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Abstract The main aim of the study was to assess the gradi-
ent distribution and composition diversity of microbial taxa
using a spatial scale with physicochemical heterogeneity be-
tween reclamation area and non-reclamation area. The grid
method was utilized to set the sample belt and sample square.
The Illumina MiSeq platform was used to study the gradient
distribution of rhizosphere bacteria in reclamation and non-
reclamation areas. Operational taxonomic units were used to
measure bacterial relative abundance. The analysis results
showed salt concentration can effect on differences in bacte-
rial relative abundance and composition diversity due to a
variable in the rhizosphere soil. Bacterial relative abundance
in reclamation area was significantly lower than that in non-
reclamation area. The bacterial community composition
showed a statistically significant to spatial variability. Some
bacterial phyla exit in the whole study area, out of accordance
with salinity control. It means that the composition of bacterial
community was varied for the environment disturbance, but it
was not unique correlated to environment factor. Anaerolinea
genus has significantly positive correlation with salinity. It
indicated that Anaerolinea genus can provide an indicator to
response the environment change.

Keywords Gradient distribution . Rhizosphere bacteria .

Coastal reclamation . IlluminaMiSeq

Abbreviations
OTUs Operational taxonomic units
PD_whole_tree Phylogenetic diversity whole tree

Introduction

The demand for land increases with the development of socio-
economic activities and population growth. Reclamation has
become an effective method to alleviate the shortage of land
supply, expand social survival, and develop spaces. Many
countries have adapted reclamation projects to provide land
resources demanded by the population. Reclamation projects
are well developed in countries such as Japan, Netherlands,
and Korea (Yu and Zhang 2011). Reclamation has tremendous
social and economic benefits, but may irreversibly impact the
ecological environment (De et al. 2002; Marimuthu et al.
2005; Shen and Ehrenfeld 2009). Reclamation changes the
natural ecological patterns and causes strong perturbation to
the ecological system by changing various environmental fac-
tors (Fellet et al. 2011; Park et al. 2009).

The rhizosphere is an active interface for interchanging soil
material and plant nutrition (Stottmeister et al. 2003).
Rhizosphere microorganism has an important function in soil
formation and development, organic matter transformation,
ecosystem balance, soil environment cleaning or bioremedia-
tion (Toal et al. 2000). Moreover, rhizosphere bacteria may
promote plant growth by increased nutrient uptake that are
difficult to be absorbed and used by plants into absorbable
and usable forms (Dobbelaere et al. 2003). Rhizosphere bac-
teria have unique function in cellulose degradation, nitrogen
fixation, and decomposition course of some special com-
pounds (Waldrop et al. 2012; López-Fuentes et al. 2012).
The diversity of rhizosphere microorganism is inseparable
from ecosystem structure and functions. Changes in
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rhizosphere microorganism species and quantity may reflect
the change process of soil property, and may also be signifi-
cant indicator for evaluating soil change from natural or an-
thropogenic disturbances (Prosser 2002). Much research here
in China and abroad show that the community composition of
microorganisms has some difference in various ecosystems
(Lin et al. 2010; Chen et al. 2012; Dunbar et al. 2012;
Knelman et al. 2012). Wetland ecosystem has the feature of
water and land, and thus, the ecosystem with the richest bio-
logical diversity, highest productivity, and biggest ecosystem
service values on earth (Moore and Hunt 2012). However,
most studies in this field have focused on terrestrial ecosys-
tems and aquatic ecosystems (Wang et al. 2000; Venosa and
Zhu 2003). Studies on rhizosphere microorganism have been
carried out late in wetlands ecosystem. These studies have
been conducted to explore microbial resources available for
bioremediation of degraded wetlands and provide necessary
theoretical basis for restoring degraded wetlands. Recent stud-
ies have emphasized on the analysis of rhizosphere soil mi-
crobial community in saline, alkali soil, or petroleum pollution
(Sarkar et al. 2012;Martin et al. 2014).Wetland ecosystem is a
special ecological system and it is located at interactive border
zone between waters and terrestrial systems (Douterelo et al.
2010). In such complex and special environment that involves
the interaction of ocean and land and changed materials in
gradient, rhizosphere microorganism has a significant func-
tion in maintaining the stability of the wetland ecosystem,
mineral elements cycle, degradation of pollutants (Hartmana
et al. 2008).

With comprehensive studies on rhizosphere microenviron-
ment constantly enrich and development, studies on the dis-
turbance of reclamation activities on rhizosphere microenvi-
ronment and self-repairing capability of rhizosphere bacteria
are necessary for advancing microbial remediation in reclama-
tion area of coastal wetland. Therefore, clarifying the differ-
ence in rhizosphere bacterial community between the recla-
mation area and the non-reclamation area and obtaining com-
prehensive understanding of rhizosphere bacterial community
functional and structural changes associated with the coastal
reclamation would contribute to resolve the long-term prob-
lems at the coastal zone.

Materials and Methods

Study Area

The Yellow River Delta is between 36°55′–38°10′ N and
118°07′–119°10′ E (Fig. 1). The Yellow River Delta, located
in the north of Shandong Province, has been characterized as
the largest and youngest wetlands in the warm temperate zone
of China (Xu et al. 2004). The main types of reclamation in
this area are port construction, aquaculture, salt pan, and sea

farming (Cui et al. 2009). Port construction is a common rec-
lamation process; sea embankment is basic project of port
construction. Construction of sea embankment hinders normal
matter and energy exchange between tidal wetlands and sea-
water. Thus, reclamation areas of our study are between the
sea and the sea embankment.

Reclamation and non-reclamation areas are located in the
erosion area of the Yellow River Delta, and these two areas are
characterized by a temperate, semi-humid continental mon-
soon climate, with a mean annual precipitation of 590 mm
and mean of 210 frost free days. The average maximum and
minimum temperatures are 26 °C in July and −4 °C in January,
respectively. Non-reclamation area is located in the north of
reclamation area. Reclamation area is between 38°00′57″–
37°57′22″ N and 118°58′45″–119°00′39″ E, and Non-
reclamation area is between 38°03′20″–38°01′49″ N and
118°57′09″–118°58′28″ E. The embankment was built on
June 2013 in reclamation area, and the effect of embankment
was prevented from the erosion of the tides.

Research Methods

Sample Collection and Treatment

Samples were collected onAugust 2013 based on the presence
or absence of sea embankment in the reclamation and non-
reclamation areas of coastal wetlands at the Yellow River
Delta. Five sample belts were set the direction from the sea
to the land along a transect perpendicular to the coastline, with
an interval of 500 m. Twelve sample squares of 50 cm×50 cm
were set on each sample belt with an interval of two sampling
squares of 200 m. Each sampling area had a total of 60 sample
squares, 120 sample squares in all (Fig. 1).

Soil type of the two study areas were sandy and clay soil,
and the major plant was halophyte such as Spartina
alterniflora. All the samples in the article were collected from
rhizosphere soils of Spartina alterniflora. Rhizosphere soils
were collected by shaking the plant roots and got the dropped
rhizosphere soils (Veneklaas et al. 2003). The rhizosphere soil
samples in an aseptic bag were placed in an ice box and
brought back to the lab for treatment. A part of the fresh
samples were used to determine the microbial indicators in
the rhizosphere soil; the others were used to determine the
physiochemical factors in the rhizosphere soil after freezing,
drying, dispersing, milling, and sieving.

Physiochemical Factors in Soils and Test Methods

Fresh rhizosphere soil sample (100 g) was placed in an oven
for 24 h to dry at 105 °C to determine soil moisture. Four
grams of this soil sample was passed through a 100 mesh
screen, placed in a centrifuge tube, added with 20 mL of
deionized water, and allowed to set after oscillation for
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30 min. Conductivity meter was used to determine the soil
salinity. Through a 100 mesh screen, the sediment sample
was analyzed for total nitrogen (TN), total phosphorus (TP),
and organic matter (OM) content. TN in soils was determined
by an elemental analyzer (Elementar, Germany); the soil was
lixiviated in the acid mixture of HClO4-HNO3-HF
(HClO4:HNO3:HF=2:1:1) to determine TP by inductively
coupled plasma-atomic emission spectrometry; OM was de-
termined by adapting the classic potassium dichromate meth-
od (Zhang et al. 2012; Jiang et al. 2008). Soil organic matter
was calculated using the following the formula: organic matter
(%)=organic carbon (%)×1.724.

Illumina Library Construction and Sequencing

After using MO BIO Power soil DNA isolation kit, the
rhizosphere soil DNA samples were purified by phenol,
chloroform and isopentanol. The purified DNA samples
were subjected to generate barcoded PCR products.
Briefly, the V3 region of the bacteria 16S rRNA gene
was amplified in triplicates for each sample with 338f-
518r primers containing a unique 12 bp barcode using Ex
Taq Polymerase (Takara). The amplicons were purified by
electrophoresis using 2 % agarose gel and QIAquick Gel
Extraction Kit (Qiagen). The final sequencing library was
prepared by mixing equal amounts of purified PCR prod-
ucts, and then for end reparation and by addition of poly
(A). Thereafter, the amplicons were connected with se-
quencing adapters. Following agarose gel electrophoresis,
suitable fragments were selected as templates for PCR am-
plification. Finally, the library was sequenced by the
Illumina MiSeq.

Sequencing Data Regression Cluster Analysis

The reads with a library size of 300 bp were from Miseq
sequencing machines and essential to data statistic. The qual-
ity of the reads was checked with FastQC, and the rawdata
was assembled with Flash (Magoc and Salzberg 2011). The
final results assembled were conducted by regression of sam-
ple on the basis of barcode sequence. OTU sequences were
got after the clustering by clustering based on a 97% sequence
similarity. And at last, program automatically chose the opti-
mality OTU sequence from many of OTU sequences.

Statistical Analysis

Along the gradient direction, OTUs of rarefaction curves and
bacterial community analysis were obtained by calculated the
average of five sampling sites in the same distance from the
sea to the land. To compare the significant difference of OTUs
between reclamation area and non-reclamation area, correla-
tion analysis was used by SPSS 13.0. Duncan’s multiple range
test analysis was conducted to compare the significant differ-
ence among the different sites of studied sample belts.

In order to compare the differences in the community com-
position correlated to the salinity of each site with others, a
relative abundance matrix values have been calculated divid-
ing the number of reads assigned to each phylum by the total
number of reads present in each sequence file. The matrix was
used to generate a heatmap plot, following the rhizosphere soil
degree of salinity. Furthermore, a Canonical Correlation
Analysis (CCA) was run with soil salinity, TN, TP and OM.
Rhizosphere soil properties and abundance of microbial phyla
were combined as variables in a principal component analysis

Fig. 1 Study area with the location of sample in the coast wetland
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(PCA), based on Spearman’s rank correlation matrix. Origin
pro 8, Prism5 and Mev 4.9.0 were employed to construct
graphic data.

Results

Distributions of Bacterial Relative Abundance
and Physicochemical Factors

TN of rhizosphere soil was observed to change between with
0.43to 0.72 % in non-reclamation area, and in reclamation
area to change between with 0.42 to 0.82 %. Although TN
content is uneven in the different locations of reclamation
area, TN content has no significant difference in reclamation
area and non-reclamation area. The results imply that recla-
mation has little influence on TN content. OM content (2.46–
6.30%) in non-reclamation area showed comparatively higher
content than that (2.23–5.09 %) in reclamation area. OM and
TN content increased gradually from the sea to the land in
non-reclamation area. In reclamation area, the accumulation
of TN and OM were increased near to the embankment. TP
(0.035–0.046 %) oft rhizosphere soil in non-reclamation area
was lower than that in reclamation area (0.049 %–0. 073
(Table 1). Rhizosphere soil salinity decreased gradually slow-
ly between 2.55 and 1.55 g/L from the sea to the land in non-
reclamation area, and salinity varied significantly near to the
embankment. The Kruskal-Wallis test showed significant dif-
ferences in soil salinity in the reclamation and non-
reclamation areas.

In total, 1286936 quality reads were generated with an av-
erage of 16,347±5737 reads per sample after quality control
used the QIIME pipeline (Caporaso et al. 2011). The overall
number of OTUs detected by the rhizosphere bacterial reached
210,830 based on≥97 % sequence identity between reads.

The number of OTUs reached up to 33,150 in the 1800 m
seaward from the land in non-reclamation area, and the num-
ber of OTUs reached up to 18,020 in the 2000m seaward from
the land in reclamation area. We choose 8000 to filter by
counts per OTU. The mean number of OTUs in the same
distance landward from the sea differed significantly between
non-reclamation and reclamation areas (p=0.018<0.05 using
t- test analysis) (Fig. 2). Therefore, reclamation activity had a
significant impact the number of OTUs on coastal wetlands.

To assess whether sampling sequences provided sufficient
depth of coverage to accurately describe the rhizosphere bac-
terial composition, random sample rarefaction curves were
generated for each group. The Shannon curves represented
microbial diversity index. The higher microbial diversity in-
dex got, the richer microbial richness owned. It showed that
microbial diversity index in non-reclamation area was higher
than that in reclamation area (Fig. 3a). The observed_species
curves and Chao 1 curves can not only represented the rich-
ness of species community, but estimate as an indicator for the
depth of coverage. The microbial species in non-reclamation
area were higher than those in reclamation area (Fig. 3b and
c). The values of phylogenetic diversity whole tree
(PD_whole_tree) represented species genetic distance curve
in the community. It was based on a phylogenetic tree and
added all the branch lengths as a measure of diversity
(Fig. 3d). These flat curves implied that the depth of sampling
sequence was sufficient for the whole species from samples of
reclamation and non-reclamation areas.

Composition of Bacterial Communities in Rhizosphere
Soil

The relative distribution of the groups of rhizosphere bacteria
varied along the sea to the land, as showed in the heatmap of

Table 1 The main physical and chemical properties of rhizosphere soil in reclamation area and non-reclamation area

Sites TN
Mean(%) ± SE

TP
Mean(%) ± SE

OM
Mean(%) ± SE

Salinity
Mean(g/L) ± SE

Sites TN
Mean(%) ± SE

TP
Mean(%) ± SE

OM
Mean(%) ± SE

Salinity
Mean(g/L) ± SE

R1 0.425 ± 0.009 0.052 ± 0.014 2.23± 0.026 2.45± 0.012 NR1 0.430± 0.011 0.035 ± 0.002 2.46± 0.036 2.55± 0.016

R2 0.435 ± 0.019 0.049 ± 0.009 2.33± 0.017 2.39± 0.025 NR2 0.436± 0.018 0.040 ± 0.007 2.92± 0.021 2.42± 0.027

R3 0.665 ± 0.020 0.053 ± 0.010 3.57± 0.021 1.86± 0.027 NR3 0.457± 0.022 0.042 ± 0.019 3.40± 0.027 2.36± 0.031

R4 0.628 ± 0.026 0.057 ± 0.005 3.82± 0.008 1.72± 0.056 NR4 0.477± 0.002 0.039 ± 0.016 3.99± 0.015 2.26± 0.028

R5 0.710 ± 0.011 0.061 ± 0.009 4.86± 0.036 1.50± 0.067 NR5 0.535± 0.008 0.043 ± 0.005 4.36± 0.032 2.10± 0.020

R6 0.740 ± 0.017 0.064 ± 0.008 5.09± 0.047 1.37± 0.021 NR6 0.567± 0.029 0.055 ± 0.006 4.57± 0.014 2.04± 0.016

R7 0.715 ± 0.009 0.066 ± 0.011 5.08± 0.073 1.52± 0.025 NR7 0.615± 0.018 0.038 ± 0.002 4.72± 0.007 2.00± 0.008

R8 0.705 ± 0.009 0.073 ± 0.012 4.93± 0.052 1.65± 0.039 NR8 0.695± 0.027 0.041 ± 0.004 4.91± 0.016 1.91± 0.015

R9 0.625 ± 0.031 0.069 ± 0.010 3.28± 0.044 1.98± 0.008 NR9 0.715± 0.025 0.044 ± 0.008 5.43± 0.026 1.87± 0.013

R10 0.525 ± 0.014 0.067 ± 0.008 2.92± 0.038 2.07± 0.017 NR10 0.728± 0.006 0.042 ± 0.014 5.77± 0.054 1.72± 0.016

R11 0.495 ± 0.028 0.060 ± 0.004 2.80± 0.032 2.22± 0.033 NR11 0.756± 0.012 0.044 ± 0.017 5.91± 0.037 1.67± 0.021

R12 0.442 ± 0.007 0.056 ± 0.002 2.57± 0.026 2.30± 0.031 NR12 0.774± 0.004 0.046 ± 0.006 6.30± 0.036 1.55± 0.007

S72 Wetlands (2016) 36 (Suppl 1):S69–S80



Fig. 4, where the relative distribution of phyla assignments is
clustered and plotted with respect to the different values of
salinity of rhizosphere soil sites. The cluster structure shows
two main groups of phyla which share a peculiar composition
and abundance among the two area sites. Site R2 presented a
very peculiar abundance of two phyla (Spirochaetes and
Tenericutes), which resulted unrelated to salinity. As a big
group of phyla appeared grouped together and uniformly dis-
tributed across the other sites, and resulted strongly correlated
to salinity. In addition, Proteobacteriawas found in every site.

Overall, 75 phyla were detected in the research samples.
Among them, the Proteobacteria, Chloroflexi and
Bacteroidetes were detected as the dominant phyla, but
composition and their ratio varied in reclamation and
non-reclamation areas (Fig. 5). Sixty-nine phyla in recla-
mation area were less than 75 phyla in non-reclamation
area. The Proteobacteria, with a maximum of 111 genera,
found in the samples taken landward from the sea was
abundant compared with the other phyla in reclamation
area. Then, the Proteobacteria had relatively homoge-
neous reads in the non-reclamation area. The Chloroflexi,
with a maximum of 25 genera, concentrated in the middle
of reclamation area, and it was relatively evenly distributed
with an average 20 genera in the non-reclamation area. The
Bacteroidetes, with a maximum of 14 genera, increased
seaward from the land in reclamation area, and it varied
the same with that containing an average 10 genera in non-
reclamation area (Figs. 4 and 5).

In non-reclamation area, the Proteobacteria had no sig-
nificant difference in the sampling sites (P >0.05 using

Duncan ’s mult iple range test analysis) , and the
Chloroflexi among R7, R8 and R9 was significantly higher
than that in other sampling sites (p=0.026<0.05). Moreover,
the Bacteroidetes in R1 and R2 were significantly higher than
that in other sampling sites (p = 0.037 < 0.05), and the
Bacteroidetes between R3 to R12 had no significant change.
In reclamation area, the Proteobacteria significantly de-
creased in the seaward direction and was significantly differ-
ent among the areas of R8 to R12, R3 to R7, R1 and R2
(P<0.05 using Duncan’s multiple range test analysis). The
Chloroflexi was significantly different among the area of
R8 to R12, R3 to R7, R1 and R2 (P< 0.05 using Duncan’s
multiple range test analysis). In addition, the Bacteroidetes
among R1, R2 and R3 were significantly different than
those in other sampling sites at p< 0.05 using t-test analy-
sis (Fig. 5).

The observed differences between reclamation and non-
reclamation area were represented in Fig. 6. Only a few
genera were shared between the bacterial community dur-
ing R10-R12 and R7-R9 in reclamation area. There was a
great difference in bacterial community between reclama-
tion and non-reclamation area. The shared genera in non-
reclamation area were distributed much more evenly com-
pared with that in reclamation area. During the shared gen-
era, a substantial decrease in Chloroflexi of reclamation
area and an increase in Chloroflexi of non-reclamation area
were observed (Table 2). The shared genera Anaerolinea,
Caldilinea, or Longilinea all belonging to Chloroflexi,
could not be detected in any samples from R10 to R12 in
reclamation area.
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Fig. 4 Heatmap of Phyla assignments. The heatmap reports the
normalized values of the taxonomic assignments at phylum level. The
color value from 0.0 to 1.0 represents the relative distribution. Each
column (R1-R12) of the heatmap shows the phyla’s relative abundance

in a sampling site. The columns of the heatmap are ordered according to
the degree of salinity in the sampling sites (from the lowest values, at the
left, to the higher, at the right). The distance between every two sample
sites is an interval of 200 m

Fig. 3 Rarefaction curves of community richness estimates in reclamation
and non-reclamation areas. A: R2 = 0.5396, p<0.05; B: R2 = 896, p<0.05;
C: R2 = 0. 835, p < 0.05; D: R2 = 748, p < 0.05. The x-axis represents
sample sequences, and the y-axis represents different index rarefaction

values. A solid black line represents linear fit of all curves in non-
reclamation area (n=12). The two dotted black lines represent confidence
bands. A solid gray line represents linear fit of all curves in reclamation area
(n=12). The two dotted gray lines represent confidence bands
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Relationships Between Bacterial Relative Abundance
and Physicochemical Factors

In order to highlight the influence of these physicochemical
properties on the bacterial community structure and to com-
pare the bacterial relative abundance among reclamation and
non-reclamation areas, salinity, TN, TP and OM of each rhi-
zosphere soil site were used as variables in the CCA analysis

(Fig. 7a). The CCA analysis based on permutations gave a
clear show of the variability expressed by the different sites.
It shows that different ecological niches for physical and
chemical properties with respect to bacterial communities.
Figure 7a showed that the first and the second axis explained
67.69 % of the total variability. The second axis was highly
significant negative correlation with salinity, and significantly
positive correlation with TN and TP. The result indicated that
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Fig. 5 The relative abundance of the three main bacterial phyla. X-axis
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letter above their whiskers are significantly different at P< 0.05 using
t-test analysis
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the salinity affects the distribution of the bacterial relative
abundance in rhizosphere soil. Anaerolinea has significantly
positive correlation with salinity. It indicated that Anaerolinea
can provide an indicator to response the environment change.
It may mean that more salt water-born bacteria would be
found in non-reclamation area comparing to that in reclama-
tion area.

Principal component analysis is shown in Fig. 7b. The
abundances of bacterial phyla in each sample were used

as variables, together with rhizosphere soil physicochem-
ical properties, while the rhizosphere soil sites were used
as observations. Using the first and the second axis to-
gether, it’s explained about 60.95 % of the total variability
of data. The variability of rhizosphere soil properties be-
tween the sites of non-reclamation and reclamation area
corresponded to a diverse relative abundance of bacterial
phyla. The results actually showed a different degree of
correlat ion with soil physicochemical character.

Fig. 6 Venndiagrams show the shared genera in reclamation and non-
reclamation areas. Levels of R1-R12were set the direction from the sea to
the land along a transect perpendicular to the coastline. Level R1-R3

represents the nearest distance to the sea, and Level R10-12 represents
the farthest distance to the sea. The level R10-12 of reclamation area
represents the nearest distance to the embankment

Table 2 Shared genera between different sampling sites

Phylum Genus Reclamation area Non-reclamation area

R10-R12
(%)

R7-R9
(%)

R4-R6
(%)

R1-R3
(%)

NR10-NR12
(%)

NR7-NR9
(%)

NR4-NR6
(%)

NR1-NR3
(%)

Proteobacteria Psychromonas 21.21 21.06 21.13 31.33 32.11 25.54 29.13 30.17

Arcobacter 22.83 22.42 28.94 27.62 22.14 32.12 27.17 22.53

Sulfurimonas 2.48 2.61 1.93 1.37 2.48 2.62 0.23 1.52

Serratia 2.83 3.22 2.72 1.38 0.53 1.46 3.22 0.61

Ferrimonas 1.32 2.15 1.32 0.84 1.44 3.05 0.62 0.56

Shewanella 0.43 0.33 0.21 0.23 0.83 0.22 0.43 0.82

Desulfococcus 1.23 1.57 0.89 2.00 1.62 1.48 0.67 1.07

Octadecabacter 3.17 2.16 0.45 0.61 1.27 3.02 0.14 0.21

Novosphingobium 3.87 3.54 2.62 1.54 1.37 2.04 2.21 1.38

Geobacter 2.11 3.87 2.13 0.54 2.05 0.25 0.53 0.24

Chloroflexi Anaerolinea 16.31 13.54 12.10 10.35 10.35 11.64 13.35

Caldilinea 3.54 3.32 3.95 3.26 3.96 3.47

Dehalogenimonas 3.17 3.09 3.35 3.93 3.34 3.42

Thermogemmatisp 2.54 2.12 1.44 1.57 1.96 2.05

Longilinea 1.34 1.06 1.42 1.33 1.86

Bacteroidetes Prevotella 5.76 5.09 4.43 0.97 1.35 0.43 1.64 1.19

Gramella 0.89 0.22 1.17 1.45 1.04 0.67 2.41 2.07

Flavobacterium 1.64 1.06 1.81 1.62 1.43 0.54 1.38 2.06

Salegentibacter 4.08 3.08 1.90 1.35 1.68 1.00 1.92 0.51

Tenacibaculum 2.34 1.52 1.20 0.95 1.92 0.45 2.10 1.66

sum 76.19 90.21 95.64 95.77 93.41 96.42 96.03 90.75
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Obviously, there is an inverse relationship between bacte-
rial phyla. It indicated that the presence of some compo-
sition of bacteria in a site could be the reason for the
absence of others.

Spearman rank correlations analysis of the mean values of
physical-chemical properties and bacterial relative abundance
in R1-R12 of reclamation area are shown in Table 3.
Reclamation activity affected the distribution of the nutrient
contents and bacterial relative abundance. The analysis deter-
mined that salinity and bacterial relative abundance in R1-R3,
R4-R6 and R7-R9 had highly significant negatively correla-
tion (p<0.01), in R10-R12 had significant negatively correla-
tion (p<0.05). All the reclamation area, OM and bacterial
relative abundance had highly significant positively correla-
tion (p<0.01), meanwhile, TN and OM had significant posi-
tively correlation (p<0.05). OM and salinity were highly sig-
nificantly negatively correlated in R1-R3, R4-R6 and R7-R9
(p< 0.01), significantly negatively correlated in R10-R12
(p<0.05). Respectively, TN and bacterial relative abundance,
TN and OMwere significantly positively correlated in R1-R3,
R4-R6 and R7-R9 (p<0.05), whereas TN and bacterial rela-
tive abundance, TN and OM had no significant correlation in
R10-R12. TP and physical-chemical properties in soils had no
significant correlation.

The regression analysis on all areas (R1-R12) from the sea
to the land determined the coefficient R2 as 0.317 (p<0.05).
This result was attributed to increase temporal salinity by rec-
lamation embankment that blocked water exchange.

Therefore, regression analysis was conducted after R9-R12
area were removed; the coefficient R2 was 0.346 (p<0.05).
This value showed that rhizosphere soil bacterial diversity
significantly increased with the reduction in salinity.

Discussion

The Difference on Rhizosphere Soil Properties

The results of this study determined that the bacteria showed a
sign of accumulation in a land-to-sea direction. The degree of
aggregation may occur because of the reclamation embank-
ment. This result was probably caused by the extrusion of
embankment which thereby impacted the soil that resulted in
the change of the physicochemical structure of the soil.

Results showed that soil bacterial relative abundance was
declined gradually from the land to the sea.TN, TP, and OM in
soils showed an increasing trend from the sea to land, which
was consistent with the research on physicochemical property
in the Yangtze Estuary (Cui et al. 2012). In our study, organic
matter and bacterial relative abundance all the time had highly
significant positively correlation in reclamation area. The re-
lationship between organic matter and bacterial relative abun-
dance had no influenced by reclamation embankment. Salinity
can directly affect the environmental impacts of reclamation.
Reclamation embankment accelerated the reduction of soil
salinity as the elevation increased from sea to land (R1-R9),

Fig. 7 Canonical correlation analysis (CCA) and principal component
analysis (PCA). Canonical correlation analysis (CCA) is on the basic on
bacterial community data. Physical and chemical properties of each site
have been run on the CCA analysis in order to inspect the relevance to the
bacterial relative abundance. Principal component analysis (PCA) of
bacterial communities as affected by rhizosphere soil properties, based

on the abundance of bacterial genera (A) and phyla (B). Every vector
points to the direction, and the increase direction for a given variable.
Rhizosphere soil sites with similar bacterial communities are localized in
similar positions. R1-R12 and NR1-NR12 represent sampling sites;
arrows represent physical and chemical properties
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but salinity gradually increased in close to the embankment
(R10-R12). Embankment broke plant growth and led to plant
death, which cause salinity storage in the soil. Meanwhile,
little plant can grow on the high salt level, which caused the
decrease of organic matter. Bacterial relative abundance was
reduced in the R1-R12 of reclamation area because organic
matter was the main source of energy for microorganisms.
Sudipta et al. (2006) reported that soil organic carbon was
negatively correlated with soil salinity. Reclamation embank-
ment activity may affect the soil salinity.

Potential Influence of Salinity on Main Microorganism
Group

Ma and Gong (2013) reported that 90 % of the bacterial se-
quences they enumerated belonged to Proteobacteria,
Bacteroidetes and Chloroflexi, which were also detected in
our s tudy. Prev ious s tud ies ind ica te tha t many
Proteobacteria are found in soil, and these microorganisms
are numerous in plant rhizosphere region (Dedysh et al. 2006;
Wobus et al. 2003). Proteobacteria has the largest proportion
in bacterial community composition from quantity and variety
(Ai et al. 2015), which has been proven in the present study.
Chloroflexi was found in hypersaline wastewater (Valenzuela-
Encinas et al. 2009), and is known to be a potential
phototroph. Chloroflexi has a wide variability of space distri-
bution in various plants species and also affects temperature,
moisture (Li et al. 2014). In present research, salinity has
affected the distribution rule of Chloroflexi in wetland ecosys-
tem to some extent and decreased the proportion of
Chloroflexi. Previous studies reported that high salinity direct-
ly suppressed the heterotrophic metabolic capabilities (Xi et
al. 2014). Furthermore, high salinity might enhance water os-
motic pressure, which caused microbial community changes.
In the present study, a few various species of heterotrophic
bacteria, such as β-Proteobacteria was noted in R10-R12 of
non-reclamation area. The results showed that a substantial
decrease were associated with salinity variation. Distribution
of Bacteroidetes was relatively rare in this research compared
with other phyla. Salinity reduced the abundance values of
rhizosphere bacteria and the relative content of Chloroflexi
in soil. Salinity caused the changes of physicochemical feature
and bacterial relative abundance. Previously published studies
determined that changes in soil salinity have an impact on the
microbial community in mangrove areas (Zhang et al. 2008).
The differences in bacterial composition and diversity are due
to a variable salt concentration in nature saline soil (Canfora et
al. 2014). However, in some cases, there is an inverse relation-
ship among bacterial phyla. In this study, opposite behavior is
found in phyla composition which is strongly related. The
situation seems to occur in the same sites when the same
environmental conditions occur. As the microenvironment
changed, the bacterial relative abundance is adjusted. ThereT
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is something magical and composition change about being in
the present of environment disturbance. It emerged that the
bacterial community composition is not unique, but many
bacterial community composition. The need us to investigate
more place and do long-term experiment. Of course, microbial
diversity also might be higher over time or finally become
greater than that in the undisturbed site, which indicated im-
portance of long-term monitoring and investigation in the
future.

In conclusion, the analysis results showed salt concentra-
tion can effect on differences in bacterial relative abundance
and composition diversity due to a variable in the rhizosphere
soil. Bacterial relative abundance in reclamation area was sig-
nificantly lower than that in non-reclamation area. The bacte-
rial community composition showed a statistically significant
to spatial variability. Some bacterial phyla exit in the whole
study area, out of accordance with salinity control. It means
that the composition of bacterial community was varied for
the environment disturbance, but it was not unique correlated
to environment factor. Anaerolinea genus has significantly
positive correlation with salinity. It indicated that
Anaerolinea genus can provide an indicator to response the
environment change.
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