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Abstract The rhizospheric bacteria play key role in plant
nutrition and growth promotion. The effects of increased
nitrogen inputs on plant rhizospheric soils also have
impacted on whole soil microbial communities. In this study,
we analyzed the effects of applied nitrogen (urea) on rhizo-
spheric bacterial composition and diversity in a greenhouse
assay using the high-throughput sequencing technique. To
explore the environmental factors driving the abundance,
diversity and composition of soil bacterial communities, the
relationship between soil variables and the bacterial com-
munities were also analyzed using the mantel test as well as
the redundancy analysis. The results revealed significant
bacterial diversity changes at different amounts of applied
urea, especially between the control treatment and the N
fertilized treatments. Mantel tests showed that the bacterial
communities were significantly correlated with the soil
nitrate nitrogen, available nitrogen, soil pH, ammonium
nitrogen and total organic carbon. The present study deep-
ened the understanding about the rhizospheric soil microbial
communities under different amounts of applied urea in
greenhouse conditions, and our work revealed the environ-
mental factors affecting the abundance, diversity and com-
position of rhizospheric bacterial communities.
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Introduction

Nitrogen is regarded as the important macroelements to
maintain the growth and development of plants [1]. Cur-
rently, anthropogenic nitrogen input is estimated to be from
30 to 50 %, which is bigger than that from natural sources
[2]. Nitrogen fertilizer plays crucial roles in the production
of grains, vegetables and fruits. In China, the polytunnel
greenhouse-based vegetable production is a very important
pillar industry and a greatly intensive cropping pattern [3].
The inputs of chemical fertilizers, pesticides and other
agricultural chemicals are maintained at a high level for a
long time [4]. Unreasonable fertilization, in particular, is an
excess application of nitrogen fertilizer which caused
serious problems in the greenhouse-based vegetable field,
such as the phenomenon of acidic soil and the secondary
salinization of soil [5]. These problems caused by unrea-
sonable use of nitrogen fertilizer may influence the growth
of vegetables and even raise the risk of NO3;~ contamina-
tion of the groundwater [6].

Some soil microorganisms colonize in the vicinity of
plant roots, and some of which are obviously beneficial to
the plant growth and development [7]. These bacteria
include nitrogen fixing bacteria, phosphate-solubilizing
bacteria or potassium-solubilizing bacteria, and antago-
nistic soil bacteria, etc. [8—11]. On the one hand, the rhi-
zospheric bacteria can promote plant growth and
productivity directly by biological nitrogen fixation,
phosphate or potassium solubilization, phytohormone pro-
duction and so on. On the other hand, they can promote
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plant growth indirectly through inducing resistance to
pathogens. The healthy growth of plants partially depends
on its interaction with these microorganisms, including
both beneficial microorganisms and pathogens [12]. The
composition and activity of the soil microbial community
are influenced by farming practices in agroecosystem [2].
However, the effects of nitrogen fertilizer dosages on the
soil microbial communities in greenhouse-based arable soil
are still unclear.

Microorganisms in nature are mostly in a viable but non-
culturable state. They cannot grow on the traditional
microbiological media, but they are still alive [13].
Therefore, we cannot detect these microorganisms by the
conventional method of plate dilution. In order to study the
microbial distribution and organization in the root zones, a
series of modern molecular techniques are employed, such
as the polymerase chain reaction-denaturing gradient gel
electrophoresis (PCR-DGGE) technique, the phospholipid
fatty acid (PLFA) technique, clone library technique, and
the high-throughput sequencing technique, etc. [14-17].
Among them, the high-throughput sequencing technique
has been regarded as the most appropriate technique to
evaluate the bacterial diversity and community composi-
tion in nature. It supplies a fast and large-scale sequencing
approach. Thus, the high throughput sequencing will
enhance our comprehensively understanding of the
microbial communities of environmental samples.

In the present study, the Miseq high throughput
sequencing method was used to study the bacterial com-
munities in the soil applied with different dosages of
nitrogen fertilizer to the polytunnel greenhouse vegetable
land. We compared the microbial community structure,
diversity, and bacterial phylogeny in different treatments,
and evaluated the influence of different nitrogen applica-
tion rates on the rhizospheric bacterial communities in the
greenhouse. In addition, the key environmental factors
controlling the distribution of bacterial communities were
also determined.

Materials and Methods
Description of the Study Site and Soil Sampling

The experimental fields located in the experimental base of
Shenyang Agricultural University (N41°50/, E123°34'),
Liaoning Province, China. The soil samples were collected
from the polytunnel greenhouse vegetable land in the
experimental field, where supplied rotate crops of toma-
toes, beans and celeries. N fertilizers at 4 levels in terms of
the traditional amounts: (1) 0 kg N ha™! year_1 (CK
treatment); (2) 840 kg N ha™! year_1 (NIPK treatment);
(3) 630 kg N ha™! year_1 (N2PK treatment); and (4)

420 kg N ha™' year™' (N3PK treatment) were supplied to
the crops. The nitrogen amendment was urea. Other con-
ditions of the designed treatments were kept the same.
The rhizospheric soil samples were collected at a tomato
harvest. Three soil cores collected from one plot were
randomly mixed to form an independent sample. Soil
samples collected from three plots of one treatment were
regarded as three independent replicates. Samples were
collected and placed in the plastic bags and then quickly
carried to the lab. Then the samples were sieved to 2 mm
and subdivided into two sub-samples. One sub-sample for
the determination of soil properties was stored at 4 °C,
while the other for DNA extraction was stored at —20 °C.

Soil Nutrient Analysis

Determination soil pH was performed using the glass
electrode (shaking the soil (1: 5w v_l) mixed solution for
30 min). And the soil moisture was determined using the
gravimetric method. The total organic carbon (TOC) was
determined with a TOC analyzer (Analytikjena HT1300,
Germany) [18]. The available nitrogen was determined as
described previously [19]. The nitrate nitrogen and
ammonium nitrogen of the soils were measured as descri-
bed by Bremner and Keeney [20]. The available phos-
phorus was determined using the previously described
methods [21].

Soil DNA Extraction

The total DNA extraction from rhizospheric soil samples
was performed employing a MO-BIO PowerSoil® DNA
Isolation Kit (MOBIO, USA) according to the instruction.
Extracted DNA solution was examined through the agarose
gel electrophoresis and stained with Goldview (LaBEST,
China). Concentrations and purity of the total DNA were
measured by Nanodrop 2000 (Quawell, USA).

PCR Amplification and High Throughput
Sequencing

Polymerase chain reaction (PCR) amplification of 16S
rDNA fragments and subsequent high throughput
sequencing were carried out at the Novogene Bioinfor-
matics Technology Co. Ltd (Beijing, China). The PCR
amplifications were conducted using the primer 515F (5'-
GTGCCAGCMGCCGCGGTAA-3") and primer 806R (5'-
GGACTACHVGGGTWTCTAAT-3') [22]. Reactions
were run using the following cycling parameters: 30 cycles
consisting of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for
30 s; with the final step of 10 min at 72 °C. The primers
were selected as they exhibited few biases and should
generate precise information about bacterial phylogeny and
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taxonomy. DNA fragments were amplified as described by
Caporaso et al. Sequencing was performed using the Illu-
mina MiSeq platform.

Processing of High Throughput Sequencing Data

Read pairs were merged from the original DNA fragments
using the software FLASH. The merged reads were
assigned into each sample in terms of the barcode peculiar
to each sample [23]. Sequences were first filtered by
QIIME quality filters [24]. Then we used UPARSE pipe-
line to pick OTUs (operational taxonomic units) by making
an OTU table [25]. The sequences were defined as OTUs at
97 % sequence similarity. Then we picked typical
sequences for every OTU and assigned taxonomic data to
each typical sequence through the RDP classifier [26]. In
addition, we customized Perl scripts to study o-diversity
and B-diversity. To compute a-diversity, we rarified the
OTU table and used it to calculate three metrics: the Chaol
metric, the Observed Species metric and the Rarefaction
curves.

Statistical Analysis

Mantel test was employed to explore the soil variables that
significantly correlated to the bacterial abundance of
OTUs. These parameters were used to establish a soil
variables matrix used for redundancy analysis (RDA) using
the Canoco for Windows 4.5 software [27].

Results
Rarefaction Analysis

Of all the soil samples, 232,857 readings and 21,677 OTUs
in total were obtained from the 4 treated samples by use of
Miseq analysis. Each library included 52,184-70,637
reads, and the phylogenetic OTUs in every library ranged
from 5248 to 5770. All the 4 rarefaction curves were
inclined to be close to the saturation plateau. The curve of
CK treatment located upper than the other curves, which
indicated a larger variation within the total number of
OTUs in the N-amended soil samples compared with CK
(decreases in species richness were detected), but there
were no obvious variation in those among different nitro-
gen fertilization rates (Fig. 1).

Bacterial Community Composition
All samples consisted of different out numbers and OTU

abundances. The whole bacterial OTUs could be classified
into 44 known phyla, 251 known families or 283 known
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Fig. 1 Rarefaction analysis of the different samples. Rarefaction
curves of OTUs clustered at 97 % phylotype similarity level. Soil
samples were treated with different nitrogen fertilization rate, CK
(without nitrogen fertilizer), NIPK (840 kg N ha™! year™"), N2PK
(630 kg N ha™! year™"), N3PK (420 kg N ha™' year™")

genera. Sequences which could not belong to known
groups were defined as Bacteria_unclassified and sequen-
ces with too low abundances were assigned as Rare. Thirty-
two of 44 phyla were common to the whole 4 libraries,
occupying 96.58, 92.67, 93.94 and 93.68 % of the total
OTUs in the libraries of CK, N1PK, N2PK and N3PK,
respectively. Only 6, 5, 5, 6 phyla maintained OTUs
abundance more than 5 % in the CK samples, N1PK
samples, N2PK samples and N3PK samples, respectively.
However, they jointly hold 75.80 % of the total OTUs.
Proteobacteria was the most abundant division (Fig. 2;
Table 1), comprising approximately 30.38 % (6585) OTUs
of all samples, whereas the members from Actinobacteria
(15.29 %, 3315 OTUs), Bacteroidetes (11.76 %, 2549
OTUs), Acidobacteria (5.33 %, 1155 OTUs), Gemmati-
monadetes (5.22 %, 1132 OTUs), Chloroflexi (7.66 %,
1660 OTUs), Planctomycetes (6.22 %, 1348 OTUs) were
also considerable in the whole libraries. The average OTUs
of Bacteria_unclassified group accounted for 5.68 %, and
fluctuated slightly in different samples. There was also a
certain amount of Verrucomicrobia (2.70 %, 585 OTUs),
Firmicutes (3.49 %, 757 OTUs), Crenarchaeota (3.50 %,
760 OTUs) and Nitrospirae (0.51 %, 110 OTUs). The other
lineages represented a small proportion of (ca. 2.25 %) of
the bacterial communities.

Generally, each sample contained approximately similar
phyla, and the samples without nitrogen fertilizer treatment
showed higher phylotypic richness comparing with the
treated samples. For example, the CK (without nitrogen
fertilizer, mean 36 phyla) samples showed relatively lower
phylotypic richness than the N3PK (420 kg N ha™' -
year ', 40 phyla) samples. Moreover, the relative
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Table 1 The mean relative proportions of different phyla (%)
Proteobacteria Actinobacteria Bacteroidetes Acidobacteria Gemmatimonadetes Chloroflexi Planctomycetes
CK 31.24* 14.19* 9.40* 9.31* 7.64% 7.13* 491*
N3PK  33.16* 15.32° 11.39 4.10° 5.55" 7.37* 576"
N2PK  30.09% 15.66° 12.97¢ 3.85" 4.09¢ 8.07° 6.86™
NIPK  27.03° 16.09 13.44° 3.71° 3.42° 8.10° 7.44¢

Superscript letters a, b and ¢ mean significant difference at 0.05 level

proportions of different phyla varied as the application of
nitrogen fertilizer amount changed. Strikingly, the portion
of the dominant Proteobacteria generally decreased with
the elevated application of nitrogen fertilizer (Table 1).
The second-predominant phylum, Actinobacteria showed
an obviously increasing trend along with the application of
N fertilizer (Table 1). In addition, Bacteroidetes, Chlo-
roflexi and Planctomycetes showed readily increasing
trends along with the application of N fertilizer. However,
Acidobacteria and Gemmatimonadetes showed obviously
declining trends as the dosage of N fertilizer increased.
Relative abundances of main phyla showed significant
differences among communities with various amounts of
applied urea, especially between the control and the N
fertilized treatments (Table 1).

Further phylogenetic analysis revealed that the members
of Gammaproteobacteria dominated the Proteobacteria,
occupying 11.48 % (2489 OTUs) of total OTUs in the four
libraries. The subdivision of Alphaproteo bacteria
accounted for 8.05 % (1745 OTUs) of the total OTUs,
while  Betaproteobacteria and  Deltaproteobacteria
accounted for 6.45 % (1398 OTUs) and 4.08 % (883
OTUs) of the total phylotypes, respectively. The Epsilon-
proteobacteria only accounted for 0.002 % OTUs of the
total OTUs. Statistically, Gammaproteobacteria con-
tributed 38.73 % to the total OTUs of Proteobacteria, and
the variation of Proteobacteria was strongly influenced by
the Gammaproteobacteria in all samples, especially in the
N3PK and N2PK samples. The members of Actinobacteria
was the most abundant, making up 10.69 % (2318 OTUs)
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of the total OTUs, and Thermoleophilia and Acidimicrobiia
accounted for 2.15 % (466 OTUs) and 1.82 % (395 OTUs)
of total phylotypes, respectively. Bacteroidetes was domi-
nated by the members of Sphingobacteriia (10.07 %, 2182
OTUs). For Acidobacteria, the most common groups were
Acidobacteria-6 and Chloracidobacteria, with 1.85 and
1.56 % OTUs, respectively. For Gemmatimonadetes
(phylum), the most common group was Gemmatimonade-
tes (Class) which contributed 2.78 % OTUs to the total
libraries.

Bacterial Community Variation with Nitrogen
Fertilizer Dosage

Hierarchal clustering double dendogram was founded based
on relative percentages of the top 35 bacteria at genus level
(Y-axis) under the treatments of different dosages of
nitrogen fertilizer (X-axis) (Fig S1). The hierarchical heat
map generally indicated that the treatment with low nitro-
gen fertilizer was similar to the CK treatment (without N
fertilizer). With the increase of nitrogen application, the
difference between the treatment and the CK treatment
became greater. Comparison of the relative abundance
revealed significant differences among the treatments at the
genus level. We could divide all the bacterial communities
into three groups: nitrogen-like group, nitrogen-tolerant
group, and nitrogen-sensitive group (Table 2). In detail, the
relative abundances of Candidatus_Solibacter Catel-
latospora, DAI0], Gemmata, Halomonas,  Hy-
drogenophaga, Methylibium, Nitrospira, and Ramlibacter
decreased with the elevation of nitrogen application,
therefore they could be defined as the nitrogen-sensitive
group. However, the relative abundances of A4, Al7,
Aeromicrobium, Arenibacter, Candidatus_Nitrososphaera,
Hyhomicrobium, Kribbella, Micromonospora, Nocar-
dioides, and Thermomonas, showed opposite trends, which
were regarded as the nitrogen-like group. In addition, the
relative abundances of some genera (e.g. Aquicella, Dok-
donella, Kaistobacter, Luteimonas, Rhodanobacter, and

Steroidobacter) increased under low dosage of nitrogen
fertilizer, whereas declined again as the nitrogen applica-
tion increased further, so they were defined as the nitrogen-
tolerant ones.

Bacterial communities were obviously different among
various nitrogen gradient, and mantel tests showed that
bacterial community composition was significantly corre-
lated to nitrate nitrogen, available nitrogen, soil pH,
ammonium nitrogen and total organic carbon (Table 3).
Among the soil variables examined, nitrate nitrogen
showed the highest correlation with the bacterial commu-
nities (r = 0.807, P = 0.002). The soil properties corre-
lated with the bacterial communities were picked to
perform a redundancy analysis (RDA), and the results
showed that soil nitrate nitrogen and pH have stronger
effects on the bacterial communities (Fig. 3). Here, soil pH
and the available nitrogen (especially the nitrate nitrogen)
can be regarded as the fundamental factors affecting the
bacterial community composition (Fig. 3). Meanwhile,
relative abundance of main phyla revealed difference
among communities at nitrogen gradients, and the bacterial
communities of two fertilized treatments were well sepa-
rated from the other two treatments (Fig. 3). Furthermore,
we also performed a canonical correspondence analysis to
study the correlation between the main phyla and the soil
properties. The pH indicated a positive correlation with the
relative abundance of the phyla Acidobacteria, Verru-
comicrobia, and Nitrospirae (Fig. 4). While three other soil
characteristics (nitrate nitrogen, ammonium nitrogen, and
total organic carbon) had negative correlation to the rela-
tive abundance of Acidobacteria, Verrucomicrobia, and
Nitrospirae. The pH exhibited an opposite correlative
pattern to the bacterial community composition, compared
to the nitrate nitrogen, ammonium nitrogen, and total
organic carbon. The available nitrogen showed a positive
correlation to Bacteroidetes, Planctomycetes, Firmicutes,
and Crenarchaeota, while it had the negative correlation to
Proteobacteria and Gemmatimonadetes.

Table 2 Classification of the

. s Nitrogen-sensitive
bacterial communities in the

Nitrogen-like Nitrogen-tolerant

genus level based on their

preference for nitrogen
DAI01

Gemmata
Halomonas
Hydrogenophaga
Methylibium
Nitrospira

Ramlibacter

Candidatus_Solibacter Catellatospora A4

Aquicella
Al7 Dokdonella
Aeromicrobium Kaistobacter
Arenibacter Luteimonas
Candidatus_Nitrososphaera Hyhomicrobium  Rhodanobacter

Kribbella

Micromonospora

Steroidobacter

Nocardioides

Thermomonas
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Table 3 The correlation between the soil properties and the bacterial Discussion
communities
Variables r P value High-throughput  sequencing technology has been
employed extensively to research the bacterial communi-
Nitrate nitrogen 0.807 0.002+ ties in various habitats and environmental samples [22, 28].
Available nitrogen 0.788 0.002** " Based on our results, the predominant phyla in the poly-
pH 0.739 0.002** " tynnel greenhouse vegetable land were Proteobacteria
Ammonium nitrogen 0.645 0.006** (30.38 %, 6585 OTUs) Actinobacteria (15.29 %, 3315
Total organic carbon 0516 0.01** OTUs), Bacteroidetes (11.76 %, 2549 OTUs), Acidobac-
Moisture 0.037 0.608

The correlation (r) and significance (P value) were calculated between
the environmental variables and community structure using the
method of mantel test. P value is from the Montel Carlo Permutation
Tests

** Significant difference at 0.01 level
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teria (5.33 %, 1155 OTUs), Gemmatimonadetes (5.22 %,
1132 OTUs), Chloroflexi (7.66 %, 1660 OTUs), Plancto-
mycetes (6.22 %, 1348 OTUs). The most dominant bacteria
in the greenhouse-based vegetable land were Proteobac-
teria, which was in agreement with a summary report for
several soils [29]. The members of Proteobacteria cover
enormous morphological and metabolic diversity, playing a
crucial role in the global carbon, nitrogen and sulphur
cycles [30]. The relative abundances of Proteobacteria in
the whole libraries decreased with the increase of the
nitrogen fertilizer application in this study, which would
have an impact on vegetable production. Among Pro-
teobacteria, the relative abundance of Gamma-, Alpha-,
Beta-, and Delta- subdivisions averaged to 38.73 % (2489
OTUs), 26.51 % (1745 OTUs), 21.23 % (1398 OTUs), and
13.42 % (883 OTUs), respectively. However, the Ep-
silonproteobacteria only accounted for 0.002 % OTUs of
the total OTUs, which was a very small proportion com-
pared with other reports [29]. The second predominant
phylum of Actinobacteria showed an obviously increasing
trend with the elevated application of N fertilizer. The
important role of Actinobacteria in soil function is well-
known because of their function of decomposition of
organic materials, such as cellulose. Therefore, Acti-
nobacteria plays key roles in process of organic matter
turnover and carbon cycling. Another interesting point in
this study was the increase of Bacteroidetes and Chlo-
roflexi with the increased application of N fertilizer. This
point particularly emphasized the ability of these bacteria
to survive in the environment with very low pH or high
concentration of nitrogen.

In the present study, the results showed that bacterial
diversity was significantly reduced in nitrogen fertilizer-
managed soils (N3PK, N2PK, N1PK) compared to the CK
sample. Among the whole profiles, bacterial communities
living in the low concentration of nitrogen were more
diverse, therefore these bacteria shared more taxa than
those in the higher pH conditions. Despite of a large
variation within the total OTU numbers in the N-amended
soil samples compared with the CK samples (decreases in
species richness were detected), there was no large varia-
tion in total of OTU numbers among different nitrogen
fertilization rates. The ordination analysis indicated that the
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treatment of low nitrogen fertilizer was similar to the CK
treatment (without nitrogen fertilizer), while the difference
between the nitrogen-treated samples and the CK one was
greater when the nitrogen application increased. In general,
the bacterial diversity (OTUs numbers) decreased with the
increase of nitrogen application.

Nitrogen gradient is regarded as one of the most fun-
damental and important patterns in plant and crops study. It
was observed that soil bacterial diversity was apparently
affected by the nitrogen gradient in the greenhouse-based
agriculture. These results suggested that the pattern bac-
terial distribution might also follow the basic patterns of
plants along with the nitrogen gradient. Both the bacterial
diversity and community structure of were greatly different
among the nitrogen gradient in our work. According to the
response of different groups of bacteria to nitrogen, we
divided the bacterial communities into three groups:
nitrogen-like group, nitrogen-tolerant group, and nitrogen-
sensitive group (Table 2). Factors including nitrate nitro-
gen, available nitrogen, soil pH, ammonium nitrogen and
total organic carbon played important roles in determining
the bacterial communities.

When the organic nitrogen (urea) was applied to the soil,
it was transferred into inorganic ammonium nitrogen
through ammonification. Then the ammonium nitrogen was
changed into nitrate nitrogen through nitrification [1]. In
this study, nitrate nitrogen revealed the highest positive
correlation with bacterial communities (r = 0.807,
P = 0.002), indicating that nitrification increased signifi-
cantly over that of the control soil. Meanwhile, the relative
abundance of nitrobacteria among the bacterial community
should be increased.

Besides nitrate nitrogen, other soil properties like soil
pH, TOC and ammonium nitrogen were also correlated to
the bacterial communities (Table 2). The results showed
that bacterial communities were significantly correlated to
the soil pH. The importance of soil pH in controlling soil
communities has currently been verified across all kinds of
spatial scales, continental scales included [31]. The nitro-
gen can result in the accumulation of net proton in soils,
which contributes to the pH decrease of soils [32]. The
lower soil pH is unfavorable for the growth of microor-
ganisms sensitive to acidic environment. This situation
causes a large number of microorganisms losing competi-
tive advantages in the nitrogen-amended soils and even-
tually leads to the decrease of microbial diversity. At the
level of genus, comparison of relative abundance revealed
significant variations among different treatments. The rel-
ative abundances of Catellatospora, Candidatus_Solibac-
ter, DAIOI, Gemmata, Halomonas, Hydrogenophaga,
Methylibium, Nitrospira, and Ramlibacter decreased with
the increase of nitrogen application, which indicated that
these bacteria were highly susceptible to the ecological
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changes caused by nitrogen fertilizer. Among these genera,
Nitrospira is one of the most important members of
ammonia-oxidizing bacteria (AOB). Previous studies
reported that Nitrosospira was the most common bacteria
in arable soils and steppe soils [33, 34]. Results indicated
that high dosage of nitrogen in the polytunnel greenhouse
vegetable land might result in non-preferable growth of
AOB. The relative abundances of A4, Al7, Candida-
tus_Nitrososphaera, Hyhomicrobium, Kribbella, Mi-
cromonospora, Nocardioides, Thermomonas,
Aeromicrobium, and Arenibacter increased along with the
nitrogen application, which showed that the nitrogen ele-
ment and the lower pH caused by the application of
nitrogen fertilizer were useful for the growth of these
bacteria. Moreover, the abundance of some bacteria (e.g.
Aquicella, Dokdonella, Kaistobacter, Luteimonas, Rho-
danobacter, and Steroidobacter) increased under the con-
ditions of low dosage of nitrogen fertilizer, but decreased
when the nitrogen application increased further. This sit-
uation indicated that a low concentration of nitrogen could
promote the growth of these bacteria, but a high concen-
tration of nitrogen would inhibit their growth. The healthy
growth of the plant is closely related to the beneficial rhi-
zospheric microorganisms and the rhizospheric pathogens,
so it is critical to understand the change of the microor-
ganisms with nitrogen gradient [35]. Therefore, further
studies need to focus on the changes of beneficial and
harmful rhizospheric microorganisms with the nitrogen
fertilizer concentration.

The survey aimed at indigenous microbial communities
(including the diversity and community composition) of
the greenhouse-based vegetable land and the possible
influences of nitrogen on them were extremely important
for the scientific fertilization in the greenhouse soil in
China and for improving the efficiency of nitrogen fertil-
izer. We studied the effects of the nitrogen application on
the rhizospheric soil bacterial communities in a greenhouse
assay and determined the key environmental factors con-
trolling the distribution of bacterial communities. It is
conducive to deepen the current understanding about
influence of nitrogen application on the the bacterial
communities in greenhouse conditions, and to reveal the
environmental factors driving the diversity and abundance
changes of the rhizospheric soil bacterial communities.

The present research studied the soil properties, bacte-
rial community abundance and diversity at various dosages
of nitrogen fertilizer in a greenhouse assay. The correlation
between soil properties and bacterial communities was also
studied to determine the key environmental factors con-
trolling the distribution of bacterial communities. The
results showed that excess application of nitrogen fertilizer
regimes reduced the biodiversity and abundance of bacte-
ria. It was also found that bacterial communities were
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significantly correlated with the soil nitrate nitrogen,
available nitrogen, soil pH, ammonium nitrogen and total
organic carbon. The present work enhances our under-
standing of the effects of applied nitrogen amount on the
rhizospheric soil bacterial communities under greenhouse
conditions. These results underline the importance of rea-
sonable nitrogen fertilization to soil microbial community
in greenhouse conditions.
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