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Abstract 

Bacteria associated with sugarcane were investigated characteristics of plant growth promotion and identified base on 
molecular characteristics. Nitrogen fixation bacteria were isolated by using N-free Burk’s and LGI media. Pure colonies 
were then streaked on NBRIP medium to select phosphate solubilizing bacteria. The ability of producing IAA was 
screened by dropping Salkowski reagent into the bacterial suspension. There were 140 isolates of nitrogen-fixing and 
phosphate-solubilizing bacteria, and 41 isolates among them showed IAA producing. The abilities of producing IAA, 
fixing nitrogen, and solubilizing phosphate of these 41 isolates ranged from 1.9 to 12.8 mg L-1 IAA, 0.1 to 2.5 mg L-1 NH4+, 
and 32.4 - 286.5 mg L-1 P2O5, respectively. Thirteen selected isolates were preliminary tested biological control ability 
and identified base on 16S rDNA sequencing. There were 4 isolates capable of producing siderophore, 8 isolates inhibit 
Fusarium sp., 4 isolates inhibit Aspergillus niger, and one isolate capable of resisting both Escherichia coli and 
Staphylococcus aureus. The identification result showed these isolates belong to genera Stenotrophomonas, Bacillus, 
Chitinophaga, Burkholderia, Serratia, and Acinetobacter. These outstanding isolates were proposed to test the ability to 
promote sugarcane growth.  

Keywords:  Plant associated bacteria; Plant growth promoting bacteria; Biological control; Nitrogen fixation; 
Sugarcane. 

1. Introduction

Sugarcane is an important industrial crop that to meet sugar consumption demand as well as material source for ethanol 
production. Sugarcane cultivation on an industrial scale has caused environmental problems including energy 
consumption of production systems, increasing greenhouse gas emissions, changes in physical, chemical and biological 
properties of soil. Monoculture of sugarcane with a large area, using a lot of chemical fertilizers and plant protection 
chemicals also causes soil pollution and degradation of surface water and air quality [1].  

For the chemical fertilizers, NPK fertilizer use efficiency is generally low due to capable of using fertilizers of the plants 
and fertilizers properties such as leaching of N fertilizer, immobilization of P inorganic, evaporation to the atmosphere 
[2], [3]. To overcome this situation, in advanced countries, the amount of fertilizer has been commonly proposed based 
on analyzing nutrients present in soil and plants. The recommended amount of NPK applying for sugarcane cultivated 
in some countries such as Australia, India, South Africa is 150 - 300 kg N ha-1, 20 - 80 kg P ha-1, and 50 - 250 kg K ha-1. 
Meanwhile, in some South American countries such as Brazil and Columbia, fertilizer is often lower, especially nitrogen 
fertilizer ranging from 40 - 100 N ha-1 [3]. According to Döbereiner, the low fertilizer demand may be due to biological 
fixation of bacteria associated with rhizosphere of sugarcane [4]. The reduction of nitrogen fertilizer to 60 kg N ha-1 
facilitated the biological nitrogen fixation (BNF) of bacteria such as Glucanacetobacter diazotrophicus [5]. These bacteria 
were also isolated from sugarcane grown in Australia with low N- applying levels while there was no evidence of BNF 
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in regions with high N-applying in Brazil [6]. Researchers in Brazil are also trying to reduce the applying of nitrogen 
fertilizer by a half (about 125,000 tons of N fertilizer, equivalent to 62.5 million USD every year), the rest would take 
advantage of the supply from BNF. This approach not only helps significantly reduce the cost of producing sugar cane 
and bioenergy worldwide but also brings benefits to the soil and the environment [7]. Not only Glucanacetobacter 
diazotrophicus but more than other 80 species of PGPB associated with sugarcane have been also reported, eg. 
Acinetobacter baumanii, Bacillus subtilis, Burkholderia vietnamiensis, Serratia spp., Stenotrophomonas maltophilia [7]. 
The capable of plant growth promoting may be achieved by direct mechanisms such as nitrogen-fixing, phosphate-
solubilizing, phytohormones-producing of the bacteria [2], [8]. The applications of Plant Growth Promoting 
Rhizobacteria (PGPR) in sustainable environmental management due to their ability in biological control, 
biodegradation, environmental stress control, climate change prevention, and enhancement of soil fertility were also 
mentioned [8].  

In Vietnam, sugarcane cultivation for sugar production began in the 1990s. Due to its adaptation to natural conditions, 
sugarcane can be grown in many places throughout the country, in which, Tay Ninh is the province with the largest 
sugarcane planting area of the Southeast. In 2017, the sugarcane planting area of this province was 15.6 thousand 
hectares, accounting for about 5.6% of the area of the country. However, the major agricultural soil of Tay Ninh is gray 
soil (acrisols), accounting for more than 85.6% of the natural area [9]. NPK fertilizer applied to sugarcane grown on 
gray soil is quite high including 200 - 250 kg N ha-1, 90 - 100 kg P ha-1 and 180 - 200 kg K ha-1 that leads to the cost of 
finished sugar product is high and the low competitiveness [10]. Meanwhile, many species of sugarcane-associated 
bacteria have also been isolated, identified and characterized functional properties such as BNF, phosphate 
solubilization, IAA production [11]–[15]. Effects of Pseudomonas spp. and Gluconacetobacter diazotrophicus on 
sugarcane yield and sugar concentration were also evaluated [16], [17]. These data show that the isolation and 
identification of bacteria associated with sugarcane grown in Tay Ninh has a basis and is necessary for development of 
sustainable and environmentally friendly sugarcane cultivation in this locality. The concept of “functional 
characterization” and “molecular characterization” is based on the literature of [18], and the research limits are 
screening PGP straits of bacteria at the test tube scale and the identification based on 16S rDNA sequencing.  

2. Material and methods 

2.1. Samples collection  

The location of Tay Ninh province is at 10o57’08” - 11o46’36” N latitude and 105o48’43” - 106o22’48” E longitude. This 
province has an area of 4,028 km², and subdivided into 8 districts and one provincial city. Except for Tay Ninh city and 
Hoa Thanh district which had small sugarcane areas, the remaining 6 districts had been sampled at 24 sugarcane fields 
(Figure 1) with 5 plants per field. The aerial parts that 30 cm above the ground of each sugarcane plant (6-months old) 
had been cut off. The rest of the stem and roots and the soil surrounding the roots were collected, packed, labeled and 
transported to the laboratory [13], [14]. At the laboratory, the collection of rhizospheric soil samples was carried out 
according to the shaking method, ID:13_Turpault [19]. Soil samples had been dried at approximately 40°C to constant 
mass (air-dry soil). The rhizospheric soil that collected from 5 plant-samples in a sugarcane field was mixed to form a 
composite sample.  

 

Figure 1 The map of Tay Ninh province and 24 places of sampling. 
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The star shapes used to illustrate the wards of the six districts that were sampled. 

2.2. Isolation and collection of bacteria have capable of fixing nitrogen and solubilizing phosphate 

2.2.1. Isolation of rhizospheric bacteria capable of nitrogen-fixing 

One gram of rhizosphere soil was suspended in 99 mL sterile water, shaken at 200 rpm for 10 minutes and deposited 
for 3 hours. After 3 hours, the supernatant was collected and streaked on N-free Burk’s agar plates [20]. These plates 
were incubated at 28±2oC for 2 – 3 days to observe and select bacterial colonies. Pure isolates were collected by 
streaking on Burk’s medium repeatedly.  

2.2.2. Isolation of endophytic bacteria capable of nitrogen-fixing 

Plant tissue samples were sterilized and extracted according to the method of [13]. The extract was then inoculated 
onto the test tube containing semisolid N-free LGI medium to observe the appearance of the pellicle. The liquid that 
collected from the pellicle was continuously streaked on LGI agar plates to obtain single colonies [13]. Pure isolates 
were collected by streaking on LGI medium repeatedly.  

2.2.3. Collection of bacteria capable of nitrogen-fixing and solubilizing phosphate 

The nitrogen-fixing bacteria that collected from the experiments described above had been conducted screening the 
ability of solubilizing phosphate. Each pure isolate had been transferred to NBRIP media agar plates [21]. Any isolates 
that grew on the medium containing insoluble calcium orthophosphate were the isolate capable of dissolving 
phosphate. 

2.3. Morphological characterization of bacterial isolates 

Colony morphology including form, elevation, margin, surface and size were recorded after 48-72 hours of growth on 
isolation media. Cellular size and shape of bacteria were observed by light microscopy. Gram stain and KOH String Test 
were performed according to instructions of [22] and [23].  

2.4. Plant-Growth-Promoting functional characterization  

2.4.1. Detection and quantification of IAA production 

The bacterial isolates that had been cultured on Burk’s agar plates within 4 days would had been visually detected their 
abilities of IAA production by dropping directly 100 μL the Salkowski reagent on their colonies [24] and incubated in 
dark for 30 min. The color change of sample to other color such as orange, pink, brownish indicates the presence of IAA. 

For quantification, 1 mL of the pre-culture had been adjusted to the turbidity of a 0.5 McFarland Standard (1.5x10^8 
CFU/mL) [25] was transferred to 50 mL of Burk’s broth, then incubated continuously within 8 days at 120 rpm (rounds 
per minute), 28±2oC. Periodically, 10 mL suspension was collected at 2, 4, 6, 8 DAI (days after inoculation), then 
centrifuged at 12,000 rpm for 5 minutes to obtain the supernatant for colorimetric analysis. The quantification of IAA 
was conducted with Salkowski reagent. The ratio of sample and reagent was 4:1 (v/v) [24]. After 15 minutes of 
incubated in dark, OD (Optical Density) of the sample was measured by spectrophotometer at a wavelength of 530 nm.   

2.4.2. Quantification of nitrogen fixation and phosphate solubilization  

This experiment was limited to the isolates that capable producing IAA. The preparation of suspension was similarly to 
the above description but the Burk’s broth used for nitrogen fixation testing and NBRIP broth used for phosphate 
solubilization testing. A volume of 10 mL of suspensions had been periodically collected at 2, 4, 6, 8 DAI for ammonia 
test, and at 5, 10, 15, 20 DAI for soluble phosphate test. Then the suspension was centrifuged at 12,000 rpm for 5 minutes 
to obtain the supernatant that used for the next colorimetric analysis. 

The quantification of ammonia was conducted by using phenol-hypochlorite method [26]. The ratio of sample and 
reagent was 5:1 (v/v). The OD was measured at 640 nm after 30 minutes of the reaction stability. Similarly, quantitative 
survey of phosphate-solubilizing was conducted by using phosphomolybdate colorimetric method [27]. The sample and 
reagent ratio was also 5:1 (v/v). The OD was measured at 880 nm after 15 minutes of the reaction stability. 
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2.4.3. Preliminary survey of biological control ability of selected isolates 

This survey was limited in bacterial isolates that had the best quantitative results of nitrogen-fixation, phosphate-
solubilization, and IAA production, and include three experiments:  (1) detection of siderophore-producing, (2) 
detection of antibacterial activity, and (3) detection of antifungal activity. 

Detection of siderophore-producing  

The detection of siderophore was conducted by using liquid CAS assay. The CAS solution was prepared according to the 
recipe of Schwyn and Neilands [28]. The colony of each selected isolate was inoculated into 5 mL the Peptone Sucrose 
Broth (PSB) [29] and incubated at 28±2oC, 120 rpm for 48 hours. One mL of supernatant was centrifuged at 12,000 rpm 
for 5 minutes. The supernatant was obtained and transferred to a fresh tube, then mixed with an equal volume of CAS. 
The mixture was incubated in the dark for 30 minutes and then observed the color change. The color change of blue CAS 
reagent to another color such as orange, purple, green indicates the presence of siderophore [30], [31]. The bacterial 
isolates which changed the color of the CAS solution were further investigated of creating halo zone on CAS agar plate 
by using paper-disc agar diffusion assay. The diameter of disc-paper was 5 mm [32]. 

Detection of antibacterial activity 

The agar well diffusion method [33] was used to evaluate the antimicrobial activity of selected isolates. Two strains of 
indicator bacteria including Escherichia coli and Staphylococcus aureus had been growth individually in PS Broth for 
48 hours and then adjusted cell density to McFarland Standard 0.5. One mL of pre-culture suspension of the indicator 
was inoculated into a test tube containing 10 mL of sterilized PSA medium with 0.3% agar (w/w) and cool down to 55°C, 
mixed well and poured on surface of a plate containing PSA medium (1.8% agar w/w) [34]. 

Six to nine holes with a diameter of 5 mm is aseptically punched. A volume of 50 µL of suspension of each selected 
isolates at a concentration of 1.5x10^8 CFU/mL that had been pre-cultured in PS Broth was introduced into the well. 
These experimental plates were incubated at 28±2oC for 48 hours to observe the appearance of inhibition zones. 

Detection of antifungal activity  

Similarly, the agar well diffusion method was also used to evaluate the antifungal activity of selected isolates. Two 
strains of indicator fungi including Fusarium sp. and Aspergillus niger had been growth individually in Potato Dextrose 
Agar (PDA) medium for 5 days at 28±2oC to obtain fungal discs [35]. Each fungal disc was made by using a sterile glass 
tube to drilling and lifting up a colony, and then was transferred into the experimental plate that with the wells filled 
with 50 µL of bacterial suspension as had described above. These experimental plates were incubated at 28±2oC for 2 - 
5 days to observe the appearance of inhibition zones. 

Molecular characterization  

This survey was limited in bacterial isolates that had the best results in assays of Plant-Growth-Promoting function in 
vitro. 

DNA of selected bacteria was isolated following the protocol of [13]. PCR procedures to amplify the 16S rDNA were 
conducted according to the description of [13], [14] with the primers p515FPL and p13B used for endophytic bacteria 
and the primers 27F and 1492R used for rhizospheric bacteria. The 16S rDNA molecular of rhizospheric bacteria were 
also amplified by using the primers p515FPL and p13 for determining abilities of endophytic living. An aliquot of 10 µL 
of each PCR product had been separated and visualized in 1% agarose gels by using standard electrophoresis procedure. 
Sequencing partial16S rRNA genes of selected bacterial isolates had been conducted by MACROGEN Company, Korea.  

The results of sequencing had been compared to reference sequence of 16S rRNA gene present in the GenBank of The 
National Center for Biotechnology Information (NCBI) (https://www.ncbi.nlm.nih.gov/) by using Nucleotide BLAST 
tool. The query sequences and reference sequences were used to infer the phylogenetic tree  by using the Neighbor-
Joining method with the bootstrap 1000. The software that had been used for this analysis was MEGA X (Molecular 
Evolutionary Genetics Analysis) (https://www.megasoftware.net/) [36]. 

Experimental design and Data analyses 

Quantitative experiments were random assignment (Completely Randomized Design) with three replicates. Negative 
controls were conducted similarly to treatments, did not use bacterial suspension but put on sterilized corresponding 
medium instead.  
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Statistics methods were ANOVA (Analysis of Variance) one factor and Duncan test at α=0.05 by using IBM SPSS Statistics 
20.0. 

3. Results and discussion 

3.1. Bacterial isolation 

There were 88 rhizospheric bacterial isolates and 106 endophytic bacterial isolates had been isolated from 72 samples 
of soil and plant tissues of sugarcane by using two types of N-free media as Burk’s and LGI. After transferred to the 
NBRIP medium containing calcium orthophosphate as the only phosphorus source, there were 140 isolates of them 
including 62 rhizospheric isolates (accounted for 70.5%) and 78 endophytic isolates (accounted for 73.6%) that 
continued to grow thanks to the phosphate solubilization. On average, from a soil or plant tissue sample, there were 2.7 
bacterial isolates capable of fixing nitrogen  and 1.5 isolates capable of fixing nitrogen and solubilizing phosphate that 
had been  isolated. The origin and the ability to growing on the specific media of these 140 isolates were described in 
Table 1.  

Table 1 The origin and ability to growing on the media of the isolates 

Origin  Number of isolates grew on types of media Total of isolates 
of each district  District Type of Sample Burk’s LGI  NBRIP  

Trang Bang  Rhizospheric soil 11   9 22 

  

  

Root   8 6 

Stem   9 7 

Tan Bien  Rhizospheric soil 13   8 18 

  

  

Root   8 5 

Stem   7 5 

Ben Cau  Rhizospheric soil 11   8 23 

  

  

Root   13 11 

Stem   6 4 

Duong Minh 
Chau  

Rhizospheric soil 12   7 16 

  

  

Root   6 5 

Stem   6 4 

Tan Chau  Rhizospheric soil 15   10 19 

  

  

Root   7 4 

Stem   6 5 

Go Dau  Rhizospheric soil 10   7 18 

  

  

Root   7 4 

Stem   9 7 

Chau Thanh  Rhizospheric soil 16   13 24 

  

  

Root   7 4 

Stem   7 7 

Total 88 106 140 140 
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Baldani et al. concluded a complete process to isolate free-living, associative and endophytic diazotrophic bacteria from 
sugarcane [37]. The appearance of the pellicle formed in a nitrogen-free semi-solid medium as LGI was a sign of 
diazotrophic bacterial growth (Figure 2A). 

 

Figure 2 The appearance of the pellicle formed in N-free semisolid LGI (A).  

Producing halo zone (B) or not (C) of bacteria while growing on solid NBRIP medium. 

Similarly, Nautiyal also suggested some growth medium for screening phosphate solubilizing microorganisms in which 
NBRIP (National Botanical Research Institute’s phosphate growth medium) was said to be more efficient than PVK 
(Pikovskaya medium). Although producing a halo on agar plates (Figure 2B) containing insoluble inorganic phosphate 
had been a criterion for phosphate solubilizer, it had been not an infallible technique. In the opposite, the direct 
measurement of phosphate solubilization in broth assay was said to be more reliable [21].  

3.2. Morphological characteristics of bacteria 

On isolation media, opaque white made up the majority, accounted for 48.7% of the total of rhizospheric bacterial 
isolates and 62.9% of the total of endophytic bacterial isolates. The ratio of translucent or transparent white was 5.1% 
and 16.1%, yellow was 44.9% and 17.7%, and other colors such as orange, beige were 1.3% and 3.2%, respectively. The 
other morphological characteristics of colonies (not distinguish between rhizospheric and endophytic bacteria) 
included circular (84.3%) and irregular (15.7%), entire (50.7%) and lobate (49.3%), convex (92.1%) and flat (7.9%), 
and smooth (100%). The majority of colonies have a diameter of ≤ 1 mm (63.6%). Colonies of 1 - 3 mm in diameter 
accounted for 36.4%. 

Through microscopic observation, there were 91.4% of the total bacterial isolates that exhibited their motility and 8.6% 
of them were non-motile. The bacilli bacteria accounted for 88.5%, while the coccobacilli bacteria accounted for 11.4%. 
Gram-negative bacteria accounted for 55.4%, and Gram-positive bacteria accounted for 44.6%. The records of 
morphological characteristics of each isolate were essential to support the subsequent identification. 
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3.3. PGP functional characteristics of bacteria 

3.3.1. Ability to producing IAA, fixing nitrogen, and solubilizing phosphate 

The screening test of IAA production by dropping directly the Salkowski reagent into the bacterial suspension or on the 
colony  showed that 41 isolates of the total 140 isolates (accounted for 29.3%) had the ability. Dropping reagent on 
bacterial colony help to fast detect the isolates have the ability to produce IAA to put into quantitative experiment 
(Figure 3A). In the quantitative experiment of IAA of 41 isolates that were cultured in Burk’s broth without tryptophan, 
the average value of the IAA content of 4 measure times that 2 days apart ranged from 1.9 to 12.8 mg L-1. The synthesis 
of IAA of plant associated bacteria under the condition of whether or not tryptophan has been summarized. The 
difference between IAA contents produced under conditions with or without tryptophan have also been reported [38]. 

 

Figure 3 The change in color of culture medium in IAA detection (A) and quantification experiments (B) (-): negative 
result; (+): positive result 

Table 2 In vitro Plant Growth Promoting functional characterization of 13 selected isolates 

Isolate 

In vitro Plant Growth Promoting Functional Characterization 

IAA-production N-fixation P-solubilization  

(mg IAA/L)   (mg NH4+/L) (mg P2O5/L) 

At 2 DAI Average for 8 days At 4 DAI Average for 8 days At 10 DAI Average for 20 days 

TBD2e 0.8 pq 2.3 0.1 n 1.6 458.9 b 228.2 

TPD3b 11.2 d 9.8 2.5 i 2.5 398.5 c 265.1 

BCD1a 3.5 ij 5.7 2.8 gh 1.0 41.3 q 110.1 

MCD1a 8.1 e 4.2 4.4 d 1.4 162.5 l 67.4 

TCD2b 3.8 ij 6.6 1.4 k 0.9 610.4 a 286.5 

TBR3a 13.4 c 12.8 2.6 i 1.0 308.8 d 262.5 

TPR4b 2.2 lm 3.9 0.4 n 0.4 142.4 m 117.2 

BCR3a 0.7 pq 2.9 0.3 n 0.3 312.0 d 224.2 

BCR5a 5.0 h 6.6 5.0 b 1.4 93.1 o 141.4 

MCR1a 6.3 q 1.9 5.0 b 1.3 62.8 p 114.2 

TCT1a 3.8 ij 4.8 0.1 n 0.3 113.6 n 175.5 

TCR1b 7.1f 5.8 0.4 n 0.5 114.4 n 205.3 

CT4bd 11.3 d 9.3 6.8 a 1.9 114.4 n 205.3 

In the same column, the values followed by the same letters have no statistically significant differences (α = 0.05). 
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These 41 isolates were also examined the abilities to fixing nitrogen and solubilizing phosphate by colorimetric 
methods. The average value of the NH4+ content of 4 times of measurement at 2-day distance in range from 0.1 to 2.5 
mg L-1 while the average values of dissolved phosphate contents of 4 times of measurement at 5-day distance were in 
range from 32.4 to 286.5 mg P2O5 L-1. Particularly, appropriate time for IAA production and nitrogen fixation of the 
majority of bacterial isolates was “2 DAI” and “4 DAI”while “10 DAI” seemed to be the suitable time-point for phosphate 
solubilization similar to some authors’ reports [39], [40]. Base on the results of quantitative surveys mentioned above, 
there were 13 isolates had expressed superiority in IAA production, nitrogen fixation, and phophate solubilization 
(Table 2). 

3.3.2. Ability to producing siderophore, inhibiting indicator fungi and bacteria 

The results of CAS solution and CAS agar plate assays showed only 4 isolates have the ability including TBD2e, TPD3b, 
TBR3a, TCR1b (Figure 4 A, B). Qualitative CAS assay have been used by many authors in many fields. The concentration 
of siderophore such as nigribactin, once increased, also causes the color of the post-reaction complex to change from 
blue to reddish purple or orange [41]. The ability to inhibit bacteria manifested only in one isolate was TPD3b with the 
halo diameter for S. aureus was 3.5 mm, and for E. coli was 1 mm (Figure 4 C). Eight isolates including TBD2e, TPD3b, 
MCD1a, TCD2b, TBR3a, TPR4b, BCR5a, CT4bd were able to inhibit Fusarium sp., while only 4 isolates TBD2e, TPD3b, 
MCD1a, BCR5a were able to inhibit Aspergillus niger (Figure 4 D). The average diameter of the inhibition zone was 1 cm 
(Figure 4). Fusarium species such as Fusarium verticillioides, Fusarium proliferatum cause sugarcane diseases [42]. 
Fusarium oxysporum, Aspergillus niger were common phythopathogens. Many bacteria associated with sugarcane that 
were capable of resisting to Fusarium had been reported. PGPR such as Bacillus, Pseudomonas inhibit Fusarium and 
Aspergillus had been also isolate from many other plants [43]–[45]. 

 

Figure 4 The results of siderophore test in CAS solution (A) and CAS agar plate (B); antibacterial (C) and antifungal 
(D) activity potential of some isolates. 

3.4. Identification results of selected isolates 

Base on the result of the PGP functional characteristics survey mentioned above, there were 5 rhizospheric bacterial 
isolates and 8 endophytic bacterial isolates that had been selected to identify. Similar to the report of Thanh and Tram, 
the morphology of bacterial colonies on the isolation media as LGI and Burk's was difficult to distinguish [40]. Thus, 
these 13 isolates have been streaked on the LB medium to record the morphology of colony and cell. It showed the 
suitability between species name and some morphological characteristics including shape of colony and cell, Gram 
staining (Figure 5), and motility. 
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Figure 5 Colony morphology and Gram staining results of some isolates 

Electrophoresis results of PCR products of 5 soil bacteria strains and 8 endogenous bacteria strains were present at 
1500 bp and 900 bp respectively as reported by [13], [14]. The sequences of 16S rDNA gene of selected isolates in this 
study and the reference sequences from the GenBank were used to infer the phylogenetic trees (Figure 6 and Figure 7). 
The evolutionary distances shown in the scale bar and the bootstrap percentages were shown at the nodes of the tree. 

 

Figure 6 The phylogenetic tree showed the relative positions of 5 rhizospheric bacterial isolates with reference 
strains in the GenBank 

 

Figure 7 The phylogenetic tree showed the relative positions of 8 endophytic bacterial isolates with reference strains 
in the GenBank.  

Through the results of molecular characterization, the identification of selected isolates was confirmed as follows: 
TBD2e was Acinetobacter lactucae; MCD1a was Acinetobacter gerneri; BCD1a, TBR3a, BCR5a were the same Serratia 
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plymuthica; CT4bd was Serratia oryzae; TPR4b was Burkholderia cenocepacia; TCT1a, BCR3a were the same 
Chitinophaga polysaccharea; MCR1a was Stenotrophomonas maltophilia. All 10 isolates have been identified as Gram 
negative. The other three isolates include TPD3b, TCD2b, and TCR1b, which were the Gram-positive bacteria Bacillus 
subtilis.  

Acinetobacter lactucae sp. nov. (NR152004) was a new species isolated from iceberg lettuce (Lactuca sativa) planted in 
USA [46], and Serratia oryzae sp. nov. (NR157762) was a new species isolated from stems of rice planted in China [47]. 
Chitinophaga polysaccharea strain MRP-15 was a new species isolated from the rhizoplane of Dioscorea japonica. 
Burkholderia cenocepacia (KP974661) was a diazotrophic bacteria associated to sugarcane varieties from Northeast 
Region of Brazil. While Stenotrophomonas maltophilia (MF197704) was a strain had the biological control activity 
against blast disease in Malaysia, and Bacillus subtilis (HQ334981) was a bacterial strain  had the antimicrobial activity 
isolated from soil samples in Ladakh, India (These data were unpublished, query information received from NCBI at 
https://www.ncbi.nlm.nih.gov/). Bacillus subtilis had been isolated from the rhizosphere of sugarcane planted in India 
and showed the effectiveness of protecting sugarcane from salinity stress under greenhouse conditions [48]. Benefits 
of Bacillus include Bacillus subtilis in agriculture such as fertilizers, biocontrol and biotic stress-resistant inoculants have 
mentioned [49], [50]. 

4. Conclusion 

Through the isolation and characterization of plant growth promoting function, 41 isolates with the ability of nitrogen 
fixation, phosphate solubilization, and IAA production were detected. There were 13 isolates in which had some 
additional capabilities related to biological antagonism such as siderophore production, antibacterial and antifungal 
activity. Molecular characterization based on the 16S rRNA gene showed that these isolates were benefit bacteria have 
been reported. All of these have opened up the prospect of using the selected bacterial isolates in this study in 
agriculture and the sugarcane production.  
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