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Abstract 

This study aimed to isolate and characterizes indigenous plant growth-promoting rhizobacteria (PGPR) associated with 
Sesbania sesban (L.) Merr. in Tan Hung commune, Tay Ninh province, Vietnam. Twenty bacterial isolates were obtained 
from rhizosphere soil and quantitatively screened for key functional traits, including biological nitrogen fixation, 
phosphate and potassium solubilization, and indole-3-acetic acid (IAA) production. Morphological analysis revealed a 
diverse bacterial community, dominated by rod-shaped (70%) and Gram-positive (55%) isolates. All isolates 
demonstrated nitrogen-fixing and phosphate-solubilizing capabilities, although their efficiencies varied significantly. 
Strains DD04 and DD11 exhibited the highest nitrogen fixation capacity (1.66 mg/L NH4+). For phosphate solubilization, 
DD19 showed the highest average value (119.01 mg/L P₂O₅), while DD09 reached the maximum concentration (172.66 
mg/L) after 20 days. Additionally, DD10 and DD20 were the most efficient IAA producers, with peak concentrations of 
3.95 mg/L and 4.02 mg/L, respectively. Potassium solubilization was observed in 30% of the isolates, with DD13 
showing the highest efficiency (1.41). These findings highlight the potential of S. sesban rhizosphere as a reservoir of 
beneficial bacteria, with several elite strains representing promising candidates for sustainable biofertilizer 
development in Vietnam. 
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1. Introduction

Leguminous plants play an essential role in sustainable agriculture due to their capacity to establish symbiotic 
relationships with nitrogen-fixing microorganisms, which convert atmospheric nitrogen into forms available for plant 
uptake. This biological nitrogen fixation significantly reduces dependence on chemical nitrogen fertilizers while 
improving soil fertility and ecosystem sustainability [1, 2]. In addition to nitrogen fixation, legumes often interact with 
diverse plant growth-promoting bacteria (PGPB) inhabiting the rhizosphere, root nodules, and internal plant tissues. 
These microorganisms enhance plant growth through multiple mechanisms such as nutrient solubilization, 
phytohormone production, and improved nutrient acquisition [3, 4]. Consequently, plant-associated beneficial bacteria 
have received increasing attention as a sustainable strategy for developing biofertilizers. 

Among leguminous plants, species of the genus Sesbania (Fabaceae) are widely recognized for their ecological and 
agricultural importance. The genus Sesbania comprises more than 60 species distributed mainly in tropical and 
subtropical regions of Africa, Asia, and the Americas [5]. Although its evolutionary origin remains uncertain, Africa is 
considered the primary center of diversity, from which Sesbania species spread to other tropical regions. These plants 
are characterized by rapid growth, adaptability to diverse environments, and tolerance of marginal soils [6]. One of the 
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most widely cultivated species is Sesbania sesban (L.) Merr., a fast-growing shrub or small tree that has been widely 
used in agroforestry systems and sustainable farming practices. 

S. sesban is particularly valued for its ability to improve soil fertility and productivity. The species has been widely used 
as a green manure crop, cover crop, and soil improvement plant in tropical agricultural systems. When incorporated 
into the soil, Sesbania biomass contributes significant amounts of organic matter and nutrients, thereby enhancing soil 
structure, microbial activity, and nutrient availability [7]. In many rice-based agricultural systems across Asia, Sesbania 
species are commonly cultivated as green manure to increase soil nitrogen content and improve crop yields [6]. In 
addition to its role in soil fertility management, S. sesban also provides other benefits, such as livestock fodder, fuelwood, 
erosion control, and shade in agroforestry systems [5]. These multifunctional characteristics make S. sesban particularly 
valuable in smallholder farming systems. 

A key factor contributing to the soil-fertility benefits of Sesbania species is their ability to form symbiotic relationships 
with nitrogen-fixing bacteria collectively known as rhizobia. Several rhizobial genera have been reported to associate 
with Sesbania plants. One of the most notable examples is Azorhizobium caulinodans, a nitrogen-fixing bacterium 
capable of forming nodules not only on roots but also on stems of certain Sesbania species [8]. This unique nodulation 
ability allows Sesbania species to fix nitrogen efficiently even under flooded conditions. Additional species within the 
genus Azorhizobium, such as Azorhizobium doebereinerae, have also been described as symbiotic nitrogen-fixing 
bacteria associated with Sesbania plants [9]. These findings highlight the taxonomic diversity and functional complexity 
of rhizobial symbiosis in Sesbania species. 

Besides Azorhizobium, other rhizobial genera have been reported to nodulate Sesbania plants. Members of the genus 
Mesorhizobium have been isolated from nodules of various leguminous plants and are known to exhibit considerable 
genetic diversity and adaptability [10]. Furthermore, recent taxonomic studies have revealed that bacteria belonging to 
related genera such as Agrobacterium may also form symbiotic relationships with certain Sesbania species. For example, 
Agrobacterium salinitolerans was isolated from root nodules of Sesbania cannabina growing in saline-alkaline soils, 
suggesting that diverse bacterial taxa can participate in symbiotic or associative relationships with these plants [11]. 
These findings demonstrate that the microbial communities associated with Sesbania are highly diverse and may 
include both classical rhizobia and other plant-associated bacteria. 

In addition to symbiotic nitrogen-fixing bacteria, the rhizosphere of leguminous plants hosts a wide range of PGPR. 
These bacteria enhance plant growth through several direct and indirect mechanisms. One of the most important 
mechanisms is the solubilization of mineral nutrients in soil. Many soil microorganisms are capable of converting 
insoluble forms of phosphorus into soluble forms that plants can absorb, thereby improving phosphorus availability in 
nutrient-limited soils [12]. Similarly, certain bacteria can solubilize mineral-bound potassium from mineral sources, 
making this essential nutrient more accessible to plants. Potassium-solubilizing bacteria isolated from rhizosphere soils 
have been shown to enhance plant growth and nutrient uptake in various crops [13]. 

Another important mechanism by which rhizosphere bacteria promote plant growth is the production of 
phytohormones, particularly indole-3-acetic acid (IAA). IAA is a key plant hormone involved in root development and 
cell elongation. Bacterial production of IAA can stimulate root growth, increase root surface area, and enhance the ability 
of plants to absorb water and nutrients from soil [3]. Through these combined mechanisms including nitrogen fixation, 
nutrient solubilization, and phytohormone production, plant growth-promoting bacteria play a crucial role in improving 
plant productivity and soil fertility. 

The rhizosphere represents a highly dynamic environment where intense interactions occur among plant roots, soil, 
and microorganisms. Root exudates released by plants contain sugars, organic acids, amino acids, and other compounds 
that serve as nutrients and signaling molecules for soil microorganisms [14]. These compounds influence microbial 
community structure and activity in the rhizosphere, leading to the establishment of beneficial plant–microbe 
interactions. Investigating the diversity and functional potential of rhizosphere microorganisms associated with 
important agricultural plants such as Sesbania provides valuable insights into microbial resources that may be exploited 
for sustainable agriculture. 

In Vietnam, Sesbania species are widely used in traditional agricultural systems, particularly in rice cultivation and 
agroforestry practices. Farmers often incorporate Sesbania biomass into soil as green manure to improve soil fertility 
and support crop productivity. Several studies in Vietnam have documented the presence of beneficial bacteria 
associated with Sesbania plants, including rhizosphere and endophytic bacteria capable of promoting plant growth 
through various mechanisms [15, 16]. These studies indicate that Sesbania plants harbor diverse microbial communities 
with significant potential for biofertilizer development. However, despite the agricultural importance of Sesbania 
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species in Vietnam, information on the diversity and functional characteristics of plant growth-promoting bacteria 
associated with S. sesban remains limited. 

Understanding the microbial communities inhabiting the rhizosphere of Sesbania is particularly important because 
these microorganisms play a key role in nutrient cycling and plant productivity. Isolation and characterization of 
beneficial bacteria from the rhizosphere can help identify strains capable of enhancing plant growth through multiple 
mechanisms. Such bacteria may serve as potential candidates for the development of microbial inoculants or 
biofertilizers that support sustainable agricultural practices while reducing the reliance on chemical fertilizers. 

This study aims to isolate and characterize indigenous PGPR from the rhizosphere of Sesbania sesban (L.) Merr. in Tan 
Hung commune, Tay Ninh Province, Vietnam. Isolates were screened for essential functional traits, including biological 
nitrogen fixation, phosphate and potassium solubilization, and IAA production. By evaluating these biochemical 
properties, this research contributes to the understanding of S. sesban-associated microbial diversity and highlights the 
potential of these bacterial isolates for biofertilizer development to support sustainable agriculture. 

2. Materials and Methods 

2.1. Sample collection and preparation 

Rhizosphere soil samples were collected from healthy Sesbania sesban (L.) Merr. plants growing in agricultural fields in 
Tan Hung commune, Tay Ninh province, Vietnam. The plants, along with their adhering rhizosphere soil, were placed 
in sterile plastic bags, transported to the laboratory and stored at 4 – 5 °C. To separate the soil fractions, root systems 
were shaken to remove loosely attached soil particles. The soil remaining tightly adhered to the root surfaces 
(rhizosphere soil) was then carefully collected using sterile tools and transferred into sterile polyethylene bags. Finally, 
these soil samples were thoroughly homogenized before being used for bacterial isolation [17-19]. 

2.2. Isolation of rhizobacteria 

Rhizobacteria were isolated using the serial dilution and streaking plate method as described by Cao [4]. Briefly, 10 g of 
rhizosphere soil was suspended in 90 mL sterile distilled water and vigorously shaken to obtain a homogeneous 
suspension. Serial dilutions were prepared up to 10⁻⁶. Aliquots (500 µL sample) were inoculated into test tubes 
containing 3.0 mL semi-solid nutrient medium. These tubes were then incubated at 30 ± 2 ℃ for a duration of 2 – 4 days. 
Bacteria that had developed into a white or yellow film 1 - 4 mm beneath the surface were streaked onto solid nutrient 
agar plates (NA) and incubated at 30 ± 2 °C for 24  – 48 h. Colonies with different morphological characteristics were 
selected and purified by repeated streaking on fresh NA plates. Pure isolates were maintained on nutrient agar slants 
at 4 °C for further characterization [20]. 

2.3. Morphological characterization of bacterial isolates 

After an incubation period of 24 – 48 h on nutrient agar plates, the morphological characteristics of the bacterial colonies 
were examined using a magnifying glass. Colony characteristics, including color, shape, margin, and elevation, were 
systematically recorded. To determine cell morphology, Gram staining was performed, and cell shapes were observed 
under a light microscope [20, 21]. 

2.4. Preparation of standardized bacterial inocula 

Pure bacterial isolates were cultured in specific liquid media to obtain actively growing cells. Burk’s nitrogen-free 
medium was used for nitrogen fixation and IAA production assays, while NBRIP medium was used for phosphate 
solubilization assessments. All cultures were incubated at 30 ± 2 °C for 24 h with continuous shaking at 120 rpm. 
Following incubation, bacterial density was measured spectrophotometrically at 600 nm and adjusted to approximately 
108 CFU/mL, corresponding to the 0.5 McFarland turbidity standard, to ensure standardized inocula for all subsequent 
experiments [22, 23]. 

2.4. Evaluating plant growth promotion capability of rhizobacteria 

The plant growth-promoting potential of rhizobacterial isolates was evaluated based on their ability to fix nitrogen, 
solubilize phosphate, solubilize potassium, and produce IAA, which are key traits of PGPR. 



GSC Biological and Pharmaceutical Sciences, 2026, 35(02), 089-099 

92 

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

Quantification of nitrogen fixation, phosphate solubilization, and IAA synthesis was performed using standardized 
bacterial suspensions. For nitrogen fixation, 5 mL of bacterial suspension was inoculated into 20 mL of nitrogen-free 
broth medium (Burk’s) and incubated at 30 ± 2 ℃ for 8 days. Ammonium production was determined every 2 days using 
the indophenol blue colorimetric method at 640 nm, and the results were expressed as mg/L NH₄⁺ [24, 25]. 

Phosphate solubilization was determined by inoculating 5 mL bacterial suspension into 20 mL of NBRIP broth medium 
and incubating at 30 ± 2 ℃ for 20 days. Soluble phosphorus concentration was measured every 5 days using the 
molybdenum blue colorimetric method at 880 nm and expressed as mg P₂O₅/L [24,26]. 

IAA production was determined by culturing bacterial isolates in Burk’s nitrogen-free medium, at a ratio of 5 mL of 
bacterial suspension to 20 mL of medium, at 30 ± 2 ℃ for 8 days. Culture samples were collected every 2 days and 
reacted with Salkowski reagent; the absorbance was then measured at 530 nm. The IAA concentration was calculated 
using a standard calibration curve and expressed in mg/L [24, 27]. 

2.4.2. Screening for potassium solubilization capacity 

The potassium-solubilizing ability of rhizobacterial isolates was screened using the agar well diffusion method on 
Alexandrov agar medium containing insoluble potassium compounds as the sole potassium source. Standard bacterial 
suspensions (approximately 10⁸ CFU/mL) prepared as described in Section 2.4 were used as inocula. Wells of 
approximately 6 mm diameter were aseptically prepared in agar plates, and 50 µL of the standardized bacterial 
suspension was added to each well. The plates were incubated at 30 ± 2  °C for 5–7 days. After incubation, the agar 
surface was flooded with Congo red solution to enhance the visualization of the potassium solubilization halo 
surrounding the wells. The presence of a clear halo zone indicated potassium solubilization. Potassium solubilization 
efficiency (KE) was calculated by the following method: KE = D/d, where D is the total diameter (halo zone + colony) 
and d is the colony diameter. A higher KE value indicated a greater potassium-solubilizing capacity of the bacterial 
isolates [28,29]. 

2.5. Statistical analysis 

All experiments were performed in triplicate, and results were presented as mean ± standard deviation. Statistical 
significance was determined using a one-way analysis of variance (ANOVA) followed by Duncan’s multiple range test 
for mean comparisons (α = 0.05). Data were analyzed using IBM SPSS Statistics (version 20.0). 

3. Results and Discussion 

3.1. Isolation and morphological characteristics of rhizosphere bacteria 

 

Figure 1 Colony morphology: DD07 presents as opaque white, while DD20 is yellow; both exhibit circular shapes, 
entire margins, and flat elevations 
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A total of 20 bacterial isolates were successfully isolated from the rhizosphere soil of Sesbania sesban (L.) Merr. using 
nutrient agar medium. The isolates exhibited diverse colony morphologies, indicating the presence of a heterogeneous 
bacterial community associated with the rhizosphere of this leguminous plant (Fig. 1). 

Colony analysis showed that opaque white colonies were the most common (45%), followed by white colonies (25%), 
creamy white colonies (20%), and yellow colonies (10%). Colony shape analysis indicated that 14 isolates (70%) were 
circular, while 6 isolates (30%) displayed irregular forms. Regarding colony elevation, 18 isolates (90%) presented flat 
colonies, whereas 2 isolates (10%) exhibited raised elevation. Colony margins were mainly entire (60%), while 40% 
had serrated or irregular margins. 

Microscopic observation further revealed that 14 isolates (70%) were rod-shaped, whereas 6 isolates (30%) were cocci. 
Gram staining results showed that 11 isolates (55%) were Gram-positive and 9 isolates (45%) were Gram-negative 
bacteria (Fig 2). The presence of both Gram-positive and Gram-negative bacteria indicates a complex rhizosphere 
microbial community. 

 

Figure 2 Gram staining of isolates (DD04 and AA09) 

The observed morphological diversity reflects the dynamic microbial ecosystem in the rhizosphere, which is strongly 
influenced by root exudates. Root exudates supply carbon sources, amino acids, and organic acids that support microbial 
growth and stimulate the proliferation of diverse bacterial taxa [30]. Similar findings have been reported in 
rhizobacteria associated with Sesbania cannabina, where isolates showed varied colony shapes, colors, and Gram 
reactions, indicating a diverse microbial population [16]. This diversity is particularly important for plant growth 
because different bacterial groups contribute to different plant growth-promoting mechanisms such as nitrogen 
fixation, phosphate solubilization, phytohormone production, and pathogen suppression [31]. Therefore, the presence 
of diverse bacterial populations in the rhizosphere of S. sesban (L.) Merr. suggests a potentially rich reservoir of 
beneficial microorganisms. 

3.2. Nitrogen fixation capability of rhizobacteria 

The nitrogen fixation activity of the 20 rhizobacterial isolates (DD01–DD20) was evaluated by measuring ammonium 
(NH₄⁺) accumulation in nitrogen-free medium during an eight-day incubation period. The results showed that all 
isolates exhibited measurable nitrogen fixation activity, with mean NH₄⁺ concentrations ranging from 1.38 mg/L to 1.66 
mg/L, while the control treatment showed no detectable ammonium production. Among the isolates, strains DD04 and 
DD11 were identified as the most efficient diazotrophs, both achieving the highest average concentration observed in 
the study of 1.66 mg/L. This was closely followed by isolate DD01 at 1.65 mg/L and DD08 at 1.64 mg/L. Other high-
performing isolates, including DD02, DD03, and DD06, also maintained average values exceeding 1.50 mg/L. 

Temporal analysis revealed a non-linear, fluctuating progression of ammonium accumulation during the incubation 
period. Following an initial increase from Day 2 to Day 4, where isolates such as DD01 peaked at 2.10 mg/L, a decrease 
was observed on Day 6. This was followed by a recovery phase on Day 8, during which DD03 reached the experiment's 
maximum concentration of 2.34 mg/L. Despite these temporal variations, DD04 and DD11 consistently maintained the 
highest mean nitrogen-fixing activity throughout the study. 

The ability of these isolates to fix nitrogen is consistent with the well-known association between Sesbania species and 
diazotrophic bacteria. Many Sesbania species form symbiotic relationships with nitrogen-fixing bacteria belonging to 
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genera such as Rhizobium, Azorhizobium, Bradyrhizobium, and Mesorhizobium [16]. These bacteria convert 
atmospheric nitrogen (N₂) into ammonium, which can be utilized by plants and contributes to soil fertility. 

Previous studies have demonstrated that Sesbania species possess particularly efficient nitrogen-fixing symbioses. For 
example, all 20 strains of bacteria isolated from the roots and stems of Sesbania rostrata demonstrated the ability to 
grow using nitrogen gas under microaerobic conditions. When evaluated via an Acetylene Reduction Assay, these 
strains exhibited significant nitrogenase activity. Specifically, the activity level was measured at approximately 30 nmol 
of acetylene produced per milligram of protein per minute [8]. In another study, researchers analyzed 20 isolates 
previously collected from the root nodules of Sesbania bispinosa. All isolates demonstrated the ability to thrive on 
nitrogen-free Jensen’s medium, confirming their nitrogen-fixing potential. Additionally, every isolate was found to 
produce ammonia during the growth process [32]. Similarly, rhizobacteria associated with Sesbania cannabina in 
Vietnam were reported to produce measurable ammonium concentrations in nitrogen-free media, confirming their 
diazotrophic capacity [16]. The tested rhizobacteria produced average ammonium concentrations between 1.60 mg/L 
and 2.23 mg/L. Rather than increasing steadily, the bacterial isolates showed periodic fluctuations in their ammonium 
output throughout the study. Most isolates experienced a decrease in ammonium between days 2 and 4, though a 
smaller group showed an increase during this time. These declining levels continued from day 4 to day 6. By day 8, the 
majority of the isolates reached their peak ammonium production. 

The results confirm that these isolates demonstrate robust nitrogen fixation, aligning with the established symbiotic 
efficiency of Sesbania species. Despite temporal fluctuations in ammonium production, the sustained performance of 
strains like DD04 and DD11 confirms their diazotrophic potential, highlighting their value as effective agents for 
atmospheric nitrogen conversion and soil enrichment. 

3.3. Phosphate solubilization ability of rhizobacteria 

The phosphate solubilization activity of the isolates (DD01–DD20) was determined by measuring soluble phosphorus 
(P₂O₅) concentrations in liquid medium during a 20-day incubation period. All isolates exhibited phosphate 
solubilization capability, though the level of activity varied significantly among strains. Mean soluble phosphorus 
concentrations ranged from 99.36 mg/L to 119.01 mg/L, whereas the negative control treatment showed no detectable 
concentration of P2O5. Among the isolates, DD19 demonstrated the highest phosphate solubilization capacity at 119.01 
mg/L, followed by DD18 at 114.67 mg/L. Other strains showing relatively strong phosphate solubilization capacity 
included DD10 at 107.78 mg/L, DD03 at 107.74 mg/L, and DD17 at 107.48 mg/L. 

The phosphate solubilization activity across all twenty isolates followed a consistent, progressive upward trend 
throughout the twenty-day incubation period. During the initial phase between day five and day ten, a significant 
increase in soluble phosphorus was observed as most isolates transitioned from an early average of approximately 60 
mg/L to over 95 mg/L. For example, strains such as DD18 and DD13 showed rapid early mobilization, both exceeding 
100 mg/L by the ten-day mark, which established a strong baseline for sustained microbial activity. 

This growth pattern continued steadily into the intermediate phase. By day fifteen, the majority of the strains had 
surpassed the 110 mg/L threshold, with isolate DD19 recording a particularly sharp rise to 138.15 mg/L. Unlike the 
fluctuations often observed in nitrogen fixation processes, the solubilization of phosphate in this study appeared more 
cumulative and stable. The concentrations measured during this middle period suggest that the bacteria maintained a 
high metabolic state, continuously secreting the organic acids necessary for the dissolution of mineral phosphate. 

The final measurement on day twenty revealed the most significant surge in activity, particularly for a select group of 
high-performing isolates. While almost all strains reached their maximum concentrations at this final stage, isolate 
DD09 exhibited the most dramatic late-stage acceleration, increasing from 114.11 mg/L on day fifteen to a study-high 
172.66 mg/L on day twenty. Similarly, DD19 and DD10 showed robust final increases, reaching 168.03 mg/L and 161.62 
mg/L, respectively. This widespread late-stage peaking indicates that the solubilizing capacity of these rhizobacteria 
remains highly effective over extended periods without reaching an early plateau. 

Phosphorus is a critical macronutrient involved in energy transfer, nucleic acid synthesis, and membrane formation in 
plants. However, a large proportion of phosphorus in soil occurs in insoluble forms such as calcium phosphate, iron 
phosphate, or aluminum phosphate, which cannot be directly utilized by plants [3]. Phosphate-solubilizing bacteria 
(PSB) can release organic acids such as gluconic acid, citric acid, and oxalic acid that dissolve insoluble phosphate 
compounds and convert them into plant-available forms. 
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Similar phosphate solubilization capacities have been reported in rhizobacteria associated with Sesbania species. 
Rhizosphere bacteria isolated from Sesbania bispinosa have been reported to solubilize large amounts of phosphate and 
significantly enhance plant phosphorus uptake [33]. Singh et al., (2018) reported that 80% of rhizobial isolates from 
Sesbania grandiflora nodules possessed phosphate solubilization with Phosphate Solubilization Indices (P-SI) ranging 
from 1.96 to 4.85, demonstrating their potential as biofertilizers [34]. This high frequency of phosphate-solubilizing 
traits was further supported by Nguyen et al., (2023), who reported that 100% of the eighteen endophytic bacteria 
isolated from Sesbania sesban were capable of solubilizing phosphate, yielding P2O5 concentrations between 56.05 mg/L 
and 69.66 mg/L, with isolates DD18 and DD16 demonstrating the highest efficacy at 69.66 mg/L and 68.24 mg/L, 
respectively [15]. In another study of  twenty-four rhizobacteria isolated from Sesbania sesban (L.) Merr. on 
solubilization efficiency,  Dang et al., (2025) observed that average P2O5 concentrations ranged from 116.55 mg/L to 
145.87 mg/L, with elite isolates such as DDS23 (145.87 mg/L), DDS24 (142.41 mg/L), and DDS19 (141.62 mg/L) 
achieving the highest overall solubilization [16]. Quantitative analysis of P2O5 concentration trends reveals a dynamic 
relationship between incubation duration and solubilization efficiency. Both studies observed that average P₂O₅ 
concentrations generally increased from day 5 to day 20 [15,16]. This upward trend during the 20-day period indicates 
sustained metabolic activity and acid production by the bacteria, which is essential for providing a steady supply of 
available phosphorus during critical growth stages.  

The results demonstrate that the tested rhizobacterial isolates possess a significant and sustained capacity for 
phosphate solubilization. The consistent, cumulative increase in soluble phosphorus concentrations over the 20-day 
incubation period—peaking at 172.66 mg/L for isolate DD09—highlights the robust metabolic endurance and acid-
producing efficiency of these strains. By effectively converting insoluble phosphate into plant-available forms, elite 
isolates such as DD09, DD19, and DD10 show great promise as potent biofertilizers. These findings suggest that these 
bacteria could play a crucial role in enhancing phosphorus availability in agricultural soils, providing a stable nutrient 
supply essential for optimal plant growth and sustainable crop production. 

3.4.  Indole-3-acetic acid (IAA) production 

IAA production by the twenty rhizobacterial isolates (DD01–DD20) was quantitatively evaluated over an eight-day 
incubation period. All tested strains successfully synthesized the phytohormone, whereas the negative control 
consistently showed no detectable IAA production (0.0 mg/L). The collective average across all strains ranged from 2.40 
mg/L to 3.03 mg/L.  

Among the twenty isolates, DD10 and DD20 emerged as the most potent candidates for IAA producers. DD10 achieved 
the highest overall average concentration of 3.03 mg/L, peaking on the sixth day at 3.95 mg/L. Close behind was DD20, 
which maintained an average of 3.02 mg/L and recorded the single highest concentration observed in the study: 4.02 
mg/L on day four. Other notable performers included DD12 (average 2.88 mg/L) and DD17 and DD18 (both averaging 
2.81 mg/L). These isolates are particularly significant because they maintain higher-than-average concentrations 
throughout the middle stages of growth. 

The trend in IAA concentration over time followed a distinct pattern: a sharp increase in the early stages, followed by 
stabilization in the later stages. Significant increases were observed from day 2 to day 4 for most isolates, with many 
reaching maximum yield during this period. For example, DD20 and DD12 showed strong early-stage growth, nearly 
doubling their initial concentrations by day four. While some isolates, such as DD10 and DD16, continued their upward 
trend until day 6, a general decline was observed on day 8. Despite this eventual decline, the consistent presence of IAA 
throughout the study suggests the potential of these isolates as efficient IAA-producing bacteria to enhance overall plant 
growth and development. 

Previous studies have reported similar results in rhizobacteria associated with Sesbania species. For example, seven 
bacteria isolated from the rhizosphere of Sesbania bispinosa were found to produce significant amounts of IAA and 
stimulate plant growth [33]. In addition, in a study of IAA production ability of rhizobacteria isolated from Sesbania 
bispinosa, out of 21 bacterial samples collected from the nodules and surrounding soil of Sesbania bispinosa, eight 
isolates including species of Bacillus, Enterobacter, Klebsiella, Chryseobacterium, and Herbaspirillum were identified as 
IAA producers using the Salkowski colorimetric assay [35]. These findings align with studies of other Sesbania species, 
where Rhizobium strains harvested from the root nodules of S. procumbens and stem nodules of both S. rostrata and S. 
procumbens also demonstrated the ability to synthesize IAA in media containing L-tryptophan. In those instances, peak 
IAA accumulation occurred at the 72-hour mark, coinciding with the transition of the bacterial cultures into the 
stationary growth phase [36].  
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 Moreover, researche on Sesbania species from Vietnam revealed substantial variations in the hormonal output of their 
associated bacteria. For instance, all eighteen endophytic strains isolated from Sesbania sesban (L.) Merr. demonstrated 
the ability to biosynthesize IAA, with relatively modest yields ranging from 0.796 mg/L to 1.543 mg/L, led by isolate 
DD16 [15]. In contrast, 24 rhizobacterial strains from Sesbania cannabina (Retz.) Pers. exhibited dramatically higher 
production levels, with average concentrations between 3.75 and 5.56 mg/L. While isolate DDS07 from S. cannabina 
emerged as the most efficient producer at 5.56 mg/L, temporal monitoring over eight days showed that most strains 
experienced fluctuating or declining yields after an initial increase by day four. Notably, only isolates DDS03, DDS09, 
and DDS10 maintained a consistent upward trend, underscoring the diverse and time-dependent metabolic efficiency 
of Sesbania-associated rhizobacteria in hormonal biosynthesis [16]. 

The consistent synthesis of IAA across diverse Sesbania-associated isolates confirms their significant potential as plant 
growth promoters. While production levels vary between species and strains, the observed peak concentrations during 
middle growth stages align with established metabolic patterns. These findings underscore the diverse, time-dependent 
efficiency of these rhizobacteria, positioning potent candidates like DD10 and DD20 as effective biological tools for 
enhancing plant development through sustainable IAA biosynthesis 

3.5. Potassium solubilization ability 

The assessment of the potassium (K) solubilization efficiency of 20 bacterial isolates (DD01–DD20) compared against a 
negative control revealed a clear distinction between active and inactive strains, with roughly 70% of the tested 
population showing no capacity for K-solubilization. This large group of inactive isolates, which includes the control and 
14 specific strains including isolates DD01–DD04, DD07, DD09–DD11, DD14, DD15, and DD17–DD20, serves as a 
baseline, confirming that the ability to solubilize potassium-bearing minerals is not a universal trait among all 
rhizospheric bacteria. 

Conversely, six isolates DD05, DD06, DD08, DD12, DD13, and DD16 (approximately 30%) exhibited potassium-
solubilizing activity. Among these active strains, isolate DD13 emerged as the most efficient performer, achieving a peak 
potassium solubilization efficiency of 1.41 ± 0.12. A secondary group comprising isolates DD06, DD12, and DD16 also 
showed high efficiency, with values ranging from 1.16 to 1.19. Finally, isolates DD05 and DD08 exhibited the lowest 
positive activity among the active group, with efficiency scores of 1.04 and 1.05, respectively. These findings indicate 
that while many rhizosphere isolates may be inactive, specific strains like DD13 hold significant potential for K-nutrient 
mobilization. 

Potassium exists in four soil states: mineral, non-exchangeable, exchangeable, and water-soluble. Although plants only 
take up the small available fraction of soluble and exchangeable K, these reserves are often depleted by erosion, leaching, 
and runoff. To combat this deficiency, potassium solubilizing bacteria (KSB) serve as a potent, sustainable solution. 
These beneficial microbes release available K from insoluble minerals like mica and feldspar by excreting organic acids. 
Naturally occurring in the rhizospheres of various sources including cereals (maize, wheat), root crops (potato), and 
fruit trees (apple, walnut), these bacteria effectively bridge the gap between fixed soil minerals and plant requirements 
[37, 38]. 

The variability in KSB efficiency observed in this study is consistent with previous research in diverse agricultural 
environments. Khanghahi et al. (2017) isolated potassium-solubilizing bacteria (KSB) from paddy rhizosphere soil using 
a modified Aleksandrov medium. Among the isolates, three strains exhibited the highest potassium-solubilizing capacity. 
After 21 days of incubation, these strains released 35.36, 76.04, and 56.58 μg mL⁻¹ of potassium from mica, respectively 
[39]. Similarly, studies on cereal crop rhizospheres have identified bacteria capable of mobilizing mineral-bound 
potassium. Fatharan et al. (2018) isolated seven bacterial strains from the rice rhizosphere that were able to solubilize 
potassium from feldspar [40]. In another study, 137 bacterial isolates were obtained from wheat rhizosphere soil, of 
which 20 strains, approximately 15% demonstrated the ability to extract potassium from mica. Using atomic absorption 
spectrometry, these strains were shown to release potassium in the range of 15 to 48 mg L⁻¹ into the culture medium 
[41]. 

More recently, Zhao et al. (2024) isolated 77 bacterial strains representing diverse colony morphologies from cotton 
rhizosphere soil in Xinjiang. Among these, 49 isolates (approximately 67%) exhibited potassium-solubilizing ability on 
Alexandrov agar supplemented with feldspar, with solubilization indices (D/d) ranging from 1.16 to 3.71 [28]. 
Furthermore, research on sugarcane rhizosphere bacteria demonstrated that 100% of the 31 isolated strains could 
solubilize insoluble K into available K2O, with concentrations increasing over a 21-day period to reach 35.23 mg/L [38]. 
These comparative studies validate the results of the current screening, suggesting that isolates like DD13 are part of a 
specialized group of microbes capable of significantly improving potassium availability in depleted soils.  
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4. Conclusion 

This study evaluated the plant growth-promoting potential of 20 indigenous rhizobacterial strains isolated from the 
rhizosphere of Sesbania sesban (L.) Merr. in Tan Hung commune, Tay Ninh Province. Several elite isolates exhibited 
strong functional traits, including nitrogen fixation, phosphate and potassium solubilization, and indole-3-acetic acid 
(IAA) production. Strains DD04 and DD11 demonstrated the highest nitrogen-fixing capacity, while DD19 and DD09 
showed superior phosphate solubilization. Notably, DD13 exhibited the strongest potassium-solubilizing ability. These 
findings highlight the potential of indigenous rhizobacteria to enhance nutrient availability and promote plant growth 
through multiple mechanisms. Although this study was limited to in vitro conditions, the observed multifunctional traits 
suggest strong potential for agricultural application. Future studies should focus on field validation to assess the 
effectiveness and stability of these strains under natural conditions. Overall, these rhizobacteria represent promising 
candidates for sustainable biofertilizer development in Vietnam. 
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