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ARTICLE INFO  ABSTRACT 

Article history This study aimed to examine the nitrogen-fixing potential of bacterial 

isolates from Mangrove Center Jenu, Tuban soil. Nitrogen-fixing bacterial 

isolates were filtered qualitatively using a selective nitrogen-free 
bromothymol blue (NFB) medium. Screening results showed that six 

bacterial isolates from Jenu Tuban mangrove soil had potential as nitrogen-

fixing bacteria, namely isolates 1, 8, 10, 15, and 16. The six nitrogen-fixing 

bacterial isolates had varied macroscopic characteristics and were gram-

positive. Based on the identification of the 16S rRNA, it was found that the 

six isolates were detected as a Bacillus group: Bacillus cereus with 99% 

query cover and 99.58% identity; B. toyonensis with identical coverage of 

99% and 99.79% identity; B. altitudinis with 99% query cover and 99.72% 

identity; B. subtilis with 99% query cover and 99.66% identity; B. 

megaterium with 99% query cover and 99.79% identity; and B. aerius with 

98% query cover and 99.86% identity. 
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1. Introduction 

Currently, agriculture in Indonesia still uses inorganic fertilizers to meet market demand 

related to increasing agricultural products. This can lead to farmers' dependence on the 

excessive use of inorganic fertilizers, resulting in several adverse effects on soil conditions, 

including the soil hardening quickly so that the soil's ability to store water decreases, the ground 

becomes acidic, which can reduce crop productivity, drop the organic matter, and result in land 

degradation both physically, chemically and biologically [1, 2]. Thus, a more environmentally 

friendly alternative is needed using biological fertilizers. 

Biofertilizer is a biological fertilizer made from active living organisms that can help 

increase soil nutrient availability for plants. It has the advantage of being cost-effective and 

environmentally friendly, and the microbes contained in biological fertilizers have an essential 

role in soil fertility, especially in the root system area and nutrients that plants need [3]. 

Microorganisms contained in biofertilizers are generally groups of microorganisms that fix N, 

phosphate solvents, break down organic matter, and produce growth hormones such as 

gibberellins, cytokinins, and IAA (Indole Acetic Acid) [2]. These microorganisms can be 

isolated from rhizosphere soil, one of which is mangrove forest rhizosphere soil. 

Nitrogen is the most important element for plant growth and development. Nitrogen can 

be regarded as one of the nutrients needed by plants that need the help of microbial activity to 

anchor and change the form of nitrogen so that it can be absorbed and used directly in plant 

growth [4]. Commonly in soil or aquatic systems, chemical nitrogen fixation occurs when 
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atmospheric nitrogen (N2) is converted into ammonia (NH3) or other compounds [5]. Mangrove 

forests function as a barrier between land and sea, which causes environmental factors such as 

salinity and nutrient availability to be varied to provide unique and specific characteristics. 

Therefore, various groups of bacteria, such as nitrogen fixers, phosphate solvents, cellulose 

decomposers, nitrifiers, denitrifiers, sulfur oxidizers, iron oxidizers, and iron reducers, are 

found in mangrove environments [6]. 

Tuban has an area of 119.98 hectares of mangrove forest, located in five sub-districts, one 

of which is the Jenu sub-district, namely the Mangrove Center Tuban (MCT). Pradipta (2016), 

in his research, stated that the Jenu Tuban mangrove forest area has a fairly high nitrogen 

nutrient content. The high levels of nitrogen-fixing are associated with the decomposition of 

mangrove leaves and mangrove rhizosphere soils [8]. Some bacterial genera that have been 

found in mangrove rhizosphere soil are Aeromonas, Arthrobacter, Azospirillum, Azotobacter, 

Clostridium, Corynebacterium, Klebsiella, Oceanimonas, Paracoccus, Phyllobacterium, 

Pseudomonas, Rhizobium, and Vibrio [9] as well as other nitrogen-fixing bacteria found by Liu 

et al. (2012) including Brevundimonas, Stenotrophomonas, Paenibacillus, and Bacillus. 

Several studies on MCT about microorganisms in the rhizosphere soil have been 

conducted, including the isolation and potential testing of cellulolytic and phosphate solvent 

yeasts [10], organic matter decomposer bacteria [11], actinomycetes [12, 13], and mold 

potential test [14].  Based on these studies, it can be said that MCT rhizosphere soil contains a 

lot of microorganisms and can be considered fertile soil. Hence, the area supports the presence 

of nitrogen-fixing bacteria that can be candidates for the formulation of biofertilizer formulas 

and the creation of the University of Airlangga Culture Collection (UACC). Therefore, in this 

study, screening and identification of nitrogen-fixing bacteria isolates from MCT rhizosphere 

soils were carried out. 

2. Materials and methods 

This research was conducted at the Microbiology Laboratory, Department of Biology, 

Faculty of Science and Technology, and the PUI-PT ITD Laboratory, Airlangga University, 

Surabaya, in April–August 2020. 

2.1.Screening Nitrogen-fixing Bacteria Isolates 

Twenty pure bacterial isolates from MCT [15] were rejuvenated in NA media and then 

inoculated into semisolid (1,75% bacterial agar powder) NFB media and incubated for ten days. 

A positive result was indicated by a change in the color of the NFB medium from a greenish 

yellow to a blue color and a pellicle that formed on the surface of the medium. The isolates were 

then observed microscopically and macroscopically. 

2.2.DNA Extraction of Nitrogen-fixing Bacteria 

Nitrogen-fixing bacterial isolates are grown in nutrient broth (NB) media and incubated for 

24 hours at room temperature. DNA isolation was carried out using the Wizard Genomic DNA 

Purification Kit Promega [16]. 

2.3.DNA Quantitative and Qualitative Test 

The bacterial DNA samples were measured quantitatively using a spectrophotometer and 

qualitatively by electrophoresis of a 1% agarose gel containing Ethidium Bromide. The agarose 

gel was put into the electrophoresis chamber, and 1 x TAE buffer was added until the gel was 

submerged. DNA samples mixed with loading dye were then added and fed into each well. 

Running is done at 100 volts for 20 minutes. Visualization of electrophoresis results observed 

under a UV transilluminator [17]. 
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2.4.PCR 

The 16S rRNA gene of the nitrogen-fixing bacteria isolates was amplified by PCR using 

universal primers 27F (5' – AGA GTT TGA TC TGG CTC AG – 3') and 1492R (5' – CGG 

TTA CCT TGT TAC GAC TT – 3') [18]. Amplification was carried out for 30 cycles. First, 

initial denaturation was carried out at 94 C for 2 minutes. Then, the denaturation of the DNA 

template was carried out at 94 C for 30 seconds, continued annealing at 55 C for 30 seconds, 

followed by extension at 72 C for 30 seconds, and final extension at 72 C for 7 minutes. The 

PCR product was electrophoresed on a 1% agarose gel in 1x TAE buffer and then sequenced 

at 1st Base Company in Singapore. 

2.5.DNA Sequencing and Phylogenetic Analysis 

Analysis was carried out using the Bioedit program and then identified by aligning the 

nucleotide sequences of the 16S rRNA gene of the studied isolates with the 16S rRNA genes 

of other bacteria found in the GenBank database. to determine the level of similarity of the 

nucleotide base sequences of samples with several genera using the BLAST N program through 

the NCBI website [19]. If the bacterial isolates produced have >97%–99% sequence similarity 

with homologous bacterial isolates, they can represent the same species. The phylogenetic tree 

was constructed using MEGA XI. 

3. Results and discussion 

3.1.Screening of Nitrogen-Fixing Bacteria Isolates 

The results showed that six bacterial isolates (1, 8, 10, 15, 16, and 18) were able to fix 

nitrogen (Figure 1), with a change in color on the NFB medium from yellow to yellowish green 

to blue (Figure 2). in contrast to another 14 isolates that did not show any color change in NFB 

media so it was assumed that these isolates did not have the same potential as nitrogen fixers. 

Morphological observations of the six isolates of nitrogen-fixing bacteria were carried out 

macroscopically and microscopically (Figure 3 and 4). The morphological characteristics of 

nitrogen-fixing bacteria are represented in Table 1.  

 

Figure 1. Screening results of nitrogen-fixing bacterial isolates 
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Figure 2. Positive reaction of nitrogen-fixing bacteria on semisolid NFB media a) first incubation of NFB media (yellow), b) 
Change in color of NFB media due to the activity of nitrogen-fixing bacteria, yellow becomes blue-green, c) 

White pellicle formed on the surface of the media. 

 

Figure 3. Colony morphology of nitrogen-fixing bacteria from the rhizosphere of mangrove Jenu Tuban. A:1, B:8, C:10, 

D:15, E:16, F:18. 

 
Figure 4. Morphology of nitrogen-fixing bacteria cells from the rhizosphere of mangrove Jenu Tuban. A:1, B:8, C:10, D:15, 

E:16, F:18. 
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Table 1. Morphology Characteristics of nitrogen-fixing bacteria from the rhizosphere of mangrove Jenu Tuban. 

Isolate Code 
Macroscopic Characteristics 

Gram Stain Color Shape Margin Elevation 

1 Bacilli + White Filamentous Filamentous Flat 
8 Bacilli + White Irregular Serrate Flat 
10 Bacilli + White Circular Lobate Flat raised 
15 Bacilli + White Rhizoid Serrate Umbonate 
16 Bacilli + Cream Circular Entire Flat 

18 Bacilli + White Circular Entire  Raised  

Based on the results of macroscopic observations, each isolate had different colony 

characters, whereas in microscopic observations, all isolates had bacilli and gram-positive cells.  

3.2.DNA Extraction of Nitrogen-fixing Bacteria 

The results of genomic DNA analysis by 1% agarose gel electrophoresis (Figure 5) in the 

form of the appearance of bands indicate that all DNA samples of nitrogen-fixing bacterial 

isolates have been successfully isolated. DNA quantitative testing using a nanodrop 

spectrophotometer at a wavelength of 260 nm and 280 nm so that the level of purity and 

concentration of DNA can be determined (Table 2).  

 
Table 2. Test results for the DNA quantity of nitrogen-fixing bacteria from the rhizosphere of mangrove Jenu Tuban 

Isolate Abs 260 nm Abs 280 nm DNA Purity 

(260/280nm) 

DNA Concentration 

(ng/ µl) 

1 6.51 3.5 1.85 325.41 

8 29.6 14.1 2.4 1479.3 

10 1.23 0.85 1.51 64.09 

15 8.01 5.17 1.57 400.66 

16 0.45 0.27 1.74 22.76 

18 29.3 16.1 1.82 1463.9 

In terms of quantity shown in Table 2, the level of DNA purity of nitrogen-fixing bacterial 

isolates ranges from 1.51 to 2.04 with relatively varied concentrations. A DNA purity level of 

less than 1.8 indicates that the DNA is still contaminated by phenol and residual isolation 

solvents; if it is more than 2.0, then the DNA is contaminated with protein. 

3.3.Molecular identification of nitrogen-fixing bacteria with the 16S rRNA 

PCR results by electrophoresis (Figure 6) showed that the DNA coding for 16S rRNA was 

successfully amplified with a PCR product of around 1500 bp. The results of six isolates of 

16S rRNA gene sequencing were analyzed by BioEdit and matched to the Gene Bank database 

via the BLASTn program at the NCBI site (Table 3). The results of constructing the 

phylogenetic tree of free nitrogen-fixing bacteria and Bacillus sp. on GenBank are shown in 

Figure 7. 

3.4.Discussion  

The rhizosphere soil contains many microorganisms that play an important role in soil 

fertility and plant growth and play a role in the function and maintenance of ecosystems, 

especially in terms of the nitrogen cycle [20]. In the rhizosphere, nitrogen-fixing activity is 

carried out by bacteria to meet their needs in the formation of bacterial nucleic acids. When 

the rhizosphere bacteria's need for nitrogen is met, the bacteria will release excess nitrogen 

into the soil so plants can use it to meet their nitrogen needs through absorption by roots [21]. 

Nitrogen-fixing bacteria play an important role in terms of nutrition in plants, where nitrogen 
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is an essential element to support plant growth [22]. The presence of nitrogen-fixing bacteria 

in the soil is more common in the rhizosphere than in the non-rhizosphere; this is due to the 

availability of carbon compounds needed by bacteria in the rhizosphere environment in 

sufficient quantities to maximize bacterial activity in carrying out N-fixing [23, 24].  

Screening of nitrogen-fixing bacteria was carried out on 20 bacterial isolates that had been 

successfully isolated by previous researchers from the soil at the Jenu Tuban Mangrove Center. 

Qualitative screening results using semi-solid NfB media (Figure 1) showed that there were 

six bacterial isolates (1, 8, 10, 15, 16, and 18) that were capable of fixing nitrogen; this was 

shown by a positive reaction in the form of a color change on the NfB medium from yellow to 

yellowish green to blue (Figure 2). Based on the macroscopic observations (figure 3), each 

isolate had different colony characters, while the microscopic observation results (figure 4) 

showed that all isolates have gram-positive bacilli. 

NFB media is a selective medium that does not contain nitrogen in the material 

composition, so bacterial isolates that can grow on it have the ability to fix free nitrogen. The 

color change that occurs in NFB media to green or blue is caused by oxidation in a medium 

containing malate, which is called an alkalinization process [25]. This color change also occurs 

due to nitrogenase activity, which causes the pH to be higher and the media to turn blue due to 

the bromthymol blue indicator in the composition of the NFB media [26]. Nitrogenase activity 

can also be indicated by the formation of a white pellicle near the surface of the medium, which 

will then move to the surface of the medium when the amount of nitrogen in the medium has 

accumulated [19]. This is because the bacteria in NFB media have aerotactic abilities, making 

them motile and able to make movements to seek a balance of oxygen diffusion. Excess oxygen 

in the media can inhibit nitrogenase activity [27].  

Figure 6. Electrophoresis results of DNA PCR products of nitrogen-fixing bacterial isolates with universal primers. 1) Isolate 

1, 2) Isolate 8, 3) Isolate 10, 4) Isolate 15, 5) Isolate 16, 6) Isolate 18. 

The genomic DNA was measured for concentration and purity (Table 2). These aims 

are to make sure the DNA to be amplified by the PCR method has a concentration of appropriate 

purity [28]. The purity of the DNA was influenced by technical factors during the DNA 

extraction, which occurred when the supernatant containing DNA was transferred after 

incubation. This was done carefully so that the destroyed tissues under the tube were not 

removed. Likewise, during the drying process from ethanol, if it is not completely dry, it can be 

one of the causes of contaminants and reduce the purity value of DNA when measured using a 

spectrophotometer [29]. PCR results (Figure 4.6) showed that the DNA coding for 16S rRNA 

was successfully amplified with PCR products ranging from 1500 bp. Insulation 1, 8, 10, 15, 

16, and 18 each have sequences with lengths of 1452 bp, 1455 bp, 1450 bp, 1454 bp, 1455 bp, 

and 1453 bp. The basic principle of the PCR method is the repeated multiplication of DNA 

fragments using polymerase enzymes at high temperatures. 
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Table 3. Identification results of 16SrRNA gene of nitrogen-fixing bacteria isolates with BLASTn 

Isolates 

code 
Length (bp) 

BLASTn Results 

Species Query cover (%) Identity (%) Access Code 

1 1452 

Bacillus wiedmanni FSL W8-
0169 

99 99.58 NR_152692.1 

Bacillus proteolyticus MCCC 
1A00365 

99 99.58 NR_157735.1 

Bacillus albus MCCC 1A02146 99 99.58 NR_157729.1 

8 1455 Bacillus toyonensis BCT-7112 99 99.79 NR_121761.1 

10 1450 Bacillus altitudinis 41KF2b 99 99.72 NR_042337.1 

15 1454 Bacillus subtilis JCM 1465 99 99.66 NR_113265.1 

16 1455 
Priestia megaterium (Bacillus 

megaterium) ATCC 14581 
99 99.79 NR_112636.1 

18 1453 Bacillus aerius 24K 98 99.86 NR_118439.1 

 

The results of identification based on BLAST in Table 3 provide information in the form 

of query cover and identity, where query cover is the percentage of base length that is aligned 

with the BLAST database, and identity is the percentage of identity or similarity between the 

sequences analyzed and the aligned database sequences. Isolate 1 has similarities with three 

sequences of bacterial species, namely Bacillus wiedmannii, Bacillus proteolyticus, and 

Bacillus albus, which have the same percentage of query coverage and identity at 99% and 

99.58%, respectively. B. wiedmannii, B. proteolyticus, and B. albus are bacterial species 

belonging to the B. cereus group. Group B. cereus species have facultative anaerobic properties 

and have potential as probiotics for plant growth (biofertilizers) [30-32]. Some studies have 

proven that B. cereus isolated from the rhizosphere can act as a PGPR (Plant Growth Promoting 

Rhizobacteria), which helps the growth of legumes [33]. In isolate 8, Bacillus toyonensis was 

identified with 99% query cover and 99.79% identity. This is consistent with research that states 

that B. toyonensis isolated from the rhizosphere of ferns, besides being able to produce 

ammonia, also acts as a producer of IAA hormones and phosphate solvents, which are important 

biochemical aspects for plant growth [34]. 

Isolates 10 and 15 were identified as Bacillus altitudinis and Bacillus subtilis, with the 

same percentage of query cover (99%) and identities (99.72 and 99.66%, respectively). Bacillus 

altitudinis and Bacillus subtilis, isolated from mangrove rhizosphere, are bacterial strains that 

are capable of carrying out nitrogen fixation, where the source of nitrogen comes from the 

decomposition of mangrove forest leaves. Twenty-two isolates of nitrogen-fixing and 

phosphate-solubilizing bacteria were isolated from the mangrove rhizosphere in the Mekong 

River, Thailand, where 70% of these isolates belonged to the genus Bacillus [35]. B. subtilis 

has a nitrogenase complex, so it can fix nitrogen from the air [19]. B. altitudinis, isolated from 

the soil around mangrove plants on the Egyptian Red Sea Coast, has the ability to produce 

exopolysaccharides, which aim to support the existence of the bacteria itself in extreme habitats 

[36]. 

Isolates 16 and 18 were identified as Priestia megaterium (98% query cover and 99.86% 

identity) and Bacillus aerius (98% query cover and 99.86% identity), respectively. Based on 

research conducted by Aslam et al. (2016), Priestia megaterium (B. megaterium) isolated from 

soil polluted by chromium waste can fix nitrogen and detoxify chromium-contaminated soil, so 

B. megaterium has the potential as a biofertilizer and bioremediator. B. aerius also has the 
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potential to fix nitrogen in the air, as reported by Yousuf et al. (2020), who succeeded in 

obtaining eight isolates of nitrogen-fixing gram-positive bacteria from the coast of the Arabian 

Sea, one of which was identified as B. aerius. 

 
Figure 7. Phylogenetic tree based on 16s rRNA gene sequences showing the position of six free nitrogen-fixing bacteria 

within genus Bacillus using Neighbor-Joining method and model of Maximum-likelihood. 

Based on the phylogeny tree in Figure 7, it is known that isolates 1 and 8 are in the same 

clade where isolate 8 identified as Bacillus toyonensis is part of the Bacillus cereus group [38]. 

Isolates 15 and 16 are closely related to the Bacillus subtilis group and the Priestia megaterium 

group (Bacillus megaterium), respectively. The kinship of isolate 18 is close to isolate 10, which 

was identified as Bacillus altitudinis 41KF2b, in contrast to the identification results based on 

the NCBI GenBank as Bacillus aerius 24K. Strains 41KF2b and 24K were part of 4 novel 

bacteria isolated from cryogenic tubes and identified as the genus Bacillus. Phylogeny analysis 

based on the 16S rRNA gene showed that strains 24K and 41KF2b have a close relationship 

where strain 24K is closer to Bacillus licheniformis while strain 41KF2b is closer to Bacillus 

pumilus [39]. However, Liu et al. (2015) reported that the 16S rRNA gene sequence of B. aerius 

is identical to B. altitudinis. Strain 24K also has similarities in housekeeping gene sequences, 

namely the gyrB, rpoB, and pycA gene sequences are 100% identical to B. altitudinis 41KF2b. 

Therefore, strain 24K should be affiliated with B. altitudinis 41KF2b. 

 

4. Conclusions 

Of the 20 bacterial isolates isolated from the soil of the Jenu Tuban Mangrove Center, six of 

them (1,8,10,15,16 dan 18) had potential as nitrogen fixers. The sixth nitrogen-fixing bacterial 

species from Jenu Tuban mangrove soil had varied macroscopic characteristics and Gram-positive 

bacilli. The results of the identification of nitrogen-fixing bacterial isolates based on the molecular 

 Isolate 8

 NR 121761.1 Bacillus toyonensis strain BCT-7112 16S ribosomal RNA partial sequence

 NR 152692.1 Bacillus wiedmannii strain FSL W8-0169 16S ribosomal RNA partial sequence

 Isolate 1

 NR 157735.1 Bacillus proteolyticus strain MCCC 1A00365 16S ribosomal RNA partial sequence

 NR 074540.1 Bacillus cereus ATCC 14579 16S ribosomal RNA (rrnA) partial sequence

 NR 157734.1 Bacillus paramycoides strain MCCC 1A04098 16S ribosomal RNA partial sequence

 NR 157729.1 Bacillus albus strain MCCC 1A02146 16S ribosomal RNA partial sequence

 GU252112.1 Bacillus megaterium strain ATCC 14581 16S ribosomal RNA gene partial sequence

 NR 117473.1 Priestia megaterium strain ATCC 14581 16S ribosomal RNA partial sequence

 Isolate 16

 NR 112636.1 Priestia megaterium NBRC 15308 = ATCC 14581 16S ribosomal RNA partial sequence

 MN368039.1 Bacillus megaterium strain BGM10-2C4 16S ribosomal RNA gene partial sequence

 NR 115953.1 Priestia aryabhattai B8W22 16S ribosomal RNA partial sequence

 Isolate 10

 Isolate 18

 NR 042337.1 Bacillus altitudinis 41KF2b 16S ribosomal RNA partial sequence

 NR 042336.1 Bacillus stratosphericus strain 41KF2a 16S ribosomal RNA partial sequence

 NR 042339.1 Bacillus aerophilus strain 28K 16S ribosomal RNA partial sequence

 NR 042338.1 Bacillus aerius strain 24K 16S ribosomal RNA partial sequence

 NR 112116.2 Bacillus subtilis strain IAM 12118 16S ribosomal RNA complete sequence

 NR 027552.1 Bacillus subtilis strain DSM 10 16S ribosomal RNA partial sequence

 AB681201.1 Bacillus subtilis gene for 16S rRNA partial sequence strain: NBRC 100521

 Isolate 15

 NR 113265.1 Bacillus subtilis strain JCM 1465 16S ribosomal RNA partial sequence

 NR 024570.1 Escherichia coli strain U 5/41 16S ribosomal RNA partial sequence
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markers of the 16S rRNA gene were that isolate 1 was identified as B. cereus group with 99% 

query cover and 99.58% identical, isolate 8 identified as B. toyonensis with 99% query cover and 

99.79% identity, isolate 10 as B. altitudinis with query cover 99% and 99.72% identity, isolate 15 

as B. subtilis with query cover 99% and identical 99.66%, isolate 16 as B. megaterium with query 

cover 99% and 99.79% identity, and isolate 18 as B. aerius with 98% query cover and 99.86% 

identity. 
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