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ABSTRACT

Aims: Some of methanotrophic bacteria and nitrous oxide (N20) reducing bacteria have been proven able to support the
plant growth and increase productivity of paddy. However, the effect of application of the methanotrophics and N,O
reducing bacteria as a biofertilizer to indigenous nitrogen-fixing bacteria and total bacterial community are still not well
known yet. The aim of the study was to analyze the diversity of nitrogen-fixing bacteria and total bacterial communty in
lowland paddy soils.

Methodology and results: Soil samples were taken from lowland paddy fields in Pelabuhan Ratu, Sukabumi, West
Java, Indonesia. There were two treatments applied to the paddy field i.e biofertilizer-treated field (biofertilizer with 50
kg/ha NPK) and control (250 kg/ha NPK fertilizer). There were nine different nifH bands which were successfully
sequenced and most of them were identified as unculturable bacteria and three of them were closely related to
Sphingomonas sp., Magnetospirillum sp. and Ideonella dechloratans respectively. In addition, there were 20 different
16S rDNA bands which were successfully sequenced. Phylogenetic analysis of the sequence showed that there were 5
phyla of bacteria, i.e. Proteobacteria (Alphaproteobacteria and Gammaproteobacteria), Chlorofexi, Gemmatimonadetes,
Clostridia, and Bacteroidetes respectively. Alphaproteobacteria was the most dominant group in lowland paddy field.
Microbial diversities in the biofertilizer-treated field were lower than that of 100% fertilizer-treated field either based on
nifH and 16S rDNA genes.

Conclusion, significance and impact study: Biofertilizer treatment has lower microbial diversity than control, either
based on nifH and 16S rDNA genes.
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INTRODUCTION

Biofertilizer is a fertilizer which contains living
microorganisms that are able to colonize the rhizosphere

Diazotrophs have ability to fix N> from the atmosphere
and to reduce it into ammonium. The process is catalyzed

or the inner part, and to support plant growth. There are
several mechanisms of microorganisms to support the
plant growth, such as increasing nutrients availability and
nutrient intake (Vessey, 2003). Microbial consortiums
were commonly used in biofertilizer i.e. N, fixing bacteria,
P and K solubillizer bacteria (Wu et al., 2004), N.O and
methane reducing bacteria (Muttaqin, 2012; Sukmawati et
al., 2015). Nitrogen fixation is an important process to
maintain nitrogen availability in the soil. Nitrogen fixation
is mostly done by prokaryotes (diazotroph) providing for
70% nitrogen availability in the soil. In a paddy field,
nitrogen fixation rate is approximately 5 Tg annually and
mostly done by cyanobacteria-Azolla symbiotic diazotroph
(Smil, 1999; Herridge et al., 2008).
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by nitrogenase enzyme. This enzyme is a complex
enzyme consisting of two proteins i.e dinitrogenase (Mo-
Fe protein) and dinitrogenase reductase (Fe protein). nifH
is the gene encoding dinitrogenase reductase. It is
commonly used as a molecular marker in diazotrophs
community analysis. nifH gene has more distinguished
and comprehensive database than that of nifD (Dedysh et
al.,, 2004). One technique to analyze the microbial
community is Denaturing Gel Gradient Electrophoresis
(DGGE). DGGE can distinguish the DNA sequence of the
species based on the difference of melting temperature
(Tm) of the DNA determining its G-C content (Muyzer et
al., 1993; Crosby and Criddle, 2003).
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Previous  studies of  biofertilizer  containing
methanotrophic bacteria, nitrogen-fixing bacteria and N,O
reducing bacteria application were able to increase the
paddy growth and productivity (Hadianta et al., 2014;
Pingak et al., 2014; Sukmawati et al., 2015). Biofertilizer
application can affect indigenous microbial communities
such as microbial composition and structural changes
(Trabelsi and Mhamdi, 2013). Some Ensifer strain
inoculation into a field showed a significant seasonal
change of bacterial community (Herrmann et al., 2012).
However inoculation of Azospirillum brasiliense showed
no prominent effect to the indigenous bacterial
communities in maize soil (Lerner et al., 2006).

Paddy field is a habitat for the numerous N fixing
bacteria. Most of the bacterial diversity in Indonesia was
based on cultivation methods. Previous study using
DGGE of nifH in a highland paddy field indicated that the
diversity of the nitrogen-fixing bacteria was varied
between biofertilizer and chemical fertilizer treatments.
The bacterial diversity was higher in the field of chemical
fertilizer application than that of the biofertilizer application
(Hadianta et al., 2014). However the effect of the
biofertilizer application on the nitrogen-fixing bacterial
diversity based on nifH gene and total bacterial
community in a lowland paddy field in Indonesia has not
been reported yet. Therefore, this study was intended to
analyze the diversity of nitrogen-fixing bacteria based on
nifH gene and total bacteria based on 16S rDNA in a
lowland paddy field using DGGE.

MATERIALS AND METHODS

The biofertilizer used in this experiment containing
methanotrophic bacteria Methylocystis rosea BGM 1,
Methylocystis parvus BGM 3, Methylococcus capulatus
BGM 9, Methylobacter sp. SKM 14 and N,O reducing
bacteria Ochrobactrum anthropi BL2 (Table 1). The paddy
cultivar used in this experiment was IR64. The experiment
was conducted in Pelabuhan Ratu, Sukabumi, West Java,
Indonesia. Two treatments, i.e. biofertilizer treatment (50
kg/ha fertilizer with biofertilizer) and 100% fertilizer (250
kg/ha) were set up in this experiment. The dose was
according to the Regulation of Ministry of Agriculture of
Republic Indonesia (Ministry of Agriculture of Republic
Indonesia, 2007). Sediment sampling were done three
times, which were at the first planting day (0O day after
planting/ DAP), 60 DAP and 120 DAP respectively.

DNA extraction and quantification

Soil DNA extraction was conducted using Soil DNA
Extraction Kit (TIANGEN, Beijing, CN), by following its
protocol. Total genome was extracted then quantified
using Nanodrop 2000 spectrophotometer (Thermo
Scientific, Wilmington, USA).

nifH gene and 16S rDNA PCR amplification

PCR amplification of nifH gene was performed using T1
Thermocycler (BIOMETRA- Analytik Jena, Goettingen,
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Germany). Analysis of nifH gene was conducted using
primer pair of PolF- GC (5-TGCGAYCCSAARGCBGA
CTC-3') and AQER (5-GACGATGTAGATYTCCTG-3)
(Poly et al.,, 2001) with the GC clamp sequence 5-—
CGCCCGCCGCGCCCCGCGCCCGTCCCGLCGLeeCea
CCCG -3 attached to 5 end of PolF primer (Rosado et
al., 1998). PCR process was performed in the total
volume of 25 pL containing 3 pL PolF- GC and AQER (10
pmol of each primer), ~100 ng pL‘1 DNA template, 12.5
UL GoTaq Green Master Mix 2x (Promega, Madison WI,
USA) and nuclease free water. The PCR was set up with
initial denaturation at 95 °C for 3 min, followed by 35
cycles of amplification at 95 °C for 30 sec denaturation,
50 °C annealing for 1 min, 72 °C extension step for 1 min
with post extension step at 72 °C for 5 min. Amplification
of 16S rDNA was conducted using primer pair of P338F-
GC (5-CGCCCGCCGCGCGCGGCGGGCGGGGLGGG
GGCACGGGGGGACTCCTACGGGAGGCAGCAG-3')
and P518R (5-ATTACCGCGGCTGCTGG -3’) (Overeas
et al. 1997) with PCR set up for initial denaturation at 94
°C for 5 min, followed by 35 cycles of 92 °C denaturation
for 30 sec, 58 °C annealing for 30 sec, 72 °C extension
for 25 sec, and the final extension at 72 °C for 3 min. The
PCR product was determined by electrophoresis in
agarose gel (1% w/v) and visualized in G:BOX gel
documentation (Syngene, Frederick USA).

DGGE analysis of nifH gene and16S rDNA

DGGE was performed by using D Code Universal
Mutation Detection System (Bio-Rad, Hercules, CA, US).
As much as 25 pL sample (20 pL DNA + 55 pL loading
dye) was loaded into 8% polyacrilamide gel with 30—70%
gradient denaturant. For 100% denaturant was 7 M urea
and 40% formamide. The electrophoresis process was
performed at 150 V, 60 °C for 5.5 h in 1x TAE buffer (Tris-
acetate- EDTA). The gel was stained by 0.1% Ethidium
Bromide (EtBr) for 15 min. The gel image documentation
was performed using G:BOX Gel Documentation
(Syngene, Frederick, USA). DGGE bands were analyzed
using CLIQS 1D software (Total Lab) to estimate the DNA
band volume and total band appeared in the gel.
Clustering analysis was conducted based on CLIQS 1D
analysis results. Each DGGE band appeared on the gel
was excised and stored in a microtube containing 100 pL
nuclease- free water. The microtubes were stored in a
refrigerator overnight. Two microliters of the excised
bands was used as the template for re-PCR process. The
re-PCR condition was the same as previous PCR
condition.

Phylogenetic analysis

The PCR products were sequenced in a company
laboratory providing sequencing services. The sequences
of nifH and 16S rDNA genes were analyzed using
ChromasPro (Technelysium, AU) for assembling and
trimming process. The sequences were compared to the
database in the GeneBank by using BLASTN (Basic
Local Alignment Sequence Tools for nucleotide)
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(blast.ncbi.nlm.nih.gov).  Phylogenetic analysis was
performed by using MEGA 6.0 software (Tamura et al.,
2013) and the phylogenetic tree was constructed using
neighbor- joining method according to the bayesian
information criterion (BIC) score.

Table 1: Reference of isolates which used as biofertilizer.

Code of

- Source Species Reference
isolate
BGM1 Paddy field Methylocystis Hapsari (2008);
in Bogor rosea Astuti (2009)
BGM3 Paddy field Methylocystis Hapsari (2008);
in Bogor parvus Astuti (2009)
BGM 9 Paddy field Methylococcus Hapsari (2008);
in Bogor capsulatus Astuti (2009)
SKM14  Paddy field Methylobacter Hapsari (2008);
in sp Astuti (2009)
Sukabumi
BL2 Paddy field Ochrobactrum Setyaningsih
in Bogor anthropi (2010)
RESULTS

The diversity of nitrogen-fixing bacteria based on nifH
genes

Generally DGGE bands in the control treatment were
higher than that of in the biofertilizer treatment indicating
that the control treatment had higher bacterial diversity.
Control treatment of 0 DAP (KO) and 120 DAP (K120)
have the highest bacterial diversity among other
treatments. Clustering analysis showed that the
biofertilizer treatment at 0 DAP (P0O) and 60 DAP (P60)
were in one cluster, which mean that the bacterial
diversity hold high similarity (Figure 1). While control
treatment at 120 DAP (K120) was closely related with
biofertilizer treatment at 0 and 60 DAP (PO and P60). In
other cluster, control treatment at 60 DAP (K60) and
biofertilizer treatment at 120 DAP (P120) were in one
cluster.

The nine DGGE bands of nifH genes were appeared
in all DGGE samples. The sequence analysis of the
bands result showed that most of nifH genes were closely
related with unculturable bacterium (Figure 2). However
there were three DGGE bands which were closely related
with Sphingomonas sp. (DGGE band 2), Ideonella
dechloratans (DGGE band 7) and Magnetospirillum sp.
(DGGE band 8) respectively.

The diversity of total bacterial community based on
16S rDNA

The DGGE analysis of total bacterial community showed
20 different bands from 6 soil samples (Figure 3a). The
sequence analysis of 16S rDNA DGGE bands showed 5
different phylla of bacteria which were found in the paddy
field i.e. Proteobacteria (Alphaproteobacteria, and
Gammaproteobacteria), Chlorofexi, Gemmatimonadetes,
Clostridia, and Bacteroidetes (Figure 4).
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Clustering analysis based on 16S rDNA showed that
total bacterial diversity in each sampling time was
resemble between biofertilizer treatment and control
treatment. The total bacterial diversity was more affected
by the growth stage of the paddy than that was affected
by the treatments, such as biofertilizer treatment at 0 DAP
(P0O) was in one cluster with control treatment at 0 DAP
(KO). Biofertilizer treatment at 60 DAP (P60) and control
treatment 60 at DAP (K60) were in one cluster, which is
60 DAP was late vegetative stage. As well as the
rippening stage (120 DAP) of biofertilizer and control
treatments were also in one cluster (P120 and K120)
(Figure 3b).

DISCUSSION

The diversity of nitrogen-fixing bacteria based on nifH
genes

DGGE profiles (Figure 1) show the diversity of the
nitrogen-fixing bacteria in the lowland paddy soil. The
succession of the nitrogen-fixing bacterial community can
be affected by growth stage of the paddy, root exudate
and soil condition (Zhan and Sun, 2011). According to the
clustering analysis dendogram, the biofertilizer treatment
of 0 DAP (P0) and 60 DAP (P60) were in one cluster
indicating the resemblance of bacterial diversity in the
vegetative stage. The DGGE bands show that the bands
composition in the vegetative stage was affected by
nitrogen requirement in each growth stage of the paddy.
Nitrogen requirement in vegetative stage is higher than
that of in the seedling and rippening stages (Ramanathan
and Krishnamoorthy, 1973). The DGGE bands in
biofertilizer treatment of 0 DAP (P0) and 60 DAP (P60)
were less than in 120 DAP (P120). The PO, P60 and
P120 were the biofertilzer treatment, however their growth
stages were different. Control treatment at 60 DAP (K60)
was in one cluster with the biofetilizer treatment at 120
DAP (P120) because there was microbial community
shifting of some species appeared in those stages. In
addition control treatment at 0 DAP (KO) was separated
with K60 and P120 due to KO had the highest diazotroph
diversity.

Previous study shows that the growth of paddy was
affected by the diazotroph community. In the seedling
stage, the diazotroph diversity was lower than that of in
the vegetative stage and then it decreased during the
reproductive stage (Prakamhang, 2009). In this study,
inoculation of biofertilizer had no prominent effect on the
diversity of soil diazotroph, it was shown from the DGGE
bands that most of diazotroph was appeared in the
vegetative stage. Lerner et al. (2006) reported that
inoculation of nitrogen-fixing bacteria does not always
have a prominent effect on the indigenous microbial
diversity. According to Sukmawati et al. (2015) the
biofertilizer treatment had better paddy growth and higher
productivity. However in this study, the biofertilizer
treatment had lower bacterial diversity. We assume that
most of nitrogen-fixing bacteria were actively fixing the Na.
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Figure 1: (A) DGGE profile of nifH gene from paddy soil samples (left). DGGE illustration by CLIQS 1D software (right).
1-9 bands were excised for further analysis. (B) Clustering analysis of nitrogen fixing bacterial diversity, based on nifH
gene. (PO: biofertilizer treatment 0 DAP, KO: control 0 DAP, P60: biofertilizer treatment 60 DAP, K60: control 60 DAP,
P120: biofertilizer treatment 120 DAP, K120: control 120 DAP). DGGE, denaturing gel gradient electrophoresis; DAP,
day after planting.

Band 7

EU542578.1 Ideonella dechloratans nitrogenase Fe protein (nifH) gene
AB188120.1 Pelomonas saccharophila nifH gene strain IAM 14368

AF484662.1 Methylocystis parvus clone 93-3 nitrogenase iron protein (nifH) gene
Band 2

FJ455052.1 Sphingomonas sp. BR12260 nifH gene

Band 1

AB471269.1 Uncultured bacterium nifH gene clone SB06

GU727709.1 Uncultured soil bacterium clone CY8-35 nitrogenase iron protein (nifH) gene
Band 9

5 95[ Band 8

KP886488.1 Magnetospirillum sp. BB-1 nitrogenase (nifH) gene
88 KR819437.1 Uncultured bacterium clone N320 dinitrogenase reductase (nifH)

Band 3

Band 4
73 Band 5
58 JX865992.1 Uncultured bacterium clone P4 1477 dinitrogenase reductase (nifH) gene
98 Band 6
DQ402856.1 Uncultured nitrogen-fixing bacterium clone NO60 dinitrogenase reductase (nifH) gene

HE801219.1 Methylomonas paludis strain DSM 24973T nitrogenase iron protein (nifH) gene

AY221830.1 Methanococcus vannielii clone CC1106A2 dinitrogenase reductase (nifH) gene

0.05

Figure 2: Phylogenetic tree of 9 nifH DGGE bands. The tree was constructed using neighbour joining method through
1000x bootstrap.
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Figure 3: (A) DGGE profile of 16S rRNA from paddy soil samples (left). DGGE illustration by CLIQS 1D software (right).
20 bands were excised for further analysis. (B) Clustering analysis of nitrogen fixing bacterial diversity, based on 16S
rRNA gene. (PO: biofertilizer treatment 0 DAP, KO: control 0 DAP, P60: biofertilizer treatment 60 DAP, K60: control 60
DAP, P120: biofertilizer treatment 120 DAP, K120: control 120 DAP). DGGE, denaturing gel gradient electrophoresis;

DAP, day after planting.

DNA Sequence of DGGE bands of nifH gene shows
that most of them are closely related to unculturable
bacterium. However there are 3 bands identified as
Alphaproteobacteria which is the most abundant bacteria
in the soil (Janssen, 2006). Sphingomonas azotifigens is
the species of Sphingomonas which has ability to fix
nitrogen. The bacterium was isolated from roots of paddy
plant (Oryza sativa) and confirmed has the nifH gene (Xie
and Yokota, 2006; Videira et al., 2009). DNA sequence of
band 7 is closely related with Ideonella dechloratans.
Ideonella dechloratans is belong to Betaproteobacteria.
This bacterium associates with some wild rice species (O.
sativa cultivars Kasalth and SC41) and it was reported to
have ability to fix nitrogen (Elbeltagy et al., 2001). Some
Betaproteobacteria isolated from grass rhizosphere soil
have ability to fix nitrogen and express nifH gene. These
isolates were closely related to I. dechloratans (Noar and
Buckley, 2009). DNA sequence of band 8 is closely
related with Magnetospirillum sp. Magnetospirillum is
belong to Alphaproteobacteria, it is commonly found in
fresh water area with 8-13 mm depth with low oxygen
(oxic- anoxic interface) (Flies et al., 2005). Some
Magnetospirillum species i.e Magnetospirillum strain
AMB-1, M. magnetotacticum, and M. gryphiswaldense
can grow in a condition where N is the only nitrogen
source (Bazylinski et al., 2000).

Isolates which used as biofertilizer were some of
methanothrophic bacteria as mentioned in materials and
method (Table 1). Isolate BGM3 and BGM9 were
confirmed have nifH gene (Bintarti et al., 2014); however
nifH gene from them did not found in phylogenetic anlysis.
That research used specific primer pair for nifH, nH17K/
nH139P-R (Elbeltagy and Ando, 2008). However in this
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Sphingomonas  sp., Ideonella dechloratans and
Magnetospirillum sp. respectively. Sphingomonas sp. is
Gram negative aerobic bacteria, it belongs to
analysis, BGM3 and BGM9 were not identified, because
of the primer restictiveness. PolF/ AQE primer pair was
not universal, this primer only covered 24% nifH gene of
soil sample (Gaby and Buckley, 2012).

The diversity of total bacterial community based on
16S rDNA

According to DGGE profiles of 16S rDNA, the total
bacteria in the lowland paddy soil are vary (Figure 3a).
Clustering analysis shows that bacterial diversity in each
growth stage was resemble to each other (Figure 3b).
Biofertilizer treatment at 0 HST (P0) and control treatment
at 0 HST (KO) are in one cluster in early vegetative stage,
60 DAP is late vegetative stage, in this stage biofertilizer
treatment and control treatment also in one cluster (P60
and K60). The nutrient requirement at that stage is high
and root exudates which are one of nutrient sources for
bacteria are highly secreted. According to Jackson and
llamurugu (2014), in the vegetative stage root exudates is
highly secreted by the plants, it contains some amino
acids (i.e alanine, tyrosine, arginine, serine, glycine and
methionine), sugars (i.e xylose, galactose and a-glucose)
and acetic acid. The last stage were ripening stage at 120
DAP, the biofertilizer treatment also in one cluster with
control treatment (P120 and K120). In the ripening stage,
nitrogen requirement of the paddy decrease and secretion
of root exudates also decrease, thus the bacterial
diversity is lower.
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Figure 4: Phylogenetic tree of 20 DGGE bands of 16S rRNA. The tree was constructed using neighbour joining method
through 1000x bootstrap.
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Phylogenetic analysis showed 5 different phylla of
bacteria which were found in paddy field i.e
Proteobacteria (Alphaproteobacteria and
Gammaproteobacteria), Chlorofexi, Gemmatimonadetes,
Clostridia, and Bacteroidetes. Proteobacteria was the
most abundant phylum of bacteria in the paddy field.
Alphaproteobacteria was the most abundant class
followed by Gammaproteobacteria, Betaproteobacteria,
Deltaproteobacteria and Epsilonprteobacteria respectively
(Janssen, 2006). There were some specieses which
detected in DGGE profiles (Figure 4) belong to
Alphaproteobacteria such as Azospirillum oryzae, A.
Brasiliense, Phaeospirillum sp., Magnetospirillum sp.,
Methylocystis sp. and two species belong to
Gammaproteobacteria, such as Shigella sp. and
Thioploca ingrica. There were no species which detected
belong to Deltaproteobacteria and Epsilonproteobacteria.

In this study the bands of nifH and 16S rDNA gene
may not be well correlated each other. Because 16S
rDNA were used to analyze the total community of soil
bacteria while nifH only specific to analyze the nitrogen-
fixing bacteria. Previous research by Gaby and Buckley
(2014) showed that genetic divergence of nifH and 16S
rDNA genes did not well correlate in defining microbial
community. In addition the growth stage of the plant has
stronger effect in bacterial community structure than the
fertilization regime of the soil (Wang et al., 2016).

CONCLUSION

Microbial diversities of paddy soil samples are vary.
DGGE profile of nifH and 16S rDNA genes shows 9
different of nifH and 20 different bands of 16S rDNA
genes. According to phylogenetic analysis of nifH most of
them are unculturable bacteria, only 3 of them were
closely related to some species i.e Sphingomonas sp.,
Magnetospirillum sp., and Ideonella dechloratans. In
addition phylogenetic analysis of 16S rDNA shows 5
different phyla of bacteria in lowland paddy soil i.e.
Proteobacteria (Alphaproteobacteria, and
Gammaproteobacteria), Chlorofexi, Gemmatimonadetes,
Clostridia, and Bacteroidetes respectively. In this study
inoculation of the biofertilizer has no prominent effect in
diazotroph community as well as in total bacteria
community. However, the diversity of the bacteria was
more affected by growth stage of the paddy.
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