Yang et al., 2022).

Few studies have investigated the effects of nitrogen
enrichment on coastal wetland ecosystems, whereas numerous
studies have examined the effects of nitrogen enrichment on
grasslands and forests (Zhou et al, 2017). Coastal regions
account for only 4% of the worldwide geographical area,
although they are home to one-third of the global population.
Diversity of fish, birds, and benthic animals inhabit coastal
wetlands. Coastal wetlands also provide human with
numerous ecosystem services, such as carbon sequestration,
storm mitigation, and coastline protection. Similar to other
ecosystems, nitrogen is a limiting nutrient for plant growth in
coastal wetlands, despite the considerable nitrogen storage
capacity of coastal wetland. Thus, the coastal wetland often
was frequently utilized as a buffer zone or reservoir for the
removal excess nitrogen from agricultural lands prior to its
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discharge into the ocean. Empirical research indicating that the
excessive nitrogen inputs may severely impair the coastal
wetland vegetation (Deegan et al, 2012), suggesting that the
vegetation of the coastal wetland is susceptible to nitrogen
fluctuations. Contradictory evident indicated that 13-year
nutrient enrichment did not affect the ecosystem stability (e.g.,
soil strength and structural integrity of the soil matrix) in the
coastal marsh, whereas the belowground root biomass was
reduced in the coastal marsh (Graham and Mendelssohn,
2014). Therefore, further research is required to determine the
impact of nitrogen enrichment on soil properties and vegetation
growth in the coastal wetlands. Furthermore, the linkage among
nitrogen addition, soil properties, bacterial composition, and
plant growth in the coastal wetland could be established. In this
study, we addressed the following scientific question: how do soil
properties, bacterial composition, and plant growth respond to
nitrogen addition in the coastal wetland? This study will deepen
our understanding of the effect and the underlying mechanism
of nitrogen addition on plant growth in the coastal wetland. It
also will provide suggestions on the conservation of coastal
wetlands in the context of environmental change.

Methods
Study site

The study site was located in the salt marsh of the Yellow
River Delta (YRD) in Shandong Province (37°44’5” N, 119°
12’56” E). The climate of this region is warm temperate, and the
annual average temperature is 11.7-12.6°C. The average yearly
precipitation is 530-630 mm, and most of the precipitation
occurs in July and August. The average yearly evaporation is
1750-2430 mm, and tidal flooding occurs through irregular
semilunar and semidiurnal tides. In the YRD, the dominant
native species are P. australis and Suaeda salsa; and P. australis
distribute in the high marsh while S. salsa dominates the low
marsh. During the growth season (May to November), the total
N deposition rate in the YRD was estimated to be around 22.64
kg/hm2 (Guan et al., 2019).

Field experiments

In 2017, the experiment plots were randomly established in
the P. australis vegetation of the high marsh; the nitrogen
addition levels were 0 g « m™ « year' (NO), 5 g« m™> o year™
(N1),20ge m?e year' (N2),and 50 g o m?e year’1 (N3) (Zhao
et al,, 2021). Urea [CO (NH,), containing 46% nitrogen] was
added in May and July each year and it was scattered evenly in
the plot. Each level had six replicates. The plot size was 2 x 2 m”.
The distance between the two plots was greater than 10 m. The
height of P. australis individuals in the initial plots was similar in
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May 2017. During 2017 and 2020, the diameter, height, leaf
numbers, leaf length, and leaf breadth of each individual, and the
total individuals in the plot were measured in the middle of May,
Jul,, and Sep. In Sep. 2017~2020, the soil at a depth of 0~10 cm
and mature leaves from each plot were sampled. One portion of
the fresh soil was refrigerated at -20°C and then used to
determine the NO3-N, and NH,4-N contents, the other portion
of the soil was air-dried to measure soil pH, electrical
conductivity (EC), total C (TC), total N (TN), total P (TP),
AP, and total S (TS). In Sep. 2018, one portion of the fresh soil
was frozen at -80°C, and utilized to determine the bacterial
composition. In addition, the leaves were collected to determine
leaf nutrients, including TC, TN, TP, and TS.

Soil and plant analysis

The elemental analyzer (Vario Micro cube, Elementar Co.,
Germany) was employed to measure TC and TN in soil and leaves.
The pH meter (QT-PH220S, Beijing Channel Scientific Instrument
Co., Ltd, China) was used to determine soil pH (soil: water = 1: 5).
The continuous flow analyzer (AutoAnalyzer III, Seal Co.,
Germany) was used to measure NO;-N and NH4-N contents
[extraction: 3 g of fresh soil using a 15 ml KCl solution (2 mol/
L)]. The total amount of AN was the sum of NO3-N and NH,-N
contents. The ultraviolet spectrophotometer (T6NewCentury,
Beijing Persee General Instrument Co., Ltd, China) was
employed to determine TP and AP content by the Oslen method.

Soil bacterial composition

The soil bacterial diversity was determined by 16S rRNA. 0.5 g
of soil was used to extract DNA. The genomic DNA of the sample
was extracted by the CTAB method. Then, the purity and
concentration of DNA were detected by agarose gel
electrophoresis. A suitable sample of DNA was used in a
centrifuge tube and diluted with sterile water to 1 ng/ul. Using the
diluted genomic DNA as the template and according to the selection
of sequencing region, the specific primers with barcodes were used.
Phusion® High-Fidelity PCR Master Mix with GC Buffer and high
efficiency and high-fidelity enzyme were used for PCR to ensure
amplification efficiency and accuracy. PCR products were detected
by electrophoresis with agarose gel of 2% concentration. According
to the concentration of PCR products, the samples were mixed
equally, and then the PCR products were detected by 2% agarose gel
electrophoresis. The target bands were recovered from the gel
recovery kit provided by the Qiagen company. Truseq ® DNA
PCR Free Sample Preparation Kit was used for library construction.
The constructed library was quantified by Qubit and Q-PCR. After
the library was qualified, NovaSeq6000 was used for computer
sequencing. According to the Barcode sequence and PCR amplified
primer sequence, each sample data was separated from the off-line
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data. After the Barcode and primer sequence were intercepted,
FLASH (v1.2.7, http://ccb.jhu.edu/software/FLASH/) spliced the
reads of each sample (Magoc and Salzberg, 2011), and the splicing
sequence obtained was raw tags data (raw tags). Raw tags obtained
by splicing need to be strictly filtered to obtain high-quality tags data
(clean tags) (Bokulich et al., 2013). Referring to Qiime (v1.9.1, http://
qiime.org/scripts/split_libraries_fastq.html), the tag quality control
process was as follows (Caporaso et al., 2010). a) tags interception:
cut raw tags from the first low-quality base site with a continuous
low-quality value (the default quality threshold is < = 19) and a set
length (the default length value is 3); b) Tags length filtering: the tags
data set obtained by intercepting tags further filters out tags in which
the continuous high-quality base length is less than 75% of the tag’s
length. The tags obtained after the above processing need to be
processed to remove the chimera sequence, and the tags sequence
passed Vsearch (https://github.com/torognes/vsearch/) (Rognes
et al,, 2016) were compared with the species annotation database
to detect chimeric sequences, and finally the chimeric sequences
were removed to obtain the final effective tags.

The Uparse software (Uparse v7.0.1001, http://www.drive5.
com/uparse/) was used to cluster all effective tags of all samples
(Haas et al.,, 2011). By default, the sequence was clustered into
OTUs (operational taxonomic units) with 97% identity. At the
same time, the representative sequence of OTUs will be selected
according to its algorithm principles. The sequence with the
highest frequency in OTUs was selected as the representative
sequence of OTUs. The bacterial OTUs was detected in
Novogene Co.,Ltd. The bacterial diversity index, including
OTUs and beta diversity. The beta diversity was represented
by the loadings of the first two principal components in the
result of PCA (principal components analysis).

Data analysis

Because the mixed effect models can handle the repeated
measurement data, linear mixed-effect models (Imer () function)
were utilized to analyzed the effects of nitrogen, month, and year
on the soil properties and plant traits. The correlations between
repeated measurements within each plot were explicitly
accounted for through mixed models. Nitrogen addition,
month, and year were set as the fixed factors, and the year was
appointed as the random factor. The Is. Means () function was
used to compare the means of different treatments. The distance-
based redundancy analysis (db-RDA) was employed to test the
relationship between soil properties and bacterial diversity.

Using the sem () in package “lavaan”, the SEM model was
developed to figure out the direct and indirect factors affecting
plant height growth. “soil”, “bacterial”, and “plant” were set as
latent variables. The measured variables of “soil” were soil pH,
and soil TC, while the measured variables of “bacteria” included
bacterial OTUs and beta diversity. The Chi-Square test statistic,
CFI (the comparative fit index), SRMR (the standardized root
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mean square residual), and RMSEA (the root mean square error
of approximation) were used to evaluate the goodness of
structural equation model fit. The model fits well if it meets
the following criteria: (P-value of Chi-Square test statistic > 0.05,
CFI > 0.95, SRMR < 0.08, and RMSEA < 0.05).

All data were presented as mean + SE in the text. We deposited
the bacterial data in National Library of Medicine (the BioProject
ID is PRJNA871067), We performed statistical analyses and drew
the figures using in R i386 4.1.1 (R Core Team, 2021) packages

» <

“ImerTest”,

» o«

lavaan”, “vegan”, and “semPlot”, respectively.

Results

The effect of nitrogen addition on soil
properties and bacterial compositions

The result showed that nitrogen additions significantly
affected soil properties, including pH, salinity, soil TN, soil TS,
and soil AP. However, nitrogen additions had little effect on soil
total N, soil AN, and soil TP (Figure 1, Supporting information
Table S1). N2 (8.46 + 0.03) and N3 (8.48 + 0.04) treatments had
lower pH than NO (8.71 £ 0.09) and N1 (8.72 % 0.09)
(Figure 1A), a high level of nitrogen addition increased the soil
EC which indicated the salinity level (Figure 1B), N2 level
quadrats (22.30 + 0.31 g/kg) had a higher soil TC than NO
(20.65 + 0.24 g/kg), N1 (21.37 + 0.20 g/kg), and N3 (21.55 + 0.27
g/kg) (Figure 1E). The nitrogen additions (N1, N2, and N3)
increased the soil TS (NO: 0.39 + 0.08 g/kg, N1: 0.55 + 0.07 g/kg,
N2: 0.48 + 0.07 g/kg, and N3: 0.48 + 0.10 g/kg, Figure 1F). The
level of nitrogen addition N2 resulted in the greatest soil
AP (Figure 1H).

The first two axes of the dbRDA plot accounted for 52.62
percent of the variance in bacterial compositions (OTUs), and
the dbRDA plot showed that the most important factors
influencing the bacterial compositions were pH (R* = 0.322, P-
value=0.014), soil TC (R* = 0.415, P-value=0.004), soil TN (R® =
0.361, P-value=0.006; Figure 2; Table S2). Soil TC and TN
determined the variation in bacterial compositions quadrats of
N2 and N3 nitrogen addition levels, whereas pH related to the
variation in bacterial compositions of N0 and N1
treatments (Figure 2).

The effect of nitrogen addition on
plant traits

For the plant nutrient traits, nitrogen addition did not affect
the leaf TN and leaf C: N ratio, but it altered the leaf TC and TS
(Figure 3; Table S3). Individuals with N1 (446.08 + 3.56 g/kg)
and N2 (447.18 + 3.28 g/kg) nitrogen addition levels exhibited
higher leaf TC than NO (439.93 + 2.52 g/kg) and N3 (442.66 +
2.71 g/kg), but nitrogen additions decreased the leaf TS
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compared to the control treatment (NO: 2.26 + 0.36 g/kg, N1:
1.86 + 0.20 g/kg, N2: 1.65 + 0.15 g/kg, and N3: 1.52 + 0.09 g/kg).
At the end of the growing season, plants in the N1 and N2
nitrogen addition quadrats (N1: 81.62 + 0.98 cm; N2: 82.41 +
0.96 cm) grew taller than those in NO and N3 quadrats (NO:
75.45 + 0.76 cm; N3: 75.36 + 0.89 cm) (Figure 4A; Table 1). N1,
N2, and N3 addition levels promoted diameter growth, but N1
had the greatest diameter excess in May, Jul., and Sep.
(Figure 4B; Table S4A). The effect of nitrogen addition on leaf
numbers varied by month (Figure 4C; Table S4B). In May, N3
reduced the leaf numbers, but N1 and N2 did not significantly
differ from NO. In Jul., the leaf number in nitrogen addition
treatments (N1, N2, and N3) were significantly greater than NO,
and N2 had the greatest leaf numbers. However, in Sep., higher
level of nitrogen additions reduced the leaf numbers. The N2 had
the greatest leaf length and breadth (Figures 4D, E; Tables S4C,
D). Individuals per plot and spike length decreased as nitrogen
addition levels increased (Figures 4F, G; Tables S4E, F).

The direct and indirect impacts of
nitrogen addition on plant growth

The goodness of model fit satisfied the SEM model criteria
(Chi.sq=4.546, df=5, P-value=0.474, CFI=1.000, SRMR=0.063,
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and RMSEA=0.000). From the SEM model (Figure 5), we found
that nitrogen addition had a positive direct effect on the plant
height (path coefficient=0.36), and soil properties also had a
positive direct effect on the plant height (path coefficient=0.64.
However, the bacterial diversity had a negatively direct effect on
the plant height (path coefficient=-0.25). The soil properties and
bacterial diversity were negatively affected by nitrogen
enrichment (path coefficient=-0.61; path coefficient=-0.17). By
altering bacterial diversity, nitrogen addition had a marginally
positive and indirect effect on plant height (path
coefticient=0.04). Additionally, nitrogen enrichment also had a
small positive impact on the plant height via altering both soil
properties and bacterial diversity (path coefficient=0.03).
However, nitrogen addition decreased plant height through
modifying soil properties (path coefficient=-0.39).

Discussion

The effect of nitrogen addition on the
soil properties in the tidal marsh

Our study was conducted in the tidal marsh, which was

flooded frequently by seawater (Zhang et al., 2021). Seawater
may reduce the amount of added nitrogen. However, nitrogen
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addition had a significant impact on soil properties, soil bacterial
compositions, and plant growth. Similar to acid soils, nitrogen
addition also decreased pH in alkaline soils. This result is
inconsistent with study by He et al. (2021b), which revealed
that soil pH responded to nitrogen addition modestly in alkaline
soil, and nitrogen addition buffered soil acidification by calcium
carbonate (Qin et al., 2018). In our study, the pH significantly
fell in N3 and N4 compared to NO and N1, and high nitrogen
addition may neutralize the calcium carbonate buffer effect.
The soil salinity did not consistently decrease with increasing
of nitrogen addition constantly, and it exhibited a non-linear
relationship with nitrogen addition levels. N1 and NO had lower
salinity than N2 and N3. This result is partly consistent with
findings of Guan et al. (2019), and they conducted the nitrogen
addition experiment in the non-tidal coastal wetland of YRD
and found that salinity had a negative relationship with nitrogen
addition. This experiment had a lower nitrogen addition rate
than our work, and the nitrogen substance used in the
experiment was NH,NO; (we used urea) which may
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immediately increase soil NH," and NO; after nitrogen
addition. Because the association of soil exchangeable base
cations and soil NH," and NO;  was negative, salinity
decreased with nitrogen addition (Qin et al., 2018).

According to our study, neither soil TN nor AN changed
after nitrogen addition. This result may have been caused by
three factors. Initially, plants and microorganisms absorbed and
consumed nitrogen, thereby reducing the amount of added
nitrogen. Secondly, the seawater may have washed away some
fertilizer, but the amount of fertilizer washed away has not yet
been quantified. Thirdly, a portion of the urea had not been
converted into inorganic nitrogen but had instead remained in
organic form.

In accordance with findings from other studies, nitrogen
addition increased soil TC (Guan et al., 2019; Sun et al., 2020).
The primary reason may be that nitrogen addition increased the
productivity of plants and microbes, resulting in a greater return
of litter or microbial carbon to the soil. The highest soil AP was
found in N2, which may be associated with the decomposition
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The effect of nitrogen addition on plant growth and reproductive traits in different months. Different letters denote statistically significant
differences. NO: 0 g e m™ e year™; N1: 5g e m2 s year:: N2: 20 g e m™ « year; N3: 50 g « m™ « year™. A: Height; B: Diameter (mm); C:Leaf
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rate of plants and microorganisms. However, the highest
nitrogen addition (N3) rate inhibited phosphatase and
consequently decreased soil organic P mineralization (Olander
and Vitousek, 2000). Few studies have examined the effect of
nitrogen addition on soil S. Sulfur is an essential element in the
coastal wetland, and its influence on plant growth depends on
the chemical species present (sulfate or sulfide). Intriguingly,
nitrogen addition increased soil TS. A previous study

Frontiers in Plant Science

demonstrated that nitrogen addition can inhibit the activity of
soil arylsulfatase due to a decrease in pH, which could mineralize
the organic S into inorganic form (Chen et al., 2016a). Wang
etal. (2016) found that nitrogen addition to the grassland had no
effect on soil TS but increased soil available S. The outcome of
the grassland differs from that of the coastal wetland. The
mechanism underlying the response of coastal wetland soil TS
to nitrogen addition requires further investigation.
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TABLE 1 Linear mixed-effects model predicting influences of nitrogen, month (including May, July, and September) on the plant height of the

common reed.

Effects Sum square Mean square
Fixed effects
Nitrogen 9.61x10* 3.20x10*
Month 1.93x10° 9.65x10°
Nitrogen: Month 1.42x10* 2.37x10°
Random effect

Npar LogLik
<none> 14 -4.16x10*
(1 |Year) 13 -4.16x10*

Num Df Den Df F-value P-value
3 9.19x10° 64.6 <0.0010
2 9.19x10° 1.94x10° <0.001+*
6 9.19x10° 4.77 <0.0010+
AIC LRT Df P-value
8.32x10*
8.33x10" 27.06 1 <0.0010

Nitrogen and Month were considered fixed factors; Year was treated as random factors. Npar: number of model parameters; LogLik: the log-likelihood for the model; AIC: the AIC for the
model evaluated as -2x(logLik - Npar), and smaller is better; LRT: the likelihood ratio test statistic. “*** denotes P-value < 0.001.
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FIGURE 5

RMSEA=0.000

The Structural equation model of nitrogen addition treatment, soil physical and chemical property, bacterial diversity and plant height. The red
arrows mean negative effect, the green arrows mean positive effect. Thicker lines denote higher effects. “trt” is the nitrogen addition treatment,
“SoilTC" is soil total carbon, “beta” means bacterial beta diversity, “otus” indicates bacterial OTUs.

The effect of nitrogen addition on
bacterial compositions and plant traits in
the tidal marsh

Nitrogen addition altered soil physical and chemical factors, and
bacterial compositions was also affected by environmental variables.
Significantly influenced by nitrogen addition, soil pH and TC played
critical roles in the variation of soil bacterial compositions. This
result is consistent with previous studies. Soil acidification caused by
nitrogen addition can reduce bacterial, fungal, and actinobacteria
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biomass (Chen et al., 2015) as well as bacterial diversity (Zhou et al,,
2022). In a non-tidal coastal wetland nitrogen addition experiment,
Lu et al. (2021) also found that soil TC was one of the most crucial
factors influencing soil bacterial diversity. Thus, soil acidification
and resource availability contributed to the altered bacterial
composition following nitrogen addition.

The leaf TC and TS also changed as a result of nitrogen addition.
The moderate nitrogen addition level promoted carbon assimilation
in plant leaves, but the positive effect disappeared at higher levels. It
suggests that excessive nitrogen addition can inhibit the carbon
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dioxide adsorption or organic carbon synthesis, thereby suppressing
plant growth. Sun et al. (2020) and Jing et al. (2017) revealed that
nitrogen addition increased the carbon content of plant leaves. While
theleaf TS decreased with nitrogen addition, this suggests that plants
absorb less S as nitrogen addition levels increase. There are two
possible causes for this outcome. Firstly, the decrease of inorganic S
due to a decrease in soil arylsulfatase activity in higher nitrogen
addition levels. Secondly, the plant allocated fewer resources for S
acquisition because it must allocate more resources for P acquisition,
which is the first limited resource (Chen et al., 2016a). It contradicts
the findings of Li et al. (2019), and they discovered that plant S uptake
increased with nitrogen addition in a S-deficient temperate steppe.
This discrepancy may be caused by varying S supply levels.

Furthermore, our study revealed the linkages between nitrogen
addition, soil environment, bacterial diversity, and plant growth in
the coastal wetland. Few studies have investigated these connections
in the coastal wetland ecosystems. Our study may partially fill this
knowledge gap. In a coastal wetland, nitrogen addition had a direct
and positive effect on plant growth, and a positive or negative
indirect effect on aboveground plant growth, primarily by altering
soil properties (i.e., soil pH and TC), and bacterial composition.
Totally, the indirect effect contributed similarly but contrarily to the
direct effect. The direct effect is the result of the added nitrogen being
utilized by plants. Liu et al. (2020) demonstrated that nitrogen
addition increased plant aboveground biomass directly in the
grassland, but they did not investigate the effect of soil property
and bacterial richness on plant growth. Nevertheless, numerous
studies have documented the substantial effect of plant growth or
diversity resulting from nitrogen addition on soil properties and the
bacterial community (Li et al., 2013; Zeng et al,, 2016; Liu et al,
2020). Consequently, the bi-directional interactions between plant
community, soil properties and bacterial community is crucial for
the response of ecosystem structure to nitrogen deposition.

Finally, in the tidal marsh, even at the lowest input level (5 g o
m e year '), the nitrogen addition had a significant effect on soil
physical and chemical properties, soil bacterial compositions, and
plant growth despite the flush of the sea tide. At the maximum
level of nitrogen input, plant growth was inhibited. Consider the
tidal flush, when nitrogen supply greater than 20 g e m™ e year™"
and less than 50 g« m™ e year™" inhibited plant growth. Therefore,
under the scenario of future high nitrogen inputs, the growth of
coastal wetland vegetation, including tidal marshes, will be
hampered. It is suggested that the regulation of agricultural
nitrogen inputs is still necessary to protect vegetation.

Conclusion

The addition of nitrogen significantly altered pH, salinity, soil
TC and soil TS in the coastal tidal marsh. Soil pH and TC were the
most influential environmental influences on the soil bacterial
compositions. Intermediate nitrogen addition enhanced plant
growth and reproductive traits significantly, with N1 and N2
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having greater values for these traits than NO and N3. Nitrogen
addition influenced plant height in the coastal wetland both directly
and indirectly, and the indirect but negative effect was mainly caused
by soil properties change induced by nitrogen addition. Additional
research is required to investigate different ecological functions of the
coastal wetland under future nitrogen input scenarios.

Data availability statement

The original contributions presented in the study are publicly
available. This data can be found here: NCBI, PRINA871067,
available at https://www.ncbi.nlm.nih.gov/bioproject/PRINA871067.

Author contributions

LWZ: Conceptualization, Methodology, Investigation, Data
curation, Visualization, Writing Original draft preparation, and
Funding acquisition. LJZ, HPY, SQL & LC: Methodology and
Investigation. GXH: Conceptualization and Supervision. All authors
contributed to the article and approved the submitted version.

Funding

This study is supported by grants from the National Natural
Science Foundation of China (31971504 and 31670533), and the
Youth Innovation Promotion Association CAS (2018247).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fpls.2022.1016949/full#supplementary-material

frontiersin.org


https://www.ncbi.nlm.nih.gov/bioproject/PRJNA871067
https://www.frontiersin.org/articles/10.3389/fpls.2022.1016949/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpls.2022.1016949/full#supplementary-material
https://doi.org/10.3389/fpls.2022.1016949
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

Zhang et al.

References

Bodirsky, B. L., Popp, A., Lotze-Campen, H., Dietrich, J. P., Rolinski, S., Weindl, I,
et al. (2014). Reactive nitrogen requirements to feed the world in 2050 and potential
to mitigate nitrogen pollution. Nat. Commun. 5, 3858. doi: 10.1038/ncomms4858

Bokulich, N. A,, Subramanian, S., Faith, J. ], Gevers, D., Gordon, J. I, Knight, R.,
et al. (2013). Quality-filtering vastly improves diversity estimates from illumina
amplicon sequencing. Nat. Methods 10, 57-U11. doi: 10.1038/nmeth.2276

Caporaso, J. G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman, F. D,
Costello, E. K., et al. (2010). QIIME allows analysis of high-throughput community
sequencing data. Nat. Methods 7, 335-336. doi: 10.1038/nmeth.f.303

Chen, D. M,, Lan, Z. C, Hu, S. ], and Bai, Y. F. (2015). Effects of nitrogen
enrichment on belowground communities in grassland: Relative role of soil
nitrogen availability vs. soil acidification. Soil Biol. Biochem. 89, 99-108. doi:
10.1016/j.s0ilbi0.2015.06.028

Chen, H,, Yang, L. Q., Wen, L., Luo, P,, Liu, L., Yang, Y., et al. (2016a). Effects of
nitrogen deposition on soil sulfur cycling. Global Biogeochem. Cy 30, 1568-1577.
doi: 10.1002/2016GB005423

Chen, W. Q,, Zhang, Y. ., Mai, X. H., and Shen, Y. (2016b). Multiple mechanisms
contributed to the reduced stability of inner Mongolia grassland ecosystem following
nitrogen enrichment. Plant Soil 409, 283-296. doi: 10.1007/s11104-016-2967-1

Deegan, L. A, Johnson, D. S., Warren, R. S., Peterson, B. J., Fleeger, J. W,
Fagherazzi, S., et al. (2012). Coastal eutrophication as a driver of salt marsh loss.
Nature 490, 388. doi: 10.1038/naturel1533

Gao, Y., He, N. P, and Zhang, X. Y. (2014). Effects of reactive nitrogen
deposition on terrestrial and aquatic ecosystems. Ecol. Eng. 70, 312-318. doi:
10.1016/j.ecoleng.2014.06.027

Graham, S. A., and Mendelssohn, I. A. (2014). Coastal wetland stability
maintained through counterbalancing accretionary responses to chronic nutrient
enrichment. Ecology 95, 3271-3283. doi: 10.1890/14-0196.1

Guan, B, Xie, B. H, Yang, S. S., Hou, A. X,, Chen, M., and Han, G. X. (2019).
Effects of five years' nitrogen deposition on soil properties and plant growth in a
salinized reed wetland of the yellow river delta. Ecol. Eng. 136, 160-166. doi:
10.1016/j.ecoleng.2019.06.016

Haas, B.]., Gevers, D., Earl, A. M., Feldgarden, M., Ward, D. V., Giannoukos, G., et al.
(2011). Chimeric 16S rRNA sequence formation and detection in Sanger and 454-
pyrosequenced PCR amplicons. Genome Res. 21, 494-504. doi: 10.1101/gr.112730.110

He, K. J., Huang, Y. M., Qi, Y., Sheng, Z. L.,and Chen, H. Y. (2021a). Effects of nitrogen
addition on vegetation and soil and its linkages to plant diversity and productivity in a
semi-arid steppe. Sci. Total Environ. 778, 142699. doi: 10.1016/j.scitotenv.2021.146299

He, W,, Yuan, Y. S,, Zhang, Z. L, Xiao, J., Liu, Q. Laiho, R, et al. (2021b). Effect of n
addition on root exudation and associated microbial n transformation under sibiraea
angustata in an alpine shrubland. Plant Soil 460, 469-481. doi: 10.1007/s11104-020-04753-4

Jing, H., Zhou, H. X., Wang, G. L., Xue, S., Liu, G. B, and Duan, M. C. (2017).
Nitrogen addition changes the stoichiometry and growth rate of different organs in
Pinus tabuliformis seedlings. Front. Plant Sci. 8. doi: 10.3389/fpls.2017.01922

Leff, J. W., Jones, S. E., Prober, S. M., Barberan, A., Borer, E. T., Firn, J. L., et al.
(2015). Consistent responses of soil microbial communities to elevated nutrient
inputs in grasslands across the globe. P Natl. Acad. Sci. U.S.A. 112, 10967-10972.
doi: 10.1073/pnas.1508382112

Liang, X. Y., Zhang, T,, Lu, X. K,, Ellsworth, D. S, BassiriRad, H., You, C. M,
et al. (2020). Global response patterns of plant photosynthesis to nitrogen addition:
A meta-analysis. Global Change Biol. 26, 3585-3600. doi: 10.1111/gcb.15071

Li, Q. Bai, H. H,, Liang, W. ., Xia, ]. Y., Wan, S. Q,, and van der Putten, W. H. (2013).
Nitrogen addition and warming independently influence the belowground micro-food
web in a temperate steppe. PLoS One 8:¢60441. doi: 10.1371/journal.pone.0060441

Li, T. P, Liu, H. Y., Wang, R. Z,, Lu, X. T, Yang, J. ], Zhang, Y. H, et al. (2019).
Frequency and intensity of nitrogen addition alter soil inorganic sulfur fractions,
but the effects vary with mowing management in a temperate steppe. Biogeosciences
16, 2891-2904. doi: 10.5194/bg-16-2891-2019

Li, Y, Niu, S., and Yu, G. (2016). Aggravated phosphorus limitation on biomass
production under increasing nitrogen loading: a meta-analysis. Glob. Chang. Biol.
22, 934-943. doi: 10.1111/gcb.13125

Liu, W. X,, Jiang, L., Yang, S., Wang, Z., Tian, R, Peng, Z. Y., et al. (2020).
Critical transition of soil bacterial diversity and composition triggered by nitrogen
enrichment. Ecology 101, €03053. doi: 10.1002/ecy.3053

Liu, X. C,, and Zhang, S. T. (2019). Nitrogen addition shapes soil enzyme activity
patterns by changing pH rather than the composition of the plant and microbial
communities in an alpine meadow soil. Plant Soil 440, 11-24. doi: 10.1007/s11104-
019-04054-5

Lu, G. R, Xie, B. H, Cagle, G. A, Wang, X. H,, Han, G. X,, Wang, X. ], et al.
(2021). Effects of simulated nitrogen deposition on soil microbial community

Frontiers in Plant Science

11

10.3389/fpls.2022.1016949

diversity in coastal wetland of the yellow river delta. Sci. Total Environ. 757,
143825. doi: 10.1016/j.scitotenv.2020.143825

Magoc, T., and Salzberg, S. L. (2011). FLASH: fast length adjustment of short
reads to improve genome assemblies. Bioinformatics 27, 2957-2963. doi: 10.1093/
bioinformatics/btr507

Olander, L. P., and Vitousek, P. M. (2000). Regulation of soil phosphatase and
chitinase activity by n and p availability. Biogeochemistry 49, 175-190. doi: 10.1023/
A:1006316117817

Qin, S. Q, Fang, K., Wang, G. Q,, Peng, Y. F., Zhang, D. Y., Li, F., et al. (2018).
Responses of exchangeable base cations to continuously increasing nitrogen
addition in alpine steppe: A case study of stipa purpurea steppe. Chin. J. Plant
Ecol. (In Chinese) 42, 95-104. doi: 10.17521/cjpe.2017.0100

R Core Team (2021). R: A language and environment for statistical computing
(Vienna, Austria: R Foundation for Statistical Computing). Available at: https://
www.R-project.org/.

Rognes, T., Flouri, T., Nichols, B., Quince, C., and Mahe, F. (2016). VSEARCH: a
versatile open source tool for metagenomics. Peerj 4, €2584. doi: 10.7717/peer;j.2584

Shi, W. H,, Lin, L., Shao, S. L., He, A. G,, and Ying, Y. Q. (2020). Effects of
simulated nitrogen deposition on phyllostachys edulis (Carr.) seedlings under
different watering conditions: is seedling drought tolerance related to nitrogen
metabolism? Plant Soil 448, 539-552. doi: 10.1007/s11104-020-04445-z

Sun, Y., Wang, C. T., Chen, H. Y. H., and Ruan, H. H. (2020). Responses of C:N
stoichiometry in plants, soil, and microorganisms to nitrogen addition. Plant Soil
456, 277-287. doi: 10.1007/s11104-020-04717-8

Touhami, D., McDowell, R. W., Condron, L. M., and Bouray, M. (2022).
Nitrogen fertilization effects on soil phosphorus dynamics under a grass-pasture
system. Nutr. Cycl. Agroecosys. doi: 10.1007/s10705-021-10191-0

Wang, D., Chi, Z. S., Yue, B.]., Huang, X. D., Zhao, J., Song, H. Q,, et al. (2020). Effects
of mowing and nitrogen addition on the ecosystem ¢ and n pools in a temperate steppe: A
case study from northern China. Catena 185, 104332. doi: 10.1016/j.catena.2019.104332

Wang, R. Z., Creamer, C. A., Wang, X,, He, P., Xu, Z. W,, and Jiang, Y. (2016).
The effects of a 9-year nitrogen and water addition on soil aggregate phosphorus
and sulfur availability in a semi-arid grassland. Ecol. Indic. 61, 806-814. doi:
10.1016/j.ecolind.2015.10.033

Yang, G. J., Hautier, Y., Zhang, Z. ], Lu, X. T., and Han, X. G. (2022). Decoupled
responses of above- and below-ground stability of productivity to nitrogen addition at the
local and larger spatial scale. Global Change Biol. 28, 2711-2720. doi: 10.1111/gcb.16090

Yuan, X. B,, Niu, D. C,, Gherardi, L. A, Liu, Y. B., Wang, Y., Elser, J. ], et al.
(2019). Linkages of stoichiometric imbalances to soil microbial respiration with
increasing nitrogen addition: Evidence from a long-term grassland experiment. Soil
Biol. Biochem. 138, 107580. doi: 10.1016/].s0ilbio.2019.107580

Yuan, X. B, Niu, D. C,, Weber-Grullon, L., and Fu, H. (2020). Nitrogen
deposition enhances plant-microbe interactions in a semiarid grassland: The role
of soil physicochemical properties. Geoderma 373:114446. doi: 10.1016/
j.geoderma.2020.114446

Yu, C. Q.,, Huang, X,, Chen, H., Godfray, H. C. J., Wright, J. S., Hall, ]. W, et al.
(2019). Managing nitrogen to restore water quality in China. Nature 567, 516-520.
doi: 10.1038/s41586-019-1001-1

Zeng, J., Liu, X. J., Song, L., Lin, X. G,, Zhang, H. Y., Shen, C. C, et al. (2016). Nitrogen
fertilization directly affects soil bacterial diversity and indirectly affects bacterial
community composition. Soil Biol. Biochem. 92,41-49. doi: 10.1016/j.s0ilbio.2015.09.018

Zhang, L. W, Lan, S. Q.,, Angelini, C,, Yi, H. P., Zhao, L. ]., Chen, L., et al. (2021).
Interactive effects of crab herbivory and spring drought on a Phragmites australis-
dominated salt marsh in the yellow river delta. Sci. Total Environ. 766, 144254.
doi: 10.1016/j.scitotenv.2020.144254

Zhao, L.]., Zhang, L. W., Yi, H. P,, Lan, S. Q,, Chen, L., LU, F,, et al. (2021). The
short-term effects of nitrogen addition on the growth of Phragamites australis and
soil physical and chemical properties in a high marsh of the yellow river delta. Ecol.
Sci. (In Chinese) 40, 18-25. doi: 10.14108/j.cnki.1008-8873.2021.02.003

Zhong, M. X,, Liu, C., Wang, X. K., Hu, W,, Qiao, N,, Song, H. Q,, et al. (2022).
Belowground root competition alters the grass seedling establishment response to
light by a nitrogen addition and mowing experiment in a temperate steppe. Front.
Plant Sci. 13. doi: 10.3389/fpls.2022.801343

Zhou, J., Kong, Y., Wu, M. M,, Shu, F. Y., Wang, H. J., Ma, S. N,, et al. (2022).
Effects of nitrogen input on community structure of the denitrifying bacteria with
nitrous oxide reductase gene (nosZ I): A long-term pond experiment. Microb. Ecol.
doi: 10.1007/s00248-022-01971-4

Zhou, Z. H., Wang, C. K, Zheng, M. H,, Jiang, L. F,, and Luo, Y. Q. (2017).
Patterns and mechanisms of responses by soil microbial communities to nitrogen
addition. Soil Biol. Biochem. 115, 433-441. doi: 10.1016/j.50ilbi0.2017.09.015

frontiersin.org


https://doi.org/10.1038/ncomms4858
https://doi.org/10.1038/nmeth.2276
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1016/j.soilbio.2015.06.028
https://doi.org/10.1002/2016GB005423
https://doi.org/10.1007/s11104-016-2967-1
https://doi.org/10.1038/nature11533
https://doi.org/10.1016/j.ecoleng.2014.06.027
https://doi.org/10.1890/14-0196.1
https://doi.org/10.1016/j.ecoleng.2019.06.016
https://doi.org/10.1101/gr.112730.110
https://doi.org/10.1016/j.scitotenv.2021.146299
https://doi.org/10.1007/s11104-020-04753-4
https://doi.org/10.3389/fpls.2017.01922
https://doi.org/10.1073/pnas.1508382112
https://doi.org/10.1111/gcb.15071
https://doi.org/10.1371/journal.pone.0060441
https://doi.org/10.5194/bg-16-2891-2019
https://doi.org/10.1111/gcb.13125
https://doi.org/10.1002/ecy.3053
https://doi.org/10.1007/s11104-019-04054-5
https://doi.org/10.1007/s11104-019-04054-5
https://doi.org/10.1016/j.scitotenv.2020.143825
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.1023/A:1006316117817
https://doi.org/10.1023/A:1006316117817
https://doi.org/10.17521/cjpe.2017.0100
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.7717/peerj.2584
https://doi.org/10.1007/s11104-020-04445-z
https://doi.org/10.1007/s11104-020-04717-8
https://doi.org/10.1007/s10705-021-10191-0
https://doi.org/10.1016/j.catena.2019.104332
https://doi.org/10.1016/j.ecolind.2015.10.033
https://doi.org/10.1111/gcb.16090
https://doi.org/10.1016/j.soilbio.2019.107580
https://doi.org/10.1016/j.geoderma.2020.114446
https://doi.org/10.1016/j.geoderma.2020.114446
https://doi.org/10.1038/s41586-019-1001-1
https://doi.org/10.1016/j.soilbio.2015.09.018
https://doi.org/10.1016/j.scitotenv.2020.144254
https://doi.org/10.14108/j.cnki.1008-8873.2021.02.003
https://doi.org/10.3389/fpls.2022.801343
https://doi.org/10.1007/s00248-022-01971-4
https://doi.org/10.1016/j.soilbio.2017.09.015
https://doi.org/10.3389/fpls.2022.1016949
https://www.frontiersin.org/journals/plant-science
https://www.frontiersin.org

	Nitrogen addition alters plant growth in China’s Yellow River Delta coastal wetland through direct and indirect effects
	Introduction
	Methods
	Study site
	Field experiments
	Soil and plant analysis
	Soil bacterial composition
	Data analysis

	Results
	The effect of nitrogen addition on soil properties and bacterial compositions
	The effect of nitrogen addition on plant&#146;traits
	The direct and indirect impacts of nitrogen addition on plant growth

	Discussion
	The effect of nitrogen addition on the soil properties in the tidal marsh
	The effect of nitrogen addition on bacterial compositions and plant traits in the tidal marsh

	Conclusion
	Data availability statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


