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Abstract  

Glyphosate is a widely used broad-spectrum systemic herbicide that effectively controls weeds by inhibiting the 

synthesis of specific amino acids for the formation of plant proteins. Improper and repeated use can lead to the 

accumulation of residue in the soil, which may remain strongly absorbed over an extended period. Investigations into the 

biodegradation of glyphosate in soil under various environmental conditions are crucial for bioremediation efforts. 

Recently, a further step has been taken considering the use of rhizobacteria for the removal of glyphosate herbicide. Our 

research aimed to isolate naturally occurring rhizobacteria from Tithonia diversifolia (as a source of green manure) and 

assess the critical ecological factors influencing their growth and glyphosate degradation. Screening began by cultivating 

a one gram of T. diversifolia rhizosphere soil sample in Nutrient Broth (NB) media containing 15 mg mL−1 glyphosate 

for a week. The six isolates initially obtained were further subcultured in Nutrient agar (NA) containing nutrient agar and 

15 mg mL−1 glyphosate. The morphological and physiological properties, phosphate solubilization, and IAA production 

were used in isolate characterization, in addition to glyphosate biodegradation. Only two isolates, TBr1 and TBr12, have 

shown the capacity to survive and biodegrade glyphosate. Both isolates exhibit optimal pH levels above 6.0 and optimal 

activity at 30 °C, demonstrating the fastest growth rates and abilities to break down glyphosate by 67% and 76%, 

respectively, within 7 days. Tested in a medium minus carbon, nitrogen, and phosphorus sources, both isolates showed 

the ability to hydrolyze glyphosate through CN and CP bonds. However, they had different CP lyase efficacy in 

metabolizing glyphosate. Based on 16S rDNA gene sequence analysis, TBr1 was identified as Burkholderia cepacia 

strain TBr1, and TBr12 as the Bacillus velezensis strain TBr12. Therefore, the ability of both isolates to degrade 

glyphosate, produce IAA, and dissolve phosphates makes them promising candidates for removing these emerging 

contaminants from the environment. 
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Introduction 

Glyphosate, with the active ingredient N-

[phosphonomethyl]glycine, is the most widely used 

herbicide in the world [1]. This water-soluble, non-

selective compound demonstrates broad-spectrum 

efficacy. Glyphosate is commonly used in no-till 

agricultural practices before planting, during plant  

 

growth, and after harvest [2] to control various types of 

weeds, including herbaceous and non-herbaceous 

plants, as well as specific shrubs, annual and perennial 

plants, brush, and broadleaf trees [3]. 

The herbicide glyphosate acts by inactivating the 

enzyme EPSPS (EC 2.5.1.19, 5-enolpyruvylshikimate-
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3-phosphate synthase), which is located in chloroplasts 

that play an essential role in the plant’s shikimic acid 

pathway [4]. Disruption of the shikimic pathway will 

inhibit the synthesis of proteins and secondary 

metabolites, such as phytoalexins, folic acid, cinnamic 

acid, lignin precursors, flavonoids, plastoquinone, and 

other phenolic substances, which contain the basic 

ingredients of aromatic amino acids [5]. 

Glyphosate is mainly hydrolyzed by microbial 

metabolism in the soil. However, significant soil 

adsorption can halt this process and extend the half-life 

of glyphosate from a few weeks to several months or 

even one year [6]. As a result, it negatively impacts the 

population and performance of soil microorganisms 

participating in the soil nutrient cycle [7], particularly in 

relation to soil dynamics, carbon, and phosphorus, as 

well as the activity of enzymes involved in organic 

phosphorus composition [8]. Lozano and Pizarro et al. 

[9] stated that the overuse and misuse of glyphosate 

harm the environment. The constant accumulation of 

glyphosate residues in various ecosystems has led to a 

chain of harmful effects, including plant damage [9,10] 

reduced soil biodiversity [11], and considerable human 

health risks [12]. Disruption of plant metabolism has 

also caused, along with the disruption of metabolic 

functions in human and aquatic organisms, as well as 

endocrine disturbances in the human population [2,7]. 

Thus, biodegradable-based strategies must be adopted to 

mitigate the impact of glyphosate on soils, as this 

chemical directly affects the microbial community and 

soil fauna that are crucial for both agriculture and human 

health [13]. 

Microbiology research results suggest that certain 

microorganisms can degrade glyphosate and utilize it as 

their source of carbon, phosphorus, and nitrogen [14]. 

Biodegradation of glyphosate microbially occurs in two 

primary biological ways: The first, CN bonds cleavage 

by an enzyme called glyphosate oxyreductase (Gox), 

which produces the intermediates glyoxylic acid and 

aminomethylphosphonic acid (AMPA) [15] and the 

second CP bonds cleavage, yielding sarcosine, glycine, 

and formaldehyde, through the action of enzyme CP 

lyase [16,17]. 
The investigation of soil pollutant bioremediation 

has declared that the application of rhizobacteria in the 

bioremediation process is of utmost importance [18], as 

is the research of [19,20] which showed that plant 

rhizospheres play an essential role in supporting and 

creating the microbiome and increasing the ability of 

rhizobacteria to metabolize various pollutants. 

Classifying these differences in microbiomes, Jia et al. 

[21] noted that there are differences between the plant 

microbiomes from one to another, such as those between 

cultivated and uncultivated soils and the complexity of 

plant-supporting interactions between rhizobacteria and 

plants in the rhizosphere, as shown by Macek et al. [22] 

and Montreemuk et al. [23]. Recently, further advances 

have focused on the use of plant-interacting bacteria, 

either individually or in combination with plants, for 

removing the glyphosate herbicide. Jia et al. [21] and 

Mohy-Ud-Din et al. [24] believe that the best way to 

mitigate the impact of glyphosate is to bio-inoculate 

plants with the bacteria. Hakim et al. [25], were the first 

to report the potential occurrence of this interaction in 

Tithonia diversifolia (Mexican sunflower). According to 

Jama et al. [26], this plant plays a unique and strategic 

role in agroecosystems, functioning as a nutrient-rich 

green manure source, an effective hedge or boundary 

plant, and a biological platform [27] for enhancing 

rhizobacteria-mediated bioremediation of glyphosate 

residues in soil. Nevertheless, the rhizobacterial 

potential associated with this plant remains 

insufficiently explored. 

Therefore, the isolation and characterization of 

effective glyphosate-degrading bacteria in the 

rhizodegradation process of glyphosate residues is a 

strategic step to eliminate the negative impact of 

glyphosate in an environmentally friendly manner. This 

study aims to isolate and characterize the ability of the 

isolates obtained from the rhizosphere of T. diversifolia 

in degrading glyphosate and evaluate the environmental 

conditions required for the growth and biodegradation 

of glyphosate in soil. 

 

Materials and methods 

Chemicals and reagents used 

Monsanto’s brand, Roundup herbicide (based on 

isopropylamine salts of glyphosate), with a content of 

360 g of active ingredient glyphosate per liter, is 

obtained from stores that provide agricultural 

production needs. All other chemicals used are 

analytical grade products with high purity levels. In 

addition, the standard stock solution of glyphosate 1,000 
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mg L⁻¹ (Supelco 44690-U) used was obtained from 

Sigma-Aldrich. 

The rhizospheric soil samples in this study were 

collected from the rhizospheres of T. diversifolia, which 

were grown at the experimental field station of the 

Agriculture Faculty of Universitas Andalas (00º54'36"S 

and 100º28'18"E in Limau Manis, Padang, West 

Sumatra, Indonesia) (Figure 1). The soil was classified 

as Ultisols with a clay texture (pH 5.48 and base 

saturation of 19.1%). The roots of the plant, along with 

the soil attached to the root hairs, were randomly 

collected from the field and then taken to the laboratory. 

All the soil grains from each root hair are mixed until 

homogeneous, put in sterile plastic bags, and then stored 

at 4 °C until use.

 

 

Figure 1 The sampling location (A) of rhizospheric soil from T. diversifolia, which is used as a hedgerow in the 

experimental field station (B) of the Faculty of Agriculture, Universitas Andalas. 

 

The collection of soil samples 

The rhizospheric soil samples in this study were 

collected from the rhizospheres of T. diversifolia, which 

were grown at the experimental field station of the 

Agriculture Faculty of Universitas Andalas (00º54'36"S 

and 100º28'18"E in Limau Manis, Padang, West 

Sumatra, Indonesia) (Figure 1). The soil was classified 

as Ultisols with a clay texture (pH 5.48 and base 

saturation of 19.1%). Composite soil samples from the 

rhizosphere of T. diversifolia were taken at random on 

three clumps of each of three rows of T. diversifolia, a 

hedge row plant. All the soil grains from each root hair 

are mixed until homogeneous, put in sterile plastic bags, 

and then stored at 4 °C until use. 

 

Screening and isolation of glyphosate-

degrading rhizobacteria 

In this study, a glyphosate concentration of 15 mg 

mL⁻¹ was employed as a screening level to evaluate the 

tolerance and degradation potential of rhizobacterial 

isolates under high selective pressure. The glyphosate 

concentration applied was set at twice the lowest 

concentration previously reported by Moneke et al. [16] 

for Acetobacter sp. and Pseudomonas fluorescens 

isolated from paddy soil, and by Elarabi et al. [28] for 

Bacillus aryabhattai FACU. A multi-stage dilution of 

the rhizosphere soil suspension is prepared and used to 

screen the population of rhizobacteria that degrade 

glyphosate. One gram of T. diversifolia rhizosphere soil 

sample was mixed with 9 mL of 0.5% Nutrient Broth 

(NB) medium containing glyphosate (15 mg mL−1) in a 

15 mL test tube. The mixture was then incubated on a 

rotary shaker at 28 °C and 120 rpm for seven days. As 

many as 0.1 mL (100 μL) of culture with 0.260 OD at 

660 nm was cultured in a petri dish containing 3% 

Nutrient Agar (NA) medium with 15 mg mL−1 

glyphosate and incubated at 28 °C for three days. After 

the incubation period, colonies that emerge with a 

variety of shapes and morphological characters are 

assumed to be glyphosate-resistant bacteria. All 

colonies of different shapes and colors are then isolated 

and stored in a medium to be maintained at 4 °C as a 

stock culture, and their glyphosate-degrading capacity is 

further verified. Each isolate is coded TBr, which refers 

to the rhizospheric bacterium from T. diversifolia. 

 

 

B 
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The growth of isolates and glyphosate 

biodegradation activity  

Ten milliliters of 0.5% NB containing 15 mg mL−1 

glyphosate was prepared and placed into seven 15 mL 

volume test tubes to observe the growth of the isolates 

for a week. For this reason, a 0.1 mL aliquot of OD 

0.265 bacterial cultures from previously prepared 

screened isolates was added to test tubes containing 10 

mL of NB medium with 15 mg mL−1 glyphosate and 

replicated three times. Bacterial growth was tracked 

daily by taking culture samples, and culture growth was 

monitored turbidimetrically at 660 nm, following the 

method used by [24]. Isolates that showed high growth 

and endurance until the seventh day were selected and 

further characterized for their ability to degrade 

glyphosate.  

The selected isolates obtained from the previous 

assay were recultured in different new media using a 

0.5% Kingʼs B broth base medium with a glyphosate 

concentration of 15 mg mL−1. The decrease in 

glyphosate in the medium was monitored 

spectrophotometrically according to Jan et al. [29] using 

a standard prepared with a stock solution of glyphosate 

(1,000 mg L−1). The same medium was used to test the 

influence of pH and temperature shifts on growth and 

the isolateʼs potential to hydrolyze glyphosate. The pH 

range of the medium is adjusted from 4.0 to 7.0 in steps 

of 0.5 using 0.5 N HCl solution. The temperature during 

the incubation is varied between 20 and 40 in 5 °C steps 

to observe the isolateʼs ability to withstand different 

environmental conditions.  

 

Phosphorus dissolves and the IAA production 

assay 

Blue molybdate method was utilized to determine 

inorganic phosphates in liquid media, while ascorbic 

acid acts as a reducing agent [30]. The color measured 

spectrometrically at a wavelength of 882 nm was the 

color intensity. Measurement of indole-3-acetic acid 

(IAA) production was carried out using Salkowski 

reagents (1 mL of 0.5 M FeCl3 and 50 mL of 50% 

HClO4 (v/v) according to Sarwar et al. [31]. The IAA 

concentrations were measured by readings on a 

spectrophotometer using a wavelength of 530 nm, and a 

standard curve was constructed with IAA concentrations 

(Sigma) expressed in μg mL−1. 

 

An assay of glyphosate as a carbon, 

phosphorus, and nitrogen source 

To further test the ability of isolates to use 

glyphosate as an energy source and to determine the 

biodegradation pathway of the isolate, a series of 

treatments was arranged using the basic medium of 

Pikovskaya broth, with or without glucose (carbon), 

calcium phosphate (phosphorus), and nitrogen sources 

from Bacto. All treatment media contained glyphosate 

at a concentration of 15 mg mL−1. The combination of 

treatments assayed were: (A) complete Pikovskaya with 

glyphosate 15 mg mL−1; (B) Pikovskaya (–carbon,–

phosphorus) with glyphosate 15 mg mL−1; (C) 

Pikovskaya media (–carbon,–nitrogen) with glyphosate 

15 mg mL−1; (D) Pikovskaya media (–carbon,–

phosphorus,–nitrogen) with glyphosate 15 mg mL−1. 

Ten milliliters of treatment medium was poured into a 

15-mL test tube and inoculated with isolates of TBr1 or 

TBr12, with three replications. The test tube is incubated 

on a rotary shaker at 28 °C and 120 rpm for 7 days. The 

number of populations and the solubility of phosphorus 

in culture media were observed after 7 days of culture.  

The results in this study were not statistically 

analyzed; therefore, they are presented descriptively to 

illustrate comparative trends among treatments and 

isolates.  

 

Morphological and physiological 

characterization of isolates  

The morphological and physiological 

characterization of the isolate was carried out by 

observing the color of the colony, its shape, thickness, 

and physiological properties through Gram staining. 

Gram staining is used to distinguish between Gram-

positive and Gram-negative bacteria, following a 

standard procedure Krieg et al. [32]. A culture smear is 

first prepared, then stained with violet crystals, fixed 

with an iodine solution, rinsed until the color fades, and 

finally treated with fuchsin dye. The specimen is then 

dried and observed under a microscope. The results of 

characterizing the morphology and shape of the cell, as 

well as its metabolic system, which are commonly used 

in determining isolates, were subsequently confirmed by 

molecular identification. 
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Molecular identification and phylogenetic 

construction 

DNA extraction is carried out using the heat shock 

method as has been shown to be a simple and efficacious 

in the DNA extraction of Gram-positive and Gram-

negative bacteria [33-35]. Microbial colonies of selected 

isolates grown on Pikovskayaʼs agar were scraped with 

a loop and diluted in 200 μL of demineralized water, 

which was used for DNA extraction by heating at 90 °C 

for 1 min. After vortexing for 1 min at high speed, the 

mixture was centrifuged at 12.000 g for 30 s in an 

Eppendorf microcentrifuge. The supernatant was 

carefully transferred to a 1.5 mL microcentrifuge tube, 

and the extracts were stored at –20 °C until further 

processing. One microliter was pipetted as the template 

for PCR amplification, using the universal forward 

(338f) primer with the nucleotide sequence 5'-

CCTACGGGAGGCAGCAG-3' and the reverse (518r) 

primer with the nucleotide sequence 5'-

CGTATTACCGCGGCTGCTGG-3'. The 50 μL of PCR 

reagent mixture consisting of 1 µl of DNA template, 

30,75 µl of ddH2O, 10 µl of buffer, 3 µl MgCl2 25mM, 

1 µl of mixt PCR dNTP 10 mM, 2 µl of 338f and 518r  

primer of each, and 0.25 µl Go-Taq. The DNA 

amplification process is carried out for 20 cycles, with 

stages: Denaturation at 94 °C for 30 s, primary annealing 

at 55 °C for 30 s, and extension at 72 °C for 30 s. The 

PCR results were then run on a 1.5% agarose gel with a 

voltage of 120 V for 35 min, and then the formed DNA 

band was examined after being stained with etidium 

bromide. Direct sequencing of PCR products is carried 

out using a 518r reverse primer. The base sequences 

obtained from the sequencing results were searched for 

homology in the DNA database using the Basic Local 

Alignment Search Tool (BLAST) on the National 

Center for Biotechnology Information (NCBI) website 

(http://www.ncbi.nlm.nih.gov). 

The species name of each isolate was then 

determined based on the results of matching the DNA 

sequence against the following criteria: The highest 

percentage of match (query cover), the highest degree of 

sequence similarity (at least 97%), and the minimum E-

value. The trees were reconstructed using the neighbor-

joining (NJ) technique [36] and the evolutionary 

distances were estimated based on 1,000 bootstrap 

values [37], computed using the Maximum Composite 

Likelihood method [38]. Evolutionary analyses were 

conducted in MEGA12 [39] utilizing up to 8 parallel 

computing threads to create phylogenetic trees between 

the nearest genetic sequence species obtained after 

blasting. 

 

Results and discussion 

Screening and isolation of glyphosate-

degrading rhizobacteria 

This study successfully isolated and characterized 

the rhizospheric bacterium T. diversifolia, which can 

degrade the glyphosate herbicide at very high 

concentrations (15 mg mL−1), representing a possible 

condition of glyphosate residues in tropical lands after 

multiple herbicide applications. Of the six isolates 

(TBr1, TBr2, TBr3, TBr5, TBr6 and TBr12) that were 

able to survive the screening process on various media 

with a glyphosate content of 15 mg mL−1, three isolates 

were TBr1, TBr2 and TBr12 -showing the most 

consistent degradation capacity (Figure 2).
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Figure 2 Growth of six isolates in NB containing 15 mg mL−1 of glyphosate. Error bars indicate the standard deviation.  

 

The paucity of isolates obtained is consistent with 

the findings of [16,24] that only a small fraction of the 

isolates from the initial screening were completely 

resistant to high concentrations of glyphosate. Based on 

the ability to survive in high concentrations of 

glyphosate, coupled with the ability to produce IAA and 

dissolve phosphate (Figure 3), which are characterized 

as Plant Growth Promoting Rhizobacteria, two isolates 

(TBr1 and TBr12) were subsequently identified and 

further characterized.

  

 

Figure 3 Halozone (arrow direction) of TBr1 (A) and TBr12 (B) isolates formed in Pikovskaya media. 

 

The test results of the effect of pH and temperature 

variations on the growth of the 2 isolates showed that 

optimal growth conditions were achieved at a pH range 

of 6.0 - 7.0 (Figure 4(A)), as indicated by the OD 

values, which reached 0.910 for the TBr12 isolate and 

0.430 for TBr1. Meanwhile, the 2 isolates at 

temperatures of 30 - 35 °C both reach OD of 0.950 and 

0.972 for TBr1 and TBr12, respectively (Figure 4(B)). 

These conditions represent a general range of tropical 

soils, thus reinforcing the potential application of both 

isolates in field bioremediation. The biodegradation of 

glyphosate is strongly influenced by pH and ambient 

temperature, as found by Chen et al. [14] and Pipke and 

Amrhein et al.[40]. Thus, the success of degradation by 

TBr1 and TBr12 in conditions suitable for tropical 

agroecosystems lends high applicability value.
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Figure 4 Effect of pH (A) and temperature (B) on the growth of isolates  TBr1 and TBr12 in Kingʼs B broth containing 

15 mg mL−1 of glyphosate. Error bars indicate the standard deviation. 

 

 

 

  

Figure 5 The Growth (A), P-solubilization (B), Glyphosate degradation (C), and IAA production (D) activity of isolates  

TBr1 and TBr12 during seven days of incubation in Kingʼs B broth containing 15 mg mL−1 of glyphosate. Error bars 

indicate the standard deviation.  
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The dissimilarities in morphological and 

physiological traits of the distinct isolates indeed reflect 

the differences in the metabolic pathways of glyphosate 

biodegradation by TBr1 and TBr12. For instance, TBr1 

has a shorter lag phase but relatively slower growth rate 

only reached OD of 0.437 on the 7th day, whereas TBr12 

has the opposite with longer lag phase followed by rapid 

growth after day two until the 5th day with an OD of 

0.877. The growth decreased on the 6th day with OD of 

0.093 but back up on day seven with OD 0.497 (Figure 

5(A)). This growth pattern is indicative of the difference 

in the 2 isolatesʼ ability to adapt to high glyphosate 

concentration. The ability of both isolates to survive and 

grow in a medium composed solely of glyphosate 

implies that they have employed the pathways of Gox 

and CP lyase for their biodegradation [15,41]. Besides, 

the investigation also uncovered the release of inorganic 

phosphate differing between the 2 isolates (Figure 

5(B)). The isolate TBr1 released the largest amount of 

phosphates on the very first day reaching 12.5 mg L−1 

but then steadily decreased the release until the cultureʼs 

end. In contrast, the isolate TBr12 released phosphates 

at a slow but constant rate until it reached the peak at 

15.1 mg L−1 release on day six. This variation indicates 

that there are differences in the extent of production of 

the enzymes Gox and CP lyase by the 2 strains. The 

findings of Firdous et al. [42] and Ibrahim et al. [17] 

corroborate the assertion that the bacterial species, type 

of enzyme as well as the efficiency of the enzymes 

produced, are the factors determining the rate and the 

pathway of glyphosate degradation.  

When compared to the results of previous studies, 

the level of resistance of both isolates at a concentration 

of 15 mg mL−1 of glyphosate far exceeded many earlier 

reports, for example, Bacillus Albus F9D at 50 mg L−1 

[43],  Bacillus cereus at 20 mM or equivalent 3.5 mg 

mL−1 [44] or other isolates that generally survive below 

10 mM or equivalent 1.75 mg mL−1 [19]. Nevertheless, 

the tolerance of isolates TBr1 and TBr12 was lower than 

that reported for Acetobacter sp. and Pseudomonas 

fluorescens by [16], as well as for Bacillus aryabhattai 

FACU by [28], which remained capable of growth at 

glyphosate concentrations up to 250 mg mL⁻¹. We found 

that TBr1 and TBr12 isolates showed the fastest growth 

rates and the ability to break down glyphosate by 67% 

and 76% in seven days, respectively (Figure 5(C)) at a 

level of 15 mg mL−1. This uniqueness indicates that both 

isolates have developed more complex molecular 

resistance mechanisms. Ecologically, the presence of 

this bacterium on the rhizosphere of T. diversifolia is 

also interesting, since this plant is known to thrive in 

marginal soils with minimal external input [27]; 

symbiosis with glyphosate-degrading microbes can be 

an essential adaptation factor. This variation indicates 

that there are differences in the extent of production of 

the enzymes Gox and CP lyase by the two strains.  

In addition to being capable of breaking down 

glyphosate, the 2 isolates also continue to produce 

indole-3-acetic acid (IAA) at a higher glyphosate 

concentration (Figure 5(D)). Until the 7th day, in the 

culture media of TBr1 and TBr12 isolates, were still 

found IAA of 10.16 and 9.80 mg mL−1, respectively. 

This has physiological significance because glyphosate 

acts as an inhibitor of the shikimate pathway and, 

therefore, of the synthesis of tryptophan. Despite this, 

IAA is still present in the bacterial cultures, indicating 

that both isolates likely employ alternative routes, such 

as the tryptamine or indole-3-acetamide pathways, 

which do not rely on tryptophan [45]. Such a mechanism 

suggests that the isolate has adapted metabolically to the 

stress exerted by the herbicide, while also confirming its 

potential as a rhizobacterial agent that supports plant 

growth (PGPR) through this duality. In line with Shahid 

et al. [46], IAA production under environmental stress 

conditions can be viewed as a bacterial strategy to 

enhance survival while promoting the growth of host 

plants. 

 

Utilization of glyphosate as a carbon, 

phosphorus, and nitrogen source  

To evaluate the glyphosate biodegradation 

pathway used by each isolate, follow-up testing using 

growing media by removing carbon, phosphorus, and 

nitrogen sources from the base media used was 

conducted. The test results showed that both isolates 

could hydrolyze glyphosate through the CN pathway, 

producing glioxylic acid and AMPA. In addition, both 

also utilize the CP pathway to release sarcosine and 

phosphate in their metabolism. This ability is 

demonstrated by the growth of both isolates in the 

growing medium (B) without a source of carbon and 

phosphorus and (C) without a source of carbon and 

nitrogen (Figure 6(a)). The growth differences between 

the 2 isolates in medium (B) and (C) plus in the C, N, 
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and P unsourced media (D), not only approving that the 

2 isolates can break the glyphosate chain at the C-P and 

C-N bonds, but also suggest that they have different CP 

lyase efficacy in metabolizing glyphosate as 

demonstrated by the higher dissolved P results (Figure 

6(b)) in the culture media of TBr1 compared to TBr12.

  

  

Figure 6 Comparison of population (a) and dissolved P (b) in Pikovskaya broth media of  Burkholderia cepacia strain 

TBr1 and Bacillus velezensis strain TBr12 isolates with treatment: A, Complete Pikovskaya media + glyphosate 15 mg 

mL−1; B, without carbon and phosphorus sources + glyphosate 15 mg mL−1; C, without carbon and nitrogen sources + 

glyphosate 15 mg mL−1; D, without carbon, nitrogen, and phosphorus sources + glyphosate 15 mg mL−1 after 7 days 

culture. Error bars indicate the standard deviation. 

 

 

TBr1 and Bacillus velezensis strain TBr12 isolates 

with treatment: A, Complete Pikovskaya media + 

glyphosate 15 mg mL−1; B, without carbon and 

phosphorus sources + glyphosate 15 mg mL−1; C, 

without carbon and nitrogen sources + glyphosate 15 mg 

mL−1; D, without carbon, nitrogen, and phosphorus 

sources + glyphosate 15 mg mL−1 after 7 days culture. 

Error bars indicate the standard deviation. 

Based on growth performance and phosphorus 

release patterns, CP lyase-mediated degradation appears 

to play a dominant role; however, discrimination 

between CP lyase I and II remains speculative without 

targeted enzymatic or genomic analyses, as reported by 

Sviridov et al. [15] in Achromobacter sp. MPS 12A and 

Ochrobactrum anthropi GPK3. Thus, TBr1 appears to 

be more rapidly utilizing glyphosate, whereas TBr12 

exhibits a slower but still effective degradation 

mechanism. The two rhizobacterial isolates obtained are 

special because very few can use glyphosate as a carbon, 

nitrogen, and phosphorus source compared to isolates 

that only metabolize it as a source of nitrogen or 

phosphorus. 

 

Morphological and physiological 

characterization  

Isolate TBr1 has the characteristics of yellow 

colour, circular colony shape, mucoid texture, smooth 

surface, flat edges, raised elevation, and a Gram-

negative rod. The isolate TBr12, a Gram-positive, rod-

shaped bacterium, exhibits a circular colony shape and 

smooth-textured colonies. Isolates TBr1 and TBr12 

have a small size (Table 1). Both have the colony 

morphology characteristics of Isolate TBr1 and Isolate 

TBr12, which resemble those of the corresponding 

genus.
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Table 1 Morphological and physiological characteristics of TBr1 and TBr12 isolates of glyphosate-degrading 

rhizobacteria from the rhizosphere of T. diversifolia. 

Characteristic Isolates 

 TBr1 TBr12 

Gram stain ‒ + 

Cell form rod rod 

Motility + + 

Cell growth in agar media   

a)NA + + 

Kingʼs B + + 

b)Pikovskaya +/+ +/+ 

Malic acid ‒ ‒ 

Optimum pH 6.5 - 7.0 6.0 - 6.5 

Colony morphology   

Size small small 

Surface Smooth and shiny smooth 

Color yellow white 

Elevation raised flat 

Sugar use glucose glucose 

Biochemical tests   

catalase + + 

oksidase + ‒ 

glucose fermentation ‒ + 

IAA + + 

Optimum Temperature 30 - 35 °C 30 - 35 °C 

a) +  = slow, ++ = fast, +++ = very fast.  

b) +/+ = grew/ formed halozone; +/‒ = grew/not formed halozon. 

 

 

Molecular identification and phylogenetic 

construction 

Identification was carried out molecularly on 2 

rhizobacteria isolates (TBr1 and TBr12) with the highest 

glyphosate degrading activity index. Molecular 

identification was carried out on the conserved region of 

ribosomal DNA. The identification of closely related 

species of isolates TBr1 and TBr12 was performed using 

BLAST to compare their DNA sequences with those 

stored in the GenBank database of the National Center 

for Biotechnology Information (NCBI). The BLAST 

results showed that the rhizobacteria TBr1 isolate had 

the closest homology to Burkholderia cepacia strain 

A21CJ with an identity value of 100%. In comparison, 

the rhizobacteria TBr12 isolate had the closest 

homology to Bacillus velezensis strain TH1 with a value 

of 100% identity (Table 2). Furthermore, the names of 

the 2 isolates used in this article are Burkholderia 

cepacia strain TBr1 and Bacillus velezensis strain 

TBr12.
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Table 2 BLAST results of isolates TBr1 and TBr12 based on analysis of rDNA conserve region sequences. 

Isolate 

number 

Taxon identified from 

Blast 

Max 

Score 

Total 

Score 

Query 

cover 
E-value 

Per. 

Identity 
Accession 

TBr1 
Burkholderia cepacia 

strain A21CJ 
296 296 76% 9e-76 100% EU481409.1 

TBr12 
Bacillus velezensis 

strain TH1 
298 298 63% 3e-76 100% OQ473003.1 

 

Phylogenetic analysis based on 16S rRNA 

sequences indicates that the B. cepacia strain TBr1 

belongs to the B. cepacia complex (Bcc) species (Figure 

7). It exhibits the strongest phylogenetic affinity with 

B. cenocepacia (EU481409.1) and B. multivorans 

(EF427758.1). High bootstrap support (81%) indicates 

that this relationship is stable and consistent. The 

relatively short branch length of this node reflects a 

higher level of genetic similarity than other nodes in the 

tree. In contrast, the difference in branch length with the 

B. cepacia group (0.0065) and the B. contaminans-lata-

seminalis group (0.0100) suggests that B. cepacia strain 

TBr1 is evolutionarily further away from the clade. 

Thus, B. cepacia strain TBr1 can be characterized as an 

isolate belonging to the B. cepacia complex (Bcc) 

group, with the best affinity to the cenocepacia–

multivorans subclade.

 

 

Figure 7 Neighbor-joining phylogenetic tree constructed from the 16S rDNA sequence of B. cepacia strain TBr1 and 

related species with close genetic kinship using Clustal W and MEGA 12 software. 

 

Phylogenetic trees constructed using the 

Neighbor-Joining method showed that B. velezensis 

strain TBr12 formed separate branches with relatively 

large branch lengths (0.6781), indicating a significant 

degree of genetic divergence compared to the main 

clade of Bacillus (Figure 8). The majority of reference 

species, including B. velezensis, B. subtilis, B. 

amyloliquefaciens, B. tequilensis, and B. atrophaeus, 

form a major clade supported by a bootstrap value of 

58%. Although this support is moderate, the grouping of 

these species is consistent with the kinship relationships 

reported in the B. subtilis group, which generally exhibit 

https://www.sciencedirect.com/topics/immunology-and-microbiology/phylogenetic-tree
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high genomic proximity. The length of the branch to this 

clade (0.5794) is shorter than in the TBr12 isolate, thus 

confirming a closer evolutionary relationship among the 

members of the clade. 

The phylogenetic comparison of TBr1 Isolate and 

TBr12 Isolate is shown in Figures 7 and 8. This figure 

shows the difference between the strain TBr1 of the 

neighboring species B. cepacia (Figure 7) and the strain 

TBr12 of the neighboring species B. velezensis (Figure 

8). Previous studies have reported that Bacillus sp. are 

types of bacteria that can effectively degrade glyphosate 

[43,44]. Meanwhile, B. cepacia has also been reported 

as an active degrader of glyphosate in the environment 

[47]. However, information on B. cepacia and B. 

velezensis as degraders of glyphosate is still very 

limited. Therefore, this bacterium presents a significant 

opportunity in the bioremediation of glyphosate 

contamination, but a study of its biosecurity aspects is 

needed before further exploring its potential both at the 

ex-situ and in-situ levels in restoring glyphosate-soil 

contaminated areas.

 

 

Figure 8 Neighbor-joining phylogenetic tree constructed from the 16S rDNA sequence of B. velezensis strain TBr12 and 

related species with close genetic kinship using Clustal W and MEGA 12 software. 

 

 

Conclusions 

Pollutant-degrading rhizobacteria are essential, 

considering microorganisms in the rhizosphere can 

degrade various contaminants through diverse 

enzymatic processes. In our study, the rhizobacteria 

Burkholderia cepacia strain TBr1 and Bacillus 

velezensis strain TBr12 can live and thrive at the roots 

of T. diversifolia, effectively degrading glyphosate. The 

success of glyphosate degradation by both isolates in 

conditions suitable for tropical agroecosystems (pH 6.0 

to 6.5) and temperatures of 30 - 35 °C lends high 

applicability value. Their ability to adapt to high 

concentrations of glyphosate and metabolize 

approximately 67% and 76% of 15 mg mL⁻¹ glyphosate 

within 7 days of incubation, serving as a source of 

carbon, nitrogen, and phosphorus, indicates their 

potential as valuable agents for glyphosate 

biodegradation. In addition, the ability of the 2 isolates 

to dissolve phosphates and produce IAA is a unique 

characteristic for both isolates. Biostimulation or 

bioaugmentation strategies, combined with T. 

diversifolia as a hedge-growing plant, could be highly 

https://www.sciencedirect.com/topics/immunology-and-microbiology/phylogenetic-tree
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effective for bioremediation in environments 

contaminated with glyphosate. However, further 

research is needed to confirm the potential and biosafety 

of both isolates in bioremediation before field-scale 

application.  
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