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Abstract 

The study aimed to isolate and characterize endophytic bacteria associated with Sesbania sesban (L.) Merr. collected in 
Tan Hung district, Long An province, Vietnam. Bacterial endophytes were isolated and screened capacity of plant growth 
promotion by using LGI, Burks’ nitrogen free, NBRIP medium. Quantifying bacterial strain’s probability of nitrogen 
fixation, phosphate solubilization and IAA production was based on colorimetric methods. Isolates with the most 
potential of nitrogen fixation, phosphate solubilization were identified by using MALDI-TOF Mass Spectrometry. The 
results were that eighteen bacterial endophytes were isolated from Sesbania sesban (L.) Merr. roots. They had 
characteristics of promoting plant growth by nitrogen fixation, phosphate solubilization and IAA biosynthesis. DD2 and 
DD18 with the best capacity of nitrogen fixation and phosphate solubilization were identified as Klesiella pneumonia 
and Priestia megaterium, respectively. Both were previously reported as plant growth promotion bacteria. 
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1. Introduction

The genus Sesbania with about 70 species were widely distributed in tropical and subtropical regions. In various 
countries, Sesbania were commonly used to improve soil fertility. Sesbania cannabina was used as a green manure on 
oceanic Islands. In Fiji and India, Sesbania cannabina was used as green manure for coconut, rice, sugarcane [1]. Sesbania 
grandifora was grown as a green manure crop providing green manure along rice paddies in Southeast Asia. Sesbania 
speciosa has been grown as a green manure in South India. The reasons for applying Sesbania as green manure were 
Sesbania species contained high nitrogen content and micronutrients. A study of application of Sesbania bispinosa, 
Sesbania rostrata, and Sesbania speciosa as “biofertilizers” for rice was found that Sesbania rostrata formed root and 
stem nodules and consisted of the highest nitrogen content being twice as much as Sesbania bispinosa and Sesbania 
speciosa. Among three species, Sesbania rostrata accumulated the highest amount of manganese, zinc, and copper and 
Sesbania bispinosa consisted of the highest iron content.  

High nitrogen content in Sesbania was from symbiosis with diazotrophic bacteria. About 40 Sesbania species formed 
nodules after infection with diazotrophic bacteria - symbiotic nitrogen-fixing bacteria [2]. Diazotrophic bacteria 
symbiosing with Sesbania ssp. belonged to genus Rhizobium, Mesorhizobium, Sinorhizobium, Azorhizobium, 
Neorhizobium, Bradyrhizobium, Ensifer and Agrobacterium [2, 3]. Neorhizobium huautlense interacted symbiotically 
with Sesbania herbacea [4]; Azorhizobium caulinodans and Bradyrhizobium sp. associated symbiotically with S. rostrata 
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[5, 6, 7]; A. doebereinerae formed nodules with S. virgate [8 16]; Ensifer teranga and E.  saheli associated symbiotically 
with S. rostrate and S. cannabina [5]; Mesorhizobium plurifarium isolated from S. punicea, S. sericea and S. herbacea; N. 
huautlense isolated from S. sericea and S. exasperate [9, 10];  Rhizobium gallicum associated symbiotically with S. sericea 
and S. sesban. Agrobacterium salinitolerans sp. nov., a saline-alkaline-tolerant bacterium isolated from root nodule of 
Sesbania cannabina [11]. S. sesban had the broader spectrum of nodule-inducing rhizobial species from Rhizobium, 
Mesorhizobium, Ensifer and Allorhizobium [12, 13]. 

Eight Sesbania species were found in Vietnam [14] and applied for soil improvement in agriculture. Sesbania rostrata L. 
had the ability to fix biological nitrogen and formed nodules on both stems and roots and often grown as a green manure 
crop in rice fields [15]. Burying Sesbania sesban plants effectively increased the content of digestible nitrogen (NH4+ and 
NO3–) and nitrogen total in the soil [16]. Growing Sesbania improved nutrients of saline rice soil and planting sesbania 
on non-saline land and 3‰ salinity soil increased rice productivity [17]. 

However, up to now, when conveyed interaction of plant growth-stimulating bacteria with Sesbania ssp., majority of 
researches seemed to focused on nitrgen-fixing bacteria related to Sesbania ssp. nodules. In Vietnam, researches on 
plant growth promotion bacteria associating with the genus Sesbania have been still very limited. Therefore, to better 
understand the relationship between plant growth-promoting bacteria and Sesbania ssp., this study was conducted. The 
aims of this study were to (1) isolate endophytic bacteria from Sesbania sesban (L.) Merr. roots without nodules 
collected in Tan Hung district, Long An province, Vietnam and screen their capacity of nitrogen fixation and phosphate 
solubilization, (2) quantify capacity of nitrogen fixation, phosphate solubilization and IAA production of isolated 
bacterial strains and (3) identify bacteria isolates with high potential of nitrogen fixation and phosphate solubilization. 

2. Material and methods 

2.1. Sample collection and preparation 

Roots without nodules of Sesbania sesban (L.) Merr growing in Tan Hung district, Long An province, Vietnam were 
collected, cut into segments with 2 - 3 cm in length, washed with tap water to remove attached soil, let be dried at room 
condition and stored at 4 - 5 ℃ for later uses.  The root samples were rewashed with distilled water for 3 - 4 times, 
immersed and shook in 70% ethanol in one minute, washed with distilled water 3 - 4 times. The roots then shook with 
fresh sodium hypochlorite solution 5% for 15 - 30 minutes, rinsed with sterile distilled water for 3 - 4 times. The aliquots 
of the last washed water were streaked on TYGA medium petri dishes. The plates were incubated at 28 ± 2 ℃ for 24 
hours. If there were no growing microorganisms, the root surface were sterilized and used for further experiments [18]. 

2.2. Isolation of endophytic bacteria 

Sterilized root samples were macerated with a sterile mortar and pestle and mixed well with 1.0 mL of distilled water. 
Tissue extracts were then made a serial dilution of up to 10-6 dilution by adding 1 mL of well-shaken suspension and 
into 9.0 mL water blank tubes. 500 µl-aliquot samples placed on test tubes containing 3.0 mL semi-solid LGI medium. 
The tubes were incubated at 28 ± 2 ℃ for 2 - 4 days. Bacteria, growing a white or yellow pellicle at a depth of 1 to 4 mm 
was streaked on LGI agar plates and then subculture for purification purpose to obtain distinct colonies [19]. 

2.3. Morphological characterization of bacterial isolates 

Morphology of colonies such as form, elevation, margin, surface and size were recorded after 48 hours of cultures on 
solid LB medium. Size, shape and motion of bacteria cells were observed by light microscopy. Gram of isolates was 
determined by the method as described by Nguyen et al., (2003) [20]. 

2.4. Preparation of standard bacterial suspensions 

All endophytic bacteria were subcultured on Burk’s nitrogen free medium [21] for detecting nitrogen fixation bacteria 
and on NBRIP medium for obtaining phosphate solubilization bacteria. Isolates grown on Burk’s nitrogen free medium 
were of capacity of nitrogen fixation and developed on NBRIP medium with clear zones had ability to solubilize insoluble 
phosphates. All endophytic bacteria were assessed capacity of IAA synthesis. 

For preparation of standard bacterial suspensions, bacteria strains were subcultured in flasks containing Burk’s 
nitrogen free liquid medium and liquid NBRIP medium for quantifying ability of nitrogen fixation, IAA production; and 
phosphate solubilization, respectively  [22]. Flasks were incubated on a shaker at 30 ℃, 120 rpm. After incubating for  
one - two days, the suspension of each strain was determined the cell density with a spectrophotometer at light 
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wavelength of 600 nm and adjusted to the McFarland standard 0.5 with concentration of 1.5 x 108  CFUmL-1 (called 
standard bacterial suspensions) [23].  

2.5. Quantification of nitrogen fixation, phosphate solubilization and IAA synthesis 

Colorimetric methods were used to determining concentration of NH4+, P2O5 and IAA produced by targeted bacterial 
isolates. Five hundred µL of each standard bacterial suspension was grown in a falcon containing 20 mL of 
corresponding liquid media (Burk’s nitrogen free medium for quantitating NH4+, IAA and NBRIP medium for 
quantitating P 2O5). The falcons were placed on a shaker at 100 rpm and 30 ℃. Culture fluid were collected at 2, 4, 6, and 
8 days for quantitating NH4+, IAA and at 5, 10, 15 and 20 days for quantitating P2O5 and centrifuged at 12,000 rpm for 5 
minutes to collect supernatants. Each supernatant then mixed with phenol nitroprusside, or ammonium molypdate or 
Salkowki reagent in volumetric ratio of 5:1, 5:1 and 2:1, respectively. The mixtures were incubated for 30 minutes to 
develop color. Optical density (OD) of colored solutions containing NH4+, P2O5 and IAA was recorded at light wavelength 
of 640 nm, 880 nm and 530 mm, respectively. Concentration (mgL-1) of NH4+, P2O5 and IAA produced in the cell free 
supernatants were determined by comparing the recorded OD values against corresponding standard curves of NH4+, 
IAA and P2O5 solutions [24]. 

2.6. Identification of selected bacteria isolates  

Isolates with the best capacity of nitrogen fixation and phosphate solubilization were chosen for identification.  The 
isolates were cultured on LB for 24 hours and identified by MALDI-TOF Mass Spectrometry as descripted by Dang et al., 
2018 [25]. 

2.7. Experiment design and data analysis 

Experiments were set up in a completely randomized design and repeated three times. One-factor analysis of variance 
and Duncan's test with the value α = 0.01 were carried out by using IBM SPSS Statistics 20.0. 

3. Results and discussion 

3.1. Morphological characterization of endophyte bacteria 

Eighteen endophytic bacteria isolated from roots of Sesbania sesban (L) Merr. collected in Tan Hung district, Long An 
province, Vietnam and named as DD1 to DD18. Bacterial morphology of colonies was descripted as in Table 1 and Figure 
1. Most of colonies were ivory white (44.44%) and opaque (33.33%). Light yellow and transparent colonies occupied of 
16.67% and 5.56%, respectively. 83.33% colonies were with circular shape while 16.67% of colonies had irregular one. 
Regard to colony margin, colonies with entire margin accounted about 88.89% and with serrated margin were of 
11.11%. About 77,78% and 22,22% colonies had raised and flat elevation. Colony diameters were arranged from 1.0 
mm to 7.0 mm. 

 Table 1 Colony morphology of bacterial isolates on solid LB medium 

Colony Morphology Number Percentage (%)  

Colour Transparent 1 5.56 

Opaque 6 33.33 

Ivory white 8 44.44 

Light yellow 3 16.67 

Shape Circular 15 83.33 

Irregular 3 16.67 

Margin Entire 16 88.89 

Serrated 2 11.11 

Elevation Raised 14 77.78 

Flat 4 22.22 

 



GSC Biological and Pharmaceutical Sciences, 2023, 25(02), 084–092 

87 

 

Figure 1 Morphology of some bacterial colonies 

(a): DD10; (b): DD16; (c): DD18 

Regard to cell characteristics, among isolated endophytic bacterial strains, most of bacterial cells were short rod-shaped, 
occupied 72.22%. Bacterial cells with spherical shape occupied about 22.22% while with long rod- shaped cells just 
accounted for 5,56%. Percentage of Gram-negative bacteria was 55.56% and Gram-positive bacteria was 44.44% 
(Figure 2). Most strains of bacteria were capable of movement. 

 

Figure 2 Gram of some bacteria 

(a): DD3-Gram (-), (b): DD18-Gram (+) 

Endophytes were microorganisms found inside the tissues and maintained their ability to infect plants [26]; in a strict 
sense, without causing symptoms to the plant [27]. In legume plants, large numbers of bacterial endophytes isolated 
from different tissues: roots, nodules, leaves, flowers and sprouts have been reported [27]. However, for Sesbania ssp., 
majority of studies of isolating endophytic bacteria focused on nodules. Presently, isolating bacterial endophyte from 
other tissues of these plants was noted. The results showed that besides colonizing in nodules, bacteria with diverse 
morphology resided and were found in other tissues of Sesbania. In research of diversity of culture dependent 
endophytic bacteria isolated from leguminous agroforestry trees in western Kenya, seven pure endophytic bacteria 
strains were isolated from S. Sesban leaves, roots and stems [28], in which, endophytic bacteria isolated from roots 
accounted 27.4%. Bacterial colonies had white, yellow and cream colour; most colony elevations were raised; and most 
colony margins were entire. In another study of bioactivity of endophytes from Calliandra calothyrsus, Leucaena 
diversifolia and Sesbania sesban against Cercospora zeae-maydis, twelve endophytic bacteria were isolated from leaves, 
roots and stem of Sesbania sesban. About 25% bacterial strains were isolated from roots [29]. Thus, investigation on 
bacterial endophytes from various tissues of Sesbania sesban had important contributions to study of bacteria 
endophyte diversity in Sesbania sesban in particular and legume plants in general. 

3.2. Screening plant growth promotion characteristics 

3.2.1. Ability of nitrogen fixation 

Eighteen isolated endophytic strains all grew on Burks’ nitrogen free medium. Capacity of isolates’ nitrogen fixation was 
evaluated and presented in Table 2. Concentration of NH4+ produced by isolates were arranged from 0.183 to 0.357 
mgL-1. Three strains with the best capability of fixing nitrogen were DD12, DD2 and DD1with [NH4+] of 0.357 mgL-1, 
0.354 mgL-1and 0.351 mgL-1, respectively. However, these values were not statistically different. Four strains with 
ability to fix nitrogen ranking second among eighteen endophytic strains were DD3, DD4, DD5 and DD7 producing [NH4+] 
of 0.276 mgL-1, 0.282 mgL-1, 0.273 mgL-1 and 0.303 mgL-1 but not be statistically different. 
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Table 2 Quantification of nitrogen fixation ability of endophytic isolates 

Isolate [NH4+] (mgL-1) Isolate [NH4+] (mgL-1) 

Negative control 0.00e Negative control 0.00e 

DD1 0.351 ± 0.019a DD10 0.321 ± 0.02ab 

DD2 0.354 ± 0.02a DD11 0.204 ± 0.019bcd 

DD3 0.276± 0.019abcd DD12 0.357 ± 0.033a 

DD4 0.282 ± 0.015abcd DD13 0.285 ± 0.014abcd 

DD5 0.273 ± 0.036abcd DD14 0.228 ± 0.016abcd 

DD6 0.201 ± 0.028bcd DD15 0.294 ± 0.009abcd 

DD7 0.303 ± 0.039abcd DD16 0.183 ± 0.012d 

DD8 0.222 ±  0.009bcd DD17 0.186 ± 0.035cd 

DD9 0.318 ± 0.024abc DD18 0.189 ± 0.014bcd 

Values in the same vertical column followed by one or more of the same letters are not significantly different at the 0.01 significance level according 
to Duncan's test. 

3.2.2. Ability of phosphate-solubilization 

All eighteen endophytic bacteria had phosphate solubilizing characteristics. Their phosphate solubilizing ability was 
determined through concentration (mgL-1) of P2O5 produced in cell free supernatant and described in Table 3. [P2O5] 
produced by isolates were arranged from 56.052 mgL-1 to 69.66 mgL-1. Two isolates showing the highest phosphate 
solubilizing ability were DD18 and DD16 with [P2O5] of 69.664 mgL-1 and 68.244 mgL-1, correspondently. The next six 
isolates with ability of solubilizing phosphate ranking second were DD2, DD3, DD13, DD14, DD15 and DD17 with 
quantified [P2O5] arranged from 60.62 mgL-1 to 64.95 mgL-1. 

Table 3 Quantification of phosphate solubilizing ability of endophytic isolates  

Isolate [P2O5] (mgL-1) Isolate [P2O5] (mgL-1) 

Negative control 0.00g Negative  ontrol 0.00e 

DD1 56.868 ± 0.029f DD10 57.104 ± 0.28f 

DD2 60.624 ± 1.522cdef DD11 57.596 ± 1.347ef 

DD3 61.356 ± 0.381cdef DD12 59.524 ± 0.457cdef 

DD4 57.876 ±  0.265ef DD13 60.712 ± 0.47cdef 

DD5 57.644 ± 0.751ef DD14 64.74 ± 1.289abcd 

DD6 56.052 ± 0.534f DD15 63.772 ± 0.485bcde 

DD7 58.716 ± 1.133def DD16 68.244 ± 0.638ab 

DD8 57.848 ± 0.273ef DD17 64.952 ± 0.999abc 

DD9 58.776 ± 1.045def DD18 69.664 ± 0.218a 

Values in the same vertical column followed by one or more of the same letters are not significantly different at the 0.01 significance level according 
to Duncan's test. 

3.2.3. Ability of IAA synthesis 

Similar to phosphate solubilization, all isolated endophytic bacteria had capacity of biosynthesis of IAA. Their capacity 
of IAA production was evaluated through concentration (mgL-1) of IAA produced in cell free supernatant and presented 
in Table 4. [IAA] produced by isolates were arranged from 0.796 mgL-1 to 1.543 mgL-1. DD16 produced the highest [IAA] 
of 1.543 mgL-1 and followed by DD9 with [IAA] of 1.39 mgL-1. 
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Table 4 Quantification of IAA biosynthesis ability of endophytic isolates  

Isolate [IAA] (mgL-1) Isolate [IAA] (mgL-1) 

Negative control 0.00e Negative control 0.00e 

DD1 0.951 ± 0.129cd DD10 1.128 ± 0.131bcd 

DD2 1.129 ± 0.17bcd DD11 1.173 ± 0.169bc 

DD3 1.275 ± 0.093abc DD12 1.257 ± 0.157abc 

DD4 1.111 ± 0.099bcd DD13 1.122 ± 0.06bcd 

DD5 0.796 ± 0.099d DD14 1.095 ±  0.073bcd 

DD6 0.982 ± 0.143bcd DD15 1.117 ±  0.065bcd 

DD7 1.058 ± 0.122bcd DD16 1.543 ± 0.357a 

DD8 1.299 ± 0.402abc DD17 1.111 ± 0.05bcd 

DD9 1.319 ± 0.297ab DD18 1.137 ± 0.163bcd 

Values in the same vertical column followed by one or more of the same letters are not significantly different at the 0.01 significance level according 
to Duncan's test. 

Bacterial endophytes could accelerate and enhance plant growth through mechanism such as nitrogen fixation, 
phosphate solubilization, phytohormones… As discussed above, most bacterial endophytes of legume plants including 
Sesbania ssp were isolated from nodules and were described as rhizobia [2-13]. The results of investigation on plant 
growth promoting activities of bacterial isolates from Sesbania bispinosa showed that 20 isolates collected from the root 
nodules of Sesbania bispinosa could grew on nitrogen free medium and gave positive effects on ammonia production 
test [30]. Various number of endophytic bacteria showed ability to solubilize insoluble phosphate and synthesize IAA. 
Twenty rhizobia were isolated from Sesbania grandiflora root nodules and 80% of those rhizobial isolates were found 
to be phosphate solubilizers. Phosphate solubilisation index (P-SI) of these isolates ranged from 1.96 to 4.85. Five 
isolates were of excellent phosphate solubilization and suggested as biofertilizers [31]. Rhizobia strains, Rhizobium sp. 
U9709-SC isolated from S. cannabina was evaluated as a phosphate solubilizer. It produced a clear zone on the agar 
medium supplemented with insoluble phosphate [32]. 20 isolates were collected from the root nodules of Sesbania 
bispinosa had positive effects and created halo zones on NBRIP medium and exhibited high production of IAA [30]. In 
research on bioproduction of indole acetic acid by Rhizobium strains isolated from Sesbania sesban (L.) Merr, twenty-
six Rhizobium strains were isolated from Sesbania sesban (L.) Merr. root nodules collected from regions of Andhra 
Pradesh. All of them were able to synthesize IAA. Five out of twenty-six strains produced maximum IAA when supplied 
with 2.5 mgml-1 L-tryptophan [33]. In summary, for Sesbania ssp., besides plant growth promotion bacteria isolated 
from nodules, in this study, bacterial endophytes with plant growth promoting characteristics were also isolated from 
root tissues (instead of in nodules). 

3.3. Identification of selected bacterial endophytes 

Two bacterial endophytes with the highest potential of nitrogen fixation and phosphate solubilization, DD2 producing 
[NH4+] of 0.354 mgL-1 and DD18 producing [P2O5] of 69.664 mgL-1, respectively were selected for identification. Using 
MALDI-TOF Mass Spectrometry, DD2 and DD18 were identified as Klesiella pneumonia and Priestia megaterium, 
respectively. Klebsiella pneumoniae belonging to Enterobacteriaceae was described as a gram-negative, encapsulate, 
non-motile, and rod-shaped bacteria bacterium [34]. Isolating source of Klebsiella pneumonia were various. In plants, 
Klebsiella pneumonia was isolated from maize, legume plants, rice…[35, 36]. Klebsiella pneumonia was a plant growth 
promoting bacterium  that promoted plant growth by fixing nitrogen [37], solubilizing phosphate [38] and synthesizing  
indole-3-acetic acid [39]. Priestia megaterium (previously known as Bacillus megaterium) was a Gram-positive, rod 
shaped bacterium and found in Phaseolus vulgaris, Trifolium pretense [36, 40]. P. megaterium was described as a plant 
growth promoting bacterium. Its mechanism of plant growth promotion included transformation of phosphorus in 
minerals and organic sources to their bioavailable forms [41, 42]. P. megaterium was reported to produce IAA resulting 
in a plant growth promoting effect on different plants [43, 44]. 
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4. Conclusion 

Eighteen bacterial endophytes were isolated from Sesbania sesban (L.) Merr. roots. All strains had characteristics of 
promoting plant growth by nitrogen fixation, phosphate solubilization and IAA biosynthesis. Two strains with the best 
capacity of nitrogen fixation and phosphate solubilization were DD2 and DD18 and identified as Klesiella pneumonia 
and Priestia megaterium, respectively. Both were previously reported as plant growth promotion bacteria. 

Compliance with ethical standards 

Acknowledgments 

The authors would like to sincerely thank the support of Sai Gon University and Ho Chi Minh City University of 
Education. 

Disclosure of conflict of interest 

There is no conflict of interest. 

Reference 

[1] Bunma S, Balslev H. A Review of the Economic Botany of Sesbania (Leguminosae). Bot. Rev. 2019; 85: 185–251 
(2019). https://doi.org/10.1007/s12229-019-09205-y 

[2] Cummings SP, Gyaneshwar P, Vinuesa P, Farruggia FT, Andrews M, Humphry D, Elliott GN, Nelson A, Orr C, Pettitt 
D, Shah GR, Santos SR, Krishnan HB, Odee D, Moreira FM, Sprent JI, Young JP, James EK. Nodulation of Sesbania 
species by Rhizobium (Agrobacterium) strain IRBG74 and other rhizobia. Environ Microbiol. 2009t; 
11(10):2510-25. doi: 10.1111/j.1462-2920.2009.01975.x. Epub 2009 Jun 25. PMID: 19555380; PMCID: 
PMC7163632. 

[3] Blanco AR, Csukasi F, Abreu C, Sicardi M. Characterization of rhizobia from Sesbania species native to seasonally 
wetland areas in Uruguay. Biol Fertil Soils. 2008; 44:925–932. DOI 10.1007/s00374-008-0275-5 

[4] Wang E., Van Berkum P, Beyene D, Sui XH, Dorado O, Chen WX, Martínez-Romero E. Rhizobium huautlense sp. 
nov., a symbiont of Sesbania herbacea that has a close phylogenetic relationship with Rhizobium galegae. Int. J. 
Syst. Bacteriol. 1998; 48: 687-699. 

[5] de Lajudie P, Willems A, Pot B, Dewettinck D, Maestrojuan G, Neyra M, Collins, MD, Dreyfus B, Kersters K, Gillis 
M. Polyphasic taxonomy of rhizobia: emendation of the genus Sinorhizobium and description of Sinorhizobium 
meliloti comb. nov., Sinorhizobium saheli sp. nov., and Sinorhizobium teranga sp. nov. Int. J. Syst. Bacteriol. 1994; 
44: 715-733. 

[6] Doignon-Bourcier F, Willems A, Coopman R, Laguerre G, Gilli M, de Lajudie P. Genotypic characterization of 
Bradyrhizobium strains nodulating small Senegalese legumes by 16S-23S rRNA intergenic gene spacers and 
amplified fragment length polymorphism fingerprint analyses. Appl. Environ. Microbiol. 2000; 66: 3987-3997. 

[7] Dreyfus, B, Garcia, J, Gillis, M. 1988. Characterization of Azorhizobium caulinodans gen. nov., sp. nov., a stem-
nodulating nitrogen-fixing bacterium isolated from Sesbania rostrata. Int. J. Syst. Bacteriol. 38, 89-98. 

[8] Maria de Souza Moreira F, Cruz L, Miana de Faria S, Marsh T, Martínez-Romero E, de Oliveira Pedrosa F, Maria 
Pitard R, Peter W Young J. Azorhizobium doebereinerae sp. Nov. microsymbiont of Sesbania virgata (Caz.) Pers. 
Syst Appl Microbiol. 2006; 29(3):197-206. doi: 10.1016/j.syapm.2005.09.004. Epub 2005 Oct 17. PMID: 
16564956.  

[9] Vinuesa P, Silva C, Lorite MJ, Izaguirre-Mayoral ML, Bedmar EJ, Martínez-Romero E. Molecular systematics of 
rhizobia based on maximum likelihood and Bayesian phylogenies inferred from rrs, atpD, recA and nifH 
sequences, and their use in the classification of Sesbania microsymbionts from Venezuelan wetlands. Syst. Appl. 
Microbiol. 2005; 28(8):702-716. DOI: 10.1016/j.syapm.2005.05.007. PMID: 16261860. 

[10] Wang ET, Kan FL, Tan ZY, Toledo I, Chen WX, Martínez-Romero E. Diverse Mesorhizobium plurifarium populations 
native to Mexican soils. Arch. Microbiol. 2003; 180(6): 444-454. DOI: 10.1007/s00203-003-0610-z. PMID: 
14576977. 

https://doi.org/10.1007/s12229-019-09205-y


GSC Biological and Pharmaceutical Sciences, 2023, 25(02), 084–092 

91 

[11] Yan J, Li Y, Yan H, Chen WF, Zhang X, Wang ET, Han XZ, Xie ZH. Agrobacterium salinitolerans sp. nov., a saline-
alkaline-tolerant bacterium isolated from root nodule of Sesbania cannabina. Int J Syst Evol Microbiol. 2017; 
67(6):1906-1911. doi: 10.1099/ijsem.0.001885. Epub 2017 Jun 20. PMID: 28629499. 

[12] Bala A, Murphy P, Giller KE. Occurrence and genetic diversity of rhizobia nodulating Sesbania sesban in African 
soils. Soil Biol. Biochem. 2002; 34(11):1759-1768. DOI: 10.1016/s0038-0717(02)00163-3. 

[13] Zurdo-Piñeiro JL, Velázquez E, Lorite MJ, Brelles-Mariño G, Schröder EC, Bedmar EJ, Mateos PF, Martínez-Molina 
E. Identification of fast-growing rhizobia nodulating tropical legumes from Puerto Rico as Rhizobium gallicum 
and Rhizobium tropici. Syst Appl Microbiol. 2004; 27(4):469-77. doi: 10.1078/0723202041438437. PMID: 
15368853. 

[14] Pham HH. An illustrated flora of Vietnam (vol. III). Vietnam: Tre Publishing House; 1998. 

[15] Le KN, Tran VD, Tran HK, Nguyen HAT, Vo NN, Ho TTT, Nguyen MD. Efficiency of planting Sesbania rostrate L. for 
improving fertility of alkaline soil cultivating rice in Tri Ton district, An Giang province. Journal of Vietnam 
Agricultural Science and Technology. 2022; 01(134): 101-106. 

[16] Chau MK, Nguyen VS, Đo BT. Effects of green manure (Sesbania sesban) amendment and lime application on soil 
fertility and yields of rice and corn -a green house experiment. CTU Journal of Science-CTUJoS. 2014; 3: 1-8. 

[17] Nguyen MD, Nguyen ĐCG. Improving soil chemical properties and rice yield cultivated on salt-affected alluvial 
soils by using salt tolerant crop (Sesbania rostrata L.). CTU Journal of Science-CTUJoS. 2020; 56: 169-176. 

[18] Cao ND, Van TPN, Nguyen TXM. Isolation and characterization of endophytic bacteria in soybean root nodules.  
CTU Journal of Science-CTUJoS. 2016; 6: 222–241. 

[19] Cao ND. Endophytic bacteria of plants. Vietnam: Can Tho University Publishing House. 2010. 

[20] Nguyen DL, Phan TH, Nguyen AT. Practice of biotechnology (Vol.2). Vietnam: Vietnam National University Ho Chi 
Minh City Press, 2003. 

[21] Park M, Kim C, Yang J, Lee H, Shin W, Kim S, Sa T. Isolation and characterization of diazotrophic growth promoting 
bacteria from Gram rhizosphere of agricultural crops of Korea. Microbiological Research. 2005; 160:127- 133. 

[22] Murphy J, Riley JP. A modified single solution for determination of phosphate in natural waters. Anal. Chim. Acta. 
1962; 27:31-36. 

[23] James EK. Nitrogen fixation in endophytic and associative symbiosis. Field Crops Res. 2000; 65:197-209. 

[24] Hoang MT, Cao ND. Characteristics of rhizosphere bacteria of sugarcane (Saccharum spp.) grown on acrisol and 
ferrasol soils of Dong Nai province, the Southeast of Vietnam. In: Rad MRN. Emerging Issues in Agricultural 
Sciences. 2023; 7: 116–135. https://doi.org/10.9734/bpi/eias/v7/5934B. 

[25] Dang TNT, Do TTT. Isolation and Characterization of Plant Growth Promoting Rhizobacteria in Black Pepper 
(Piper nigrum L.) Cultivated in Chon Thanh and Loc Ninh Districts of Binh Phuoc Province, Vietnam. International 
Journal of Innovations in Engineering and Technology (IJIET). 2018; 10 (1): 2319-1058. 
http://dx.doi.org/10.21172/ijiet.101.01. 

[26] Taurian T, Ibáñez F, Angelini J, Tonelli, ML, Fabra A. (2012). Endophytic bacteria and their role in legumes growth 
promotion. In: Maheshwari, DK. (eds). Bacteria in Agrobiology: Plant Probiotics. Springer, Berlin, Heidelberg, 
2012. https://doi.org/10.1007/978-3-642-27515-9_8. 

[27] Dudeja SS, Giri R, Saini R, Suneja-Madan P, Kothe E.  Interaction of endophytic microbes with legumes. Journal of 
Basic Microbiology. 2011; 52(3), 248–260. doi:10.1002/jobm.201100063. 

[28] Emitarol WO, Kawaka F, Musyimi D, Adienge A. Diversity of Culture dependent endophytic bacteria isolated from 
leguminous agroforestry trees in western Kenya. Research Square: 2022, PREPRINT (Version 1). 
https://doi.org/10.21203/rs.3.rs-2300842/v1 

[29] Emitaro1 WO, Musyimi DM, Opande GT. Bioactivity of endophytes from Calliandra calothyrsus, Leucaena 
diversifolia and Sesbania sesban against Cercospora zeae-maydis. International Journal of Research and Scientific 
Innovation (IJRSI). 2020; 7(6): 117-121. 

[30] Chakrabarty M, Hossen F, Begum A, Akhter H. Plant Growth Promoting (PGP) Activities of Rhizobial Isolates from 
Sesbania bispinosa in Response to Pesticides. Original Article Bangladesh J Microbiol. 2021; 38(2): 31-37. 

http://dx.doi.org/10.21172/ijiet.101.01
https://doi.org/10.1007/978-3-642-27515-9_8
https://doi.org/10.21203/rs.3.rs-2300842/v1


GSC Biological and Pharmaceutical Sciences, 2023, 25(02), 084–092 

92 

[31] Singh K, Gera R. Assessing phosphate solubilization ability of Sesbania grandiflora rhizobia isolated from root 
nodules using diverse agroecological zones of Indian soils for biofertilizer production. International Journal of 
Chemical Studies. 2018; 6(4): 398-402. 

[32] Daimon H, Nobuta K, Ohe M, Harada J, Nakayama Y. Tricalcium phosphate solubilization by root nodule bacteria 
of Sesbania cannabina and Crotalaria juncea. Plant Production Science. 2006: 9(4): 388-389, DOI: 
10.1626/pps.9.388. 

[33] Sridevi M, Mallaiah KV. Bioproduction of indole acetic acid by Rhizobium strains isolated from root nodules of 
green manure crop, Sesbania sesban (L.) Merr. Iranian Journal of Biotechnology. 2007; 5(3):  178-182. 

[34] Lenchenko E, Blumenkrants D, Sachivkina N, Shadrova N, Ibragimova A. Morphological and adhesive properties 
of Klebsiella pneumoniae biofilms. Vet World. 2020; 13(1):197-200. doi: 10.14202/vetworld.2020.197-200. Epub 
2020 Jan 28. PMID: 32158172; PMCID: PMC7020135. 

[35] Debasis M, Anđelković Snežana A, Panneerselvam P, Manisha, Senapati Ansuman S, Vasić Tanja V, et al,. Plant 
growth promoting microorganisms (PGPMs) helping in sustainable agriculture: current perspective. 
International Journal of Agricultural Sciences and Veterinary Medicine. 2019; 7 (2): 50-74. 

[36] Ríos-Ruiz WF, Valdez-Nuñez RA, Bedmar EJ, Castellano-Hinojosa A. Utilization of endophytic bacteria isolated 
from legume root nodules for plant growth promotion. Maheshwari DK, Dheeman S (eds.), Field Crops: 
Sustainable Management by PGPR, Sustainable Development and Biodiversity 23.  Springer Nature Switzerland 
AG, 2019. https://doi.org/10.1007/978-3-030-30926-8_6 

[37] Iniguez AL, Dong Y M, Triplett EW. Nitrogen fixation in wheat provided by Klebsiella pneumoniae 342. Mol. Plant 
Microbe Interact. 2014; 17: 1078–1085. doi: 10.1094/MPMI.2004.17.10.1078 

[38] Ji SH, Gururani MA, Chun S. Isolation and characterization of plant growth promoting endophytic diazotrophic 
bacteria from Korean rice cultivars. Microbiol. Res. 2014; 169: 83–98. doi: 10.1016/j.micres.2013.06.003 

[39] Sachdev DP, Chaudhari HG, Kasture VM, Dhavale DD, Chopade BA. Isolation and characterization of indole acetic 
acid (IAA) producing Klebsiella pneumoniae strains from rhizosphere of wheat (Triticum aestivum) and their 
effect on plant growth. Indian J. Exp. Biol. 2004; 47: 993–1000. 

[40] Sturz AV, Christie BR, Matheson BG, Nowak J. Biodiversity of endophytic bacteria which colonize red clover 
nodules, roots, stems and foliage and their influence on host growth. Biol Fertil Soils. 1997; 25:13–19. 

[41] Kang SM, Radhakrishnan R, You YH, Joo GJ, Lee IJ, Lee KE, Kim JH. (2014) Phosphate solubilizing Bacillus 
megaterium mj1212 regulates endogenous plant carbohydrates and amino acids contents to promote mustard 
plant growth. Indian J Microbiol. 2014; 54:427–433. https://doi.org/10.1007/s12088-014-0476-6 

[42] Martínez-Viveros O, Jorquera MA, Crowley DE, Gajardo G, Mora ML. Mechanisms and practical considerations 
involved in plant growth promotion by Rhizobacteria. J Soil Sci Plant Nutr. 2010; 10:293 – 319. 
https://doi.org/10.4067/S0718-95162010000100006 

[43] Chakraborty U, Chakraborty B, Basnet M. Plant growth promotion and induction of resistance in Camellia sinensis 
by Bacillus megaterium. J Basic Microbiol. 2006; 46:186–195. https://doi.org/10.1002/jobm.200510050 

[44] Feng F, Ge J, Li Y, He S, Zhong J, Liu X, Yu X. Enhanced degradation of chlorpyrifos in rice (Oryza sativa L.) by five 
strains of endophytic bacteria and their plant growth promotional ability. Chemosphere. 2017; 184:505–513. 
https://doi.org/10.1016/j.chemosphere.2017.05.178  

https://doi.org/10.1007/978-3-030-30926-8_6
https://doi.org/10.1007/s12088-014-0476-6
https://doi.org/10.4067/S0718-95162010000100006
https://doi.org/10.1002/jobm.200510050
https://doi.org/10.1016/j.chemosphere.2017.05.178

